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Forewords 

The QPI conference has been organized since 2006, when it initiated meetings of 
science and business. Every year, the conference presents issues of new scientific 
research as well as the companies' needs for creating new organizational solutions. 
The objective of the conference QPI is to provide a platform for researchers, engineers, 
academicians as well as industrial professionals from all over the world to present their 
research results and development activities in production engineering, quality of 
materials, technology and management. The success and prosperity of the conference 
is reflected in the high level of the papers received. 

The main organizer is the association Quality and Production Managers Association in 
cooperation with Department of Production Engineering and Safety, Faculty of 
Management Czestochowa University of Technology and Association of Polish 
Inventors and Rationalizers 

The proceedings are a compilation of the accepted papers and represent an interesting 
outcome of the conference. All speakers, authors and participants are a source of 
knowledge exchange, discussions and cooperation programs. Cooperation is carried 
out on the line of academic education and enterprises, searching for new solutions for 
companies and research topics for researchers 

Subject areas, suitable for publication, include the following fields: 

 quality of construction materials and products, 

 industry 4.0, 

 identification of areas rising from nonconformities, 

 quality improvement instruments (principles, methods, tools, techniques), 

 quality management systems, 

 products quality control, 

 statistical process control and measurement system analysis, 

 visual control and visual management systems, 

 maintenance management, 

 concepts, methods of business management/production/quality (Lean, Six Sigma), 

 organization and management of production, manufacturing system design, 

 improving value streams, 

 cleaner production and sustainable development, 

 integrated product development, 

 instruments for measuring the quality of services, 

 human resource management vs quality improvement. 

Due to numerous sanitary restrictions related to covid-19, the annual QPI 2020 
conference was held on-line. Due to numerous sanitary restrictions related to covid-19, 
the annual QPI 2020 conference was held on-line. In thematic sessions, speakers from 
various research centers presented 28 papers. 

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 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 QPI 2020 
are available on: https://conf.qpij.pl. 

https://conf.qpij.pl/
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Abstract:  

More and more people decide to use e-shops to buy every-day products. Some people 

do it once a week, others a few times a year. Different customers buy different products. 

What's more, it can be noticed that the popularity of e-shops is growing every year. It is 

influenced by many factors, including lack of time, rush, high competition, convenience 

of shopping. Due to the appearance of the COVID-19 pandemic, which paralyzed 

practically the whole world, locked families in homes, customers started buying selected 

food, cosmetics and chemical products in stationery shops. Many restrictions have 

been introduced, including shopping restrictions. Many people chose e-shops instead 

of stationery shops. The purpose of the paper was to check whether the appearance of 

the COVID-19 pandemic had somehow changed the shopping habits of e-shops' 

customers. The survey created for of this article was used during the research. 

Keywords: e-commerce, services, customers' shopping habits, COVID-19 

 

 

 

1. INTROODUCTION  

COVID-19, which appeared in December 2019, has spread rapidly and new cases have 

been confirmed in many countries around the world (Ait Addi et al., 2020). On 11th 

March 2020, the World Health Organization (WHO) recognized COVID-19 as a 

pandemic (WHO Director-General's opening remarks at the media briefing on COVID-

19—11 March 2020). COVID-19 caused fear among populations around the world and 

frightened the global medical community (Kim, 2020). Until 22th June 2020 in Poland, 

there were 32 227 recorded cases of COVID-19 infection, 1 359 people died and 17 

076 managed to recover (https://www.gov.pl/web/zdrowie). At the same time, the world 

reported 8 860 331 infections, 465 740 deaths (https://www.who.int/ 

emergencies/diseases/novel-coronavirus-2019). 

The appearance of the disease forced the introduction of specific solutions that 

would limit its spread. Individual countries introduced various restrictions at 

different times. At the beginning travel restrictions and quarantine for people returning 

from regions threatened by the virus were introduced. Some countries closed their 

borders or introduced restrictions on border traffic (A List of What’s Been Canceled 



Quality Production Improvement                                                                     QPI vol. 2, 2020                       2 

Because of the Coronavirus, 2020; Nikel, 2020). A number of sport, cultural and 

religious events have been cancelled. Kindergartens, schools, universities and offices 

were closed. Where possible, remote work was introduced. National governments have 

introduced a ban on leaving home, except in really serious situations (shopping, doctor, 

work etc.), travel and meeting bans. In many countries, the use of masks or gloves has 

been introduced when leaving the house, staying in public places (Coronavirus disease 

(COVID-19) advice for the public: When and how to use masks, 2020). 

The emergence of the Covid-19 pandemic has led to massive socio-economic 

disruptions around the world (https://www.nytimes.com/2020/02/29/opinion/sunday/ 

corona-virus-usa.html) and widespread concerns about shortages of food supply and 

basic resources, consequently causing panic in buying goods (Weston, 2020). 

Conspiracy theories and disinformation about the virus, its place of origin, behavior, 

methods of treatment, complication, false experts etc. began to spread on the Internet 

and in the media (https://www.yahoo.com/news/coronavirus-spreads-one-study-

predicts-101552222.html; https://www.lowyinstitute.org/the-interpreter/disinformation-

and-coronavirus), which adversely affected the overall atmosphere. With the 

appearance of the first cases, especially in China, many racist and xenophobic 

behaviors have been reported, involving people from China and Asia, but also attacks 

on families in which Covid-19 has been reported (Burton, 2020; China, desperate to 

stop coronavirus spread, turns neighbor against neighbor, 2020). 

Due to the global pandemic of the contagious COVID-19 disease, the hitherto service 

market has virtually ceased to exist. Many service companies had to withdraw their 

offers from the market, and some of them changed their offer completely. For example, 

many restaurants, not wanting to lose customers completely and to avoid bankruptcy, 

decided to develop a short menu and offer take-away only (home delivery, self-pickup). 

Shops, in order to continue earning, decided to work in the virtual form. In most 

countries in the world, after introducing various restrictions, including those regarding 

leaving home, e-commerce has become a window to the world, the opportunity to shop, 

including every-day shopping. 

In May and June 2020, many countries are slowly reducing the restrictions, including 

those related to trade bans and shopping restrictions. In a next few months we will see 

whether this decision was right. The unwanted return of numerous new infections can 

make online shopping a necessity for most of us. 

It can be said that shops, which have developed their website properly, organized an 

e-shop platform and an appropriate shipping system, belong to those enterprises that 

have the opportunity to develop and generate appropriate income. This does not apply 

to the exclusion of typical e-shops that have been operating in the Internet world for a 

long time, but above all shops that until now have functioned mainly as stationery shops 

(Lemon and Verhoef, 2016; Kowalik, 2020). That is why the issues of e-commerce and 

its development are so important. There is one more element related to the 

phenomenon of the e-commerce. An e-shop must do everything to maintain the quality 

of its services and thus affect customer satisfaction (Knop, 2019; Nowakowska-Grunt, 

J., Mazur, 2016; Krynke, M., Mielczarek, 2016). Only in this way shops, businesses and 

industry can survive such a difficult time for everyone. 

The purpose of the paper was to check whether the appearance of the COVID-19 

pandemic had somehow changed the shopping habits of e-shops' customers. A simple 

survey was used to check whether it could be stated that this phenomenon increased 
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online shopping, changed the structure of the purchased products and reasons why 

people buy online. 

 

2. LITERATURE REVIEW 

More and more people decide to use e-shops to buy every-day products (Ingaldi and 

Brozova, 2020). E-shops are not only convenient, but currently also a necessity. Their 

development allows people, despite the pandemic, to buy a variety of products without 

leaving home. 

Electronic commerce (e-commerce) is developing along with constantly developing 

computer and connectivity mechanisms that have a dramatic impact on everyday life 

(Jayaraman et al., 2013). E-commerce has transformed the market and reduced trade 

barriers for companies of all sizes, enabling sales over long distances and at various 

scales (Gard and Keoleian, 2002; Kinney, S. 2000). Competition on the e-commerce 

services market is growing, and the battle between e-shops is getting bigger and bigger. 

This is possible due to the faster development of available information technologies, 

ubiquitous globalization and the digital revolution (Kraemer et al., 2005). 

Currently, most stationery shops also offer their services online, which allows them to 

increase their competitiveness on the market and increase their sales revenue. E-shops 

adapt very quickly to the changing market situation, offering their customers products 

that they can currently look for. In addition, various types of marketing services and 

advertisements displayed on various websites are able to track the user's interest in 

specific products and display advertisements for precisely these products (Ingaldi and 

Ulewicz, 2019; Ingaldi and Ulewicz 2018). 

Online shopping have many benefits. First of all, the customer can shop at any time of 

the day or night, from any place they want. That is why e-shops are a solution for the 

most busy people who do not have time for normal shopping. Due to the large selection 

of e-shops, customers have a wider range of products and services. This choice is not 

limited by the place where e-shops are located, but only by the language used on their 

platform. Well organized shopping websites help customers to find what they are 

looking for. They can compare the offers of individual e-shops, read the opinions of 

other customers, find a supplier who will not charge for the shipment, will offer a better 

return policy, etc. (Rigby, 2011; Abbad et al., 2011). 

An important element of e-shops operations is a different policy than in the case of 

stationery stores. First of all, the customer can return the product purchased in this way, 

because there is no chance to touch it or try on. The customer can easily withdraw from 

the purchase contract and may use various types of payments. The convenience of 

shopping online and paying for services electronically is very valuable to all customers 

in all parts of the world (Gereffi, 2014; Fedorko et al., 2018). Customers are looking for 

optimization options for everyday shopping (Kardas and Prusak, 2018; Klimecka-Tatar 

and Ingaldi, 2020), which is why e-commerce is a good solution for them. Customers 

are becoming very demanding, while choosing a shop, they are guided by many 

features of such places. It can be assumed that both e-shops and the customer 

approach will undergo further changes, as it can be seen during the COVID-19 

pandemic. 

 

3. METHODOLOGY 

Due to the prevailing COVID-19 pandemic and restrictions on the movement of 

residents in individual countries, the authors decided to analyze online purchases made 
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by residents of southern Poland. The purpose of the research was to check whether, 

due to the COVID-19 pandemic, e-shops' customers changed the frequency of 

shopping and whether their preferences regarding the products they purchased and 

reasons why people buy online changed. 

The survey was conducted in the form of an online survey, which was shared by various 

types of social media. The survey was created to meet the needs and purpose of this 

paper. Authors asked about previous habits regarding online shopping: shopping itself, 

its frequency and bought assortment. In the further part of the survey authors asked 

whether these habits had changed, in connection with the pandemic and introduced 

restrictions, i.e. whether shopping frequency increased, the bought assortment 

changed, and whether there was a personal reason for shopping in this way. All 

questions were closed, with the possibility of single or multiple choice, except for the 

last open-ended question about other reason of change in online shopping habits. At 

the end of the survey a characteristic of respondents was placed to analyze the 

structure of respondents taking part in the survey. 

The survey was conducted in April 2020, i.e. after some weeks of reconstruction in force 

in Poland. 294 people from southern Poland took part in it. Due to the use of online 

software to create the question form and its useful functions (the respondent could not 

send the survey if he did not select all the required answers), all the surveys could be 

used for the analysis. Due to the fact that this was the research that arose under the 

influence of the general situation around the world and was only intended to outline the 

general behavior of customers on the market when shopping, no analysis of the 

reliability of the survey was carried out. 

At the beginning, the structure of respondents was analyzed. Then the percentages for 

individual responses were calculated and these results were presented in graphical 

form. 

 

4. RESULTS AND DISCUSSION 

The structure of respondents participating in the research (Table 1) was quite diverse, 

but one can describe a statistical respondent as follows: a woman, 21-50 years old, 

working, with medium (high school) or higher (university) education, living in a city of 

over 201,000 residents. 

 

Table 1 

Characteristics of respondents, [%] 

Feature Selection option Percentage fraction 

Sex female 62.8 

male 37.2 

Age up to 20 years 11.3 

21-30 years 22.5 

31-40 years 29.3 

41-50 years 22.8 

51-60 years 11.3 

61-70 years 2.8 

Over 70 years old 0.0 

Social status I study 17.0 

I work 54.2 
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I do not work 10.3 

I run my own business 14.3 

I am retired 4.2 

Education primary school 0.0 

junior high school 0.0 

professional school 17.3 

high school  38.4 

university 44.3 

Place of living village 6.7 

city up to 50,000 residents 11.2 

city from 51 to 100,000 residents 19.3 

city from 101 to 200,000 residents 16.4 

city from 201 to 300,000 residents 22.3 

city over 300,000 residents 24.1 

Source: own study 

 

The respondents were first asked about the fact of shopping online: before and during 

a pandemic. The first question was: "have you even shopped online?". Over 80% of 

respondents have made an online purchase at least once (Fig. 1a). Over 18% of them 

all the time declare that they did not make such purchases. This can also be observed 

in the case of the question about shopping during the pandemic (Fig. 1b), these 

respondents still declare that they do not participate in this type of shopping. The trend 

is also visible in the next question (Fig. 2). Perhaps it would be better to ask the question 

"did you shop online before the COVID-19 pandemic?" so it would let see if people who 

haven't used online shopping so far have decided to take this step. 

Over 66% of respondents declared that due to the COVID-19 pandemic they make such 

purchases more often (Fig. 1b). This is probably caused by trade restrictions during a 

pandemic and the fact that many shops have adapted to the new conditions after their 

introduction. In order not to lose revenue completely, they offer their products in e-

shops. 

 

  
a) b) 

Fig. 1. Declaration of making purchases: a) making online purchases before COVID-19; b) 

increasing the frequency of shopping during a pandemic [%] (own study) 

 

Next, the frequency of online purchases made by respondents before and during the 

pandemic was analyzed (Fig. 2). It can be seen that the frequency structure has 

changed significantly. Before the pandemic, over 3% of respondents declared online 

yes; 81.6

no; 18.4

yes; 66.4

no; 12.3

I don't 
know; 2.9

I don't shop 
online; 18.4
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shopping several times a week, currently such a declaration applies to over 17% of 

respondents. A similar situation can be observed in the frequency of shopping done 

once a week, respectively over 5% and over 24% of respondents. The share of 

respondents making such purchases once every two weeks also increased slightly. 

Nobody has chosen the option once a year for a pandemic, because it is too short time 

to speak about such habit now. Perhaps during autumn, when experts are afraid that 

the disease will attack again with great force, and thus strict restrictions will be 

introduced again, more people will be forced to shop this way for long time, at least for 

some products so the structure of frequency can change even more. 

 

  
a) b) 

Fig. 2. Online shopping frequency: a) before COVID-19; b) during a pandemic, [%] (own 

study) 

 

Before the pandemic (Fig. 3), respondents most often bought online clothes and shoes 

(over 61%), cosmetics (over 51%), books/e-books (over 47%), sport equipment (almost 

50%), home decoration (over 51%), travel tickets (over 48%), cinema, concert tickets 

(over 42%). Currently, this structure has changed partially, some products are still 

popular, i.e. cosmetics (almost 60%), clothes and shoes (almost 42%), books/e-books 

(over 41%), home decoration (almost 50%). The popularity of travel tickets has dropped 

significantly (to almost 4%). Nobody declared buying cinema or concerts tickets, which 

is associated with canceling all mass events, closing cinemas, theaters. Respondents 

declared that they were currently buying more often food products (increase from over 

9% to almost 35%) and pharmaceutical products (increase from over 24% to over 42%).  

The structure of reasons of shopping online before and during the pandemic (Fig. 4) 

has changed. Before COVID-19, the reasons most often indicated were following: 

customers opinion (almost 60%), possibility to shop at any time of the day (almost 58%), 

possibility to shop from any place (over 52%) and easier access to products (almost 

52%). Thanks to customers' feedback, respondents can learn a lot about the products 

offered by different stationery shop and e-shops. Possibility to shop at any time of the 

day and from any place are typical features of e-commerce. 

During the pandemic, the most important reasons were: home delivery (over 67%), 

easier access to products (over 62%), easier returns (almost 57%), shopping 

convenience (over 56%) and customers opinion (almost 52%). The most important 

thing for the respondents was that they could go shopping with home delivery and find 

the products they were looking for. 

 

a few times 
a week; 3.2

once a 
week; 5.1

every two 
week; 17.9

once a 
month; 20.3

a few times 
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once a 
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Fig. 3. Products bought online, [%] (own study) 

 

 
Fig. 4. Reasons for online shopping, [%] (own study) 

 

It is possible to notice a large increase in reasons indications during a pandemic in 

terms of easier returns, home delivery, shopping convenience, easier access to 

products, mostly items related to home shopping. However, a large decrease compared 

to the situation before the pandemic was recorded in the case of possibility to shop at 

any time of the day, possibility to shop from any place, no crowd, saving time. These 

reasons are no longer so important for respondents nowadays, because many people 

are locked up at home, where they work remotely. 

In the case of reasons for online purchases regarding the pandemic period, "other" 

reasons for such action were indicated, among which respondents most often indicated 

the safety of themselves and their families. 

0 20 40 60

food products

clothes and shoes

jewelery

cosmetics

pharmaceutical products

games

shoftware

books/e-books

cd/dvd

music/movies

electronic equipment

household equipment

sport equipment

home decoration

furnitures

car/car parts

insurance

travel tickets

cinema, concert tickets

Percentage fraction

during a pandemic before COVID-19

0 20 40 60

easier access to products

shopping convenience

saving time

no crowd

more choice

possibility to shop from any place

possibility to shop at any time of the day

home delivery

product and service browsers

lower prices

many payment options

customers opinion

easier returns

interesting promotions

other (what?)

Percentage fraction

during a pandemic before COVID-19



Quality Production Improvement                                                                     QPI vol. 2, 2020                       8 

At the end of the survey there was an open question: "Is there an additional reason to 

buy online now during the COVID-19 pandemic?". Some respondents did not answer 

this question at all. It should be remembered that a small percentage of respondents 

(over 18%) do not buy anything online. Most people in their answers included 

information about fear of infection, which is a very rational reason from the point of view 

of the current problem. Many respondents indicated restrictions related to the closing 

of many types of stationery shops and the restriction of trade in selected types of shops. 

Others pointed to the need to buy products that are not available in open shops and 

which they need for normal functioning. 

The inability to make normal purchases meant that partly trade moved to where it can 

take place, i.e. to the Internet. Despite the pandemic and restrictions, the population 

needs not only food or cosmetics. They lead almost normal life, for which different 

products are needed, which are not provided, in the restrictions, as basic necessities. 

What's more, customers currently have additional products on the shopping list that 

they did not buy too much or did not buy at all, i.e. disinfectants, antibacterial gels, 

masks, rubber gloves, etc. Not only that, at the beginning of the pandemic these 

products were difficult to buy and their price was very high. Now, after reduction of the 

restrictions, the situation has calmed down and prices have fallen, but not to pre-

pandemic levels. 

 

5. CONCLUSION 

In the paper it was analyzed whether the appearance of the COVID-19 pandemic has 

somehow changed the shopping habits of e-shop customers. The survey showed that 

over 80% of respondents shop online and over 66% declare that they do it more often 

due to the pandemic. The structure of purchases made in online as well as the main 

reasons for this form of shopping have changed.  

The COVID-19 pandemic situation is difficult for most people and enterprises. People 

are afraid of infection, although after some time of closing in the house they would like 

the restrictions associated with it to end so that they can go out anywhere they want 

and spend their time normally. Many people are afraid of losing their jobs, which is 

associated with closing not only shops, schools, service or manufacturing companies. 

In Poland there has already been a great collective redundancy of employees, and 

more are announced. For many enterprises, this period is very difficult for economic 

reasons, many of them have been liquidated, others may go bankrupt. 

However, there are enterprise, especially e-shops, which have gained during this 

difficult time. The increased demand for products bought via the Internet means that 

these shops do not make orders on time, but at the same time it affects the increased 

income of cheap shops. Courier enterprises hire new employees to deliver the ordered 

goods. The demand for specific types of products (self-protection) has resulted that 

many enterprises rearranged their assortment of product. 

No one knows when the COVID-19 disease situation will calm down, and thus it is not 

known if and when stationary trade will return to its pre-pandemic state. 
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1. INTRODUCTION  

The modern economy is undergoing evolutionary changes. Currently operating 

enterprises operate not only in an increasingly volatile and complex environment, but 

also in increasingly competitive and uncertain conditions. They must therefore be able 

to change, continuous development, generate process and product innovations, and 

above all to manage the value stream. Recent corporate practice has revealed that 

oscillating around internal business problems is not enough for it to function properly. 

Means, that company management must be directed outside towards business 

relationships between organizations. 

Improvement, according to the literature related to organization management, is a long-

term activity that leads to solving problems appearing in processes and improving 

tchem (Stoner J. A. F., Freeman R. E., Gilbert Jr. D. R., 1997). This is an extremely 

important issue, and "every organization needs to be constantly improved to survive 

and grow" (Zymonik Z., Hamrol A., Grudowski P., 2013). Over the years, many methods 

have been created to assist entrepreneurs in improving processes, and one of such 

methods is value stream mapping. This method is used in the form of a tool supporting 

the identification of sources of waste and areas requiring improvement. 
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2. VALUE STREAM MANAGEMENT 

An enterprise can survive on the market and grow only if offers products or services 

that have value to its customers.  Value means that something is created that has value 

for the client and is ready pay for it. Stream refers to the flow of activities necessary to 

create units work and deliver them to the client (Tapping, Shuker, 2010). 

So the value stream is all the activities that add and not add value, necessary to meet 

a specific group of needs reported by customers. There are two types of values: 

- full value stream, 

- internal value stream. 

The full value stream includes processes not only inside the analyzed enterprises, but 

also external processes, from the acquisition of the component through supplier 

processes, up to the end user / consumer of the product finished. The analysis of the 

full value stream is crucial from the point of view optimization of inflow costs between 

participants in the whole chain supply. The internal value stream includes processes 

within the analyzed enterprises along with relations with direct suppliers and relations 

with direct factory customers. Internal value stream analysis is crucial from the point of 

view of improving business efficiency (Czerska, 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Full and internal value stream 

Source: own study 

 

The value stream could be compared to a flowing river straight without plotting and 

bends. The elements flow without much effort. Each of the processes in the 

organization is part of this stream and smoothly passes the effects of its work to 

subsequent links in the organization's chain (Dinis-Carvalho, Moreira, Bragança, Costa, 

Alves, Sousa, 2015). At the bottom of the river there is an external customer, the final 

recipient, who buys all finished products or services. 

In managing the value stream, we strive to ensure that our products reach the customer 

smoothly, without any interruptions. Therefore, value stream management involves the 

process of measuring, understanding and improving the flow and interaction of all 

related tasks to keep costs, service and product quality as competitive as possible 

(Kyete, Locher, 2004). The presented state is, however, an ideal, unreal state and the 

pursuit of it serves to improve the value stream. 

value stream 

internal value stream 

enterprise 

enterprise environment economy 
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The value stream mapping is intended to visualize both the information and material 

flow from the moment raw materials enter, through all stages of the production process, 

to the shipment of final products. In the form of a map, the stream of values is mapped, 

which is a key element of improvement actions, which is carried out according to the 

following course of action: selection of actions for improvement, preparation of a current 

state map, development of a future state map, preparation of a plan for implementing 

the proposed changes (Grajewski, 2012). 

Activities that enable this task to be performed is to trace the entire stream, talk to 

people from various departments, also from outside the company, who are dealing with 

the given process. The most effective is analyzing, in which managers from various 

departments, business units and external organizations participate from beginning to 

end, i.e. all participants of the process (Jones, Womack, 2010). 

Value stream research also has an insightful value regarding materials and information. 

One of the features of the extended value stream is the restriction of processing 

excessive amounts of information and the transmission of only a "pure" information 

signal (Lacerda, Xambre, Alvelos, 2016). This means passing down the organizational 

structure and thus information management from higher levels of the organization, 

transfer among rank-and-file employees and middle management, so that everyone 

can directly send a signal about their current needs to the previous stage and plant 

(Henrique, Rentes, Filho, Esposto, 2016.). 

Mapping the internal value stream helps to see waste and the relationship between 

material flow and information flow (Andrade, Pereira, Del Conte, 2015). Considering 

one enterprise, it is possible to indicate specific loss locations and the possibilities of 

limiting them. However, the greatest potential improvement is outside the enterprise, 

including the enterprise and its supply chain (Locher, 2012). In contrast, extended value 

stream mapping goes beyond the boundaries enterprises and analyze both the supply 

chain and the enterprise environment. Performing extended mapping requires 

collaboration between management and managers who obtain information about what 

is happening with flowing information in individual enterprises. Extended mapping is 

more demanding than level one mapping enterprises, however, the benefits resulting 

from it definitely exceed expectations (Teichgräber, De Bucourt, 2012). Elimination of 

losses allows you to reduce the time it takes to complete orders, reduce costs, and 

increase the efficiency and throughput of processes in those companies that work 

together as part of a full value stream (Czerska, 2011). 

 

CURRENT STATUS ANALYSIS 

Determining the value stream means clearly defining the value from the point of view 

of the customer and the company itself. Reflecting basic production processes on the 

map - designating areas where material flows exist and places where inter-operational 

stocks accumulate (Trojanowska, Kolińska, Koliński, 2011.). Presentation of material 

and information flow on the map using arrows - indication of transport processes, inter-

operational movements and information flow (Zymonik, Hamrol, Grudowski, 2013). 

Figure 2 for presenting the amount of information processed in the surveyed enterprise. 
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Fig. 2. Information processed in the audited enterprise 

Source: own study 

 

The origin of information requires recognition of its sources. Employees declared 

themselves which sources of information they use (fig. 3). 

 
Fig. 3. The most frequently used sources of information in the enterprise 

Source: own study 

 

Employees indicated the Internet as the most frequently used source of information, 

while the least frequently use HR documents as the source of information. As important 

as information is also the awareness of the possibility of its loss. Hiding threats or data 

loss does not help either the business or its image. Figure 4 presents the answer to the 

question regarding the possibility of data loss. 
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Fig. 4. Possibility of data loss according to employees 

Source: own study 

 

Employees' ignorance of the possibility of data loss was incomprehensible to the 

management and board of the surveyed enterprises. However, employees have never 

participated in any training or were informed about the consequences of data loss 

threats. Of course, the level of protection responsibility is not the same, that's why white-

collar workers, e.g. IT or HR, attend meetings with the management board and therefore 

have more information. On the other hand, manual workers suspected that they were 

guilty during talks about the possibility of data loss. Therefore, it seems that for the 

enterprise's security it is necessary to conduct training and make employees aware that 

they are not suspected of data loss or information trading. However, staff must know 

that they are involved in the information management process and assume the resulting 

responsibility for the company. 

The first action to implement mapping the value of information stream was to get 

acquainted with information flows, which allowed the preparation of tools to reduce 

waste and waiting times. To streamline the processes in the studied enterprise, a 

mapping of the information value stream for information flows has been prepared during 

the creation of an administrative document, (Fig. 5) and information value stream flows 

for information flow regarding the production process and machine operation (Fig. 6). 
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Fig. 5. Mapping the information value stream for the document tax report 

Source: own study 
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CONCLUSION 

Information Value Stream Mapping applied in the analyzed company allowed for 

effective use of information resources and reduction of waste. Speed of access to 

information and awareness concerning time of particular operations have contributed 

to improvement of quality of the performed tasks and reduction of service time of the 

particular task. Information Value Stream Mapping enables to create and modify the 

respective processes that take place in the company. It facilitates the work of 

management within control over feasibility of tasks. Moreover, the conflicts concerned 

with division of tasks for employees do not occur. In the examined enterprise, activities 

for the mapping of the information value stream were initiated, so far the information 

processes have been identified. A significant part has already been subject to value 

stream mapping, in particular as regards administrative and accounting processes. The 

remaining processes will be mapped successively. 
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Abstract: Companies should constantly seek the causes and sources of irregularities. 

For this purpose, known and widely used quality management methods and tools 

should be used. Thanks to them, organizations will be able to identify key irregularities 

and then seek solutions for correction and improvement. Achieving high reliability of 

products, companies are able to fully meet their consumers’ needs. The paper explains 

the basic concepts related to quality. However, the most important issue is to present 

an example of solution using the Poka Yoke method, for an electronics company. The 

company specializes in the production and development of electronic and 

electromechanical components, for industries of different categories: household 

appliances, energy, automotive. The presented solution for improvement concerns 

modernization of workstations. 

Keywords: quality management methods, quality management tools, Poka Yoke 

 

 

 

1. INTRODUCTION 

Most organizations strive to achieve a significant position on the market. In order to 

achieve these goals, companies should provide services that fully satisfy their 

consumers. As far as enterprises are concerned, regardless of the type of 

products/services offered, the quality of products should come first. However, it often 

happens that customers experience dissatisfaction with the product or service they 

have received. In such situations, customers return the purchased goods. 

Companies strive to achieve a high position on the market and are focused on the 

highest possible profits. For this purpose organizations should guarantee services that 

fully satisfy their consumers. However, there are situations when even regular buyers 

of a given company experience dissatisfaction with the service or product received. As 

a result, customers have the right to return the purchased goods. The return is 

understood as a quantity of the same product, returned by the customer in relation to 
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the complaint. In such a complaint, the customer indicates the demands with regard to 

handling the purchased factory. 

The customer’s satisfaction is defined as the perception of how much and how his 

expectations have been met. For each organization, regardless of the type of 

products/services offered, the quality of products should be given priority. The paper 

presents examples of non-compliance of electronic products, which may be the cause 

of complaints. By using quality management methods and tools, the key irregularities 

will be identified. It is important, above all, to find the causes of errors/defects.  

The paper presents an example of solution using the Poka Yoke method, for a company 

in the electronics industry. The company specializes in production and development of 

electronic and electromechanical components for industries of different categories: 

household appliances, energy, automotive. Solutions for improvement will concern 

modernization of workstations. 

 

2. THE CONCEPT OF QUALITY AND IMPROVEMENT 

Quality is defined in several ways. The easiest way to define quality is to meet the 

customer’s needs and expectations, providing what the customer needs for the right 

price (Hamrol, 2008). Products, produced by given organizations in appropriate 

technical conditions, are usually of good quality. Otherwise, if such conditions are not 

met, the product will be of poor quality (Skrzypek, 2000). Three characteristics can be 

distinguished, determining the product quality (Karaszewski, 2001): 

1. Functionality, the components of which are e.g. standardization, technical 

efficiency, modernity, 

2. Usability of the product, which consists of efficiency and reliability of use, 

3. Social utility, where the key concepts are: operating conditions or quality uniformity. 

 

Organizations should, above all, constantly recognize the customers’ needs with regard 

to quality. Not every buyer of a product is guided by price, but by quality criteria. Most 

often customers value comfort or safety (Łunarski, 2008), (Lock, 2002), (Sujová and 

Čierna, 2018). In the situation when companies offer low quality products, customers 

resign from the offers of given organizations. The most important thing for the customer 

is to select the product or service in such a way that it meets their expectations (Bank, 

1999). 

Quality improvement can be defined as a set of measures. Activities that are 

interdependent and after the introduction of such activities, the product will be better. 

Thus, improvement is a change of state – the state in which at a given moment the 

object is. By introducing such a change, a given object is to achieve better or new, or 

initial properties (Wolniak and Skotnicka-Zasadzień, 2008), (Hamrol and Mantura, 

2002) . 

 

3. CONCEPT OF NON-COMPLIANCE 

The word non-compliance is undoubtedly associated negatively. With regard to a 

product, a non-compliance can be defined as a failure to meet predefined requirements. 

The product does not fulfill the functions defined e.g. by the customer’s expectations or 

the standard. In order to detect non-compliances, companies take action to determine 

the reasons for such a state. Organizations subsequently plan actions aimed at 

reducing or completely eliminating the resulting non-compliances. In order to determine 
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whether products meet the requirements, they should be subjected to quality control 

(Bank, 1999), (Hamrol and Mantura, 2002). Categories of non-compliance: 

 systematic – defects detected in the quality management system, 

 accidental – the requirement is not met, but without major consequences. 

 

Qualification of non-compliance: 

 minor non-compliance – an isolated, proven case of non-compliance, 

 large (critical) non-compliance – a defect of the whole system, systematic non-

compliance, possibly a significant number of non-compliances with the quality 

management system requirements. 

 

Documentation of non-compliance requires: 

 indication of the requirement which has not been fulfilled, 

 determination of what the non-compliance is, 

 indication of evidence. 

 

Reference to the requirement should be precise. The wording of non-compliance should 

be obvious, unambiguous, concise. In turn, the evidence must be documented and 

sufficiently detailed. If a non-compliance is found, corrective action (e.g. removal of non-

compliance) and preventive action (elimination of the cause of non-compliance) shall 

be taken. Once the actions have been taken, their effectiveness must be verified. There 

should be objective evidence of full implementation of the corrective action and its 

effectiveness (Jagusiak-Kocik, 2016), (Juszczak, 2012), (Kowalczyk, 2010), (Dudek-

Burlikowska and Szewieczek, 2009). 

 

4. POKA YOKE 

A number of methods and tools are used in quality management. They are used to 

solve quality problems to assess product, its parameters, its quality, its production 

process, which appear in industrial enterprises. The methods and tools should be used 

not only to seek non-compliance but above all for improvement. 

One of the methods that can be used for improvement is Poka Yoke. This method is 

aimed at reducing human error. Using Poka Yoke makes it possible to prevent causes 

that can lead to errors. Human errors are not only the result of low competence, but 

often also of thoughtlessness or lack of concentration on the part of employees. There 

are also situations where the lack of procedures, e.g. at a given workplace, contributes 

to this. Using the Poka Yoke method, the number of errors and effects decreases, and 

thus the costs of repair or disposal of defective products decrease. Moreover, it also 

contributes to the increase in the quality of products manufactured by enterprises 

(Łuczak and Matuszczak-Flejszman, 2007), (Grudzewski and Hajduk, 2004), (Skarga 

and Kądzielawa, 2017). Four principles can be distinguished within the Poka Yoke 

method (Łuczak and Matuszczak-Flejszman, 2007), (Hetmańczyk and Michalski, 

2014): 

1. Control at source, i.e. paying attention to the capabilities, skills of employees, 

materials used, documents and deliveries. 

2. Use of 100% control, i.e. visual control or using simple devices. 

3. Implementation of control into the process and its recognition as part of the process. 
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4. Awareness that people make mistakes and the use of adequate Poka Yoke 

protections. 

 

In terms of application and function, the following methods can be distinguished, which 

will prevent errors: 

1. Setting function (Łuczak and Matuszczak-Flejszman, 2007): 
o Contact method – devices detect product non-compliance by contact or lack of 

contact between product and device sensor. 

o Constant value method – non-compliances are detected by verifying the number 

of movements or elements, in operations that require a fixed number of repetitions 

or the use of a specific number of elements. 

o Step motion method – non-compliances are identified when a specific motion will 

be performed at a specific time or in a specific order. 

 

2. Regulatory function (Łuczak and Matuszczak-Flejszman, 2007): 
o Control method – in this method it is important to stop the machine when a defect 

occurs. The subsequent defective component should be corrected or eliminated 

before the machine restarts. 

o Warning method – this method uses an audible alarm or light signal. The purpose 

of this is to inform operators about the defect. 

 

5. PRACTICAL APPLICATION OF POKA YOKE 

The company of electronic industry with its seat in Silesia is a part of an international 

corporation of 13 plants located around the world. The organization specializes in the 

production and development of electronic and electromechanical components for 

industries of different categories: household appliances, power industry, automotive 

industry. The company’s customers are the most recognizable producers on the market 

in such industries as: 

 Household appliances include such brands as LG, Indesit, Electrolux, Samsung or 

Whirlpool,  

 Automobile industry include e.g.: Fiat, Citroen, Valeo, Denso, Bentley, BMW, Ford, 

Volkswagen or Ferrari.  

Groups of customers from other sectors:  

 motorcycles and scooters department: Harley Davidson, BMW, Yamaha, Ducati, 

KTM,  

 HVAC department (ventilation, air-conditioning, heating) is e.g.: Bosch, Fugas, 

Ariston, Vaillant,  

 energy department: Enel. 

The paper presents an analysis of selected components from the field of household 

appliances. One of the electronic components produced in the company in question are 

PCBs, used in everyday equipment. On their example, a non-compliance analysis was 

conducted. An example of one of non-compliance is presented in Figure 1. 
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Fig. 1. Example of non-compliance – stretched button spring 

Source: (Company materials, unpublished) 

 

However, examples of the most common irregularities in PCBs are presented in Table 

1. 

 

Table 1 

Examples of irregularities in PCBs 

Lp. Irregularities 

1 Incomplete assembly – missing component 

2 Component elsewhere 

3 Inadequate component height after assembly 

4 Tin spillage on the PCB 

5 Assembly of a component of another type or value 

6 Holes in solder 

7 No solder 

8 No overflow 

9 Tin residues under the PCB 

10 Wrong component polarity 

11 Labels adhered in the wrong place or curved 

12 Incorrect identification labels 

13 Label inverted 180 degrees 

14 Factory damaged plastic component 

15 Damage to the label during adhesion 

16 Incorrectly composed plastic parts, version confusion 

17 Mechanical damage to plastic parts 
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18 Damage to the PCB during assembly, screwing 

19 Label adhered in the wrong place 

20 Incomplete screwing of the device 

 

For the company in question, within the Poka Yoke method, solutions have been 

developed which, once implemented, can make it much easier for employees to carry 

out their tasks and, above all, will prevent irregularities in the produced details. In the 

company, errors created during the production of electronic products are the result of 

human error. However, it is not always caused by inattention or oversight. This is most 

often due to bad organization of the workplace. Therefore, five Poka Yoke solutions 

concern modernization of workstations in order to increase effectiveness of performed 

activities. 

The first solution concerns proper preparation of a workstation for the operator. 

Currently, it is very often the case that containers with parts are not set up sequentially, 

where the consequence is mistakes in the selection of parts. Therefore, the order in 

which containers are placed is important, which will suggest the order of assembly of 

given parts. This is a simple yet inexpensive change that should certainly have the 

desired effect. This type of solution will allow for quick and efficient assembly of parts. 

In addition, it will eliminate the inconsistencies associated with poor assembly. The 

proposal of this solution is presented in Figure 2. 

 

 
Fig. 2. Poka Yoke – the right operator position 

 

The next proposal within Poka Yoke also concerns manual assembly and container 

placement. The order is crucial. As before, a small modification is able to make the work 

easier for operators and reduce the occurrence of defects in the details. Containers with 

components should be placed in front of the operator from left to right. This will allow 

the operator to reach for the components in the right order. The modification proposal 

is shown in Figure 3. 
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Fig. 3. Poka Yoke – containers position 

 

Another possibility for improvement is to specify the number of movements to be made 

by the operators. The process should be set in such a way that if, for example, the 

operator does not scan the label first, the screwdriver will not be unlocked. It is often 

the case that operators screw too few screws into the workpiece. This process should 

definitely be improved. If the operator only screws three screws instead of four, he will 

not be able to proceed to the next step at the workstation, e.g. to print a label on a 

cardboard box. The operation described is shown in Figure 4. 

 

 
Fig. 4. Poka Yoke – indication of the number of movements 

 

The next solution, using the Poka Yoke method, is to prevent any mistake earlier. In a 

company, one of the departments often makes mistakes – errors due to incorrect 

arrangement of details in the press. Avoidance of such errors is possible by proper 

selection of the mould. The press for crimping, welding of given parts should be 

constructed in such a way that the operator cannot insert the parts in another way. The 

importance of eliminating such mistakes is precisely the properly prepared mould. Only 

one setting is correct. Otherwise the press will not clamp. The solution is shown in 

Figure 5. 

 



Quality Production Improvement                                                                       QPI vol. 2, 2020                   26 

 
Fig. 5. Poka Yoke – preventing confusion 

 

The last stage in the control of an item correctness is the proposal presented in Figure 

6. The idea of this solution is as follows. On the line, after the components have been 

assembled, when a complete board passes through the stove, an audible alarm is 

activated when an error is detected. In addition to the audible alarm, a visual alarm can 

also be triggered, e.g. by lighting the lamp in orange. 

At the visual inspection station, the elements that would not pass the test would be 

considered defective. This type of operation, in contrast to the previously proposed 

ones, would take place without the operator’s involvement. 

 

 
Fig. 6. Poka Yoke – automatic segregation 
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With the Poka Yoke method, it is possible to improve the process or workstation. In the 

selected company, irregularities that are caused by operators’ errors prevail. Seeking 

opportunities to avoid such irregularities, it is not necessary to incur high costs. The 

presented solutions are characterized by simplicity and concern mainly good 

organization of the workplace. It should be noted that all types of possibilities for 

correction, prevention or improvement should primarily be presented by operators. It is 

the operators who spend most of their time on workstations. Operators are able to 

indicate what is the cause of defects in products. The company should implement the 

suggested solutions in order to reduce the occurrence of defects. 

The presented solutions do not require high costs, while of course, there are also more 

expensive improvement opportunities that can be used. 

 

5. CONCLUSION 

A company that produces electronic products constantly strives to improve the 

efficiency of its services/products. The analysis was based on non-compliance of 

products, which were the most frequent reasons for complaints. Through the search for 

causes of defects and then introducing corrective actions, the organization is able to 

reduce the number of received returns. It is most often the case that the causes of 

defects in electronic components are caused by human error. However, this is not 

always due to inattention or oversight. Organizations, in order to maintain their 

customers and acquire new ones, should constantly monitor the production process to 

search for the cause of errors. After identification of such causes, measures should be 

taken to eliminate them and improvement actions should be implemented. 

An important role in the improvement of an organization producing electronic products 

could be played by the proposed solution using the Poka Yoke method. Therefore, a 

proposal has been presented that does not require any costs to be incurred and can be 

implemented immediately. It is enough to properly organize workstations in order to 

avoid mistakes in the selection of parts when completing products. This will not only 

eliminate the resulting non-compliances, but above all will make the operator’s work 

easier and more efficient. 

The implementation of proposed solutions may undoubtedly contribute to the increase 

of efficiency and company development. 

Another solution may be automatic segregation of products. Although it is a very 

expensive solution, it will certainly simplify product inspection. A large part of the 

irregularities that have arisen are due to human error. In such a situation, the 

automation proposal would eliminate the operator’s participation in this activity. 

However, not every organization is able to invest in this type of solution. 
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Abstract: The way of directive of the European Parliament and the Council in 2014/94 

on October 22nd 2014 in the case of infrastructure development of alternative fuels 

which was specifically concerned with calls to reduce oil dependence on transport in 

European countries was imposed due to the necessity to formulate specific provisions 

in individual nations in the Union. In correlation to this, on the day of 11th January 2018 

the act on electromobility and alternative fuels was passed, which came to be on the 

day of 1st September 2018 with changes implemented later on.  

The regulations mentioned above oblige public transport to partially replace their diesel 

engine-based rolling stock and introducing changes to alternative fuels (compressed 

hydrogen in gaseous form belongs to such fuels). Support systems in Poland are an 

important element in the implementation of modern and ecological technologies. Very 

often those solutions are much more expensive compared to the ones used so far. The 

financing provided by them enables the realization of such projects in our environment.   

In this work, the idea of emission-free public transport operating on the basis of electric 

vehicles (Battery Electric Vehicles) as well as hydrogen (Fuel Cell Vehicles) will be 

presented. Both of these variants will be compared and their working principle are going 

to be shown.  

The analysis of support systems for the development of emission-free public transport 

on a European, national and regional level will also be presented. 

All collected information will form a compendium of information essential to 

implementing the public transport project in Polish conditions. 

Keywords: emission-free public transport, FCEV, BEV, support systems 

 

 

 

1. INTRODUCTION 

During the last decades, national governments, including the ones in European 

countries started implementing policies supporting the transition into zero-emission 

transport. The results of those actions were first caused by the directive of the European 

Parliament and Council from 2014 on the case of alternative fuel infrastructure 

development. This directive came to be for a few reasons. The transport sector is one 
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of the main factors propelling global climate change and is the cause of global warming. 

It constitutes over 20% of global greenhouse gas emissions. A similar share of transport 

in greenhouse gas emissions also applies to countries of the European Union. Local 

pollutant emissions – especially nitric oxide and solid particles, as well as the emission 

of greenhouse gases – must be reduced especially in urbanized areas (Lajunen and 

Lipman, 2016). 

Apart from problems related to the worsening of air quality in relation to the increasing 

level of urbanization and motorization, many cities in the world are also fighting noise 

pollution and the worsening of life quality and comfort of citizens. Zero-emission 

vehicles alleviate these types of problems related to local pollution and can also aid in 

lowering emissions of greenhouse gasses, under the condition that low-emission or 

emission-neutral electric energy is available. Utilizing this kind of transport is especially 

important because it constitutes a portion of the collective communication system, 

which covers a range of mainly high urbanized centers with a high population density 

per square meter. Its task is meeting transport needs of the community in the city and 

suburban area in terms of connecting places of residence with places of work and 

education, organs of public administration, stores and shopping centers, health care 

facilities as well as recreational centers, cultural institutions, and objects of religious 

worship. Limiting the negative effects of conventional communication will therefore have 

a positive influence on a major portion of the community in many aspects of their lives.  

One of the obstacles of zero-emission transport development and the purchase of such 

vehicles by the relevant units is the higher price in comparison to their combustion 

counterparts. Higher price as well as the necessity of infrastructure development did 

not constitute the most favorable solution money-wise, and the environmental aspect 

was not a sufficient argument for the organizers of public urban transport, to decide on 

spreading the modern solution. 

The contribution of electric vehicles to total vehicle sales in the world is marginal at the 

current moment, as it stands at about 2.5%. However, at the turn of 2017 and 2018, 

there has been a 32.9% increase in their sales, which shows that the market is growing 

dynamically (Kokocińska and Kola, 2019). 

The creation of the FCEV vehicle fleet in Poland is currently unobtainable due to lack 

of infrastructure allowing for the filling of tanks with compressed hydrogen under the 

pressure of 350 bar with the quality defined by the standard (ISO 14687-2, 2012) at the 

level of 99.97% purity. In order to eliminate the mentioned problem, the element of 

policies for the development of zero-emission transport are instruments stimulating the 

popularization of zero-emission vehicles. 

Supportive systems in Poland are an important element in the implementation of 

modern and ecological technologies due to them being usually very expensive solutions 

compared to the ones currently used. Financing, which they ensure, ensure the 

realization of these kinds of projects in the realities of Polish cities  

  

2. BEV AND FCEV BUSES 

The zero-emission bus has been defined in the Polish law by the Act on electromobility 

and alternative fuels as a vehicle using energy created using electric energy made with 

hydrogen in installed fuel cells or exclusively the engine, whose work cycle does not 

lead to the emission of greenhouse gases or other substances covered by the 

greenhouse gas emission management system as well as trolleybus. 
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Vehicles powered by hydrogen fuel (FCEV) as well as the electric ones (BEV) have a 

common trait – an electric engine. However, there is a major difference between the 

two. Electric cars and buses are charged using electric energy, which is stored in the 

battery and then used for propulsion, and in hydrogen-based vehicles, the electric 

energy is created on an ongoing basis from the stored hydrogen mixed by fuel cells 

with oxygen from the air – energy generating a hydrogen binding – oxygen is 

transformed under controlled conditions and directly used by the electric engine. The 

only side product of this process is water (Logan et al., 2020). 

A difference that divides both of these types of vehicles constitutes the advantages of 

hydrogen fuel over pure electricity because hydrogen can store more energy than a 

battery, which automatically increases its distance. Additionally, refueling time taking 

up to 10 minutes is a great advantage – electric vehicles require much more time to 

charge their battery. 

The travel distance of an electric bus powered by hydrogen fuel is similar to buses 

fueled by diesel fuels and stands at about 350 km. The precise distance of vehicle’s 

ability to travel depends on the capacity of tanks which range from 30-45 kg. In 

comparison with diesel buses, which consume on average 30l/100km (for a bus length 

equal to 12m) – about 10 kg of hydrogen/100km is used (Solaris, 2020). 

In the life cycle of a vehicle (estimated at around 12 years) the replacement of one 

diesel engine city bus with a hydrogen-powered vehicle can prevent the emission of 

800 tons of carbon dioxide into the atmosphere. It is important to mention that in Poland 

coal stands for over 90% of electricity production. During such a process, the 

combustion method produces 810 kg CO2 /MWh, 1,539 kg SO2 /MWh, 0,968 kg NOx 

/MWh and 0,238 kg CO/MWh (Malkowska 2019). It does not occur in city centers, where 

emission could directly harm the citizens. Development in the field of filtration also limits 

the above indicators from year to year. 

A complex action will therefore be the simultaneous implementation of renewable 

sources for the production of electric energy, as well as the popularization of zero-

emission transport. Without taking into account emissions in the production of 

renewable infrastructure elements, only then will the emissions of CO2 be equal to zero. 

   

3. LEGAL ANALYSIS OF ZERO-EMISSION TRANSPORT IN POLAND 

The legal act regulating the realization of environmental goals in Poland is the Act on 

electromobility and alternative fuels from the 11th of January 2018. The Polish 

legislator, while implementing the regulations of the 2014/94/UE directive, regulated 

mainly rules of development and functioning of infrastructure which served to load 

electric energy, tanking natural gas in the form of compressed and liquified gas (CNG 

and LNG), including the gas from biomethane. To a limited extent, he additionally 

discussed the infrastructure including infrastructure related to fueling vehicles with 

compressed hydrogen. Furthermore, he imposed a schedule of percentage shares of 

zero-emission vehicles in the total number of vehicles 

Articles 36 and 68 specify the requirements for the way in which urban transport 

services are being provided or commissioned (within the meaning of the Act on Public 

Collective Transport) by the community and other local government units, whose 

number of citizens is at about 50 thousand. In this case, a defined amount of percentage 

shares of zero-emission buses will be needed in the vehicle fleet used in the territory of 

a given local government unit. Dates and shares according to the above-mentioned act 

are listed in Table 1. 
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Table 1 

The schedule for achieving subsequent degrees of percentage shares of zero-emission busses 

in the vehicle fleet 

Date Percentage contribution in the vehicle fleet 

From 01.01.2021 5% 

From 01.01.2023 10% 

From 01.01.2025 20% 

From 01.01.2028 30% 

Source: Personal study based on legal Act 

 

The obligation to ensure the adequate zero-emission bus participation to provide public 

transport services is not absolute, as, after the fulfillment of requirements in article 37 

on the Act of electromobility and alternative fuels, a local government unit cannot fulfill 

this obligation. 

Legal frameworks for public transport in Poland directly regulate the EU regulation no. 

1370/2007 as well as the National Act on Public Collective Transport on the 16th of 

December 2010. According to the above act (chapter 1 article 7) the administrator of 

collective public transport can be a commune (commune head, mayor, city president), 

inter-commune association (inter-commune association board), county (mayor), county 

union (board of a county union) or voivodeship (voivodeship marshal), so a relevant 

local government unit. The administrator’s tasks include planning out the development, 

organizing and managing collective public transport, and therefore creating an 

adequate number of electric vehicle charging stations, assuring their contribution in the 

vehicle fleet utilized in offices serving municipalities and for performing public tasks 

(specifically public transport services, also when outsourcing these tasks to third 

parties) as well as the creation of specific rules of using electric vehicles during road 

transport.  

Communication companies may be structured differently. Most commonly, proceeds 

from tickets are transferred into the city's office, however, the Urban Transport 

Company earns money for every traveled kilometer. The functions of an administrator 

and carrier have been divided, which shows a comparison to other structures – it is 

much more favorable, because in such cities public transport is much cheaper, and 

vehicles are usually more modern (Mesjasz-Lech, 2014). The profitability of public 

transport is measured using percentage costs, which is covered by income obtained 

from ticket sales. Unfortunately, in most Polish cities, the revenue from tickets does not 

cover even half of the costs that are regulated by the city budget (Dybalski, 2012). On 

this basis, we can notice that additional financing for the development of modern 

electro-mobile communication is the only possibility of its growth, as communication 

activity alone does not generate sufficient profits in order to finance such an investment. 

Under legal aspects, it is worth bringing up the matter of restricted traffic areas 

mentioned in the Act on electromobility as clean transport zones. These zones, in 

accordance with Article 39, act 1, apply only to municipalities whose population exceeds 

100 thousand. The aim of implementing these kinds of zones is preventing negative 

influence on the health of citizens and the environment in correlation to the emission of 

pollution from transport 
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4. ANALYSIS OF SUPPORT SYSTEMS IN POLAND AND IN THE WORLD 

As mentioned above, units responsible for the development of electromobility and 

providing percentage interest shares are relevant local government units. Their task is 

to search and submit applications for co-financing and the construction of infrastructure 

for zero-emission means of transport as well as vehicles themselves. 

Currently in Poland there are a couple of support programs, which enable financial 

sourcing for the development infrastructure for zero-emission communication. One of 

them is the Operational Program Infrastructure and Environment (OPIE). It is a national 

program supporting a low-carbon economy, environmental protection, counteracting 

climate change, and adapting to these changes, energetic transport, and security, as 

well as investments in areas of healthcare and cultural heritage. It’s the biggest program 

financed with European Funds not only in Poland but in the entire European Union. It 

was defined for the years 2014-2020 (OPIE 2014-2020).  

With the utilization of funds from measure 6.1 “Development of public collective 

transport in cities” OPIE in total, 13 contracts were signed which allowed for the 

purchase of 190 buses for cities that are trying to comprehensively approach the policy 

of reducing noise and air pollution. From the finances allocated for the realization of the 

program, plug-in chargers, charging stations, and pantographs have also been 

purchased. The budget of the project in total amounted to 460 million zł (GOV, 2020).   

New zero-emission vehicles will appear in Gdynia, Zielona Góra, Sosnowiec, Gliwice, 

Gorzów Wielkopolski, Radom, Opole, Malbork and Pila. European Union funds to 

support the purchase of modern rolling stock have already reached carriers from 

Poznan, Krakow and Szczecin (GOV). 

The next national program is the Low Emission Transport Fund created on the basis of 

the Act of June 6th, 2018 amending the act on bio components and liquid biofuels as 

well as some other acts. The fund's task is financing projects related to the development 

of electromobility and transport based on alternative fuels. It differs from the Operational 

Program Infrastructure and Environment by the financing method because the 

revenues to be allocated will be funds from the state budget as a part of excise tax 

revenues, earnings from substitution fees, and funds transferred by the electro-

energetic transmission system operator (GOV, 2020). Thanks to funding, the following 

activities will be implemented: The National Framework for Development of Alternative 

Fuels Infrastructure, the Electromobility Development Plan in Poland and in the Act of 

11th January 2018 on electromobility and alternative fuels i.e. documents implementing 

the provisions of EU regulations on the development of alternative fuel infrastructure 

into Polish law. In practice, this means funding for each purchase of a zero-emission 

vehicle. Currently, financing for the purchase of zero-emission buses is not yet 

operational and the specific start date of the call for proposals is not yet known (GOVa, 

2020). 

Specific units can also apply for funding from European funds such as Fuel Cells and 

Hydrogen Joint Undertaking. It is a joint venture for fuel cells and hydrogen technologies 

(FCH JU). It is composed of public and private units such as the European Commission 

and Hydrogen Europe, which support research, technological development and 

demonstration activities (RTD) in fuel cell and hydrogen technology in Europe. The aim 

of the project is to accelerate the commercialization of technologies that are not based 

on coal, as well as reducing carbon emissions and contributing to economic growth and 

improving the well-being of Europeans through all activities. In June this year (2020) 11 
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out of 35 submitted projects were selected for co-financing. Among the selected was a 

consortium of cities located in the Pomeranian Voivodeship (FCH, 2020).  

The best example which confirms the effectiveness of such incentives is the results of 

various European countries with the largest share of these vehicles. Norway, Germany, 

France, Great Britain, and Holland have all introduced a diverse system of incentives 

for the promotion of electric vehicles in both monetary and non-monetary forms. In 

Norway, funding was implemented at such a level that the price of a zero-emission 

vehicle equaled the price of a vehicle with a combustion-based engine. The multi-level 

approach to the implementation of electromobility policies by implementing support 

systems at central and local levels allowed for an increase in shares of zero-emission 

vehicles (Cansino, 2018) 

 

5. CONCLUSION 

Currently, zero-emission transport is much more expensive in terms of infrastructure 

and the purchase of new vehicles. This is mainly due to the need to build all facilities 

needed for this type of transport from scratch. 

Without support systems, public transport managers have no chance of reaching the 

required percentage shares, especially when the obligation to ensure an appropriate 

percentage is not absolute and you can try to apply for an exemption.  

Thanks to support systems, the infrastructure of zero-emission vehicles in public 

communication has a chance to develop, which ensures a better-quality environment. 

Limiting the emission of pollution to the atmosphere, mainly carbon dioxide, and limiting 

the emission of noise pollution in the vicinity of homes will result in an improvement in 

the quality of the natural environment, which will definitely improve the quality of urban 

residents’ life.  

In order to achieve the establishments of the Act and achieve the objectives of the 

Regulation, a much larger-scale program and simplification of procedures are 

necessary so that not only large cities will have the opportunity to develop zero-

emission transport. 

Programs offering support for the development of infrastructure exist, however, most of 

them will cease to function by the end of 2020. According to predictions, subsequent 

program editions and calls for proposals related to them will begin with the year 2021. 

Unfortunately, there is no decisive action by the Government of the Republic of Poland 

on the above-mentioned issue. It ought to launch and systematize a continuous support 

system to help individuals interested in obtaining help in meeting the requirements of 

the act adopted in this particular matter 
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Abstract: The paper presents the results of research aimed at assessing the level of 

satisfaction of individual customers of a company offering Internet access services. The 

study was conducted using the CSI (Customer Satisfaction Index) method. The study 

process consisted of 2 stages. The first study conducted in 2017 identified customer 

requirements and revealed insufficient customer satisfaction with the services provided 

to date. The analysis of the CSI revealed that customer satisfaction in these areas was 

not the highest. This state of affairs forced the company to carry out a broad 

improvement program, which is characterized in this paper. The second study was 

conducted (in 2019) a year after the implementation of the changes. Owing to this, it 

was possible to compare customer satisfaction ratings and the customer requirements, 

as well as to assess the effectiveness of the improvement measures taken. The study 

allowed to broaden the knowledge about the analyzed service in terms of methods of 

its measurement and factors having a decisive influence on its quality and efficiency. 

The service under analysis has been effectively improved. 

 

Keywords: CSI, quality, quality management, customer satisfaction index. 

 

 

 

1. INTRODUCTION 

One of the basic tasks of the managerial staff aimed at achieving the appropriate level 

of efficiency and competitiveness of the company is to evaluate and monitor the level 

of customer satisfaction. This paper presents a case of using CSI analysis to evaluate 

and improve the quality of the industrial and service process carried out by one of the 

telecommunications companies operating in Poland. The company, as part of its 

services, carried out the process of installation of Internet access via fiber optic network 

within the customer’s premises. Due to the high number of customer complaints related 

to the installation processes and operation of the service, the company management 

decided to make a comprehensive diagnosis of customer requirements and the level of 
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satisfaction. Owing to the CSI method, it was possible to identify problems in the area 

of service quality and implement a wide improvement program.  

The first part of the paper describes the results of literature research on the analysis 

and evaluation of customer satisfaction using the Customer Satisfaction Index (CSI) 

method. The main part of the paper contains the results of a study aimed at assessing 

the level of satisfaction of individual customers of a company offering Internet access 

services. The company provides a comprehensive development of the Internet network 

at the premises of the recipients. The paper contains the results of two studies. The first 

study conducted in 2017 revealed unsatisfactory level of customer satisfaction. This 

state of affairs forced the company to carry out an extensive improvement program. 

The second study was conducted in 2019, a year after the implementation of the 

changes. Owing to this, it was possible to compare customer satisfaction ratings and 

evaluate the effectiveness of the improvement measures taken.  

 

2. DIAGNOSING CUSTOMER SATISFACTION AS A BASIS FOR IMPROVEMENT 

Diagnosing and improving customer satisfaction (Wolniak and Skotnicka-Zasadzień 

2008) have now become the main tasks of today's managers. Without a proper 

evaluation of customer satisfaction and its continuous improvement through the 

betterment of products and services, it is difficult to imagine a lasting market success 

of a company today. The role of improvement is highlighted in many scientific and 

practical publications. Continuous improvement of the organization is not only a function 

of normative management systems (Biały and Hąbek 2016, Ligarski 2010, Midor 2013), 

but also a condition for competitiveness and existence of companies on the market. 

Improvement of an organization requires its comprehensive diagnostics. Indicator 

methods very widely applied in management practice are used for this purpose 

(Grabowska 2017). One of the basic indicator analysis methods used to assess 

customer satisfaction and needs is the Customer Satisfaction Index (CSI). This classic 

method derives from the tools used to build marketing strategies (Ilieska 2013). It is a 

very flexible tool used in almost every industry, e.g. telecommunications (Zasadzień et 

al. 2010), education (Ulewicz 2014, Pacana and Woźniak, 2017), logistics (Odlanicka-

Poczobutt and Kulińska 2015, Kramarz and Slupina 2017, Paddeu et al. 2017), trade 

(Gajewska 2015) transit (Eboli and Mazzulla 2009) or e-commerce (Liu et al. 2008). 

The CSI method allows not only to determine the level of customer satisfaction but also 

to identify key customer requirements. A systematic satisfaction analysis also allows to 

start the process of identifying the causes of dissatisfaction and effectively evaluate the 

improvement measures taken. No effective manager needs to be convinced of the 

effectiveness of this method in terms of improvement of both products and services. 

 

3. CUSTOMER SATISFACTION ASSESSMENT – INITIAL STATE 

A survey of initial customer satisfaction, based on a specially developed set of criteria 

(Table 1), was conducted in June 2017. The survey was conducted during a telephone 

interview with customers during which the CSI questionnaire was filled in. Respondents 

were asked to assess particular aspects (on a scale of 1-10) and their significance (on 

a scale of 1-5). The study was conducted on a group of one hundred randomly selected 

customers who used the services for no longer than 180 days. The results of the first 

study are presented in Table 1.  

As a result of the study the CSI was obtained at the level of 68.5%. This level can be 

interpreted as average customer satisfaction with the service. Due to the market reality 
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at that time, the indicator oscillating at this level may not have been sufficient to keep 

the customers and to keep the company competitive. The company absolutely had to 

focus on improving quality in areas relevant to customers. The results of this study 

revealed that customers were least satisfied with the quality of the wireless network 

(4.85). The installation department, in order to produce an imposed, rigid standard of 

the number of installations per team per day, focused on launching the Internet access 

service itself, marginalizing the quality of operation of the installation at the customer's 

premises and the quality of access equipment offered. The highest rating (9.05) was 

given by customers to the offered price conditions. The situation was a bit different in 

terms of the importance of factors. The least important for customers was the 

punctuality of technical staff (3.11), while the most important parameter was the stability 

of the Internet connection (4.45). 

 

Table 1.  

Results of the customer satisfaction survey – initial state 

Id Satisfaction factor 

Factor 

assess

ment 

[Wi] 

Factor 

weight 

[Ci] 

Factor 

relative 

weight 

[Ci/C] 

CSI 

[Wi*(Ci/C)] 

#1 Failure response time 6.54 4.04 0.103 0.671 

#2 Punctuality of employees 8.09 3.11 0.079 0.639 

#3 Handling of calls 8.94 4.02 0.102 0.913 

#4 Aesthetics of installation 5.37 4.17 0.106 0.569 

#5 Connection waiting time 8.54 3.96 0.101 0.859 

#6 Professionalism of employees 6.75 4.11 0.104 0.705 

#7 Connection stability 5.19 4.45 0.113 0.587 

#8 Internet speed 5.91 3.81 0.097 0.572 

#9 Wireless network coverage 4.85 4.08 0.104 0.503 

#10 Price 9.05 3.62 0.092 0.832 

   C  CSI CSI% 

   ∑=39.37  6.85 68.5% 

Source: Own study 

 

The so-called quality maps (Fig. 1) have been developed for a deeper interpretation of 

the study results. The figure shows average values for satisfaction (6.92 points) and 

importance (3.94 points).  

The analysis of the diagram allows us to conclude that the areas to which special 

attention should be paid are the following: #1 Failure response time, #4 Aesthetics of 

installation, #6 Professionalism of employees, #7 Connection stability, #9 Wireless 

network coverage. These are satisfaction rating factors classified as particularly 

important for customers, and which were rated below the average. Aiming to build 

customer loyalty, the operator faced the need to identify the reasons for such a state 

and implement improvement changes to raise the quality of services provided. 
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Fig.1. Service quality map – initial state. Source: Own study 

 

 

4. DESCRIPTION OF IMPROVEMENT MEASURES 

Based on the results of the quality assessment, the top management of the 

company decided to introduce a number of improvement changes. The assessment of 

the factors that are very important for the customer depended in particular on the 

standards of customer service and the work of technical teams dealing with the 

installation of the connection and rectification of failures. As part of the improvement 

program, the existing operational procedures were verified and new ones were 

developed and implemented, including changes to the organizational structure. The 

changes also involved additional investments (modernization of workstations, purchase 

of equipment, purchase or development of own software). Scheduling of installation 

work and checklists were introduced. Cyclical trainings for technical staff were 

introduced. In addition, internal communication was improved and the principle of 

supporting the Internet installation process by other departments of the company was 

introduced. As a result, the time for troubleshooting was shortened. Taking into account 

the needs of customers and to increase competitiveness, the working time was 

reorganized by introducing evening and weekend duty. The order and delivery system 

was reorganized, a unit responsible for testing equipment before it is introduced into 

the network was established, and technical solutions ensuring its continuous monitoring 

were implemented.  

The changes described above would not be effective if they were not accompanied by 

a change in attitude and awareness of the staff.  

 

5. CSI RESULTS – STUDY 2 

After 12 months from the implementation of the improvement changes described 

earlier, another satisfaction survey of one hundred selected customers who had used 

the services for a period shorter than 180 days was conducted. A tool identical to the 

one used in the first study (telephone interview) was applied. The obtained results are 

presented in Table 2. 

 



Quality Production Improvement                                                                       QPI vol. 2, 2020  40 

Table 2. 
CSI – final state 

ID. Satisfaction factor 

Factor 
assess
ment 
[Wi] 

Factor 
weight 

[Ci] 

Factor 
relative 
weight 
[Ci/C] 

CSI 
[Wi*(Ci/C)] 

#1 Failure response time 8.89 4.82 0.110 0.982 

#2 Punctuality of employees 8.56 4.23 0.097 0.830 

#3 Handling of calls 9.01 4.55 0.104 0.939 

#4 Aesthetics of installation 8.35 4.51 0.103 0.863 

#5 Connection waiting time 6.93 3.62 0.083 0.575 

#6 Professionalism of employees 8.26 4.73 0.108 0.895 

#7 Connection stability 8.87 4.89 0.112 0.994 

#8 Internet speed 8.27 4.1 0.094 0.777 

#9 Wireless network coverage 6.98 4.83 0.111 0.772 

#10 Price 7.85 3.37 0.077 0.606 

   C Σ=1 CSI CSI % 

   Σ=43.65  Σ=8.23 82.3% 

Source: Own study 

 

The results of the second customer satisfaction survey showed that the CSI rose to 

8.23 points. The analysis of the results of individual factors showed that an improvement 

was noted in almost every case. The assessment of seven factors is above the average 

value. The developed quality map (Fig. 2) indicates that the only important factor 

assessed below the average is the quality of wireless network operation (#9). Below 

the average value were customer ratings concerning the waiting time to connect to the 

network (#5) and the price (#10). However, these are factors that constitute less 

important aspects of customer satisfaction 

 

 
Fig. 2. Service quality map – final state. Source: Own study 
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Fig. 3. Change of customer satisfaction rating. Source: Own study 

 

Changes in ratings for each of the factors of customer satisfaction with the services of 

the surveyed company are presented in Figure 3. The analysis showed that connection 

stability (#7) is the factor that customers perceive clearly better than in the first study 

(+3.68 points). The company resigned from external service by establishing a separate 

department responsible for network administration. The policy of successive elimination 

of old technologies has improved the failure rate. The network topology was rebuilt to 

ensure its redundancy. Network operation monitoring systems were implemented. The 

access points affected by the factory defect were replaced and a program of testing the 

equipment before it was put into production use was implemented.  

During the second study, the customers assessed the aesthetics of the installations 

performed much better (+ 2.98 points) – in this respect, for example, the way the cables 

were routed was improved (the façade and window joinery elements are not disturbed), 

the installation of sockets, where it is justified, instead of drilling, double-sided wall tapes 

are used, the cables are fastened and protected against accidental damage. The 

installation technicians are equipped with protective shoes, hand-held vacuum 

cleaners, and the place of installation of the equipment and the cabling must be 

documented by a photo and is subject to assessment by the quality department.  

The modernization of the network and change in the structure of the technology allowed 

to improve the connection speed (factor #8) made available to end users, which was 

reflected in the study – the degree of customer satisfaction increased (+2.36 points). 

As a result of the introduced technical and organizational changes, the assessment (#1) 

of the failure response time increased (+2.35 points).   

A noticeable decrease in satisfaction occurred in the area (#5) of connection waiting 

time (-1.61 points). When calculating the average installation time, the optimum number 

of installations per day per team was determined. The source of this state of affairs was 

a change in the purpose of the operator – the quantity was to give way to the quality of 

installations. In the second study, customers rated the price offer (#5) worse than before 

(-1.2 points). This was caused by the increase in service prices introduced by the 

company. 
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Fig. 4. Change in the importance of customer satisfaction assessment factors. Source: Own 

study 

 

The results of the second study prove that the most important service parameter for 

customers is the stability of the Internet connection #7. The result at the level of 4.98 

points. (+0.44 points) indicates that this is a critical factor in assessing satisfaction. 

Customers attach the least importance to the price of service #10, the importance of 

which was rated at 3.37 points (-0.25 points). Customers in the second study showed 

an increase in patience concerning network connection. They considered waiting time 

#5 less important (-0.34 points) than in the first study. The results of the second survey 

generally show an increase in customer requirements. The importance of almost all 

satisfaction factors has increased. The highest increase is recorded in the evaluation 

of parameter #2 – punctuality of employees (+ 1.12 points). An increase in importance 

was noted in the scope of factor #1 – failure response time (+0.78 points) and #9 – 

wireless network coverage (+0.75 points). 

 

6. CONCLUSIONS 

The paper describes a case of customer satisfaction survey and its analysis and 

evaluation by means of the CSI in one of the companies offering Internet access 

services. Owing to the conducted studies, factors determining the satisfaction of 

individual customers of the examined company were identified. The results of the first 

study revealed that the most important factors for the customers included: stability of 

the Internet connection, aesthetics of installation and professionalism of the company's 

employees. The analysis of the CSI revealed that customer satisfaction in these areas 

was not the highest. The management of the examined company decided to undertake 

a number of improvement actions, owing to which the results of the repeated study 

looked much better. The analysis of the results of the second study revealed the high 

effectiveness of the transformation performed. The CSI increased from the initial level 

of 6.85 points to 8.23 points. The CSI is not only an effective tool for assessing customer 

satisfaction, it is also a good tool for studying trends in changes in customer 

expectations. In the case under examination, it was observed that the market has 

become increasingly demanding. The importance of most requirements of customers 

using Internet access services has increased. Customer requirements only in terms of 

price and waiting time to connect to the network have decreased. The customers of the 

0,78

1,12

0,53
0,34

-0,34

0,62
0,44

0,29

0,75

-0,25

-0,5

0

0,5

1

1,5

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

C
h

an
ge

 in
 im

p
o

rt
an

ce
 [

p
o

in
t]

Factors for assessing customer satisfaction

Change in importance



43   Section: MANAGEMENT 

examined company expect high quality, i.e. professional service and reliable access 

installation, while being aware of their price. 
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Abstract: The quality of the construction services provided has always played an 

important role not only in maintaining the safety and proper functioning of the 

construction objects in question, but also in other related features, which will also be 

the subject of a research study with the target group of the construction objects in 

question in the Mazowieckie Voivodeship in Poland. 

This article explains the concept of quality and quality in terms of construction services. 

It indicates their essence and the process of implementation in the long-term 

perspective during the operation and exploitation of a building object. The process of 

quality assessment is based on the selection of contractors for construction works using 

fuzzy logic. The procedure of prequalification with the use of fuzzy sets was also used 

for such an assumed purpose.  

Keywords: quality, construction service, building object, operation 

 

 

 

1. Introduction 

Construction, technology and organisation of construction works, construction 

management, project management and construction companies, as well as the 

operation of construction facilities have been the subject of research and training of 

construction engineers for many years. During this time there has been a significant 

development of both the theory and the possibilities of its application to solve practical 

problems. New possibilities of analysis and design of construction processes have 

emerged, but also new needs of practice in managing these processes. Social, 

technical and economic requirements force comprehensive analyses and solutions to 

problems of construction, reconstruction, assembly, renovation or demolition and 

operation of buildings. A new comprehensive, systemic approach to solving these 

problems becomes necessary. New methods and techniques of analysis and design of 

construction works implementation become necessary. Such an approach has become 

the basic reason for the development of the engineering specialization in construction 

projects. It is connected with the attitude of the researcher and designer, which is 

directed to efficient and effective, from the point of view of social, technical and 
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economic conditions, solving construction problems. Moreover, it is assumed to use the 

achievements of other sciences to solve such problems (Björk 1992, Pärn 2017). 

In the literature on service quality assessment, we have several models: 

(Parasuramana, Zeithaml, Berry service quality model (gap model), Grönroos service 

quality model, Gummesson partial quality model, Grönroos and Gummesson integrated 

quality model (4Q).  

Ch. Grönroos presented a service quality model according to which the total quality 

perceived by the consumer (defining the image of the company) has two sources. In 

his model, Grönroos also emphasises the role of the company image in shaping the 

quality experienced by the consumer. A good corporate image can be a kind of filter to 

minimise the negative impact of possible mistakes which may affect the consumer's 

quality assessment (Grönroos 1984). 

A much more complex model of service quality, taking into account, apart from the 

effects of the service process (technical quality and relations), also the sources of 

quality, i.e. the quality of the project and the quality of production and delivery, was 

distinguished by E. Gummesson. He proposed that the company should introduce 

these four types of quality, the so-called 4Q, as "prerequisites for perceived quality and 

satisfaction". (Gummesson 1993) . 

However, the most extensive model is the service quality gap model proposed by A. 

Parasureman, V.A. Zeithaml and L.L. Berry. 

The authors assumed the existence of five gaps, the identification and elimination of 

which leads to an increase in the quality of services perceived by customers of a given 

pre-company. They have identified four internal gaps in the enterprise and one external 

one, which is influenced by the previous, emerging at the interface between the 

enterprise and the customer. The internal gaps are: -lue 1 - discrepancy between the 

expectations of the customer and the perception of these expectations by the 

management, -lue 2 - difference between the management's assessment of customer 

expectations and how to translate these expectations into appropriate quality norms 

and standards, -lue 3 - discrepancy between service quality norms and standards and 

the level of service provided, -lue 4 - discrepancy between the level of service provided 

and external forms of communication with the customer, -lue 5 - external gap defining 

the relationship between the quality received and expected (Czubała et al. 2006) . 

 

2. Prequalification process 

When planning a construction project, the contracting authority has to make a number 

of decisions that affect its course. One of them is to select the contractor for the 

construction works. One of the methods of assessing the competence of contractors 

applying for the contract is their initial selection. The Public Procurement Law does not 

provide for a pre-qualification procedure, understood as pre-selection of tenderers. The 

competencies of a contractor are usually verified only at the preliminary stage of the 

tender or negotiated procedure, which is not always beneficial. The survey shows that 

private procurers prefer contractors with whom cooperation has been successful in the 

past in subsequent contracts (Succar 2009, Curry et al. 2013). Nevertheless, only a 

small part of the contracting authorities have a procedure for their selection. 

Prequalification is a procedure that allows for the selection of competent contractors for 

specific projects. It also saves time and costs associated with the preparation and 

evaluation of tenders prepared by contractors considered unsuitable by the contracting 

authorities. Pre-qualification is therefore a procedure beneficial to both the contractor 
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and the contracting authority (Riley et al. 2003) . The essential elements of this pre-

qualification procedure are selection for a "permanent list", allowing for the selection of 

competent contractors, and "per project" pre-qualification, allowing for the selection of 

the most suitable candidates for a specific project. An example of a contractor 

evaluation procedure for the "permanent list" is presented. Pre-qualification "per 

project" is supported by various mathematical models. It is not an easy task to build a 

model that covers all conditions of the pre-qualification process. A large number of 

criteria are taken into account in the assessment of contractors, which in turn are 

characterised by appropriate sub-criteria. For many of them, the assessment is 

subjective and its measure is difficult to establish in an ambiguous way, e.g. "reputation 

of the contractor" important in the assessment. It is also not an easy task to agree on 

one common assessment scale for all criteria (Volk et al. 2014, Greenfield et al. 2013). 

An additional problem is the need to include many decision-makers in the evaluation 

model. In order to make it easier to overcome the related difficulties and to objectivise 

the procedure of selecting a suitable contractor, a mathematical model based on the 

fuzzy set theory has been proposed (Singh et al. 2011, Schmidt et al. 1998). 

Approximation of the problems of pre-qualification may make contracting authorities 

aware of the importance of proper selection of contractors. The procedure and the 

mathematical model may help contracting authorities to develop their own method of 

preselecting contractors, which is the most transparent for them, and also indicate the 

possibility of making more effective use of the information they have about contractors. 

The information contained in the study can therefore be treated as a starting material 

for the construction of the contracting authorities' own prequalification procedure  

(Permjakov 2014. Mbamali 2012, Singh et al. 2011). 

 

 

3. Methodology of research 

The basis for building a model of a quality management system for construction 

services is the application of a process approach to service management, and 

consequently the perception of the service in terms of process (Meyer 1997). 

An attempt was made to determine, on the basis of the largest construction sites, 

whether the management activities contribute to the improvement of quality in the 

process aspect. For this purpose, the 6 largest construction sites were selected and 

subjected to quality tests. A score-based quality assessment was carried out before the 

start of construction and after appropriate training and preparation (tab 1) (Baltsavias 

2004) . 

 

Table 1.  

Quality assessment of buildings 

Buildings Evaluation without quality 
process 

Evaluation with an advanced 
quality process 

Building A  65 68 

Building B   60 62 

Building C   61 66 

Building D   63 66 

Building E   64 67 

Building F   65 67 

Source: own research 

 



47                                                                                                          Section: MANAGEMENT     

At a materiality level of α = 0.05, can we believe that the quality processes contribute 

to the quality of the construction during the operation and operation of the building. 

 

H0 : µd = 0 (there is no difference between no or little quality factors and advanced 

quality processes). 

H0 : µd > 0 (after an advanced quality process the process quality is higher). 

 

Here we will use the significance test for the difference of the two averages from the 

two dependent samples. To determine the T-statistics let us calculate as follows (tab 

2): 

 

The evaluation calculations were based on a materiality test for the difference between 

the two average values of the two interdependent samples. The individual values were 

assigned according to Table 1 (see Table 1). 

Buildings A, B, C, D, E and F with a maximum scale of 100 and a minimum scale of 0 

(zero) were assessed. 

The evaluation concerned without the applied quality process (Table 1, column 2) and 

the evaluation with advanced quality process (Table 1, column 3). 

 

 

Table 2.  

Statistical calculation - Materiality test to determine T-statistics 

Χ1i Χ2i di (di -di)2
 

68 65 3 0 

62 60 2 1 

66 61 5 4 

66 63 3 0 

67 64 3 0 

67 65 2 1 

  18 6 
Source: own research 

 

The assessment was based on the materiality test for the difference between the two 

averages from the two dependent samples. 

The test is a statistic (1) 

 

(2) 

 

(1) and (2) formula for the significance test for the difference between the two mean 

values of the two interdependent samples (Hogg et al. 2005). 
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Since α = 0,05 , o the rejection area H0 is right-handed, therefore tα = 2,015 (for 2 α = 

0,10 and n-1 = 5 degrees of freedom (from the critical values of the t- Student 

distribution).  

Since T= 6,74 > 2,015 , there fore H0 is rejected. This means that the long-term quality 

process is better/efficient in quality than in a shorter time. 

 

4. Results 

The figure below shows the quality in terms of the construction service in process terms, 

taking into account the quality of the process towards entry and exit quality. Individual 

organisational and technical conditions are also indicated, as well as a qualitative 

approach in the context of the client, employees and service companies, indicating the 

benefits (Singh et al. 2011). 

 

 
Fig. 1. Construction service in the process aspect 

Source: own research 

 

The construction service in process terms has an input, processing and output vector. 

Within the input vector defining the quality of the construction service input, it stands 

out (Ashford 2002, Huang et al. 2013):  

 technical conditions (among others: projects, plans, regulations, place of service 

provision, machines, equipment, tools, materials, knowledge and experience of 

employees), 

 organisational conditions (such as: preparation for service provision, time and 

organisation of the service provision process, attitude and motivation of 

employees). 

Processing process in relation to a construction service is the process of its provision 

in which there is interaction between the client, employees and the service company.  

The output quality based on the output vector of a construction service indicates 

measurable and non-measurable benefits resulting from the process of service 

provision, such an outcome of the service (e.g. the constructed facility) and customer 
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satisfaction resulting from meeting their needs and expectations (in relation to cost, time 

and subjective features that the customer assesses) (Bowman-Amuah 2002) .  

The construction service in process terms has an input, processing and output vector. 

Within the input vector defining the quality of a construction service input, the input 

vector includes technical conditions (such as: projects, plans, regulations, place of 

service provision, machines, equipment, tools, materials, knowledge and experience of 

employees), organisational conditions (such as: preparation for service provision, time 

and organisation of the service provision process, attitude and motivation of employees) 

(Barton et al. 2003) . 

Processing process in relation to a construction service is the process of its provision 

in which there is interaction between the client, employees and the service company.  

The output quality based on the output vector of a construction service indicates 

measurable and non-measurable benefits resulting from the process of service 

provision, such as: the material result of the service (e.g. built object) and customer 

satisfaction resulting from meeting their needs and expectations (in terms of cost, time 

and subjective features (Kibert 2016). 

 

5.Discussion 

The basis of the model is a process service with an input, processing and output vector. 

The input vector is composed of previously presented technical and organizational 

conditions, needs and requirements of the client in the scope of the expected 

construction service, legal regulations, procedures and rules governing the provision of 

this type of service as well as methods and tools of construction service quality 

management. The processing process, i.e. the process of providing a construction 

service, includes its course based on the quality aspects highlighted, such as: time, 

cost, compliance with the project, safety and ecology.  

The output vector is the result of the service process, i.e. meeting customer needs and 

expectations based on the obtained level of service quality and a rich set of information.  

As part of the process-oriented quality management function there is a repetitive cycle 

of activities, including the management of resources (human, material, financial, 

information) necessary for quality assurance and process planning, process 

management and organisation (with leadership and motivation), control of the results 

of the service, which are then measured and analysed for continuous improvement of 

quality, affecting the management of resources and planning of the next service. 

The dynamic development of the service and construction sectors defines the need for 

knowledge development in the field of building services quality management. Based on 

the achievements to date. 

The scientific and modern economy characterised by dynamic changes in the 

environment is indicated as a process approach among the most effective approaches 

to management.  

The process approach is only applied to services when the service is perceived as part 

of the process. Thanks to the translation of management theory into the process aspect, 

it becomes possible to manage the quality of services in the process.  

The selection of a construction contractor is one of the most important decisions made 

at the stage of planning a construction project. Construction contractors are mainly 

selected in tender modes, where the competence of bidders is usually checked only at 

the initial stage of the procedure, which is not always beneficial. At the same time, the 

number of procedures in which only the price is the final criterion for selecting an offer 
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is growing. These conditions make it particularly important to properly assess the 

contractor's suitability to perform the tasks entrusted to it. One of the methods of 

assessing the competence of contractors applying for the contract is their pre-selection 

 

 

 

 

Fig.2. Model of the quality of construction services provided in the long-term perspective 

during the operation and exploitation of a building object 

Source: own research 

 

 

6.Conclusion 

Quality is a complex issue, which can be defined in terms of various aspects. The basic 

division includes the definitions of quality in legal terms (quality as adherence to formal 

provisions contained in legal acts), economic (quality as a set of properties defining the 

usefulness of a product), technical (quality as a set of properties defining the usefulness 

of a product), sociological (quality as the opinion of customers about the characteristics 
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of a product) and philosophical (quality as a set of components with specific 

characteristics)  

On the basis of the presented quality dimensions, a wide range of studies characterizing 

the concept of quality was created. The most frequently quoted literature on the subject 

defines quality as the degree to which a product meets the requirements specified by 

customers, meaning the satisfaction of their needs and expectations. It is emphasized 

that quality is a subjective term and that quality is never perfect, but within the 

improvement process one should aim at to achieve it. 

The multidimensionality of the concept of quality also translates into the characteristics 

of the term service quality, which was created as an attempt to translate theoretical 

considerations on quality into service characteristics. The result of these studies is five 

sets of criteria of origin. 

The first group includes product definitions, according to which the quality of service 

depends on the units of benefit that the service provides to the recipient. The process 

approach defines service quality as the level of service compliance with the adopted 

standard. Demand characteristics, the recent popularity of the service, due to its 

customer orientation, indicates that quality of service is about meeting customers' 

needs and expectations. The last group of value-oriented services understand quality 

of service as the ratio of benefits resulting from it to the price the customer pays to use 

it. The last group of philosophical definitions indicate the abstract nature of quality of 

service, which is a service experience. 

Management as a separate issue can be defined as a set of activities (including 

planning, organising, guiding, controlling and motivating) that affect resources 

(financial, physical and operational, as well as the functioning of the organisation and 

the achievement of its goals. 
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Abstract: The paper presents the use of the Kano model and the questionnaire 

contained in it to analyze customer preferences in relation to children's furniture -  

a travel cot. A representative group of 30 people was created. The survey showed which 

attributes of the travel cot were assessed by the respondents as must-have, one-

dimensional, and which are excitement attributes (delighters) and mistakes for them. 

The study will help design a new travel cot model according to expectations of 

customers - future parents and parents of young children. 

Keywords: quality, new product, Kano model, children’s furniture, travel cot 

 

 

 

1. INTRODUCTION 

In the design of new products and services, each enterprise tries to best understand 

the needs and requirements of customers and create the product or service that 

customers expect and will be satisfied with. Therefore, in the context of quality, 

companies should distinguish between the terms 'perceived quality' and 'technical 

quality'. The quality of the product or service that customers perceive doesn't have 

much in common with technical quality, because it depends on many external factors, 

such as customer expectations, advertising or the competition's offer. 

To create a product or service best suited to customer needs, enterprises can use one 

of the quality management methods - the QFD method (Ćwiklicki, 2017, Jagusiak-

Kocik, 2019, Tan, et al., 1999), which translates customer requirements into technical 

language. In addition, to analyze the relationship between the level of customer 

satisfaction and the quality offered, it may be helpful to use the Kano model, which will 

be used as a research instrument in the work. 

One of the industries that is dynamically developing in Poland is the children's furniture 

industry. There are many companies on the market that offer future parents and parents 

furniture in many color variants and in many designs. More and more customers support 

Polish brands, focusing on quality and safety. However, it is necessary to remember 

about the Chinese market, which is flooding the Polish market with new solutions and 

often offering an attractive price. In this situation, Polish manufacturers should focus on 

closer monitoring of customer needs and design and producing products that meet 

these needs as much as possible. 
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The aim of the work is to try to apply the Kano model to a selected type of children's 

furniture and check how this model will examine the relationship between perceived 

quality and technical quality in relation to the children's furniture industry. 

 

2. METHODOLGY OF RESEARCH 

The Kano model was developed in the 1980s by Noriaki Kano, a quality management 

theorist (Brajer-Marczak, 2015, Ingaldi, 2016, Ingaldi, et al., 2018, Kuo, 2004, Luor, et 

al. 2015, Meng, 2018, Tan, et al., 1999) According to this model, product attributes are 

divided into 4 groups (Wolniak and Skotnicka, 2008): 

 the first of the groups are must-have attributes (mandatory). Their presence requires 

the customer, if the product does not have such an attribute, it causes customer 

dissatisfaction, while if the product has such an attribute, it does not affect the level 

of customer satisfaction. The customer considers such attributes to obvious and 

often asked about the product and its attributes, he does not even mention them, 

 another group of attributes are the attributes that the customer is looking for and if 

they are in the product he will be satisfied. These are one-dimensional attributes that 

are easy to determine, because the customer is aware of their existence, 

 excitement attributes (delighters) - for this group of attributes, the customer will be 

very happy to have them in the product, because he did not expect them. Excitement 

attributes greatly increase customer satisfaction, while their absence will not reduce 

customer satisfaction, because often the customer is not aware of their existence, 

 the last group of attributes are mistakes. They are not considered relevant. When 

creating a product with such an attribute, the producer expected it to be well received 

by the customer, but such an attribute turned out to be unnecessary and has no 

impact on the level of customer satisfaction. 

Customer research in the Kano model (Rashid, 2010, Wiśniewska, 2009), is carried out 

through an appropriate questionnaire that examines customer response to two variants: 

positive (the product has the given attribute and functions properly) and negative (the 

given attribute does not appear in the product or does not function satisfactory). Such 

a questionnaire contains for each variant such statements as: "like it" "expect it", "don't 

care", "live with" and "dislike" The result of the questionnaire is a combination of two 

answers, each answer can have five values, which gives a total of 25 variants of their 

combination. Definition of the type of attribute in the Kano model is presented  

in Table 1 (Wolniak and Skotnicka, 2008, https://sapioresearch.com/kano-analysis). 

After categorizing all the attributes, it can proceed to the preliminary design work 

on a new product that will meet certain requirements (Szeliga-Kowalczyk, Łabaza, 

2016, Madzik, 2018). 

It should be noted that the Kano model is dynamic, because the needs of customers 

are changing, and the nature of a given attribute is not accepted forever (Ulewicz, 

2016). 
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Table 1 

Determination of the type of attribute in the Kano model 

 Negative 

P
o

s
it

iv
e

 
 1. like it 2. expect it 3. don't care 4. live with 5. dislike 

1. like it Q A A A O 

2. expect it R Q I I M 

3. don't care R I I I M 

4. live with R I I Q M 

5. dislike R R R R Q 

Where: A - excitement attributes (delighters), O - one-dimensional attributes, M - must-have 
attributes, I - customer does not show preferences for a given attribute, R - the customer does 
not want the attribute, Q - contradiction, the client wants the attribute was and was not there 
Source: Study based on (Wolniak, Skotnicka, 2008).  
 

At the work an attempt was taken to use the Kano model in relation to one of the 

children's furniture used primarily by babies and children up to 3 years old - a travel cot, 

which is shown on Figure 1. 

 

 
Fig. 1. An exemplary model of a travel cot 

Source: own study 

 

The travel cot is light and easily and quickly folds and unfolds. It can be taken on  

a journey, parents do not have to worry about choosing the place they have in its offer 

such a cot, in addition, the child even in a different place than the house has the comfort 

of sleeping in his bed. In addition, such a cot can be used as a playpen. 

The cot is made of a frame, which is usually made of steel, the sides are trimmed with 

a durable mesh that protects the child from falling out and bumps, in addition parents 

have the opportunity to observe the child. The basic equipment of the cot is  

a thin mattress. There is also often a side entrance to the cot with a zip, which can be 

used by older children. 

Additional equipment of the cot includes skids, thanks to which the cot can be turned 

into a cradle and the mattress height adjustment function (at the highest level, the 

mattress is designed for the youngest children, while when the child begins to stand up, 

the mattress moves to the lowest level so that the child does not fall out). Often, the cot 

is equipped with additional pockets for small items, a changing table, mosquito net, 

canopy, and even a small device with the function of vibration, sounds and light. 
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3. CASE STUDY – KANO MODEL  

Analysis of customer attributes and their impact on the perceived quality of the product 

were carried out in a medium-sized enterprise dealing in the production of children's 

furniture, including travel cots. This company, after a preliminary analysis of the market 

and the needs of customers (also regular customers) decided to design  

a new, improved model of a travel cot. A survey was conducted among 150 clients 

(parents of infants to 1 year of age and future parents, women and men, age from 23 

to 37). The purpose of this study was to extract the most important attributes for the 

designed product. After selecting the population of 150 clients, collective lists were 

drawn up (3 groups of 50 people). 10 people were drawn from each of these groups. 

The result was the creation of a representative group of 30 people. This group was 

supposed to list the most important, according to them, attributes for the designed travel 

cot. Among the many listed attributes, 15 most frequently repeated respondents were 

selected for further analysis. These attributes are presented below: 

1. cradle function (skids included in the 

set), 

2. a mesh of non-soiling material, 

3. equipped with a thicker, stiffer 

mattress, 

4. wheels which simplify movement of 

the cot, 

5. two-level mattress level adjustment, 

6. large selection of color variants, 

7. large, stable changing table in basic 

equipment, 

8. easy cleaning of the upper parts of the 

cot (protecting the upper metal parts of 

the cot), 

9. a music box in the basic equipment, 

10. removable canopy, 

11. carousel in basic equipment, 

12. maximum load up to 20 kg, 

13. system of protection against 

accidental folding, 

14. handles for learning to stand up, 

15. quick folding method. 

After extracting the most important attributes according to respondents, a survey was 

conducted using the Kano questionnaire. Part of this questionnaire is presented in the 

table 2. 

 

Table 2  

Part of the Kano questionnaire regarding the travel cot 

1.Should  the travel cot have a cradle 
function (skids included in the set)? 
a) like it  
b) expect it 
c) don't care 
d) live with 
e) dislike 

1.If the travel cot does not have a cradle 
function (skids included in the set)? 
a) like it 
b) expect it 
c) don't care 
d) live with  
e) dislike 

2. Should the travel cot have a mesh made 
of non-soiling material? 

a) like it  
b) expect it 
c) don't care 
d) live with 
e) dislike 

2. If the travel cot does not have 
    a mesh made of non-soiling material? 

a) like it 
b) expect it 
c) don't care 
d) live with 
e) dislike 

… … 

14.Should the travel cot have a handles for 
learning to stand up? 
a) like it  
b) expect it 
c) don't care 
d) live with 

14.If the travel cot does not have handles for 
learning to stand up? 
a) like it 
b) expect it 
c) don't care 
d) live with 
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e) dislike e) dislike 

15.Should the travel cot have quick folding 
method? 
a) like it  
b) expect it  
c) don't care 
d) live with 
e) dislike 

15.If the travel cot does not have quick 
folding method? 
a) like it 
b) expect it 
c) don't care 
d) live with 
e) dislike 

Source: Own study based on (Wolniak, Skotnicka, 2008). 

 

The next table 3 presents part of the results of the Kano questionnaire for the travel cot. 

 

Table 3  

Part of the Kano questionnaire regarding the travel cot 

Attributes 

Respondents 

1 2 3 … 28 29 30 

P N P N P N … P N P N P N 

1.cradle function (skids 
included in the set) 

b e a e a e … a e b e a c 

2.a mesh of non-soiling 
material 

a c c d c d … d c a c b e 

3.equipped with a thicker, 
stiffer mattress 

a d a e c c … c d a e c d 

… … … … … … … … … … … … … … 

13.system of protection 
against accidental folding 

b e b e b e … a e b e b e 

14.handles for learning to 
stand up 

c d c d a d … a c a c c d 

15.quick folding method. a c b e b e … a e a c a c 

Where: P - positive, N - negative 

Source: Own study based on (Wolniak, Skotnicka, 2008). 

 

The last part of the analysis was to determine with the help of Table 1 the group to 

which the attribute belongs. Table 4 presents some of the results. 

 

Table 4  

Determination of the group to which the attribute of the travel cot belongs 

Atrybuty 
Respondents 

1 2 3 … 28 29 30 

1.cradle function (skids 
included in the set) 

M O O … O  M A 

2.a mesh of non-soiling 
material 

A I I … I A M 

3.equipped with a thicker, 
stiffer mattress 

A O I … I O I 

… … … … … … … … 

13.system of protection 
against accidental folding 

M M M … O M M 

14.handles for learning to 
stand up 

I I A … A A I 

15.quick folding method. A M M … O A A 

Source: Own study based on (Wolniak, Skotnicka, 2008). 
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4. CONCLUSION  

A travel cot is a furniture that parents choose in case of frequent travel as well as for 

convenience. Having a big house, you can put child to sleep in the part of the house 

where you are at the moment, such a cot is also necessary for more than one child.  

It is a very popular furniture and companies producing them are looking for new ways 

to improve them and to better meet the changing needs of consumers. 

The study analyzes the attributes of a designed, improved travel cot. Based on the 

respondents' answers, the 15 most important attributes of such a cot were identified. A 

survey was carried out using the Kano questionnaire and the following conclusions 

were drawn: 

 the travel cot has to meet both quality requirements and security requirements. 

Therefore, the attribute "system of protection against accidental folding" was 

specified by almost all respondents as a must-have attribute, whereas in the 

absence of this attribute - respondents indicated the answer "dislike", 

 as one-dimensional attributes, most respondents indicated the attribute related, 

among others, to the "cradle function (skids included in the set)", "two-level mattress 

level adjustment", "maximum load up to 20 kg" and "wheels which simplify movement 

of the cot". A cot with such attributes becomes more practical and can be used by a 

newborn, who often needs rocking, as well as for an older infant, who begins to stand 

and it is necessary to lower the mattress to a lower position.  

In addition, a load up to 20 kg guarantees the use of the cot by even a 4-year-old 

child. Some of the beds on the market do not have such functions in the basic 

version, which is why it can be a valuable tip for company when designing a new 

type of travel cot, 

 excitement attributes (delighters), according to most respondents, turned out to be 

attributes such as: "a music box in the basic equipment", "carousel in basic 

equipment" and "equipped with a thicker, stiffer mattress". Cots on the market in the 

basic version do not have such attributes, carousel and the music box are attributes 

from the visual and aesthetic categories that additionally focus attention on the 

product and therefore for potential customers the presence of such attributes could 

be an additional incentive to buy such a cot, 

 the remaining attributes cannot be included in any of the groups, because the 

respondents pointed to them as one-dimensional, must-have attributes, excitement 

attributes (delighters), but also mistakes. For some of the respondents, mistakes, 

meaning irrelevant attributes, are "removable canopy" and "a large selection of color 

variants". 
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Abstract: In the last few decades there have been significant changes in single-family 

housing in rural areas. More and more new buildings are being built, many are being 

renovated or thermomodernized. This activity generates a number of waste that, if not 

managed properly, can have a negative impact on the natural environment. This 

article analyses ways of waste management generated during the erection of new 

buildings, renovations and reconstruction. The aim of the research presented in the 

study was to identify trends in the manner of construction waste management in the 

last thirty years in rural areas of the Czestochowa district. The substantive basis for 

the research were CAWI (Computer Assisted Web Interview) surveys carried out 

among investors and contractors of construction works in the analysed area. On their 

basis, indicators illustrating changes in the manner of management individual types of 

waste were estimated. It was found that positive changes occurred in this area during 

the analysed period. Primarily, the scale of activities having a clearly negative impact 

on the environment and the safety of life of residents decreased significantly. 

Processes such as uncontrolled burning or burying waste in the ground have been 

reduced from over 40% to around 13.5%. The reason for these positive trends is 

primarily the increasing ecological awareness of rural residents, high fines for the 

illegal removal of waste, as well as in the case of waste other than construction, the 

obligation to have waste containers. Currently, positive environmental activities such 

as selective waste collection and transfer to specialized companies increased from 

around 2.5% to over 50%. 

Keywords: construction waste management, natural environment safety, recycling 

buildings materials 

 

 

 

1. INTRODUCTION 

In the last several decades, there have been significant changes in the life of the rural 

residents, which have to a large extent influenced the current appearance of the 

countryside. The development of infrastructure, the automotive industry and access to 

media contributed to changes in the professional structure of a significant part of the 
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local community, which successively found employment in sectors not related to 

agriculture. The result is, the modern village increasingly assumes the role of a place 

of residence or business activity, less often areas where the main occupation of the 

inhabitants is farming (Brycht and Respondek, 2018). Residents often carry out 

general renovations or reconstructions, which are caused by the desire to increase 

comfort of use, liquidation of the effects of technical consumption and aesthetic 

considerations. At present, many people decide to build single-family houses in the 

countryside, due to the attractiveness of these areas and the low price of plots. Works 

related to erection, renovation and particularly demolition of buildings generate large 

quantities of different types of waste (Pisiewicz, 2014). In addition to classic 

construction waste (debris, remains of building materials), construction works 

generate municipal and packaging waste (Zając and Gołębiowska, 2014). In order to 

minimize the impact of construction waste on the environment, it is important to 

manage it correctly (Brzeszczak, 2016; Wahi et al., 2016). One of the activities 

undertaken in this area is recycling, i.e. the reuse of generated waste. It is an 

important aspect both in economic (reduction of logistic costs) and ecological 

(protection of natural resources, less pollution associated with the utilization process) 

(Rudawska and Gola, 2018; Lai et al., 2016). Recycling was the subject of many 

studies. Among other, the discussion of the issues of logistics of recycling and 

utilization of construction waste along with the identification of obstacles to an 

effective recycling process (Ulewicz, 2016), research on the rate of reuse of building 

construction materials at the end of their useful life (Altuncu and Kasapseçkin, 2011), 

the determination of ways to identify construction waste which can be recycled 

(Sapuay, 2016) and the definition of recycling as one of the environmentally friendly 

methods of packaging waste management (Ingaldi and Lestayánszka-Škůrková, 

2014) were investigated. However, there are still some shortcomings, mainly related 

to the lack of system solutions for the recycling of construction waste (Crawford et al., 

2017; Iżykowska-Kujawa, 2013). 

The aim of the research presented in the study was to determine changes in the 

manner of management construction waste in the last thirty years, on the example of 

twenty one types of waste generated during construction works in rural areas of the 

Czestochowa district and to identify current trends in this regard. 

 

2. METHODOLOGY OF RESEARCH 

Research on the method of management waste from the construction, renovation and 

disassembly of single-family buildings and demolition waste in rural areas was carried 

out in the form of CAWI (Computer Assisted Web Interview) surveys. The research 

was focused and targeted at investors as well as owners and employees of small and 

medium-sized enterprises conducting general construction and renovation and 

finishing activities from the Czestochowa district. The respondents defined the way of 

managing construction waste mentioned in Table 1 in the examined period: approx. 

30 years ago, approx. 15 years ago and currently, and estimated the percentage 

degree in which individual methods of management were used. Types of typical 

construction waste were adopted according to (Official Journal of the Republic of 

Poland, 2020). Typical waste management activities were also defined and marked 

with the symbols: 

 A - reprocessing by a specialised company or a selective waste collection 

point; 
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 B - throwing into waste containers collected by a specialised company 

(segregated waste); 

 C - throwing into waste containers collected by a specialised company (mixed 

waste); 

 D - storage on a plot or in buildings, with an intention to use or remove them 

after an indefinite period; 

 E - secondary incorporation into the structure e.g. rubble concrete, walls, 

metal profiles, coatings; 

 F - layout on the property (own or foreign); 

 G - controlled backfilling of slopes, low ground etc. with the intention of 

improving the functionality of the plot; 

 H - uncontrolled export to a heap, slope, etc., associated with environmental 

pollution; 

 I - burying in the ground, associated with soil pollution; 

 J - controlled combustion (possible atmospheric pollution); 

 K - uncontrolled combustion, associated with atmospheric pollution. 

 

For a clearer illustration of changes occurring in waste management, the analysed 

activities were divided into four categories based on their impact on environmental 

safety: category "A-C" means positive practices for the environment, category "D" - 

activities consisting in collecting waste for future needs, category "E-G" - activities 

consisting in the reuse of waste, and category "H-K" - activities that have a negative 

impact on the environment. 

 

3. RESULTS OF THE STUDY 

The average results of surveys, which are the result of research carried out on the 

identification of trends in the manner of waste management from the construction and 

renovation of single-family buildings are presented in Table 1. Individual types of 

waste were marked with consecutive numbers from 1 to 21. Trends in the manner of 

their management in the last thirty years, which were conventionally divided into three 

border periods: "approx. 30 years ago "," approx. 15 years ago "and" currently" were 

analysed. For each period, the percentage share of use of a given method of 

management of individual construction waste was determined. The respondent had 

the opportunity to mark the answer "not applicable" in the case of waste that he did 

not generate in a given period of time. 

The percentage indicators determining the degree of use of a given category of waste 

management methods are shown in Figure 1. The conducted research has shown 

that in the analysed period there was a significant increase in the share of waste 

management methods in the A-C category from over 2% thirty years ago, to over 50% 

currently. At the same time, a small share of environmentally negative waste 

management methods in the H-K category can be noted, currently amounting to 

approx. 13.5%, which means a decrease of their share by over 27% in the last thirty 

years. In addition, in the general waste management, a large share of category D 

activities is visible, which is currently nearly 21%. In each of the analysed periods, this 

category is at a high second position, despite a continuous decline over the period 

under analysis. 
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Table 1 

The average percentage of individual activities related to construction waste management over 

the last thirty years 

No Type of waste 

Period of time 

Approx. 30 

years ago 

Approx. 15 

years ago 
Currently 

1 Asbestos D-30, E-36, H-26, I-8 A-38, D-16, I-26, H-20 A-74, D-26 

2 Windows D-92, E-8 D-86, A-14 A-82, D-18 

3 Power tools D-48, I-40, K-12 
A-18, C-22, I-12, K-8, 

D-40 
A-64, C-36 

4 
Ceramic and other 

elements from demolition 
E-58, D-20, G-14, H-8 

D-26, E-30, G-24,  

H-20 
E-32, D-34, G-28, H-6 

5 Wooden elements D-30, E-30, J-36, K-4 J-32, D-30, E-34, K-4 
A-20, D-26, E-30,  

J-20, K-4 

6 Paints/varnishes 
J-20, C-10, H-10,  

D-44, I-16 
D-76, I-10, C-14 D-44, C-16, A-40 

7 Ground/soil F-74, G-26 F-66, D-20, G-14 F-74, G-26 

8 Concrete and brick rubble 
E-54, D-14, F-12,  

G-12, H-8 

D-26, F-20, G-24,  

H-10, E-20 

D-28, F-12, G-28, H-

6, E-26 

9 
Adhesives/binder/resins/ 

bitumen 
D-48, I-16, K-36 

J-8, C-34, H-20, K-6, 

I-12, D-20 
C-66, A-20, D-14 

10 
Gypsum and cardboard 

panels waste 
No data D-36, C-20, H-20, I-24 D-34, C-20, H-20, I-26 

11 
Unspent bags of cement, 

mortar etc. 
D-40, E-34, H-26 H-34, I-20, D-24, E-22 D-40, E-34, H-26 

12 Polystyrene waste No data C-30, K-54, D-16 
C-34, K-18, D-8, I-8, 

A-32 

13 Tar paper D-18, H-30, I-8, K-44 H-32, I-30, K-26, C-12 H-10, K-20, C-70 

14 Empty packaging D-18, J-54, K-28 
D-26, B-10, C-20,  

J-10, K-34 

D-8, B-22, C-52, J-6, 

K-12 

15 Solvents D-92, I-8 J-4, C-17, H-9, D-70 C-32, D-68 

16 Glass F-20, D-42, G-22, I-16 
D-26, G-24, I-24, C-

26 

D-8, G-12, I-12, C-12, 

B-16, A-40 

17 Textiles/protective clothing D-26, I-16, K-58 
J-8, C-30, H-20, D-14, 

I-12, K-16 
D-26, I-10, K-10, C-54 

18 Plastic waste H-48, I-18, D-14, K-20 
B-16, C-30, H-30,  

K-24 

I-8, A-32, B-38, C-10, 

H-6, K-6 

19 Plasters/wallpapers/veneers H-16, I-46, K-38 H-36, I-38, C-18, K-8 C-70, H-14, I-16 

20 Floor coverings H-44, I-8, D-34, K-14 
C-20, D-56, H-14,  

K-10 

I-8, A-50, C-6, D-26, 

H-10 

21 Scrap/metal D-34, E-30, A-36 D-36, E-30, A-34 D-30, E-20, A-50 

Source: Author’s study 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The average percentage of use of waste management category over the last 30 years 
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Example charts illustrating certain trends for given types of construction waste are 

shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The percentage change in the manner of management of: a) wooden elements, 

b) concrete and brick rubble, in the last 30 years 

 

The conducted research has shown that in the last thirty years, changes in the 

manner of wood waste management are low. Of course, a significant decrease in the 

scale of negative environmental activities from 40% to 24% should be noted, as well 

as an increase in positive ones, which currently amount to 20%. However, the scale of 

activities consisting in collection of wooden elements as well as their reuse has only 

changed slightly. Over the past three decades it has only decreased by 4%. The 

research has shown that one of the most commonly generated construction waste is 

concrete and brick rubble. This waste in the last three decades was most often 

reused, mainly for leveling the area of plots or incorporation into the structure. The 

share of these activities in the overall rubble management is currently 66%. An 

increase in its demand is visible, which is indicated by a continuous increase in the 

scale of rubble collection to nearly 30%. Interestingly, the utilization of rubble is the 

least common of the ways of development, while the low scale of using ways of use 

negative for the environment, which in the analysed period did not exceed 10%, and 

currently is 6%. 

 

4. CONSTRUCTION WASTE MANAGEMENT – EXEMPLARY TRENDS 

Based on the research carried out, it is possible to characterise certain activities 

typical for a given period of time related to construction waste management. Based on 

the photographs taken, the examples below illustrate positive and negative, safe and 

inadvisable methods of management construction waste. Breakthrough changes in 

rural construction, falling in the 70-80s of the twentieth century, led to the construction 

of single-family buildings in new technology. Newly built brick buildings began to 

replace the existing wooden houses, which as a result of frequent fires burned down 

or were demolished. Wooden waste generated in large quantities then served as fuel, 

however glass from window frames was often mixed with rubble and used to harden 

the substrate, and structural steel waste was sold for scrap or reused. Demolition and 

construction of building facilities also generated inapplicable waste that was exported 

or buried in the ground (Fig. 3), because at that time there was basically no possibility 

to segregate them and return to specialised companies. 

 

b) a) 
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Fig. 3. The pollution of natural environment caused by: a) waste from the demolition of building 

facilities being placed on the slope, b) throwing out of unselected waste 

 

Thirty years ago, asbestos cement sheets (the so-called asbestic tile) were often used 

to cover the roofs of houses and outbuildings, but they are very harmful to human 

health. Asbestos waste arising during the construction or renovation of the building 

facility were exported or buried in earth pits at the back of the farms causing 

degradation of the natural environment. However, the awareness of the dangers of 

using this carcinogenic material was negligible at that time, hence errors in the 

manner of management this waste appeared (Fig. 4a). Currently, this material is 

collected at hazardous waste landfills after disassembly. Also, tar paper waste used to 

cover roofs, was managed in an inappropriate way. To discard the waste, it was most 

often placed on the slope, on heaps, or burned, which was associated with 

atmospheric pollution. 

The mid-1990s featured subsequent changes in the construction industry. 

Widespread access to various types of building materials has allowed residents to use 

more modern technologies for erecting single-family buildings. Single-layer walls with 

external insulation made of polystyrene were commonly used. Unnecessary 

fragments of foamed polystyrene panels were burned, buried in the ground or 

collected for future needs. The amount of construction waste, whose management 

method did not differ much from that of several decades ago, increased significantly. 

Certain waste was left in attics, outbuildings or at the back of farms (Fig. 4b) 

according to the "still useful" principle. 

 

 

 

 

 

 

 

 

 

 

Fig. 4. The storage of: a) asbestos waste, b) concrete and brick rubble 

 

Since 2005, many village residents have decided to increase the usable area of their 

houses by adapting the attic and basements on the ground for residential purposes. 

Mainly houses built until 1982 are adapted. These activities are associated with 

demolition and renovation works, generating large amounts of waste. In addition to 

a) b) 

a) b) 
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those mentioned above, it is also possible to indicate plastic waste, gypsum and 

cardboard panels waste, plasters, wallpapers, paints or packaging waste. Currently, 

thanks to the dissemination of ecological slogans and appropriate administrative 

activities, the ecological awareness of the village inhabitants is constantly increasing. 

However, not enough to completely eliminate harmful trends in waste management. 

The generated waste is still exported to escarpments (Fig. 5a), burned and buried in 

the ground (Fig. 5b), but to a much lesser extent than 15 or 30 years ago. 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Environmental pollution caused by the removal of waste: a) on the slope, b) with the 

intention of burning and burying in the ground 

 

An interesting phenomenon, occurring in all the above-mentioned periods, is the 

reuse of generated concrete rubble. This activity has been and still is widely used, 

however it has both a positive and negative impact on the natural environment. On 

the one hand, it allows the use of waste to harden the ground and leveling the plots by 

backfilling their depressions, which is certainly a positive aspect. On the other hand, 

this activity results in uncontrolled soil conditions (Fig. 6). 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Example of proper management of concrete rubble: a) before leveling the area of the 

plot, b) after leveling the area of the plot 

 

5. CONCLUSIONS 

The conducted research shows that in the last 30 years there have been changes in 

the manner of management waste from the construction, renovation and disassembly 

of single-family buildings in rural areas. The analysis showed that the degree of use of 

a given type of waste management has changed over time. Until the end of the 20th 

century, the inhabitants of the countryside did not think about managing the waste 

generated during the construction works properly. Environmental awareness of the 

local community was negligible, and many of the currently implemented regulations 

aimed at protecting the environment were not in force at that time. This resulted in a 

a) b) 

a) b) 
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large percentage of waste management methods that were negative for the 

environment, amounting to over 40%, with plastic, tar paper, asbestos and cement 

waste having the largest share. This waste was most often burned, buried in the 

ground or exported to a heap or slope, thus contributing to atmospheric and soil 

pollution. At that time, environmentally conscious waste management was just over 

2%. The high estimated indicator illustrates the activities of collecting waste for future 

unspecified needs. During the analysed period, this indicator fell by approx. 14%, but 

nevertheless it ranks high among other waste management categories. These 

activities do not have a direct negative impact on the natural environment, however, 

their accumulation over a longer period of time may contribute to the deterioration of 

the quality of life of residents. One of the construction waste, which is characterised 

by a high degree of reuse, is concrete and brick rubble. Among all identified trends in 

the manner of construction waste management, reuse of rubble clearly leads the way 

in all analysed periods. Currently 66% of the rubble is reused (E-G category) and 28% 

is collected for future needs (D category). The sum of these two indicators has not 

changed significantly over the last 30 years. 

In the analysed period it is noted an increase in the share of companies specialized in 

the field of waste utilization and segregation. This indicator is currently approx. 50%. 

The scale of activities having a clearly negative impact on the environment and the 

quality of life of residents (burying in the ground and burning) has also significantly 

decreased, which currently amounts to over 13%. Unfortunately, despite the increase 

in ecological awareness of the village inhabitants and activities taken by 

administrative authorities (e.g. the obligation to have waste containers, the possibility 

of giving away 1 m3 of construction waste free of charge), there are still unfavorable 

phenomena that could be eliminated after the introduction of system solutions for 

recycling of building materials. 
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Abstract: Quality of life is an ambiguous concept with a medical, sociological and 

economic dimension, as well as psychological, the most subjective one. Physical 

activity is considered one of the most important elements of a healthy lifestyle and a 

factor that determines the physical and mental health of an individual. The article 

presents the issue of physical activity in the aspect of quality of life management. It was 

found that respondents notice a very large relationship between sport and quality of life. 

The authors showed that it is very important in the quality of life management aspect 

not only to promote physical culture, but also to develop the habit of practicing it. 

Keywords: quality of life, management, health activity, sport, running  

 
Quality management, targeted 

it should be on improving the quality of life 
 (customers, employees, owners, etc.) 

because if you lose sight of the quality of life 
these are all procedures and standards 

and systems become useless. 
Prof. Su Mi Dahlggaard –Park1 

 

 

1. INTRODUCTION 

The life of modern man - associated with both the benefits of civilization and its negative 

consequences - forces a new style of work (the need for self-realization) and the so-

called associated with it created. "New art of living", a new lifestyle including preferred 

leisure patterns, travels around the world, high material and consumption aspirations, 

                                            
1 This prof. Su Mi Dahlgaard-Park point of view was presented at the 16th International Conference Quality 
Management and Organizational Development, in Portorož (Slovenia), September 4-6, 2013. 
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participation in culture etc. In such a reality, good health and physical fitness are treated 

as a condition of basic professional and social competences, as well as a means to 

achieve a better quality of life (Biernat, 2014). 

Physical activity is associated not only with the physical condition in the strict sense, 

but also with the mental condition - it affects the quality of life (Łabuz – Roszak and 

Roszak, 2007; Łabuz-Roszak and Roszak, 2018; Łabuz-Roszak et al., 2017; Łabuz-

Roszak et al., 2011; Łabuz-Roszak et al., 2017). Physical activity affects many aspects 

of human life, including quality of life and comfort (Michalik et al., 2017, Levasseur et. 

al., 2008). 

 

2.  QUALITY OF LIFE MANAGEMENT IN PHYSICAL ACTIVITY ASPECT– 

LITERATURE REVIEW 

Sport is one of the elements of many people's lifestyle and significantly affects its 

quality. Quality of life is a resultant of an individual's attitude towards their own mental 

and physical well-being, material existence, interpersonal relations, possibilities of 

personal development and a sense of subjectivity (Walczak and Tomczak 2011; 

Tetsuya et al., 2006, Padilla et al., 1983).  

Sport is part of the lifestyle of many people and greatly affects its quality. In general, 

the concept of "quality of life" consists of the level of satisfaction that a person feels as 

a result of consuming material goods and services purchased on the market, public 

goods, forms of spending free time and other characteristics of the environment in which 

he is located (Marciszewska 1997 , p. 13). 

Quality of life requires a new organizational management philosophy based on morality, 

responsibility and profitability. Their effect may be a process of qualitative changes that 

will contribute to an increase in the quality of life (Steers 1991). 

ISO 9000 : 2005 standard in point 3.2.8 defines "quality management" as "the 

coordinated activities of directing and controlling an organization with regard to quality". 

Adopting this definition to define the concept of quality of life management, we can say 

that: individual management of one's own quality of life is a coordinated action 

concerning self-management and supervision of one's life in relation to its quality. 

"Quality management and control typically includes establishing a quality policy and 

quality target, quality planning, quality control, quality assurance and quality 

improvement." Managing the individual quality of one's own life requires from a person: 

 identification and stratification of quality objectives; 

 definition, adoption and consistent implementation of the quality of life policy; 

 planning and controlling the quality of one's own life; 

 continuous improvement of this quality. 

The author of Łuszczyńska (Łuszczyńska 2011) noticed that satisfaction with practicing 

physical activity or sport is one of the quality of life determinants of people involved in 

active or occasional sports. The implemented programs, aimed at promoting an active 

lifestyle, bring supersized results. As a result of regular exercise, program participants 

notice a change in mood. This can be compared to the so-called the effect of the tip of 

the iceberg, where a high level of vigor is accompanied by a low level of anxiety, 

depression, hostility, which in turn results in better well-being and better self-perception 

(Argyle 2005; Derbis and Jędrek, 2010; Łuszczyńska 2011; Tomaszewski 1982 ). The 

sporting meaning of life, as an important motive for human behavior, favors the 

development of a personality rich in the ability to establish appropriate interpersonal 
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relationships, increasing the support network, which translates into the ease of meeting 

the obligations of everyday life and a generally noticeable improvement in the quality of 

life (Łuszczyńska, 2011) . Research conducted by the author Pieszak E. (Pieszak 2012, 

p. 136) showed that there is a relationship between physical activity and quality of life. 

The author has shown in the research that physically active people are characterized 

by greater satisfaction with life. In turn, the research conducted by the authors (Walczak 

W., Tomczak M.) showed that, unlike women, the involvement of men in physical 

activity may be an important determinant of perceiving them as experiencing a high 

sense of quality of life, which goes hand in hand with their a sense of joy in life 

associated with playing sports. In sport, in addition to taking care of quality, a very 

important aspect is the aspect of health. According to the motto of the World Health 

Organization: "Your health is in your hands", it is believed that health is the most 

important ally of a human being, bringing joy in life, opening the way to success and 

personal happiness. Nowadays, there is a trend towards pro-health behaviors, which is 

reflected in the dissemination of health promotion focused on pro-phylactics and guides 

advertising dietetics, relaxation, healthy lifestyle and physical activity (Maszczak 2005, 

pp. 73-81). Lifestyle, including physical activity, proper nutrition, avoiding alcohol, 

nicotine and stimulants, and avoiding psychoemotional overload have an impact on our 

health (Bejnarowicz 1995, Pomerlau 1997, Steptoe et. Al. 1997). 

The authors P. Hills and M. Argyle (Hills, Argyle 1998, pp. 525-535) conducted research 

on the sense of happiness in 275 people in four research groups in people who devoted 

themselves to sports in their free time, people who listened to music, often went to 

church or watched "easy" television programs. Using the Oxford Happiness Inventory - 

OHI scale, the authors showed that the happiest group are people practicing sports 

(Podbielska 2014, pp. 128-132). Such people are more satisfied with their health, 

from life so far and from achievements so far. 

The authors of Konopack, McAuley (Konopack and McAuley, 2012) showed in their 

studies that physical activity is an important the quality of life determinant the elderly, 

and also ensures good general well-being. The authors Levasseur et al. (Levasseur et 

al., 2008) note that physical activity helps to live in society. In contrast, the authors of 

Kaczmarczyk, Trafiałek, Bogus, Borowik, and Kostka showed that regular physical 

activity has a positive effect on physical and mental well-being, and also prevents 

loneliness and social isolation (Kaczmarczyk and Trafiałek 2007; Bogus et al., 2009, 

Podbielska 2014).  

Recently, Poland is a country where society is the fastest to gain weight. Already 64% 

of men in our country have too much body weight. This percentage already reaches 

49% among women. For modern societies, sport is treated as one of the cultural values 

that have a great impact on human development, his health and quality of life.  

Research conducted by the Multisport Index 2019 has shown that 48% of Poles are 

currently active in Poland, while 64% of Poles are active, i.e. practicing physical activity 

at least once a month. According to Multisport data, primarily young people are 

physically active - as many as 80% of respondents aged 15-24 declare that they are 

active, as well as educated (78%) and living in large cities (64%) is not physically active. 

In Poland, as much as 64% of men and 49% of women have too high body weight. That 

is why all kinds of initiatives, both educational and mobilizing to physical activity, 

especially children and seniors are extremely important. The most active voivodships 

are Śląskie and Lubuskie (56% each) and Pomorskie (54%). The lowest results in 2019 

were recorded by Zachodniopomorskie (35%) and Dolnośląskie (39%) provinces. 
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Employee benefits of training card type have a great impact on the physical activity of 

Poles, which is currently used by 21% of the country's population. Figure 1 shows the 

types of physical activity most often chosen by Poles by Multisport research. In terms 

of physical activity, Poland with a result of 64% is below the European average, which 

according to Eurobarometer 2017 is 71% of active citizens. Among EU Member States, 

Poland is in sixth place from the end, ahead of Portugal, Malta, Italy and Romania and 

Bulgaria, where the average percentage of physically active people in these countries 

is 51%. A similar level of physical activity to that recorded in Poland is registered in 

Greece and Spain, and slightly higher in Cyprus, Croatia and Hungary (the average for 

these three countries is 68%). The leaders in physical activity are: Finland, Denmark, 

the Netherlands and Sweden have an average result of 94%. 

Physical activity is an indispensable element of a healthy lifestyle, determining human 

fitness, which undoubtedly determines high quality of life and well-being. It enables 

better control and independence for the elderly, thanks to the greater fitness and 

physical efficiency it provides, and also has an impact on the phenomenon of successful 

aging (Gieroba, 2019, Drygas and Jegier, 2003). Research also shows that intentional 

and conscious physical activity has an impact on mental well-being, because it is 

assumed to be oriented towards health and high quality of life (Nowak, 2012). 

 

 
Fig 1. Types of physical activity chosen by Poles in 2019. 

Source: own study basis on: Multisport Index 2019 

 

3. METHODOLOGY AND DISCUSSION RESULTS  

Poles' approach to sport has changed over the years. In 2009, Poles most often played 

football (26%). The most popular disciplines are cycling (an increase from 23% to 38%) 

and running (an increase from 12% to 30%). Running as a sport for everyone has 

gained great popularity in recent years (Parzonko and Szuba, 2017). Recently, 

numerous cross-functional groups of people from various environments can be 

observed on cross-country tracks (Galloway, 2002). Fashion for running is a 

phenomenon observed not only on the Polish or European scale, but also worldwide 

(Stempień, 2018). In recent years, there has been a growing interest in running and a 

healthy, active lifestyle in Poland (Nowak, 2012).  
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In 2019, research was conducted through authors, based on the CAWI questionnaire, 

which aimed was to determine the impact of running on the quality of life of runners. 

The respondents were 396 runners, of which women constituted 67.9%, while men 

32.1%. The study was dominated by women aged 41 ÷ 50 years old. Research results 

(Fig. 2) clearly show that respondents mainly run because of endorphins, i.e. the 

hormone that the body produces during exercise. The hormone causes a feeling of 

euphoria and improves mood. The first portions of the hormone appear about 30 

minutes after the start of the run, and the last ones are still in the body half an hour after 

training. If endorphin production increases, we feel much better. 

The second reason why respondents run is to fight stress. Respondents were asked if 

running affected their quality of life. It turns out that as many as 97.2% of respondents 

believe that running definitely increases their quality of life, while only 2.8% did not 

notice any benefits associated with running. The sense of success is complemented by 

event organizers with rich symbolism, which includes: medals, diplomas, certificates, 

vouchers, small gifts. 

 

 

Fig 2. Answers to the question: Why are you running? 
Source: own study 

 
4. DISCUSSION 
Analysis of issues related to physical activity shows that it has a huge impact on 

improving the current and future quality of life, which means that it should accompany 

a person throughout their lives. It was found that it is very important to promote physical 

culture not only among children, but also among adolescents, as it provides the basis 

for continuing health-promoting behavior in adulthood.  

Creating a habit of physical activity at the level of elementary and junior high school, 

and then developing and improving acquired competences in high school prepares you 

for physical activity for "all life."  

Running as a form of active leisure has never been so popular in Poland as it is now. 

Many people start running, e.g. to reduce weight or improve overall health. After 

reaching the original goals, however, as physical fitness develops, there are more 
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related to self-improvement. Running health training, as a process directed in particular 

at the development of fitness of the body, may, in its most developed form, be 

associated with participation in sport and recreation events during which competition 

occurs. You can compete with yourself, with distance, over time, difficult route profile or 

weather. Most runners have their own goals and set their own categories of competition, 

e.g. competition can relate to the number of runs that have been completed per year. It 

is worth noting that self-determined goals can also be irrational and completely 

unrelated to health or a healthy lifestyle.  

Running has a lot of advantages, which include: reduction of the risk of heart attack, 

strengthens the heart, strengthens the cardiovascular system, strengthens the lungs, 

increases the body's immunity, lowers blood pressure, lowers cholesterol, increases 

the efficiency of the body, strengthens the muscular and skeletal system, improves 

sleep quality , improves mood, reduces stress. The best summary of the importance of 

physical activity in terms quality of life are the words of the author Woźniak M. and co-

authors (Woźniak et al., 2015): "Movement can replace almost any drug, but all drugs 

taken together cannot replace movement." 
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Abstract: Digitalization and Industry 4.0 play a big role in the current world of globalized 

supply chains which are becoming more and more complex and require real time data 

based decisions to enable highly responsive measures needed to supply goods from 

point of origin to point of sale or use. Various concepts such as IoT, 3D printing, CPS, 

AR, autonomous driving etc. can be related to Industry 4.0. This paper focuses on 

examining and cross comparing eight technologies related to industry 4.0 that enables 

more responsive supply chain management activities. It also discusses the impact of 

industry 4.0 on future supply chains.  

Keywords: digitalization, Industry 4.0, supply chain management  

 

 

1. INTRODUCTION  

By different definitions (Stevens, 1989; Lurenco, 2001; Siems, 2005; Ayers 2006;  

Verma & Kain, 2017) supply chain (SC) is a result of successive links between activities 

related to the planning, coordination and control of materials, semi-finished products 

and products from supplier to user. Globalization allows companies to cooperate with 

each other through the supply chain and each of the companies makes the necessary 

component, which eventually merges into the final product that will satisfy the 

customer's needs. However, in order to enable the best and fastest possible supply, 

with the least possible external influences, the participating companies in the supply 

chain must operate as uniformly as possible and without major deviations. The more 

interconnected the supply chain is, the cheaper the production costs, which in turn 

contributes to a lower product price and a greater competitive advantage for the 

company in the market (Adisak, 2020; Drljača , 2019). The chain can in this case be 

understood as chains of material and non-material streams (Klimecka-Tatar, 2018; 

Klimecka-Tatar and Ingaldi 2020). In order to achieve a competitive advantage, 

companies have begun to implement a variety of software and robotic services in their 

processes, which contribute to the best and most accurate work and reduce human 
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errors (Klimecka-Tatar and Dwornicka, 2019; Wolniak, 2020). The technologies are e.g. 

Iot, 3D printing, IoS (Internet of Services), autonomous vehicles and others. From all 

these technologies, therefore, an industry called Industry 4.0 has evolved.  

Rojko (2017) and Tay et al. (2019) defined that before Industry 4.0 there were already 

three industrial revolutions, named industry 1.0, industry 2.0 and industry 3.0. Industry 

1.0 began around 1870 with the introduction of steam, which helped improve 

mechanical production and greatly improve the mechanical sector. Industry 2.0 followed 

with the introduction of mass production. This was followed by Industry 3.0, which was 

based on the direct results of the tremendous development of computer and information 

technology in many countries. But in recent years, when the industry is mentioned, it 

means industry 4.0 introduced in 2011. It brings a lot of innovations to production that 

will simplify value chain management through digitization and reduce costs and give 

businesses a competitive edge (Lasi et al., 2014; Liao et al., 2017; Ray, Zhong et al., 

2017). 

  

2. METHODS 

This paper is based on reviewing various professional and scientific articles. Websites 

which have been searched for relevant scientific literature for the subject are as fallow: 

ScienceDirect, ResearchGate, SSRN, and Google Scholar, which includes articles from 

all relevant databases. 

Following key words were identified to get relevant articles: Supply chain, Industry 4.0, 

Digitization, IoT, 3D printing, Impact of digitization on supply chain and Impact of 

Industry 4.0 on supply chain and a combination of all these terms with a link "AND", 

"OR" and "FOR". First, about 80 articles from all results obtained, which had a title that 

was relevant to the topic have been selected. Based on the abstract and introduction 

on all selected articles, about 40 articles that relate to the selected topic have been 

chosen (see table 1 and table 2).  

 

Table 1 

Display the number of hits on the »Sciencedirect« database used, by search string 

Database  Key word Results 

Science Direct Supply chain 525.213 

Science Direct Industry 4.0 210.324 

Science Direct Digitisation 4.381 

Science Direct IoT 26.250 

Science Direct 3D printing 35.491 

Science Direct Impact of digitization on supply chain 4.595 

Science Direct Impact of Industry 4.0 on supply chain 15.924 

 

Table 2 

Display the number of hits on the »Google Scholar« database used, by search string 

Database Key words Results 

Google Scholar Supply chain 3.870.000 

Google Scholar Industry 4.0 3.070.000 

Google Scholar Digitisation 103.000 

Google Scholar IoT 992.000 

Google Scholar 3D printing 2.390.000 

Google Scholar Impact of digitization on supply chain 42.400 
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This paper focuses on examining and cross comparing eight technologies related to 

Industry 4.0. 

 

3. RESULTS AND DISCUSSION 

Industry 4.0 represents the future of global manufacturing. According to Tay et al. 

(2019) it is followed by eight different technologies that are specific to it. These are:  

 Internet of Thing (IoT); 

 3D Printing; 

 Cyber-Physical System (CPS); 

 Internet of Services (IoS); 

 Big Data; 

 Augmented Reality; 

 Autonomous vehicles; 

 Cloud Computing  (CM). 

Comparative analysis of all examined technologies is presented on Table 3. 

 

Table 3 

Benefits and disadvantages of industry 4.0 related  technology 
Industry 4.0 
related 
technologies 

Core benefits for SC Key disadvantage for SC 

IoT -Communication. 
-Cost-effective. 
-Automation. 
-Privacy & security. 
-Complexity. 
-Dependability. 
-More data and information 
-Saved time for monitoring 

-Yields unemployment 
-Complexity 
-Privacy & security  
-Data must be encrypted 
 
 

3D printing -Enables high SC responsiveness 
-Fast replacement of spare parts 
-Personalisation of products 
-Independency from suppliers 

-Not yet well developed for all 
operations, 
-expensive if printing material is not 
plastic 
-requires modelling/designing skills 

Cyber-Physical 
System 
(CPS) 

-The ability of the researcher to control 
the variables 
-The researcher is able to measure the 
extent of the change 
-The researcher is able to evaluate the 
cause and effect of relationship 
-Cost of execution is low compared to 
other methods 
-Reduced limitations on geographical 
reach 

-It is difficult to use the method when 
studying people related issues 
-It is often done in a controlled 
environment without external factors 
-It is time consuming 
-Not entirely effective with complex 
and sensitive data 
-Questions can often be misinterpreted 
and no chance for clarification 
especially when mailed 
-Response can be subjective 

Internet of 
Services (IoS) 

-Achieve Customer-Centricity. For any 
business or any organization, 
customer satisfaction is a very critical 
factor that needs to be always focused. 
-Gathering Rich Data. 
-Enhanced Security Measures. 
-Reduction in Operational Cost. 
-Use of Smart Devices 

-There is a risk of leakage of data 
-Due to its complex network, a single 
loophole can put entire system down, 
affecting everyone 
-With automation, the need of human 
labour reduces drastically 

Big Data  -Using big data cuts your costs. 

 -Using big data increases your 
efficiency. 

 -Using big data improves your pricing. 

 -You can compete with big businesses. 

-Traditional storage can cost lot of 
money to store big data. 
-Lots of big data is unstructured. 
-Big data analysis violates principles of 
privacy. 
-It can be used for manipulation of 
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 -Allows you to focus on local 
preferences. 

 -Using big data helps you increase 
sales and loyalty. 

 Using big data ensures you hire the 
right employees 
 

customer records. 
-It may increase social stratification. 
-Big data analysis is not useful in short 
run. It needs to be analysed for longer 
duration to leverage its benefits. 
-Big data analysis results are 
misleading sometimes. 
-Speedy updates in big data can 
mismatch real figures. 

Augmented 
Reality 

-Increase user knowledge and 
information. 
-AR can facilitate and accelerate the 
building processes at the factory. -
Project managers can monitor work 
progress in real time through AR 
markers on equipment. 
-It can save a ton of time using digital 
maps and plants. 
-Pointing a device into location shows 
how the piece of a machine will fit the 
final construction. 

-Quite expensive to use it in everyday 
life and it might be less accessible for 
small businesses 
-Lack of privacy is major drawback 
of AR. Low performance level 
of AR devices is a major drawback 
which can arise during testing phase. 
-Lack of security may affect the overall 
augmented reality principle. 

Autonomous 
Vehicles 

-Reduced Accidents. 
-Reduced Traffic     Congestion. 
-Reduced CO2 Emissions. 
-Increased Lane Capacity. 

 -Lower Fuel Consumption. 
-Last Mile Services. 
-Transportation 
-Accessibility. 
-Reduced Travel Time        -
Transportation Costs 
 

-Expensive. Self-driving cars are so 
exciting because they are stuffed to 
the brim with space age technology, 
but all this technology is currently 
astronomically expensive. 
-Potential For Technology To Go 
Wrong. 
-Potential For Greater Pollution. 
-Potential Loss Of Privacy. 
 

Cloud Computing   -Limitless flexibility to different 
databases 
-Better reliability & physical security 
-Enhanced collaboration enabling 
users to work together 
-Accessibility of data anywhere 
-Simpler device Interface to the cloud 
-Unlimited data storage 
-Faster access and processing power 
-Reduced IT maintenance complexity 
& cost 
-Business continuity and   Disaster 
Recovery 
-Automatic software upgrade in the 
cloud 
-Quicker deployment 
-Reduce cost 
-Future proofing your business 
-Easier and improved back up and 
recovery 

-Security and privacy 
-Control of data 
-Data mining 
-Data storage location 
-Unavailability of certain functionality 
-Possibility of hacking 
-Compatibility of infrastructure 
-Integration with other systems 
-Lack of knowledge of CPS 
-Software licensing 
-Software pricing 
-Technical issues 
 

 

3.1. Industry 4.0 representation - global manufacturing 

Iot or Internet of Thing represents communication between the digital and physical 

worlds. Iot is used in various industries, such as automotive, manufacturing, healthcare, 

to make products and services smarter. In the future, IoT will have revenues more than 

thirty times higher than the Internet, and will connect 25 billion applications. Iot will also 

play an important role in supply chains, since connecting companies through network 

systems will lead to easier communications and better insight into the supply chain of 

companies. A unique concept of IoT technology is the acquisition of real-time 

information. »IoT offers a potential opportunity to develop powerful industrial systems 
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with key technologies such as RFID, sensor and wireless communication. Various 

industrial IoT applications have been commercialized and are beginning to expand 

worldwide.« (Manavalan & Jayakrishna, 2019) 

3D printing is a fairly new technology and is being used as an alternative product 

manufacturing technique. The 3D technique is based on making the product layer by 

layer. 3D printing is a technology that has been gaining ground in recent years and 

more and more companies are choosing to introduce this technology into the concept 

of supply chains. Major companies that have already decided to invest in 3D printing in 

the past are Mercedes Benz, GE and Disney. More and more companies in the supply 

chain are opting for this technology, with a reason to produce products closer to end 

customers, in order to improve their supply chains. For businesses operating globally, 

this is a great advantage, especially when the printers are located closer to end users, 

reducing the transportation and inventory costs involved. But besides the advantages, 

3D printing technology has two major disadvantages. The first downside is that 3D 

printers have a lower production speed than traditional manufacturing techniques. But 

this difference is significantly reduced in products that are more complex. Another 

disatvantage is the initial cost of investing in new technology which for now is not cheap. 

(Arbabian & Wagner, 2020) 

Cyber physical system (CPS) is defined as a transformative technology used to manage 

interconnected systems in connecting physical things to virtual models. Due to the more 

frequent use of the physical systems that are in the company, it should be used to make 

the CPS perform stably and have certain connections between the AIs. CPS is also the 

foundation for IOT design that can be combined with IoS (Lee et al, 2015 ; Tay et al., 

2019). As the CPS is still in the early stages of development, it is essential that the 

structure is clearly defined in the methodology as guidelines for the use of users in 

industry. To fulfill these conversations, the CPS has a unified system framework 

designed for general aplications. Furthermore, corresponding algorithms and 

technologies at each system layer are also proposed to collaborate with the unified 

structure and realize the desired functionalities of the overall system for enhanced 

equipment efficiency, reliability and product quality. 

The basic idea of internet services was systematic to use the internet for new value 

creation in services. Different sectors have views on the approach. Eg. from the IT point 

of view, services are oriented architecture, services for external operation of business 

processes and with them trends (Schroth, 2007; Schroth & Janner, 2007). “Internet of 

Services” (IoS) acts as important components in the automotive industry. Activities are 

triggered through data transfers in the information technology to make daily mobility 

safer, easier and pleasant. IoS acts as “service vendors” to provide services through 

the internet according to the types of digitalization services. These services are 

available and on demand around business models, partners and any setup for services. 

The suppliers provide and aggregate the services into additional value services as 

communication among consumers can be received and accessed by them through 

various channels« (Tay et al., 2019). 

Amanullah et al (2020) and Zhang et al. (2020) define that Big data technology has 

become inevitable at the moment, especially the growth of the Internet of Things (IoT), 

which allows communication and interaction with various devices. However, the IoT is 

vulnerable to breaches of security and personal data. Therefore, new technologies that 

are safer or combinations of existing technologies have been developed to address 

these security issues. In addition, the IoT generates large amounts of data and it is 
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therefore necessary to introduce big data technology to facilitate data handling. The 

development of industrial big data in smart manufacturing is faster and more accurate. 

The possibilities for development in this area are almost limitless. In terms of policies, 

many countries have issued appropriate conditions that allow the opportunity to 

increase industrial value to be seized. In marketing, the use of industrial big data is still 

in the development phase, and its potential use value needs to be exploited constantly. 

Lopik et al. (2020) and Nee et al. (2012) found out that production has been a key 

contribution to the country's economic growth over the past few hundred years. Due to 

increasing competitiveness and dynamism in the business environment, the industry is 

facing new challenges. These challenges are cost, time, quality and flexibility. In order 

to ensure that companies face these challenges as well as possible and that there are 

as few errors as possible in the production process itself, they have developed a 

augmented reality (AR). This allows companies to place the real process in a virtual 

environment, where they can use various simulations to detect process errors and test 

new processes that would contain fewer errors. So the term AR is defined as a system 

that connects the real world with the virtual. Although this system is not the latest, it has 

come to life due to advances in computing and the consequent increased capacity of 

computers. 

Many authors (Bezai et al., 2020; Mordue et al., 2020) believe that the most important 

uses of digital and physical world integration are automated driving and autonomous 

vehicles. Autonomous driving will radically change the transport infrastructure and will 

bring many advantages, especially in freight transport and the vehicle will be able to 

drive smoothly without a break, which is currently not possible. Autonomous driving 

technology will also reduce human mistakes and thus prevent many accidents. But in 

addition to all the good features that autonomous driving brings, there is still a lot to be 

done about regulations and reliability. The biggest problem with autonomous driving is 

decision-making in ethically controversial situations. So far, the driver has played a role 

in deciding in case of unforeseen situations. While in the future, the predominance of 

responsibilities will be taken over by various actors, namely: car companies, 

autonomous vehicle programmers and policy makers. 

Next is Cloud computing. Today, cloud computing is a payment-based model that 

provides convenient access to the network. Cloud computing is used to store data in a 

so-called "cloud" and allows access to this data via the Internet, without any hardware 

devices, such as a USB stick. The biggest problem posed by cloud computing 

technology is that anyone who has access to or somehow enters the database can 

change the data entered into the so-called "cloud". He can do this without notifying the 

administrator. Therefore, various protocols have been developed for this technology to 

help better protect data. These protocols are ciphertext policy attribute-based 

encryption (CP-ABE); key policy attribute-based encryption (KP-ABE); the fine-grain, 

multi-authority, revocation mechanism; the trace mechanism; proxy re-encryption 

(PRE); hierarchical encryption; searchable encryption (SE); and multi-tenant, trust, and 

a combination of multiple technologies (Mingzhe & Zhang, 202; Sun, 2020).   

 

3.2. Impact of digitisation and Industry 4.0 on supply chains 

The development of Industry 4.0 is currently revolving into production or production-

related logistics processes. Nevertheless, a positive implementation of Industry 4.0 

requires integration across the supply chain. The forerunners of Industry 4.0 were 

powered by three major technologies: mechanization, electricity and IT. With their 
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implementation, strong technical improvements and higher productivity have been 

achieved. Industry 4.0, however, is powered by so-called cyber-physical systems (CPS) 

that rely on the Internet of Things. Cyber-physical systems include the interconnection 

between the physical and virtual worlds, and the collection and analysis of data. They 

offer mechanisms for interaction between humans, between humans and objects, and 

between objects. The benefits of Industry 4.0 are reflected, for example, in real-time 

monitoring, forecasting, remote diagnosis and remote monitoring, self-organization, 

greater predictability of errors, and continuous optimization that goes beyond the 

boundaries of businesses to their customers and suppliers, and across all functions. 

Real-time interconnection is intended for the entire product life cycle, interconnection, 

value creation, consumption and recycling (Müller & Voigt, 2018). 

CPS, as a basic technology, does not change the task of machines in the equipment 

used in production, development is reflected in the management of control - from a 

hierarchically organized system to a decentralized semi-autonomous collective. The 

interaction between the machine and its operator is also changing. In the production 

area are included new ways of communicating in the form of mobile devices such as 

smartphones and smart desks. With innovative applications, employees can have more 

real-time information available. Data from security vendors and intelligent facilities in 

other manufacturers say the data requires infrastructure to be aggregated for analysis. 

That is the only way a business can create raw data in the real amount of production 

and use it for its decision (Schröder et al., 2014). 

The future of Industry 4.0 therefore lies in the connection between machines and 

humans in cyber-physical systems (CPS). The new systems focus their resources on 

introducing intelligent products and industrial processes that will enable the industry to 

make rapid changes in shopping habits. Industry 4.0 also promotes Internet of Thing 

(IoT), 3D printing, Cyber-Physical System (CPS), Internet of Services (IoS), Big Data, 

Augmented Reality, Autonomous vehicles and Cloud Computing. The aforementioned 

revolution envisages an environment where smart machines will be able to 

communicate with each other so that, in addition to the automated production line, 

analysis and understanding of a certain level of production and issues that can be 

solved with minimal human impact will be carried out. Although Industry 4.0 is based 

largely on the manufacturing industry, its innovations and ingredients will also impact 

retailers, operating companies and service providers (Tjahjonoa et al., 2017). 

To create an innovative business environment, industry managers adopt modern 

technology such as 3D printing, the Internet of Things, Data Analytics, Industry 4.0. 

These technologies, including Industry 4.0, significantly alter the behaviour of supply 

chains. Also important is the concept of Sustainable Development based on Industry 

4.0 as it helps industry managers not only integrate environmental protection and 

control initiatives, but also integrate process security such as resource efficiency, 

employee and community wellbeing, and smarter and more flexible processes into their 

care chains (Luthra & Mangla, 2018). Today, globalization is acting as an important 

economic reason for improving businesses. The key to this is an optimized supply chain 

aimed at meeting customer needs. Low labour costs in developing countries are forcing 

developed countries' companies to constantly advance to meet competitiveness. The 

result of the written wishes are Industry 4.0 and Supply Chain 4.0. Businesses need to 

incorporate new technology concepts and digitization into their supply chain in order to 

reduce costs and maximize the quality of their products or services. In addition to 

technological and digital parameters, social and environmental dimensions are included 
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in this vision and sustainability as such is justified for the success of the supply chain 

(Dossou, 2018). 

 

Table 4. 

Research focus and motivation for industry 4.0 define by different authors 

Research Research focus Motivator for Industry 4.0 

Müller & Voigt, 2018 -Real-time monitoring;  
self-organization. 
-Greater predictability of errors. 

-Interaction between humans, humans 
and objects and between objects. 

Schröder, Indorf & 
Kersten 2014 

-New ways of communicating in the form 
of mobile devices such as smatphones 
and smart desks in production area. 
-Inovative applications.  

-Employes can have more real time 
information avalible.  
 

Tjahjonoa, Espluguesb, 
Aresc & Pelaez, 2017 

-Industry 4.0 promotes Internet of Thing 
(IoT), 3D printing, Cyber-Physical System 
(CPS), Internet of Services (IoS), Big 
Data, Augmented Reality, Autonomous 
vehicles and Cloud Computing. 
- Communication between smart 
machines will enable the automation of 
the production line, which will be able to 
create a product with minimal human 
impact 

-Connection between machines and 
humans in cyber-physical systems 
(CPS). 
-Focused on introducing intelligent 
products and industrial processes that 
will enable the industry to make rapid 
changes in shopping habits 

Luthra & Mangla, 2018 -The important is the concept of 
Sustainable Development based on 
industry 4.0, witch helps industry 
managers not only integrate 
environmental protection and control 
initiatives, but also integrate process 
security such as resource efficiency, 
employee and community wellbeing, and 
smarter and more flexible processes into 
their care chains. 

-The concept of sustainable 
development, environmental protection, 
process safety, smarter and more flexible 
supply chain processes 

Dossou, 2018 Optimizing and personalizing SC 
performance 

Globalization and meetind customer 
demand 

 

4. CONCLUSION 

Industry 4.0 plays a big role in the current world of globalization and due to various 

concepts such as IoT, 3D printing, CPS, AR and others, it makes it much easier to 

manage supply chains that are increasingly complex. All of these concepts also allow 

better insight into real-time data that play an important role for all companies 

cooperating in the supply chain. It makes it easier to monitor material flow and the 

decrease possibility of mistakes. Industry 4.0 has made a big revolution based on 

production and data acquisition itself, and reduced the chances of production itself 

failing in unpredictable situations. It must be pointed out that much remains to be done 

with regard to regulation, and this applies in particular to the acquisition and exchange 

of data without violating human rights.  
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Abstract: Ongoing progress in the introduction of new technologies, rapid social 

adaptation to the fourth industrial revolution, implementation of new solutions related to 

information and communication become incentives to conduct interdisciplinary scientific 

analyses. The following paper is a review article and the presented analysis to a large 

extent is based on theoretical considerations referring to studies of other authors. 

Presenting the sources of this notion in the context of industry 4.0 and sustainable 

development is a foundation for possible further experimental research. However, the 

primary aim of this article is to demonstrate the sources of scientific interest in artificial 

intelligence, directions of research on this notion and potential sociological research 

areas related to AI. Another goal of this article is to indicate the implications that can be 

used in planned research projects. The scope of the analysis is largely based on the 

study of literature.  
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1. INTRODUCTION  
In the last few decades, a wider application of innovative technologies can be observed 

in numerous sectors of economy and fields of civil life (Deloitte, 2015). This is due to 

the unavoidably progressing, complete digitalisation of production processes, 

implementation of new technologies and the enormous social interest in these 

technologies (Ingaldi and Ulewicz, 2020). The contemporary developed societies 

rapidly adapt themselves to the fourth industrial revolution by learning new information 

and communication methods and creating new business models (Wolniak, 2020). The 

implementation of these solutions provides tangible benefits to the economy, society 

and natural environment. At the same time is poses new developmental challenges. 

Today, companies compete with each other on the merits of their human capital and 

immaterial resources such as employee’s creativity, knowledge resources of the 

professionals and the effectiveness of interpersonal relationship networks. Businesses 

more and more frequently consider solutions offering a compromise between 
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sustainable development of society, economy and safety of the natural environment. 

This is accompanied by a series of new sociological phenomena, of which those related 

to the usage of artificial intelligence (AI) are the most interesting. Many outcomes of AI 

application have not been studied yet and there are some which are not even foreseen. 

Under this assumption, it is necessary to refer to sociological output which contains 

valuable guidelines – both for direct application in social practice and for further 

research directions.  

  

2. METHODOLOGY 

The development of society has always been the factor shaping and influencing the 

social sciences which, in response, adjusted the conceptual, methodological and 

theoretical frameworks to new social phenomena. As a result, this analysis to a large 

extent will be based on theoretical considerations referring to studies of other authors. 

The theoretical themes referred to are part of an original and selective attempt to define 

the basic notions related to AI for a potential experimental research in the future. The 

scope of the analysis is largely based on literature study.  

In order to achieve the aim of the article, three research questions have been 

formulated:  

 What are the sources of scientific interest in AI  

 How can we describe the relationship of AI with the concept of industry 4.0 and 

sustainable development? 

 What are the potential directions of sociological research on AI? 

An analysis of literature and existing sources was conducted (desk research) to find an 

answer to these questions. The considerations presented in this article, which are 

mainly theoretical, will contribute to bridging the cognitive gap in this area by indicating 

directions of potential sociological research which would take into account 

interdisciplinary relationships.  

It can be said with certainty that it is difficult to identify a single significant source of 

interest in artificial intelligence. There are a couple of impulses which are of various 

origin and which drive each other: 

 concepts of industry 4.0 and sustainable development,    

 practice of contemporary business and social life,  

 free, futuristic considerations of philosophical nature conceived by culture 

creators and thinkers.      

Considering the aim of the article, it is worth to focus on the first two sources, although 

the last one can also provide much inspiration for sophisticated research. 

 

3. WHY USING THE CONCEPTS OF SUSTAINABLE DEVELOPMENT AND 

INDUSTRY 4.0? 

Undoubtedly, the sources of scientific interest in artificial intelligence are the various 

scientific concepts originating from different disciplines and interdisciplinary 

approaches. One of the most popular concepts from the sociological point of view is the 

idea of sustainable development which dates back to the ‘60s and has been formulated 

more clearly since the ‘90s of the XX century. This idea has given rise to many 

theoretical approaches and scientific considerations related to a series of important 

social and economic problems. The concept of sustainable development has been 

incorporated into the principles of building a knowledge-based economy which was 
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promoted by the Lisbon Strategy launched in 2000. The European Union planned to 

create a competitive, dynamic and knowledge-based economy during 10 years (Okoń-

Horodyńska and Piecha, 2005). The strategy was supposed to bring long-term 

sustainable growth and create more jobs. Of course, not all ambitious goals in the area 

of economy, society and ecology have been achieved and the challenges which 

emerged had to be addressed in the new Europe 2020 strategy. At the foundation of 

the new scheme is the intellectual capital – smart growth and sustainable development 

– a development which promotes social inclusion (Niklewicz-Pijaczyńska, 2011:449). 

An important role is attributed to network, learning and smart organisations. A steady 

increase in the demand for new knowledge used in knowledge-intensive services and 

designing innovative products of the high-tech industry sector can be observed in a 

sustainable economy (Skórska, 2016:241). The entire paradigm of sustainable 

development in a special way considers the benefits resulting from comprehensive 

services provided by nature in the bio-ecological and socio-economic dimensions 

(Michałowski, 2013:104). They are related to natural processes: 

 occurring in natural ecosystems, 

 transforming matter, energy, information and space, 

 caused by geophysical forces and living organisms which directly or indirectly 

contribute to reducing entropy and maintaining long-lasting, sustainable 

development of society-economy-environment macro-system (Michałowski, 

2013:31). 

A sustainable, knowledge-based economy defined this way facilitates efficient 

knowledge management as well as introduction and dissemination of the results of 

innovation activity. This leads to a decrease in material and energy intensity of 

production, improvement of ecological effectiveness of processes, reduction of pollution 

and, at the same time, fulfilment of the expectation of all key stakeholders (clients, 

suppliers, competitors, employees, investors, communities, etc.). At the same time, the 

growth of sustainable, knowledge-based economy constitutes one of the greatest 

challenges to public authorities, entrepreneurs, representatives of the R+D sector and 

business support institutions. Researchers indicate that the realisation of the idea of 

sustainable development on a global scale will not be possible without proper 

introduction at the micro-economic level (Rutkowska-Podołowska and Pakulska, 2011). 

This requires deep awareness on the part of managers who are responsible for the 

shape of HR of a given company. It can be assumed that the basic indicators of a 

sustainable knowledge-based economy are: 

 development of intellectual capital, including human capital, 

 strategic thinking and management, 

 understanding knowledge as an economic value which allows efficient use of 

various factors of production, 

 effective use of knowledge, information and communication technologies as well 

as creating learning, smart, fractal or virtual organisations capable of flexible 

reactions to the needs of the market, 

 knowledge and innovation development which takes into account the 

environmental  issues and various ethical and social aspects, 

 development of high-tech industry, 

 implementation of environmental management systems, 

 sustainable consumption of natural resources, 

 prosumption and using the wisdom of the crowd, 
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 ensuring an increase in prosperity and the quality of life through the 

implementation of social innovations and reducing the environmental dangers 

(Górka and Łuszczyk, 2014:27), (Powichrowska, 2013:11). 

All these indicators are social and constitute material for in-depth sociological research. 

Improving innovativeness and competitiveness of contemporary economies conducted 

based on the abovementioned indicators is reflected, in the first place, in new 

technologies, technological advancement of products and services, eco-innovations 

and domination of „knowledge workers”. Some researchers and practitioners treat them 

as the beginning of the fourth industrial revolution. It consists in re-industrialisation 

which opens new frontiers to the development of a sustainable knowledge-based 

economy and functioning of the information society. The aim of adopting the 

assumptions of the concept of industry 4.0 is to accelerate the transformation of 

production businesses into smart factories in which networks based on information and 

communication technologies connect machines, processes, systems, products, 

customers and suppliers (Stadnicka et al., 2017, Bilan et al, 2019). It should be stressed 

that meeting those requirements is particularly important for management staff of the 

production businesses because at the foundation of the industry 4.0 are, among others: 

cyber-physical systems, internet of things, information and communication 

infrastructure, organisational learning processes and open innovation (Ślusarczyk, 

2018; Ulewicz, 2020). This is a result of a hard approach to management, specific 

procedures or dependency on a network connecting a set of geographically scattered 

businesses, their branches and usage of intelligent production systems (Pejs and 

Patalas-Maliszewska, 2016:53). However, industry 4.0 is not just a technological 

development – it is also sustainable social development. Researchers indicate this fact 

and highlight the importance of human and social capital as well as the involvement of 

employees. The essential part is selecting a method of HR management which, to some 

extent, provides employees with some degree of codetermination. An important and 

practical guideline for managers is that they should understand the meaning of the 

ongoing profound social change which facilitates the exchange of knowledge and 

improves the involvement of employees (Baran and Sypniewska, 2020). 

Increasing interest in the concepts of industry 4.0 and sustainable development is 

related to the possibilities offered by new technologies. These new opportunities, 

combined with social factors, strengthen innovativeness and competitiveness of the 

individual national economies at macro, mezzo and micro levels. Taking into 

consideration the main assumptions of both concepts offers a chance to manage the 

consequences of revolutionary technological changes and address ethical challenges 

– especially in the context of AI development. An interesting topic in the social sciences 

is studying the attitude towards the concept of sustainable development which takes 

into consideration new methodological approaches enabled by new technologies 

provided by the Internet (Ballestar et al., 2020). As the diversity of research increases, 

the scientific community should recognise the need to organise current knowledge and 

define notions, especially in the area of social sciences, in order to be able to pursue 

further research in a methodologically correct manner.   
 

4. PRACTICE OF CONTEMPORARY BUSINESS AND SOCIAL LIFE – DANGEROUS 

EXPERIMENTS OR TECHNOLOGICAL CURIOSITIES? 

Social development has become an even more interesting topic since the new 

technologies began affecting the societies in a revolutionary way. It was the moment 

when the changes started to occur at an increasing pace. Humans, as individuals with 

limited cognitive capabilities, are not able to learn control of all of the new technologies 

which require error-free ease of use without the aid of third parties. This leads to 

numerous consequences such as new social problems or frustration but also creative 
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solutions, new companies, workplaces and jobs. Managers analyse various possibilities 

and search for the most effective ways to utilise new technologies. Discovering new 

applications of these technologies could give the world additional chances to avoid or 

solve not only the problems of everyday life but also those urgent ones related to 

supporting medicine, power industry and environmental protection initiatives. Of course, 

actions of business practitioners are motivated by projected financial profit. This can be 

highly relevant in the case of pragmatic actions which do not raise any doubts from an 

ethical point of view. However, more and more frequently big companies, in cooperation 

with scientists, accept challenges related to creating prototypical solutions and 

endeavour to solve serious global issues. Such coordination of efforts, although 

justified, can sometimes cause major problems leading to very dire social 

consequences. 

An example of such an unsuccessful experiment is a test of artificial intelligence named 

Tay, created by Microsoft Corporation. It had to be shut down only after one day after 

its launch due to a series of controversial tweets it posted on Twitter. Within 24 hours, 

based on data from the virtual reality, Tay had started to simulate a teenage girl and 

had transformed from an easy-going fan of humanity into a robot telling offensive jokes 

and even praising Hitler for the genocide of the Jewish people. It developed itself based 

on contacts with real people (Forbes, 2016). 

An example of AI application which brings serious hopes is the cooperation between 

business and science in research on so-called xenobots. These tiny robots owe their 

name to the cell donor – a species of frog called Xenopus laevis. Researchers at 

Harvard, Tufts, and the University of Vermont studied regularly contracting heart muscle 

cells and passive skin cells. Using evolutionary algorithms thousands of candidate life 

forms were created and evaluated. Depending on the body shape they behaved 

differently. The most promising designs were kept by the computer and modified further. 

At the end of this complex process, researchers were able to manually create a 

biomachine which has roughly 10 days’ worth of energy to complete a specific task. 

Although the xenobots are built from living cells, they do not reproduce or eat – after 

finishing their job they die and decompose. In the current research, they serve as a tool 

for helping understand how cells cooperate toward creating tissue. In the future, the 

xenobots may find application in medicine – build from patient’s cells they could 

transport and administer drugs or destroy cancer cells with no risk of being rejected by 

the body. These robots ultimately could be produced in thousands using a 3D bioprinter. 

Using the xenobots would also be valuable in the area of environment protection, for 

example in gathering microplastic fibres in the oceans (chip.pl, 2020). 

Major ethical questions are raised by using artificial intelligence in the widely 

understood social control. An example of such application can be Amazon Echo 

devices, nevertheless Amazon assures that Alexa does not record users’ conversations 

unless they issue a particular command. Such situations raise ethical doubts and 

highlight the need to conduct research which could delineate the criteria for assessing 

whether a given AI model is harmless and trustworthy. This problem seems to be 

noticed by companies – especially by those related to the implementation of 

technological solutions in the business practice. As a result, they meet the expectations 

which have not yet been officially formulated. There is even a trend resulting from an 

opportunity to avoid a top-down legal regulation of a given trade. Businesses imposing 

ethical regulations on themselves may slow the legislative works of the policy-makers 

and put them off guard. Companies introduce their ethical codes and set up ethics 

committees comprised of specialists in the technology used who examine various 

aspects of using these technologies. This self-regulation does not always go hand in 

hand with the neutrality of the ongoing research which is funded by the business sector. 

Frequently in this context, companies are accused of being interested solely in the good 
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image of their name or lobbying in their own interest using so-called ethics washing of 

their true activity (Venturebeat, 2019).  

The practice of contemporary business and social life indicates that various spheres of 

life – economy, society and science – intertwine with each other and it is very difficult 

to delineate the areas of influence. Studying particular cases requires meticulousness, 

methodological attention to detail and orientation on specific research objectives.  
 

5. IMPORTANT TOPICS OF SOCIOLOGICAL RESEARCH ON AI IN FUTURE  

As already mentioned in the previous text, when developing and using AI, an 

interdisciplinary approach is particularly important in order to overcome obstacles and 

solve problems in a meaningful way. The widespread use of AI not only requires 

technological problem solutions or raises questions regarding the handling and 

processing of data, but the range of challenges is much larger and includes the following 

areas. In addition to economic, organizational and managerial questions, AI also poses 

new problems for legislation, governments and politics. New challenges also arise in 

social relationships and in ethical questions. (Dwivedi et al., 2019). Even if the 

challenges in all areas are closely linked, the focus in the following is on social, ethical, 

managerial and governmental questions. 

We can assume that cooperation between man and machine will increase in the future 

and will affect not only the world of work and production, but also more and more 

everyday life. So far, it looks like humans and machines are in competition, with AI 

having a decisive advantage. The use of artificial intelligence is associated with fears 

in many people: the fear of losing their job, fear of no longer meeting the requirements 

or of “inhuman” treatment, e.g. in the field of healthcare. There are numerous questions 

and research opportunities for the social sciences that deal with the cooperation 

between man and machine, e.g. how AI is perceived by the population, what fears and 

reservations exist and how these can be reduced. New models for the distribution of 

resources and profits are also under discussion. Because as the physicist Stephen 

Hawkins noted in 2016: “If machines produce everything we need, the outcome will 

depend on how things are distributed. Everyone can enjoy a life of luxurious leisure if 

the machine-produced wealth is shared, or most people can end up miserably poor if 
the machine-owners successfully lobby against wealth redistribution. So far, the trend 

seems to be toward the second option, with technology driving ever-increasing 

inequality.” (reddit.com, 2016) The introduction of AI presents management with major 

challenges, because there is often little technical knowledge about AI on the part of 

management, the advantages that the use of AI brings and how the human workforce 

should interact with AI. To summarize the problem: “organisations face significant 

issues where the lack of a strategy relating to implications of AI could affect critical 

business areas and fail to address concerns from the human workforce” (Dwivedi et al., 

2019). An ethical but also a sociological problem is the question of responsibility: who 

is responsible when a machine makes a mistake and how can fault management be 

reorganized and maintained? Artificial intelligence should make decisions based on 

algorithms, e.g. when selecting applicants, creating profiles and controlling people, e.g. 

when coordinating police operations or as chatbot have conversations with customer. 

The use of algorithms should lead to greater fairness because everyone is judged 

according to the same rules. But many examples show that the opposite is the truth: 

we are dealing with sexistic chatbots, are caught in our advertisement bubble or judged 

by racist profiles. All of this happens because the algorithms are created by people who 

incorporate their - conscious or unconscious - stereotypes, values, prejudices or bias 

into the algorithm. “Models are opinions embedded in mathematics” states Cathy 

O´Neill (2016). The task of the social sciences must firstly examine and point out these 

relationships and at the same time address the role of humans as creators of algorithms 

and artificial intelligence. 
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In order to convince people that AI does not work against them, but also brings many 

advantages in everyday life, it is important to know the social needs and to align them 

with the development of innovations controlled by AI. Here, the social sciences can 

make an important contribution by firstly identifying these needs and then acting as 

intermediaries to the computer sciences in order to promote the development of people-

centered design. At the same time, it is important to identify the cultural barriers that 

can be different in each society when using AI and to counteract them in a targeted 

manner. However, it is also important to keep in mind that, “if AI is accepted with 

enthusiastic fashion, it might explosively spread before the realistic aftermaths from its 

use get properly perceived and reflected by the demand for AI goods and services” 

(Dwivedi et al., 2019). 

Data security and the question of what happens to the data collected, which authorities 

have access to it and who ultimately uses this data for what is also a relevant topic for 

sociological research. Above all, cultural and social requirements as well as current 

moods in society must be included in future studies. 
 

6. CONCLUSIONS – INTERDISCIPLINARY CHALLENGES  

The widespread introduction and use of AI in different areas of human life is likely to 

lead to problems and challenges, but also creative solutions. As already mentioned 

above, meaningful research on AI can only be done on an interdisciplinary basis. A 

good starting point could be the beginning research on Industry 4.0, its impact on 

sustainable development in terms of society, economy and resources - also in 

connection with AI, to identify urgent questions and to build up future research designs. 

Here it is of great importance not only to examine the global effects, but in particular to 

include the micro level in order to show concrete changes, challenges and solutions. 

As the practical examples in the text show, above all ethical questions, problems in the 

cooperation between man and machine, the social attitude towards AI, as well as the 

question how the improvements through AI can be used by all social classes should be 

in the research addressed. 
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Abstract: The small-sized enterprises, i.e. micro, small and medium enterprises 

(SMEs), constitute the basis of the Polish economy. They are considered as a key 

element among all economic entities, primarily driving economic growth by 

strengthening GDP, but also employment growth and social integration. Most of the 

Polish workers are employed in enterprises of "small size". Therefore, effective 

management of work safety in micro, small and medium-sized enterprises is essential. 

It is very important to ensure appropriate and safe working conditions for employees of 

"small size" economic entities, but also for their long-term functioning on the market. 

Unfortunately, the results of publicly available reports indicate a relatively low level of 

occupational health and safety in "small size" enterprises. Occupational safety is 

considered primarily through the analysis of the basic triad of factors, which are - 

"technical safety at work" (T), "organizational safety at work" (O) and "human factor" 

(L). The paper presents the results of research conducted in "small-sized" enterprises 

(micro and small enterprises), including the analysis of technical, organizational and 

human factors. The tools that were used to implement the research assumptions 

include a questionnaire for the identification of threats in "small-sized" enterprises and 

the assessment of factors that affect work safety - with statistical analysis 

Keywords: work safety, technical work safety, organizational work safety, human 

factor, "small size" enterprises, SMEs 

 

 

 

1. INTRODUCTION 

Management of work safety in the smallest Polish business entities is still a challenge 

for both employers and employees. Care for safe working conditions in these entities is 

rare, and the ergonomics of positions is still neglected. There are barriers among 

employers and employees of "small size" enterprises that limit their thinking about work 

safety. These are primarily the high costs of maintaining the company on the market, 

the enormous amount of work done to acquire customers, maintaining competitiveness 

in a very dynamic and changing environment (Niciejewska & Klimecka-Tatar 2017,  
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Klimecka-Tatar, 2020). The average employer does not think about work safety in the 

first place, but about a number of barriers that prevent the smooth and effective 

functioning of their company on the market. The majority of small enterprises are 

service enterprises, in which it is particularly difficult to identify areas for improvement - 

for this purpose, a number of tools for the identification of these areas have been 

developed (Ingaldi & Ulewicz, 2019; Klimecka-Tatar & Ingaldi 2020). 

There is a great need for changes in both organizational and legal issues, as well as 

the awareness of employers regarding the need to create safe and accident-free 

workplaces (Torp & Grogaard, 2009). Occupational safety management in "small size" 

enterprises is not only necessary, but also possible, although it is certainly a very big 

challenge for both employers and employees. Nowadays, companies are doing a lot to 

create safe and accident-free work places. However, it is becoming a common 

phenomenon in medium and large enterprises. In "small-sized" enterprises, creating 

safe workplaces, ergonomic shaping of the working environment or shaping the 

awareness of safe behavior among employees are still very distant concepts 

(Niciejewska & Klimecka-Tatar, 2018). Nowadays, enterprises do a lot of activities to 

create safe and accident-free workplaces, but mainly in medium and large enterprises. 

In "small-sized" enterprises, creating safe and ergonomic workplaces or shaping safe 

behavior among employees are still very distant concepts (Niciejewska & Klimecka-

Tatar, 2018). Among most employers, work safety is associated only with the Labor 

Code and “dead” regulations. Therefore, many state institutions, such as the National 

Labor Inspectorate, the Office of Technical Inspection, or the Central Institute for Labor 

Protection meet the needs of employers and employees of "small-sized" enterprises 

with a wide range of meetings, conferences and competitions, which are usually 

preventive and training in nature. The aim of this type of training is to show employers 

and employees the right path towards safe and accident-free working conditions. 

Starting with reliable identification of hazards in the workplace, through effective and 

rational assessment of occupational risk, the employer should not forget about the most 

important and greatest capital and potential of the company - the employee. 

Nevertheless, it is also important to involve the employee in actions aimed at a work 

safety improvement. Planning of accident-free work, safe conditions and work 

processes, motivating to safe and accident-free work, as well as control of all activities 

in the aspect of safety - all this should be done with the active participation of 

employees. Then it can be called a good management of work safety in enterprises of 

"small size".  

The literature on the subject and the available reports on work safety management in 

"small size" enterprises is very poor. It is very difficult to obtain reliable and credible 

data from the smallest Polish economic entities. The fear of the employer's reaction, 

job loss and other consequences makes it impossible to obtain real data on the state 

of work safety in "small size" enterprises. The tendency to conceal all problems related 

to work safety is a common phenomenon among the smallest economic entities. Also 

in these smallest business entities, the ergonomics of workplaces is the least reliable 

and conscious (Niciejewska & Klimecka-Tatar 2016). The problem of a non-ergonomic 

workplace affects most Polish enterprises. Employees most often complain of pain and 

musculoskeletal ailments resulting from inadequate working conditions (Niciejewska & 

Kasian, 2019). Occupational health and safety is an integral part of the company's entire 

activity. The management declares constant striving to improve the health and safety 

at work by implementing and monitoring a safe work organization program and the use 
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of effective preventive measures. The inspiring role of the manager (in line with the 

Behavioral-Based Safety concept), commitment and awareness of each employee, 

have an impact on the safety and health of all participants in the work process 

(Niciejewska & Obrecht, 2020). That gives an opportunity for a continuous increase in 

the effectiveness of activities in the field of work safety (Górska & Lewandowski, 2016). 

Occupational safety is complex knowledge, as it includes the achievements of 

technical, biological and social sciences (Ulewicz et al., 2015). Its practical use - due to 

the globalization of production and the penetration of labor markets - should be 

comparable between individual countries (Mlaker et al., 2019).  

Poland, as a member of the European Union, unified its legal regulations and practice. 

These activities covered all working conditions in order to prevent accidents and 

occupational diseases, as well as meet the requirements of ergonomics (Koradecka, 

2008). Currently, the image of a modern company is not only about creating safe 

conditions in order to maintain health and life, it is also about creating optimal conditions 

from the point of view of the needs, possibilities but also psychophysical limitations of 

people working there (Niciejewska, 2016). Enterprises should improve management of 

occupational health and safety, both for the sake of their employees and economic 

results and market position. Effective management of occupational health and safety 

helps not only to meet the requirements of applicable law, but also (Lewandowski, 2000; 

Słomka, 2009): 

 ensures proper protection of the safety and health of employees, 

 reduce losses related to accidents at work, work-related diseases and improper 

working conditions, as well as increases the quality and efficiency of work and 

a positive image of the company, 

 supports learning and innovation, 

 ensures proper and responsible risk management related to the threats existing 

in the enterprise, 

 makes it easier for workers to understand the risks and the need to use 

appropriate protective measures. 

The effectiveness of the occupational health and safety management system in an 

enterprise is based primarily on those elements that affect the shaping of attitudes and 

safe behavior of employees in the work environment. These are the already mentioned 

(Niciejewska & Klimecka-Tatar 2016): 

 management involvement in the overall health and safety at work policy; 

 setting health and safety targets; 

 competence and training; 

 motivation; 

 communication; 

 monitoring. 

One of the main reasons for irregularities in enterprises is still insufficient knowledge of 

employers about occupational safety and health, especially in small enterprises, as well 

as tolerating deviations from the basic principles of OSH (Giedrojć 2016, Zacharaki et 

al. 2020). Despite the formal implementation of safety management procedures, 

employees work in the old way, and the only way to reduce the frequency of accidents 

is still not reporting accidents to the appropriate monitoring institutions (Paluch 2000). 

The Danes and the Dutch are most satisfied with safe working conditions (over 80% 

say they are at a good level). The lowest rate of satisfaction with working conditions at 
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the national level is presented by Greeks (only 16% of employees are satisfied with the 

working conditions). In Poland, 38% of employees declare satisfaction with working 

conditions (European Agency for Safety and Health at Work, 2014). The research 

conducted among selected enterprises in 2015 by the Safe at Work Coalition (Koalicję 

Bezpieczni w Pracy) raised primarily issues related to the sense of safety in the 

workplace and the use of personal protective equipment. And although the results seem 

to be satisfactory, a deeper analysis is not optimistic. Employees are still not aware of 

the need to use protective equipment at work. For example, as many as 45% of 

employees in the production, energy and mining industries declared that their work 

does not require the use of the aforementioned personal protective equipment. Only 

every 32 second respondents declare that they use gloves, protective clothing or safety 

shoes. The same problem applies to the respondents' assessment of potential risks in 

the workplace. On a 10-point scale (where 10 means no threats to health or life) the 

result was close to 6.3. Specialists and experts do not see a positive result in this high 

result. In their opinion, this is not information about a real sense of safety, but more 

information about the lack of awareness of the risks in the workplace (Koalicja 

Bezpieczni w Pracy, 2016). Work safety in a company is considered in terms of three 

areas - technical, organizational and human. They have an impact on the final level and 

shape of work safety in the enterprise, but they affect it to a different extent. 

 

2. METHODOLOGY OF RESEARCH 

The research tools used in this paper are primarily a questionnaire and statistical 

analysis - a questionnaire on the identification of threats in enterprises of "small size" 

and the assessment of factors that affect work safety. 

The survey questionnaire was a result of a review of such documents as health and 

safety checklists by the National Labor Inspectorate, survey questionnaires and hazard 

cards by employees of the Central Institute for Labor Protection in Warsaw, and public 

and commercial checklists preferred and recommended, among others, by the 

International Labor Organization and the European Agency. For Safety and Health at 

Work (EU-OSHA). This way, a specially formulated and properly ordered list of 

questions was created. Part of the questionnaire concerned the identification of threats 

occurring in enterprises of "small size", in the opinion of the respondents, was divided 

into three parts - "technical safety at work" (T), "organizational safety at work" (O) and 

"human factor" (L). Respondents could answer the questions contained in each of the 

three indicated parts in four ways - "yes", "no", not applicable "," I don't know ", but two 

answers were important for the identification of threats in the surveyed business entities 

-" yes " and "no". 

As already mentioned, the research used statistical methods that enable the analysis 

of data presented on an ordinal and nominal scale. Mainly, the structure indexes, 

correlation analysis with the use of the tau-Kendall coefficient, and the independence 

test χ 2 and the correlation coefficient φ-Youl were used. In the case of small numbers 

of results, the Yates correction was additionally used. In the field of mathematical 

statistics, the Mann-Whitney test was used as an alternative to the averages test. The 

calculations carried out in the work were made with the use of an Excel spreadsheet 

and the Statistica 12 statistical package. 

   

3. RESULTS 
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The first part of the questionnaire concerned the identification of threats occurring in 

enterprises of "small size" in the opinion of the respondents and was divided into three 

parts - "Technical safety at work" (T), "Organizational safety at work" (O), "Human 

factor" (L) . Respondents could answer the questions contained in each of the three 

indicated parts in four ways - "yes", "no", not applicable "," I do not know ", but two 

answers were important for the identification of threats in the surveyed business entities 

-" yes " and "no". 

Table 1 presents the answers that had an impact on the assessment of the safety level 

in the surveyed companies. These are indications of the threats that occur in the 

surveyed enterprises in the opinion of the respondents and concern technical factors 

(T). 

 

Table 1.  

Threats occurring in “small size” enterprises (in the opinion of respondents) in the area of 

technical factors (T) 

Question Answer Type of enterprise 

production service trade mixed together  

TECHNICAL FACTORS   

Are the facilities and 

rooms adapted for the 

disabled? 

YES 29.4% 43.1% 51.5% 30.3% 36.8% 

NO 70.6% 56.9% 48.5% 69.7% 63.2% 

Are all machines and 

devices in the enterprise 

adapted to ergonomic 

requirements, i.e. are they 

adapted to the physical 

and mental abilities of the 

employee? 

YES 59.9% 64.0% 70.0% 73.2% 64.5% 

NO 40.1% 36.0% 30.0% 26.8% 35.5% 

Are the chemical 

substances and 

preparations used in the 

enterprise labeled in a 

way that enables 

identification and 

determination of their 

properties? 

YES 75.3% 60.1% 88.5% 59.8% 64.6% 

NO 24.7% 39.9% 11.5% 40.2% 35.4% 

Are the materials stored in 

accordance with the health 

and safety regulations? 

YES 59.2% 50.5% 79.3% 59.5% 55.1% 

NO 40.8% 49.5% 20.7% 40.5% 44.9% 

Are the standards for 

handling loads, especially 

in the case of manual 

transport work, complied 

with? 

YES 48.0% 37.9% 65.4% 65.6% 45.0% 

NO 52.0% 62.1% 34.6% 34.4% 55.0% 

In the event of damage 

and failure of machines 

and devices, is an 

analysis of the causes of 

their occurrence carried 

out? 

YES 42.6% 42.6% 66.7% 35.1% 42.3% 

NO 57.4% 57.4% 33.3% 64.9% 57.7% 

Does the company 

perform preventive 

inspections and corrective 

maintenance? 

YES 42.1% 39.9% 74.1% 30.3% 40.3% 

NO 57.9% 60.1% 25.9% 69.7% 59.7% 

YES 51.0% 58.1% 72.4% 71.6% 58.0% 
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Does the noise level at 

individual work stations 

ensure work comfort and 

ease of communication? 

NO 49.0% 41.9% 27.6% 28.4% 42.0% 

Are the sources of 

mechanical vibrations and 

vibrations adequately 

damped in the workplace? 

YES 50.6% 42.2% 60.0% 63.3% 46.5% 

NO 49.4% 57.8% 40.0% 36.7% 53.5% 

Due to the presence of 

dust and toxic 

substances, do all 

employees use personal 

protective equipment? 

YES 57.8% 43.0% 85.7% 62.2% 49.6% 

NO 42.2% 57.0% 14.3% 37.8% 50.4% 

Is there a so-called 

thermal comfort 

(temperature, air humidity 

and air flow appropriate 

for the type of activities 

performed)? 

YES 64.5% 61.3% 85.7% 86.2% 67.3% 

NO 35.5% 38.7% 14.3% 13.8% 32.7% 

Does the company use 

methods of monitoring 

threats to workplaces, 

especially from harmful 

and dangerous factors? 

YES 39.1% 28.0% 60.7% 28.6% 31.8% 

NO 60.9% 72.0% 39.3% 71.4% 68.2% 

Are appropriate measures 

of protection against 

these and other biological 

threats in place to avoid 

contamination with 

infectious diseases and 

parasitic diseases? 

YES 75.0% 50.3% 61.1% 67.7% 59.3% 

NO 25.0% 49.7% 38.9% 32.3% 40.7% 

Source: own study 

 

Table 2 presents the results of research on the identification of organizational factors 

that occur in “small-sized” enterprises and have an impact on the level of safety in 

selected business entities. 

 

Table 2.  

Threats occurring in “small size” enterprises (in the opinion of respondents) in the area of 

organizational factors (O) 

Question Answer Type of enterprise 

production service trade mixed together  

ORGANIZATIONAL FACTORS   

Have health and 
safety instructions 
regarding the 
conducted 
technological 
processes been 
made available for 
permanent use in the 
company? 

YES 47.2% 31.2% 82.1% 68.8% 41.8% 

NO 52.8% 68.8% 17.9% 31.2% 58.2% 

Has the company 

developed and made 

available a list of 

particularly 

hazardous works? 

YES 43.3% 24.6% 54.2% 32.8% 32.2% 

NO 56.7% 75.4% 45.8% 67.2% 68.8% 
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Do all positions in the 

enterprise meet the 

normative 

requirements in 

terms of their 

density? 

YES 50.0% 59.7% 89.7% 60.5% 58.1% 

NO 50.0% 40.3% 10.3% 39.5% 41.9% 

Are all work stations 

tidy and clean, 

without exception? 

YES 38.6% 48.7% 80.6% 74.2% 50.9% 

NO 61.4% 51.3% 19.4% 25.8% 49.1% 

Does the company 
use work methods 
that reduce or 
eliminate the risk of 
accidents? 

YES 37.3% 30.6% 72.7% 44.3% 35.5% 

NO 62.7% 69.4 27.3% 55.7% 64.5% 

Does the company 

use the appropriate 

selection of 

employees in terms 

of their professional 

qualifications 

required by health 

and safety 

regulations? 

YES 36.4% 64.7% 66.7% 36.4% 54.0% 

NO 63.6% 35.3% 33.3% 63.6% 46.0% 

Is the management's 

commitment to 

reducing the physical 

effort of employees 

visible in the 

company? 

YES 26.7% 26.9% 71.9% 22.2% 27.7% 

NO 73.3% 73.1% 28.1% 77.8% 72.3% 

Is the management 

visible in the 

enterprise aimed at 

reducing the 

monotony of work? 

YES 24.2% 25.0% 59.4% 22.6% 25.6% 

NO 75.8% 75.0% 40.6% 77.4% 74.4% 

Source: own study 

 

The last table 3 presents the results of research on the identification of human factors 

that occur in “small-sized” enterprises and have an impact on the level of safety in 

selected business entities. 

 

Table 3.  

Threats occurring in “small size” enterprises (in the opinion of respondents) in the area of human 

factors (L) 

Question Odpowiedź Type of enterprise 

production service trade mixed together 

HUMAN FACTORS   

Does the "sense of 
safety" occupy a high 
place among the 
company's 
management in the 
hierarchy of adopted 
values? 

YES 42.7% 41.0% 83.9% 30.4% 41.3% 

NO 57.3% 59.0% 16.1% 69.6% 58.7% 

Does the "sense of 

safety" occupy a high 

place in the hierarchy 

of adopted values 

YES 43.8% 42.0% 93.5% 31.9% 42.7% 

NO 56.3% 58.0% 6.5% 68.1% 57.3% 
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among other 

employees? 

Are the allowed work 

limits respected? 

YES 59.3% 41.2% 71.9% 57.9% 48.8% 

NO 40.7% 58.8% 28.1% 42.1% 51.2% 

Is the correct amount 

of overtime paid? 

YES 62.2% 73.2% 86.2% 50.9% 68.4% 

NO 37.8% 26.8% 13.8% 49.1% 31.6% 

Do the company's 
methods of informing 
employees about 
health and safety 
issues contribute to 
the improvement of 
working conditions 
and safety? 

YES 43.2% 32.6% 63.9% 34.3% 36.5% 

NO 56.8% 67.4% 36.1% 65.7% 63.5% 

Does the company 
analyze the causes 
and effects of 
accidents on an 
ongoing basis and 
with the participation 
of employees? 

YES 36.1% 28.2% 38.9% 20.7% 29.4% 

NO 63.9% 71.8% 61.1% 79.3% 70.6% 

Has the employer 

carried out and 

documented 

occupational risk 

assessment at 

workplaces? 

YES 45.6% 40.7% 66.7% 41.4% 42.9% 

NO 54.4% 59.3% 33.3% 58.6% 57.1% 

Can the practiced 

methods and 

measures promoting 

safe, accident-free 

work and protection 

of workers' health be 

considered 

appropriate and 

effective? 

YES 43.2% 34.8% 66.7% 37.1% 38.3% 

NO 56.8% 65.2% 33.3% 62.9% 61.7% 

Does the company 

pay attention to the 

internal motivation of 

the employee himself 

to work safely - 

accident-free? 

YES 40.2% 32.4% 69.4% 27.9% 35.0% 

NO 59.8% 67.6% 30.6% 72.1% 65.0% 

Is there a record of 

accidents at work in 

the company? 

YES 50.2% 41.4% 50.0% 45.0% 44.3% 

NO 49.8% 58.6% 50.0% 55.0% 55.7% 

Source: own study 

 

4. DISCUSSION 

According to the respondents, the threats in terms of technical factors (T) with which 

companies of "small size" have the greatest problem are as follows: 

 as many as 63.2% of the surveyed enterprises declare the lack of adequate 

adaptation of facilities and rooms for disabled people; 

 every third enterprise does not have machines and devices adapted to 

ergonomic requirements; 

 the lack of appropriate labeling of chemical substances and preparations as well 

as their storage and storage contrary to health and safety regulations is declared 

by 35.4% and 44.9% of the respondents respectively, The identification of 
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harmful substances is very important, especially since workers are not even 

aware when certain harmful substances are present (Kapustka et al., 2020); 

 almost every second enterprise does not comply with the norms concerning the 

handling of loads, especially in the case of manual transport works (55%); 

 in addition, every second respondent (57%) admits that there is no analysis of 

damage and failure of machines and devices; 

 60% of "small size" enterprises do not perform preventive inspections and 

corrective maintenance; 

 physical factors in the work environment. the nuisance or harmful activity 

indicated by the respondents is: noise. microclimate. mechanical dust and 

vibrations; 

 in addition, 68.2% of enterprises do not use methods of monitoring threats from 

harmful and dangerous factors; 

 despite the fact that in over 70% of enterprises, employees have been equipped 

with personal protective equipment, more than 40% of these entities do not use 

them during work in conditions of exposure to any of the factors - noise, dust, 

vibrations, etc. 

In the opinion of the respondents, for the surveyed enterprises of "small size" in terms 

of organizational factors (O), the following threats are the biggest problem: 

 OHS instructions regarding the conducted technological processes were not 

provided in over half of the surveyed enterprises; 

 almost 68% of respondents declare that the companies have not developed and 

made available a list of particularly dangerous works; 

 in more than 40% of the surveyed enterprises, the normative requirements in 

terms of the density of workstations are not met; 

 half of the respondents also indicate the lack of order and cleanliness at work 

stations; 

 moreover, more than 64% of the surveyed enterprises do not use work methods 

that would reduce or eliminate the risk of accidents; 

 lack of proper selection of employees in terms of their professional qualifications 

required, inter alia, almost every second respondent indicates health and safety 

regulations; 

 over 72% of the surveyed enterprises declare that the management does not 

care about reducing both the physical effort of work and its monotony (74.4%). 

The respondents also point to a number of shortcomings, which at the same time can 

be considered as factors that are decided by people and which undoubtedly affect work 

safety. They are as follows: 

 in the opinion of the respondents, 58.7% of the surveyed entities are workplaces 

where the management does not show any particular interest in the "sense of 

security" and it does not constitute a high position in the hierarchy of adopted 

values. Unfortunately, safety is of secondary importance for the employees 

themselves; 

 according to the respondents, every second enterprise does not respect the 

permissible working time limits (51.2%); 

 In turn, every third respondent indicates that the management does not pay the 

correct amount of remuneration for overtime work (31.6%); 
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 over 63% of the respondents declare that the methods of informing employees 

about health and safety at work practiced in "small size" enterprises do not 

contribute to the improvement of working conditions and safety at work; 

 moreover, in 70.6% of the surveyed enterprises no analysis of the causes and 

effects of accidents is performed; 

 more than half (57.1%) of the respondents declare that the employer does not 

carry out occupational risk assessment at individual work positions; 

 the respondents also indicate that in over 60% of the surveyed enterprises there 

are no methods and means promoting safe and accident-free work. There is no 

adequate and effective protection of workers' health; 

 according to 65% of respondents, no methods and means are used to motivate 

an employee to work safely and without accidents; 

 over half of the enterprises declare the lack of keeping registers of accidents at 

work. 

Identification of threats occurring in "small size" enterprises, in the opinion of 

employees, confirms the trends presented in the reports of the National Labor 

Inspectorate, but also of the European Agency for Safety and Health at Work. There 

are still many areas in terms of both technical, organizational and human factors that 

need to be improved in order for the safety level in the company to be satisfactory. At 

the same time, it should be noted that the human factor is the one that should be 

considered the most. The human factor is the one that most significantly affects the 

level of safety in the enterprise. 

 

5. CONCLUSION 

In the era of globalization and computerization, it seems that the psychological burden 

of a human being is the most important topic. Problems such as stress, burnout, 

frustration, deficiencies in teamwork and interpersonal contacts, as well as in 

understanding between employees, but also pathologies such as mobbing, various 

threats related to the manifestations of artificial intelligence and alienating effects 

caused by virtual reality becomes real and a significant problem of the modern work 

environment. Skilful and reliable identification of hazards in the workplace and 

assessment of occupational risk constitute the basis for shaping safe working 

conditions. The employer, unaware of the existing threats and not participating in their 

identification and assessment, is the main cause of further negative and pathological 

consequences and phenomena occurring in the enterprise - potentially accidental 

events and accidents at work. Skilful management of occupational health and safety by 

the employer primarily involves the inclusion in this process of the most important 

potential and capital, which is undoubtedly a human being. 
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Abstract: Technological development is changing the skills model for employees in 

industry 4.0. Technical and IT competencies remain crucial for an engineer, however 

employers are increasingly appreciating soft skills, especially those that facilitate 

teamwork and communication or co-creation of innovations with customers and 

external stakeholders. 

The article presents good practices for developing soft skills in engineers in industry 4.0 

within the project "Curriculum Development of Master's Degree Program in Industrial 

Engineering for Thailand Sustainable Smart Industry - MSIE4”. 
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1. INTRODUCTION 

The human factor in its broadest sense is often indicated as a barrier to the 

implementation of the concept of enterprise 4.0. In this situation, no one questions the 

need to modify the training curricula for engineers, in particular – to develop the soft 

skills of specialists and to ensure effective communication between them and other 

employees of the company (Grebski and Grebski, 2018). In view of the ongoing digital 

transition of the economy as a whole, the technical knowledge and skills of engineers 

should be complemented by high digital and psychosocial competencies. In the training 

of engineers, it is important to ensure a comprehensive acquisition of competencies in 

all these areas. The basis of a modern company is an integrated and secure IT 

architecture, so the human factor does not only include automation specialists and MES 

system engineers but also IT system specialists. 

Industry 4.0 is causing a shift from traditional industrial engineering methods to data-

driven functions and cyber-physical systems. Based on this principle, also the human 

resource management in Industry 4.0 context could adapt their methods to introducing 

novel or implementing new technologies for connecting learning more directly with job 

demands [World Economic… 2016]. Some companies have already adopted this 

approach and through cooperation with universities they have built and implemented 
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novel technologies to support worker learning and knowledge management (Grebski 

and Grebski, 2019). Universities are aware that the dynamic development of technology 

is changing the expectations of employers with regard to the competencies of engineers 

4.0, however it is not always possible to make appropriate changes in the curricula or 

the changes are slower than desired. The emerging gaps in the competency of the 

employees of industry 4.0 can be minimized by creating and reinforcing relationships 

with business representatives in order to gain knowledge about the expectations of 

employers. This is especially true in Asian countries (Dabylova et al. 2020). 

 

2. THE INUSTRY 4.0 CONCEPT 

Digitalization is one mega trend of the century and holds the potential to drastically 

transform various industries and production techniques. Based on this trend, the term 

“Industry 4.0” has emerged, which is defined as digitization of the manufacturing sector, 

with embedded sensors in virtually all product components and manufacturing 

equipment, ubiquitous cyber-physical systems, and analysis of all relevant data (Wee, 

et al., 2015). The concept of Industry 4.0 describes the increasing digitization of the 

entire value chain and the resulting interconnection of people, objects and systems 

through real time data exchange (Ingaldi, Ulewicz 2020). The implementation of the 

Industry 4.0 concept is conditioned by the removal of barriers between information and 

physical structures with an interdisciplinary view, both in technical and social fields, into 

a continuous process of learning and cooperation (Jelonek, 2018). 

The McKinsey Global Institute identifies the Fourth Industrial Revolution as the age of 

“cyber–physical systems”—systems that integrate computation, networking, and 

physical processes and include a myriad of technologies that span mobile devices, the 

Internet of Things (IoT), artificial intelligence (AI), robotics, cyber security, and 3D 

printing (Buguin et al. 2013)  

Absolutely, Industry 4.0 creates many new opportunities for companies, but at the same 

time several challenges arising from the ongoing automation and digitization (Ulewicz, 

Novy, Sethanan, 2019). Industry 4.0 is considered as the next phase in the digitization 

of the manufacturing sector, and it is driven by four disruptions: the astonishing rise in 

data, computational power, and connectivity, especially new low-power wide-area 

networks; the emergence of analytics and business-intelligence capabilities; new forms 

of human-machine interaction such as touch interfaces and augmented-reality systems; 

and improvements in transferring digital instructions to the physical world, such as with 

advanced robotics and 3-D printing (Lee et al., 2013). 

 

3. NEW SKILLS FOR ENGINEERS 

Industry 4.0 is causing a shift from traditional industrial engineering methods to data-

driven functions and cyber-physical systems (Sackey, Bester 2016). Based on this 

principle, also the human resource management in Industry 4.0 context could adapt 

their methods to introducing novel or implementing new technologies for connecting 

learning more directly with job demands (World Economic … 2016). 

New qualification requirements in the Industry 4.0 era are discussed in the literature. 

Universities should focus on building foundational cognitive and socioemotional skills 

and ensuring that the students acquire basic ICT literacy and problem solving skills, as 

opposed to learning certain skills required for a job (World Bank… 2016). Jelonek and 

Stepniak (2014) emphasizes the usefulness of abstract thinking as a manager's 

competence and specially engineers competence. Huba and Kozak (2016) examined 
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the requirements of the Industry 4.0 era for the engineering education from the 

perspective of Slovakian higher education system. They stress the increased need for 

flexibility (interdisciplinary collaboration, soft skills), university-industry cooperation, and 

open learning systems such as online learning platforms and free access courses at 

“open” universities. Jelonek and Chomiak-Orsa (2018) stated the hypothesis that 

appropriate modeling of educational processes that will use modern teaching methods 

will contribute to the increase of personal competences such as: creativity and 

entrepreneurship, as well as interpersonal competences such as communicativeness 

and group work. Kulej-Dudek, Kuceba and Jedrzejczyk (2018) confirmed that 

competences, which can be defined as managerial ones, are developed from very early 

years, in the course of lifelong education. A very important role in this process plays 

higher education and the authors have also analyzed methods applied in formal, 

informal and non-formal education. The question:  what should the employee that will 

meet the challenges of the industrial revolution 4.0 be like? is consider also by  

Wisniewska-Salek el al. (2019). They create the profile of the employee 4.0 who, in the 

education process, uses learning methods and teaching concepts so that they could 

satisfy the requirements set by the revolutionized economy. The survey results also 

showed that it does not matter where in the world we do business or learn. The ‘profile 

of the potential employee 4.0’ or the ‘profile of the employer 4.0’ suggested by the 

authors is very similar both in Thailand, Portugal, Romania or Poland. Slight differences 

in the responses of both entrepreneurs and students have a common denominator – 

knowledge, and more precisely, its lack (Wisniewska-Salek et al., 2019). The authors 

emphasized that is not enough to present knowledge to students but it is necessary to 

transfer it through practical utility to understand the material of engineering studies and 

teachers should concentrate on the ways of its transfer and thus creating new 

opportunities for learning– interesting and practical (Wisniewska-Salek et al., 2019). 

The opportunity for engineering students to develop competences expected by the 

labour market are projects in industrial context constitutes an exceptional. Project-

based learning (PBL) as one innovative pedagogic approach that can be applied for 

developing curriculum with practicum opportunities, exploring the need of interaction 

with the industrial practice (Lima et al., 2017; Mesquita et al., 2018).). Their work, 

project-based learning is focused on the development of a project in a real professional 

context, in which teams of students solve an interdisciplinary problem, articulating 

theory and practice during the development of a project.  

The analyze the needs of manufacturing enterprises with regard to automation and 

robotization but from the perspective of desired competences of Industrial Engineering 

graduates are also interesting. The survey was made among Thai and EU companies 

within the project titled Curriculum Development of Master’s Degree Program in 

Industrial Engineering for Thailand Sustainable Smart Industry -MSIE4.0. The results 

show that the requirements towards graduates are changing especially with reference 

to real-time control of manufacturing process, big data use and mobile devices use to 

steer and feed with the information the management and manufacturing processes. 

(Gliń W., Nitkiewicz T., Chattinnawat W., (2019). 

These examples of studies show great interest in the topic of training engineers for 

industry 4.0 and confirm the complexity of this issue.  Figure 1 presents four 

relationships in which engineers can find themselves and indicates just how many 

various competencies engineers need to be a good partner in each of these 

relationships. 
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Fig. 1. New competence of the engineer 

Source: The own elaboration 

 

In the engineer – engineer relationship, the most important skills are: sharing 

knowledge and sharing experience. Problem-solving requires creativity and the ability 

to organize brainstorming sessions and coordinate with others.  

In the engineer – manager relationship, it is important that the engineer understands 

their role as a source of information and provides data for decision making. In these 

relationships, basic knowledge of economics, business and, particularly, of technology 

efficiency indicators, e.g. Return on Investment (ROI), is essential. From the 

perspective of the partner – manager, project management and cognitive flexibility are 

important among the skills of engineers.  

In the engineer – humanist relationship, it is important to be able to convey information 

regarding process automation, algorithms and service orientation in a way that is 

understandable for persons without technical education. Industry 4.0 exposes the wide 

benefits of artificial intelligence and such solutions form interdisciplinary teams made 

up of both engineers and humanists. It is therefore important for engineers to be able 

to work in teams and be willing to negotiate in order to develop the most functional and 

user-friendly systems possible.  

The engineer – artificial intelligence relationship is the biggest challenge that an 

engineer has or will have to meet in the near future.  Challenges for the engineer arise 

in the areas of complex problem solving and critical thinking. Knowledge of the 

principles of creating user-friendly systems and guidelines for human-computer 

interaction (HCI) helps in effective relationships. 

The set of skills of an engineer can also be looked at from a broader, macro-

environment perspective. Hecklau, et al., (2016) have carried out an extensive literature 

overview and used the PESTEL framework to analyse the macro-environmental 

challenges and considered their political, economic, social, technical, environmental, 
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and legal factors. Based on this analysis, they developed a holistic Industry 4.0 

competence model with 4 major categories: personal, social, methodological, and 

technical competencies (table 1). 

 

Table 1 

Set of aggregated Industry 4.0 competencies by their categories 

Category Required competencies 

Technical State-of-the-art knowledge, technical skills, process understanding, 

media skills, coding skills, understanding IT security 

Methodological Creativity, entrepreneurial thinking, problem solving, conflict solving, 

decision making, analytical skills, research skills, efficiency orientation 

Social Intercultural skills, language skills, communication skills, networking 

skills, ability to work in a team, ability to be compromising and 

cooperative, ability to transfer knowledge, leadership skills 

Personal Flexibility, ambiguity tolerance, motivation to learn, ability to work under 

pressure, sustainable mind-set, compliance 

Source: (Hecklau, et al., 2016) 

 

As can be seen in the table 1, many competencies required in the context of Industry 

4.0, are not technical skills usually found in the curricula of universities. Such general 

frameworks are helpful because they can guide competency definitions for Industry 4.0, 

but each competency in the table 1 could have a different notion in different companies 

that may itself change in time.  

Industry 4.0 uses modern technology and the cyberspace environment and thus 

requires employees to have the knowledge and skills to move around fluently in this 

space. The technical skills and the specific knowledge appropriate to the position are 

important in employee review and necessary for the smooth operation of the 

organization, but are not sufficient. The development of industry 4.0 is also conditioned 

by the development of the so-called soft skills, which are related to the ability of 

emotional self-control, self-organization, but also coexistence with others in the 

community or the degree of openness to change. Table 2 shows the differences in hard 

and soft skills. 

 

Table 2 

Differences in hard and soft skills 

Hard skills Soft skills 

Knowledge in the field Social skills 

Specialized skills Universal skills 

Required for a particular profession Useful in any profession 

Helpful in good work performance Helpful in cooperation with others 

Source: (Gorustowicz 2019) 

 

Developing soft skills is not easy. It requires the formation of the following elements in 

the human consciousness: understanding the purpose of self-change, practice, 

accessing feedback on the occurring changes (Gorustowicz 2019). Typical difficulties 

encountered by a person after deciding to work on developing their soft skills include 

overcoming their habitual reactions, struggling with their own resistance and defensive 

attitude, verifying their self-perception and – this requires great effort and support – 

laborious training in everyday social situations (Stewart, 1994). 
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4. Good practices for the development of soft skills of engineers as part of the 

“Curriculum Development of Master's Degree Program in Industrial Engineering 

for Thailand Sustainable Smart Industry - MSIE4” 

As part of the Curriculum Development of the Master's Degree Program in Industrial 

Sustainable Smart Industry - MSIE4.0 Project, questionnaire surveys were carried out 

among enterprises and among students and graduates of IE faculties. Answers were 

collected from 72 enterprises (50 companies from Thailand and 22 companies from EU 

partner countries) and 450 students, which allowed to identify competences that are 

perceived as key in the field of Production Engineering from the perspective of Industry 

4.0. The design of the study allows for comparative assessment or competences 

according to the needs of students are tailored to the needs of the industry. The goal of 

the MSIE4.0 project is to increase the potential and opportunities of universities in 

Thailand to experience high-quality curriculum – based on competences, as part of the 

master's program in Production Engineering, industrial, which supports sustainable 

intelligent industry and is in line with the European Qualifications Framework (EQF).  

The general analysis of the research results is presented in the framework of the 

MSIE4.0 Project documentation (https://msie4.ait.ac.th/). The results were also 

published e.g. Glin et al (2019) focused only on issues related to automation and 

robotization, which on the one hand is one of the areas undergoing the greatest 

changes in the transition from the third to the fourth industrial revolution. Nitkiewicz et 

al. (2019) assess the experience of Workplace Safety and Hygiene master program 

students of with regard to teaching and learning methods and Industry 4.0 readiness.  

The analysis concerned competences that were based on a comparison of the current 

state of competence development in the area of IE, and the assessment of own 

competences by students from the IE area and industry needs, which must develop 

towards Industry 4.0. The results were used in the "Master studies in Industrial 

Engineering curriculum”. The curriculum is defined with 12 Program Learning 

Outcomes and 16 courses.   

Based on the research results the course “Communication and People Skills 

Development for Engineering Leaders” was proposed. This course aims to build 

engineering student competence in leadership communication skills and people skills. 

This course will train the engineering students on how to be a leader who can 

communicate effectively to facilitate the achievement of organizational goals and to 

motivate other members along the way.  

The students on the completion of this course would be able to: 

CLO1 Explain their works, thoughts, and ideas effectively (Create), 

CLO2 Do both technical and non-technical written communication that ease 

understanding of audiences (Create), 

CLO3 Make presentation professionally (Create), 

CLO4 Develop emotional intelligence domains and competencies in different 

professional situations (Create), 

CLO5 Work in a team environment in a complex workplace (Apply), 

CLO6 Apply people skills to support, lead, persuade, motivate and inspire others to 

achieve goals (Apply). 

The three modules and learning outcomes were presented in table 3. 
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Table 3 

Course: Communication and People Skills Development for Engineering Leaders  

Module Learning Outcomes 

Module I  

 

Essential 

Communication Skills 

Development for Self-

Expression  

Effective oral communications: 

 Knowing your intention and audience 

 Get your audience attention 

 Deliver your presentation professionally 

Effective written communications: 

 Plotting your idea 

 Filling up your story 

 Polishing your story 

Module II 

 

Collaborative 

Communication Skills 

Development  

Personality, character, and cultural barrier in communication 

Emotional intelligence 

Strategic persuasive communication 

Conflict management strategies 

Effective managerial communication in a meeting 

Module III 

 

Leadership 

Communication Skills 

Development 

Knowing your leadership style 

Cultivating your leadership and communication style 

Nonverbal communication 

Adapting your communication to different situations and audiences 

Making your message powerful, motivating and inspiring 

Source: Course No. 16 Communications and People Skills Development for Engineering 

Leaders. https://msie4.ait.ac.th/category/gallery/reports/ 

 

The course was very highly evaluated by the students as they all admitted that they had 

acquired new competencies that will help them in their future career. The list of soft 

skills is long and fully meets the requirements of engineers in industry 4.0. 

The development of soft skills of engineers is also pursued during the teaching of 

technical subjects, by using appropriate teaching methods. One example is the course: 

"Project Management for Industry 4.0". The projects will be developed by 

interdisciplinary distributed teams using digital platforms. This course aims to prepare 

graduates to perform in and manage projects and teams in the new highly agile digitized 

challenging smart industries. During the classes, students develop their soft skills in the 

following areas: team work, team management, communication and management of 

communication in teams, time management, decision making, problem-solving, critical 

thinking, written communication, oral communication and presentation. 

The course: "Enterprise Management in Digital Economy" supplemented the 

knowledge of engineers with the basics of business and management, in particular in 

the digital economy conditions. As presented in Figure 1, the engineer will communicate 

not only with colleagues with technical education but also with managers and 

humanists. Without knowing the basics of business, providing managers with the right 

data for decision making processes can be very difficult and inefficient. The curriculum 

of this course provides future engineers with all necessary information in this area.   

 

5. CONCLUSION 

In modern curricula, the most important aspects are, undoubtedly, courses that build 

the hard (technical) skills of engineers and are the basis of professional competency. 

They ensure continuous development within a given specialization, relate to the 

performance of tasks according to a strictly defined manner and are directly linked to 

https://msie4.ait.ac.th/category/gallery/reports/
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specific work processes. The professional competencies of the engineer in enterprise 

4.0 should include: 

 technical knowledge of processes, technologies used, technologies that will be 

used in the near future, etc. 

 practical ability to perform tasks 

 motivation to perform the operation, according to accepted patterns. 

Until just several years ago, the profession of an engineer was associated in principle 

with having professional knowledge and appropriate qualifications. However, from the 

perspective of the needs of industry 4.0, the hard skills of engineers are insufficient and 

should be supplemented with non-technical competencies, i.e. soft skills.  

The presented good practices for the development of soft skills of engineers as part of 

the “Curriculum Development of Master's Degree Program in Industrial Engineering for 

Thailand Sustainable Smart Industry -MSIE4” project showed how the curriculum can 

be modified so that the graduates can meet the requirements of the labor market by 

presenting a high level of both technical and soft skills.  

The most important recommendation in this respect is to introduce a course to the 

curriculum, which will be entirely focused on the soft skills of engineers, e.g. 

"Communication and People Skills Development for Engineering Leaders".   

The presented example should provide inspiration that not only the selection of content 

but also the choice of methods is important in the teaching process. Thanks to such 

connections, the student acquires technical knowledge and at the same time develops 

soft skills. Teaching using the project method is particularly effective as it develops the 

ability to work in a team, the ability to solve problems, the ability to cooperate on one 

task and the ability to solve human conflicts resulting from various sources.  

The implementation of the Industry 4.0 concept requires the cooperation of engineers 

with engineers, managers and humanists, and the most important quality in building 

each of these relationships is the willingness to communicate, share knowledge and 

acquire knowledge. 

Industry 4.0 will continue to develop and adopt new technologies, so we should try to 

induce in our students the habit, awareness and ability to learn continuously, and a 

belief in the value of self-improvement. 
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Abstract:  Globalization and scarcity of resources have contributed to the need to meet 

and exceed customers' higher expectations while reducing the number of employees, 

workload and consumption of available resources. This situation was initiated by the 

fourth industrial revolution, hereinafter referred to as "Industry 4.0", which is based on 

the implementation of modern information technologies, associated with automation, 

artificial intelligence and a theory called the Internet of Things. All of this is aimed at 

improving efficiency, faster decision-making, which results in increasing the 

competitiveness of the company. Changes in the field of robotics, artificial intelligence 

and automation technologies indicate that with their increasing importance and 

implementation in organizations, there is a need to introduce new from teaching in the 

context of preparing engineers to work with new technologies based on cyberspace. 

The aim of the article is to review the literature on the importance of problematic 

teaching in the implementation of engineers for faster and more efficient implementation 

of Industry 4.0 in current production organizations.  

Keywords: Industry 4.0, Problem-based learning, Learning organization, Use of PBL 

in teaching engineers. 

 

 

1. INTRODUCTION 

The increasing globalization and with it the digitalization of the working environment is 

progressing faster than ever before, leading to the penetration of information and 

communication technologies into all areas of life and work of modern man. The virtual 

world, in a way hitherto unknown, is beginning to permeate everyday life, creating 

Cyberspace, which is becoming the foundation for the future global world, where all 

devices will create a combined physical and virtual world, the Internet of things, data 

and services (German Academy, 2012). The direction in which we are now heading is 

called the fourth industrial revolution, Industry 4.0, that is, overcoming another barrier 

in which the coexistence of machines, devices and systems becomes a natural step 

towards the optimal use of human resources, knowledge and experience acquired over 
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the last 300 years counted from the creation of the first steam engine by Thomas 

Newcomen in 1712 (Bohdal et al., 2014), which became the foundation of the first 

industrial revolution. The co-existence of machinery and equipment will allow people, 

objects and systems to be combined to create dynamic working environments that can 

be optimized in real time and then self-organized. It will also allow for optimization on 

the basis of previously adopted criteria such as: costs, availability or consumption of 

available resources (Obermaier, 2017). In the era of industrial revolution 4.0, workers 

should focus not only on acquiring the set of skills required to do the job, but also on 

preparing themselves to maintain 'competition with robots'. With the extended 

implementation of digitization and automation, workers will have to equip themselves 

with the right skills to 'survive' (Lee, 2013).  Cautious selection of employees alone does 

not guarantee effective action. It will only be possible thanks to an effective focus on 

what to do and how to do the work. New forms of teaching come with help, which include 

problematic teaching. Properly implemented and introduced will ensure that the 

employee will know how to perform the task entrusted to him/her and what to do in a 

problematic situation, which will not be lacking in the process of implementing new 

forms of automation and digitization to existing or newly built factories. The goal of a 

well implemented problem-based learning program should be to provide the employee 

with a more understandable working environment, thus reducing his or her fears and 

implementing what the company expects from him or her in order to increase 

productivity and improve competitiveness in the global market. The experience of many 

companies shows that even the best training does not guarantee successful 

implementation of engineers into new realities and does not guarantee that it will be 

applied to its full extent (Schallock at al., 2018). Therefore, lecturers, trainers, 

instructors should actively participate in the process of solving the problem, be 

contemporary "Socrates" of Industry 4.0. They do not suggest solutions, but a series of 

questions and suggestions to direct employees on specific paths leading to the 

achievement of a given goal.  Just as important as trainers in the process of problem 

education play also managers, who should support the processes of change in their 

company, identify areas that should be improved, initiate and implement projects 

together with employees (Schallock at al., 2018).Problem-based learning is especially 

important when two separate fields of science and industry meet, such as biotechnology 

(Skrzypczak-Pietraszek et al., 2017; Skrzypczak-Pietraszek et al., 2018) or material 

science with the participation of specialists dealing with the analysis of 2D and 3D 

images (Gądek-Moszczak et al., 2015; Ulewicz and Nový, 2016). This approach is also 

of particular importance in the analysis of industrial processes and identifying the root 

causes of failures and non-conformities (Pacana et al., 2014; Nowakowska-Grunt and 

Mazur, 2016), because formal knowledge must be combined with practical experience. 

 

2. LITERATURE REVIEW  

For the purposes of the article, a systematic literature review was conducted to search, 

identify and analyze each study on problematic teaching in the process of using 

teaching of engineers or production workers. This method allows to clearly determine 

how and to what extent the review was carried out through its transparency 

(Karaosman, 2017). The purpose of this review is to determine the current state of 

science in relation to problematic teaching in the process of educating pupils, students, 

employees of production plants. To answer the question what we already know about 

this subject, what we do not know and what should be further researched and described 
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in relation to the problematic teaching process of implementation of a production worker 

into Industry 4.0. The researched studies are based on web resources of such sites as: 

Google Scholar, Science Direct, Research Gate.    

 Problematic teaching is one of many modern teaching methods, therefore the 

Education databases have been used as basic sources of knowledge. Through online 

university resources, books, scientific publications and journals have been selected, 

limiting their scope to the following conditions:  

- Published in English, 

- Date of publication 2005-2020, 

- Full access articles, 

- Only reviewed articles (this allowed for the exclusion of low-quality articles).  

In planning the review, keywords used to search the databases were identified. 

These databases were filtered using keywords such as : 

- Industry 4.0. 

- Problematic learning, 

- A learning organization, 

- PBL in teaching engineers. 

The analysis omits reviews, conference materials, working documents, book 

reviews and comments. The search was limited to scientific journals in the field of 

management and teaching. On this basis, 350 publications were selected. After the 

removal of duplicates, the first selection process was carried out in order to eliminate 

non-academic articles and those that were not fully available. Then, after the initial 

selection process, the articles were briefly reviewed, this stage consisted of reading 

their titles and summaries in order to select those that were directly relevant to the 

issues analyzed. In this stage, 200 publications were excluded, leaving 150 articles 

published between 2005 and 2020 and subject to further analysis.   Finally, 44 scientific 

articles were analyzed, which met the above criteria. A detailed description of the 

systematic literature review is presented in Fig. 1.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig.1. Selection of literature items 

 

 

3. GENESIS AND CHARACTERISTICS OF PROBLEM BASED LEARNING 
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Problematic teaching is defined as a teaching philosophy that describes a set of 

principles and standards necessary for effective teaching (Graff and Kolmos, 2010).  

These principles can be modelled in any way, depending on the needs and goals to be 

achieved (Kolmos, 2010). It should also be mentioned that the process of problem 

based teaching was also strongly analyzed in Polish education. Many studies on 

problematic education have been produced. The precursors of problematic teaching in 

Polish education were Wincenty Okoń and his student, the propagator and author of 

the first study on the effectiveness of problem based learning Czesław Kupisiewicz 

(Kupisiewicz,1962).         

Problem based learning is a concentrated method of learning through experience, i.e. 

solving an open problem imposed by the teacher, trainer. The main feature of this 

method is not to perform on a strictly defined method of solving a problem. The goal in 

itself is to develop the skills and qualities of the person being trained according to the 

expectations of the teacher, the trainer. This method includes gaining knowledge 

through action, teamwork and communication (Dolmans and Grave, 2014). This 

process allows students to develop skills used in their future practice. It strengthens 

critical appraisal, reproduces reality and encourages continuous learning in a team 

environment (Okoń, 1964).         

The PBL method is based on working in small groups in which their members take on 

certain more or less formal roles. These roles are often changed and adapted to the 

actual conditions in which they have to solve a problem, take up the challenge of a 

given task. The problem-solving method is based on 5 steps, which include (Dahms, 

2014): 

- step 1 - feeling of difficulty; 

- step 2 - formulation of the problem; 

- step 3 - searching for solutions, creating hypotheses for potential solutions; 

- step 4 - logical and if possible empirical verification of the hypotheses; 

- step 5 - observation of the solutions introduced, acceptance or rejection of the 

solution, which consequently leads to a return to step three or even to step 

two.  

The PBL method is a model example of teaching the seeker, perfectly fitting into the 

natural phases of human development regardless of age, education or social role. The 

classes conducted in this method are a natural sequence of consecutive activities, 

known to us from everyday life, which lead to solving a specific problem. W. Okoń 

emphasized with a clear emphasis that the final of a well conducted training is the 

student's ability to apply knowledge in everyday life (Okoń, 1964). The instructor acts 

as a moderator, guide and trainer, as opposed to traditional teaching, in which the 

instructor assumes the role of a knowledge transmitter. Once the necessary information 

has been gathered, students share their thoughts, build up their knowledge and solve 

the problem (Dahms, 2014). It has been shown that PBL improves students' learning 

because the problem does not have one correct answer, students use their critical 

thinking and clinical reasoning skills to find possible alternatives to solve the problem 

(Hmelo-Silver, 2004). The interest in the situation is triggered by the nature of the 

problem and acts as a motivating force that forces the learner to engage in self-learning 

(Schmidth, 2011).         

Students work on problems that increase student involvement in learning and motivate 

students to learn (Allen at al. 2011). As students continue their self-study, their 



121                                                                                                            Section: MANAGEMENT     

 

knowledge is constantly modified and improved. In this way, students have the 

opportunity to build their own professional knowledge and help them to maintain their 

knowledge building (Allen at al. 2011).  

PBL, students reflect on the learning process at different stages of the process 

(Downing at al., 2011). At the beginning of the problem solving process, students 

combine their new knowledge with existing information. Then students reflect on the 

appropriate resources they currently have and need. Finally, students reflect on the 

strategies used to solve the problem and reflect on them, listing both the advantages 

and weaknesses of their strategies (Downing at al., 2011). PBL also improves the 

process of metacognition (Hodges, 2012). It should also be emphasized that working 

with PBL teaches group collaboration rather than individual competition (Rakhudu, 

2011).  Another premise of the PBL is that working in small groups helps students 

distribute the cognitive load among the team and helps students solve a problem in a 

group that would be difficult to solve alone (Hmelo-Silver, 2004). As a result of group 

collaboration and individual learning, which equally contribute to the learning process 

(Meo, 2013).  

There are many challenges associated with PBL implementation that are not related to 

the teaching method itself, but to other factors such as the attitude of lecturers to this 

form of teaching, leadership, culture and necessary infrastructure. The lecturers' 

approach to PBL may significantly weaken the learning outcomes, which was perfectly 

illustrated by Lim in his research, which showed that a certain number of lecturers who 

were obliged to teach with PBL stated that the only relevant way, according to them, is 

direct teaching, transmission of information by someone who is an expert on content 

(Lim,2011). Other instructors, on the other hand, consider PBL to be time-consuming 

for teachers due to the workload (Ribeiro, 2011). The results also showed that the 

majority of teachers felt that there was no need to change the lecture-based instructions 

as both teachers and students were satisfied with the current teaching method. Some 

teachers claimed that PBL prevented them from sharing their knowledge and 

experience with students (Rakhudu, 2011), made them passive and caused fears that 

not all students would be active participants of the group, which obviously excludes a 

well implemented methodology of problematic teaching (Raftery at al., 2015).  

      

4. INDUSTRII 4.0. 

In 1763 James Watt perfected the steam engine built earlier by Thomas Newcomen, 

giving the beginning of humanity on the way to new discoveries and becoming the 

nucleus of the first industrial revolution that changed the world forever (Bohdal at al., 

2014). After subsequent decades full of stormy changes of new inventions and 

undertakings, Electricity appeared, which was the foundation of the second industrial 

revolution (Furmanek, 2018). It brought humanity out of darkness to a world that was 

no longer limited by the natural cycle of life, day and night. The third step on the road 

of the uninterrupted industrial revolution was the emergence of new solutions in the field 

of microelectronics, information technology and production automation. The idea, the 

concept of Industry 4.0 was first cited in an article written by Lee J., who proposed to 

define new possibilities for the future German economy. In the article, he presented the 

assumptions of a modern German production organization, which, according to him, 

should consist in the future of information systems, controlled machines operating 

autonomously in an artificial intelligence environment, which will perform self-control, 

self-configuration and repairs (Lee, 2014). 
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The essence of the fourth revolution is the cyber physical space created by hardware, 

software, network and, of course, people (Baldassari, 2018). It was the cyber physical 

space that became the foundation and the main difference between the previous 

revolutions. It allowed for changes that have not been experienced by man in any of the 

revolutions described before. The concept of Industry 4.0 is mainly based on intelligent 

network systems that carry out self-regulatory production based on mutual 

communication of people, machines and equipment (Kovacs, 2014).  Figure 2 presents 

the development of industrial revolutions over the past 100 years.    

 

 
Fig.2. The development of the industrial revolution over the years 

  

Industry 4.0 significantly affects the production environment, causing radical changes 

in the execution of operations. As opposed to conventional forecast-based production 

planning. The future entails the creation of production plans in real time, with dynamic 

self-optimization (Sanders at al., 2016). Such production management is facilitated by 

the rapidly decreasing cost of the given IT equipment. The creation of the "cloud" means 

that data is theoretically available anywhere, and the proliferation of laptops, tablets and 

smartphones means that anyone can access the data. Widespread trends have made 

information virtually free and available in real time. This is important for how it is 

collected and used. The network has made it possible to connect virtually all the media, 

machines and devices around us (Baldassari at al., 2018). Generating, transferring, 

processing and analysing large data sets in real time - online has laid the foundations 

for new interactions in the real and virtual world. It has also directly changed the 

organization of the value chain in a manufacturing company. The pace of technological 

development has led to the moment when the computing power of super computers 

has increased by more than 3,500 % over 18 years, from 2000 to 2018 (Zielewski at 

al., 2017). Indeed, Moore's right to double the computing power of computers every 2 

years until it reaches its physical limits has been confirmed (Sienkiewicz, 2015). Special 

attention should also be paid to data storage costs, which have decreased by about 

100 % over the last 17 years. The increase in the generated data caused that it is 

estimated that more than 80% of the data in the world's history was created in the years 

2015-2018, as a consequence of which the number of devices connected to the network 

also increased. In 2020, there may be over 50 billion of them, i.e. 9 times more than 

human beings on Earth (Zielewski at al., 2017). No one is surprised anymore by the 

development of artificial intelligence and machines that can use machine learning 

algorithms to predict, make decisions or prevent consequences caused by wrong 

decisions.  

The fourth revolution is the material and immaterial space that allows for the 

development of technologies that so-far were only in the sphere of dreams, 
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mathematical deductions and hypotheses of scientists. This revolution is autonomous 

cars, drones and robots connected by a computer network. Chat bots communicating 

with people, replacing assistants and henchmen. Figure 3 shows the relationships and 

data flow creating Industries 4.0.     

 
                

Fig.3. Factories of the future in the industry 4.0 

       

Brynjolfsson and McAfee, claim that this time the current revolution will bring us not only 

the automation of physical work that the third industrial revolution has brought about, 

but above all "computers and other digital technologies will do with the work of our 

brains what the steam engine and its successors have done with the work of our 

muscles"(Brynjolfsson, 2014). It should be noted that connectivity and data availability 

alone did not increase productivity because, contrary to appearances, ease of access 

to data overwhelmed workers with a lot of data. Employees focusing on a large amount 

of information started to omit relevant data. The interpenetrating real and virtual worlds 

have had and are having a significant impact on production and decision-making 

processes.  

Key for today's entrepreneurs, engineers, professionals and employees has become 

Alvin Toffler's saying that "The illiterates of the 21st century will not be those who do 

not know Excel or cannot program, but those who cannot learn, unlearn and relearn" 

(Chan, 2010). 

 

5. USE OF PROBLEM BASED LEARNING IN THE PROCESS OF 

IMPLEMENTATION INTO INDUSTRY 4.0 

There is no clear answer whether the problematic teaching method can become a 

panacea for problems related to the implementation of Industry 4.0 in modern 

production facilities. To offer any solution that could accelerate the implementation of 

engineers to new professional realities created by the current world of cyberspace and 

dynamically progressing automation and robotization (Graff and Kolmos, 2007).  The 

very essence of PBL has been repeatedly described and discussed. Different opinions 

on the effectiveness of PBL as a teaching and learning methodology have emerged 

(Hmelo-Silver, 2004). Hmelo-Siver C. in his study "What do you know about problem 

based learning? Current staus and future perespctive", he described 5 advantages of 

using problem-based learning in the engineering community (Hmelo-Silver, 2004): 

- it helps to acquire flexible knowledge.  
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- it effectively develops problem solving skills. 

- Creates independent learning of skills. 

- Effectively strengthens the ability to cooperate. 

- Internally motivates.   

Many studies have confirmed the advantages of PBL, although there has been 

little research on PBL's approaches to Industry 4.0 and its application to the quicker 

adaptation of employees to new realities of work. Research on medical, engineering 

and scientific education is widely documented, but there is a lack of research on the 

application of PBL to the realities of Industry 4.0 (Chan, 2010). On the basis of his 

research on a group of engineers, Chan K.G. has unequivocally determined that the 

use of teaching techniques such as problem and design teaching resulted in increased 

motivation to learn, creating better hypotheses, which became the basis for quicker 

reaching the goal and solving the problem/challenge (Othman at al., 2007). This is also 

confirmed by China C. and Chia G.L.'s research, claiming that problem-solving teaching 

methods including problem identification by students were more effective and thus 

shortening the time to introduce new knowledge in the process of teaching engineers 

(Chin at al., 2010). Students also became more involved in learning and became more 

creative and critical (Savitri at al., 2016). On the other hand, Graph and Colmos were 

convinced that PBL also contributes to the strengthening of interdisciplinary knowledge 

and skills. It has the potential to increase the cognitive competitiveness of individuals 

by eliminating barriers that may inhibit work processes and encourages students to use 

relevant and meaningful information in the actual situation (Graf and Kolmos, 2007). 

Problem based learning was born out of cognitive science, based on the simple premise 

that problems should not precede answers. The learning process begins with the 

presentation of an engaging problem, question or riddle to the student. Students 

discover course concepts for themselves by exploring the problem. However, 

participating in an educational event and researching it often provides an impulse to 

engage content and develop skills, as experts do in practice (Chan, 2010). 

Savitri B., Biplob R., Fariza S., claimed that PBL is also useful in the process of 

improving engineers' skills such as management, cooperation and communication, 

because the need to solve the problem encouraged cooperation, teamwork. In 

situations where a group of students emerged, they had to share their responsibilities 

and select a leader, which resulted in the development of their soft skills (Savitri at al., 

2016). Other more or less intended learning outcomes of problem-oriented teaching of 

engineers in the process of transformation to industry 4.0 are also worth considering 

(Baldassari and Roux, 2018):  

- ability to work on projects. 

- ability to work in a team. 

- Independent learning. 

Hmelo-Silver argued that future engineers in the face of transformation should regulate 

their own cognitive processes, adapting them to the requirements of the situation and 

the goals they pursue in it in order to identify what they do not "know and need to learn 

more about the solution to the problem (Hmelo-Sillver, 2004). Implement the new 

situation more quickly and take control of it. Identify more accurately the learning 

problems associated with the hypotheses by developing a well-defined starting point 

for your hypothesis in the plan you generate and incorporating new information into the 

problem solving. Ninan N., using the case study method, monitored and documented 

the results of pioneering research by students who undertook an entrepreneurship 
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program designed using PBL. They found that PBL emphasized active learning by 

solving problems from the "real world. A multi-solutions approach is likely to have an 

advantage if it is considered a pedagogical strategy for teaching engineers their 

adaptation to the dynamically changing work and living environment (Ninan at al., 

2019). Studies conducted by Ninan N., Roy C.,J., Thomas M.,R. on the PBL method 

have shown that students have been able to take a more proactive role in learning, 

have been more willing to develop self-management skills for their own learning and 

have been more independent in exploring and expanding their knowledge (Ninan at al., 

2019). Kivel R.J.'s research has also shown that PBL teaching can become both fun 

and difficult for students. They also stressed that they value communicative and 

interactive educational activities more than the traditional teaching method conducted 

by means of lectures (Kivela and Kivela, 2015).     

Brownell J., on the other hand, claimed that PBL uses the synergy between cognitive, 

emotional and behavioral learning. Although management education usually favors 

cognitive learning, affective learning is equally important.  PBL helps students to 

appreciate multiple perspectives, recognize irrational elements of decision making and 

address ethical issues. Together, cognitive and emotional learning form the basis for a 

third essential element: behavioural learning (Mohd, 2010). According to Posner, to 

integrate new concepts into existing trends . According to Posner, in order to integrate 

new concepts into existing teaching trends, a thorough restructuring of the entire 

knowledge structure is necessary. For students to be ready for restructuring, four 

conditions must be met: 

- dissatisfaction with existing concepts plus comprehensibility,  

- credibility, 

- the superiority of the new concept.  

The engineering knowledge is probably richer in structure. According to De Jong and 

Ferguson-Hessler, physical knowledge requires additional dynamic action-oriented 

structures to solve problems: knowledge that says what concepts, laws etc. can be used 

in a specific situation and how. The psychology of learning applied in the strict/technical 

field also sees learning as a constructive action. At first glance, especially in difficult 

abstract subjects such as mathematics and physics, it seems that telling students is 

more effective than letting them out to solve a problem. Harel and Kaput emphasize 

how important it is even to construct one's own language of notation in mathematics 

before using conventional notation. They point to the beneficial effect of collaborative 

learning in this process (Chan, 2010). In engineering, professional problem solving is 

of a different nature than in other scientific fields. The solution of a design problem 

involves the process of analysis, modelling, experimentation and realization, in which 

many choices have to be made. Developing new products and methods and applying 

existing knowledge in new situations is a key activity of engineers. Another important 

difference between engineering and other scientific disciplines is the time scale of the 

actual problem-solving process: designing a bridge takes more time than making a 

diagnosis, for example. In big engineering problems, smaller problems of mathematics, 

physics, etc. are embedded. Solving mathematical problems in engineering requires 

knowledge of mathematical concepts, ability to solve techniques and insight into 

relations between them (Mohd, 2010). Many aspects of mathematical problem solving 

of this kind can be learned very well in group work alternately with individual problem 

solving and interaction with the teacher. In addition to solving problems on their own, 

students must also observe realistic expert problem-solving to see strategies and 
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heuristics in action (Mohd, 2010). In an era of increasing globalization and digitization, 

the use of software and computer applications has become a standard, which makes 

insight more important than the ability to solve technical problems. However, this 

requires additional training in the use of these tools. As we have seen earlier, in solving 

physics problems in engineering, heuristics is less important, but it is more important to 

know the situations in which specific concepts and algorithms should be applied 

(Abersek, 2018). Part of solving engineering problems also involves "translating" 

physical problems into mathematical models. These embedded problems in 

mathematics and physics often have a smaller time scale compared to the PBL process, 

and the problems are of monodisciplinary origin. In conclusion, the acquisition of 

professional problem solving skills is very important in engineering education, but the 

PBL approach is insufficient and should be complemented by problem solving activities 

on a smaller time scale as well as on a larger time scale (Walsh, 2017). For smaller 

problems, group work with targeted individual or interactive tasks and teacher-led 

discussions are appropriate. PBL is possible as a partial strategy, in particular to 

demonstrate the context of the application in the early stages of the curriculum. For 

learning to solve large engineering problems, project work seems more appropriate as 

the time scale and scope of project activities better reflects reality (Walsh, 2017). Socio-

emotional aspects are equally important in project work and PBL, but technical-

organizational aspects are more important in project work. This makes the project work 

more interesting for engineering professionals. It states that lecturers in scientific and 

professional fields are more likely to use formal, didactic teaching methods and that 

they are less liberal in their approach to student learning. The conceptual models used 

in the teaching of engineers are an adaptation of the Crossan model or 4I: intuition, 

interpretation, integration, institutionalization, and feedback. In this model it is assumed 

that all activities undertaken within the framework of learning organization are important 

for Industry 4.0, in particular: management intuition, empowerment of employees, work 

in project teams, flexible organizational structure, horizontal communication, prevention 

of deviations, creativity, innovative competences and problem solving skills (Jenkin, 

2013).  Industry 4.0 gives organizations the opportunity to question the assumptions 

about how they have always acted in their organizations. In this context, leadership 

plays a decisive role in initiating change. This is in line with the findings of Vera and 

Crossan, who emphasize the importance of strategic leadership. The proposed 

conceptual model can be useful for further analysis and research on the importance of 

organizational learning for Industry 4.0 (Jenkin, 2013; Ślusarczyk, 2018). With its help, 

management staff can analyze the organization's readiness to implement Industry 4.0. 

This can facilitate decision-making in the context of adopting and implementing Industry 

4.0 and provide guidance for transforming organizational learning into tangible benefits. 

Above all, the implementation of Industry 4.0 requires management support, which 

encourages workers to seek new solutions to problems and engage in innovative 

behavior, including the use of Industry 4.0 [5]. Secondly, the framework of shared 

knowledge developed in the organization leads to the development of common 

meaning, consistent interpretation of problems and behaviours towards problems 

encountered by the organization. This importance results from a number of agreements 

generally accepted by employees (Baldassari and Roux, 2018). Thirdly, teamwork and 

cooperation of employees in solving problems accelerate decision-making processes 

and facilitate learning and innovation (Baldassari and Roux, 2018). Fourthly, a flat 

organisational structure accelerates the flow of information, contributes to the 
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independence of employees and increases the opportunities for employees to 

participate in discussions on Industry 4.0 and in decision making (Ninan, 2019).  

       

6. CONCLUSION  

Today's organizations are under strong competitive pressure to improve efficiency and 

meet the ever-increasing demand from customers who have highly personalized 

expectations for innovative products at competitive prices. This requires organizations 

to reduce costs, improve efficiency by increasing the level of integration, communication 

and collaboration between business processes, which in turn involves adopting 

innovative solutions. 

The emergence of Industry 4.0 is the answer, a kind of 'panacea', to the dynamics and 

complexity of adopting these new and rapidly developing concepts. However, Industry 

4.0 is a revolution in itself that demands a new, more thorough form of commitment 

from companies. The literature of the topic clearly indicates that only the learning 

organization will be able to take full advantage of the opportunities of the dynamically 

entering into our cyber-world, where all operations will take place here and now, in an 

"Online" mode. This paper uses publications in English from international educational 

databases, which have been used to demonstrate that problem-based learning has 

many positive learning outcomes. Above all, it supports the key skills of future engineers 

in order to ensure optimal use of engineering skills. These include skills such as critical 

thinking, clinical reasoning, group collaboration, problem solving, building professional 

knowledge, self-study and self-motivation to learn. 

The PBL has shown positive learning outcomes in many countries around the world, 

which shows that this teaching method can be applied in different conditions if, of 

course, this form of learning is well planned and implemented.  The publication also 

showed that there are still very few publications on the use of problem-based learning 

in the process of introducing engineers to the new realities of Industry 4.0 and this may 

be a starting point for further analyses of the importance of problem-based learning for 

Industry 4.0. 
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1. INTRODUCTION  

Today, if a company wants to achieve and maintain their competitive position on the 

market, must take into account the increasingly stringent quality criteria set by the 

customer. The quality of services perceived as a source of customer satisfaction. This 

factor, along with efficiency and costs, is now becoming an important element in the 

sustainability and development of each enterprise. Every company that wants to 

strengthen or maintain its position on the market in the future must try to make its offer 

attractive and diversified with new products and meet high quality standards. The key 

element of competitiveness is to adapt the offer to customer requirements. A special 

determinant of this point is the production on behalf of the client, fully personalized 

products (Brajer-Marczak, R., 2015.). This causes a significant increase in the number 

of products offered, which are part of the assortment, but often they are single-order 

products. In the customer service process, the company engages enormous resources, 

time and knowledge of its own employees, which must be supported by advanced 

production logistics and preparation of serial production.   

The flexibility of manufacturing systems allows manufacturers to easily adapt to the 

harsh conditions of today's environment. The difficulty of these conditions is caused by 

the necessity to change the parameters of products manufactured in short or medium 

series, or to change the characteristics of production materials, etc. The assortment 

may be changed and regulate the size of the series of manufactured products, which 
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are the basis for adjusting the offer to changing conditions. Most often, such procedures 

require retooling of machines in the production line. These issues are particularly 

important in the conditions of a market economy, which forces producers to be able to 

quickly respond to the needs of customers. Flexibility is obtained thanks to the 

advanced automation of production processes and changeover systems combined with 

computerization of production planning and control. The level of flexibility of the 

production system is determined by the scope of tasks performed in this system per 

unit of time (Kowalczyk, J., 2010; Mazur M., Momeni H., 2018; Ulewicz R., Novy F., 

2019). A flexible production control system that works well should ensure these results:  

 diversifying the range of manufactured products,  

 reduction of changeover times and time needed to activate new products,  

 shortening the production cycle time and reducing the work-in-progress stock,  

 the ability to better adapt to customer requirements (e.g. shorter delivery times, 

shorter series, more frequent changes of assortments). 

Flexible manufacturing systems are in particular dedicated to the full automation of 

small and medium-series production in the field of technologically similar items. The 

implementation of FMS requires the use of modern production equipment (Łasiński G. 

2007). But for technological processes in which such solutions are not offered or require 

far-reaching investment changes, a certain level of flexibility of manufacturing 

processes can be achieved through organizational changes. Without the need to 

purchase new devices or entire technological lines, the company also achieves 

flexibility by improving organizational processes. Such activities result in gaining 

benefits mainly in the time dimension. In the long run, such activities will result in the 

development of measurable financial benefits for the organization (Łunarski, J., 2008; 

Pacana A., Czerwińska K., 2019.). The financial benefits will result mainly from the 

shortening of the order fulfillment time and extending the effective time of the 

employee's work.   

The development of each enterprise is based on the consolidation and improvement of 

the existing standards by formulating new and higher goals. Development can be based 

on two approaches: innovation and Kaizen (Ingaldi, M., et all  2018; Jagusiak-Kocik, 

M., 2014). Innovation is fast, great and spectacular, and can produce significant results 

in a minimum amount of time, but requires the application of significant changes and 

financial resources. In the case of the Kaizen philosophy, it requires the action of the 

management towards continuous development using small, effective steps, based on 

the knowledge and experience of all employees of the company. This approach, in the 

first place, allows the development of the company's potential by desiring, changing 

and improving the processes that operate in the system (Jagusiak-Kocik, M., 2016; 

Knop K., et all 2018; Knop, K., Olejarz, E., Ulewicz, R., 2019). However, the most 

important element of this type of approach, is the human factor of the company. It is 

referred to as the most important factor of all changes in the company and only the 

appropriate motivation for planned activities is a determinant of success. By engaging 

employees as part of implementing the Kaizen philosophy, they are given the 

opportunity to create new or better standards. Such action also allows employees to 

develop a sense of ownership towards the organization, and thus - the discipline 

necessary to adapt to them (Nowicka-Skowron M., Ulewicz R., 2015). The approach to 

implementing changes is one piece of the puzzle, and the other is the selection of 

appropriate tools for identifying, prioritizing and implementing projects that improve 
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processes (technological and organizational). In this way, employees are involved in 

activities from the very beginning and create their own new working conditions. The 

Japanese approach to management and improvement, based on the Kaizen 

philosophy, includes a number of thematically diverse tools, such as: Poka-Yoke, 

SMED, Just InTime, Kanban cards, Heijunka, Jidoka, Andon, 5S practices, etc. 

 

2. SMED – reduction of machine setup time 

Case study is a form of research method that has been applied here. The analysis was 

made based on the description of the functioning of the workplace in the foundry. There, 

the working conditions were analyzed and a proposal for improving its organization was 

presented. The research used primarily the technique of observation, but also direct 

interviews and collecting and then analyzing documentation. The observations were 

focused on the guidelines of organizational changes related to the process of changing 

the casting mold at the workplace. These activities were carried out in accordance with 

the guidelines of the SMED method (Knop K., Ulewicz R., 2018; Liker J. K., Meier D., 

2006; Wolniak R. 2020).  

In the literature, the definition of the term "changeover" is the time that is counted from 

the moment of stopping the machine after producing the last good item from the 

previous batch, to starting the machine while producing the first good item of the next 

batch. " or simply definition: „the process of changing the production on the machine”. 

From this, the inference concerning the retooling process indicates that: this is the total 

number of activities that an operator or a maintenance worker should perform in order 

to start processing the next batch of the product (Pacana, A., et. all, 2016). This 

definition shows that a changeover is necessary but not part of the main process that 

indirectly adds value to the product. Due to the diversification of the changeover 

process in production, the organization of this process requires detailed preparation 

and organization (Marksberry P., Bustle J., Clevinger J. 2011). The measure of 

effectiveness for this approach is the time needed to change the production series at 

the workplace, supplemented with the correctness and completeness of individual 

activities. 

   

2.1. Theoretical foundations and assumptions  

The abbreviation SMED refers to the name Single Minute Exchange of Die, which 

clearly indicates the main purpose. The main goal is to perform all necessary tooling 

changes at the workplace in less than 10 minutes. In order to achieve this goal, detailed 

analyzes of activities during the changeover process and their proper organization are 

necessary, as well as the use of organizational techniques supporting the preparation 

for stopping the process and replacement of parts. The main developer of this method 

is S. Shingo, who has achieved a 40% reduction in setup times. The practical 

application of the guidelines of this method show the possibility of achieving the ratio of 

50-60%.  

The starting point for organizational work is the use of traditional solutions such as 

timing, string chart, and a verification board. Then appropriate organization each of the 

four stages of the retooling process, ie: Stage Zero – the stage of preparation and 

collection of information, i.e. registration of the retooling process which is carried out 

according to the old rules and analysis of the obtained results.  The first stage consists 

in separating the activities into external and internal activities, as well as listing 

unnecessary activities. The second stage is the transformation of internal activities into 
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external, to the extent that is possible in a given production technology. Stage three, 

which is a preparation for the improvement of all activities, with particular emphasis on 

internal activities.   

According to the assumptions of the SMED method, the work began with the registration 

of the setup process, which was carried out at the casting station. The casting 

processes are carried out on a stand equipped with a CNC machine tool, i.e. a partially 

automated process of tooling replacement (casting mold). The registered process of 

changing the form of the position was analyzed. The film was watched by a team of 

employees, including both managers and direct production workers. During the analysis 

of the film, the movements of all participants in the process were observed and the 

moments that required refinement were indicated. The main element of employees' 

activities were unnecessary movements that were performed by people handling the 

process. The work on the film, which was done by a group of employees, was also used 

to convince employees of the possibilities and the need to introduce organizational 

changes. And their own ideas for change are the basis for employee involvement in the 

entire change process. 

 

2.2. Workplace Observation Results  

A spaghetti chart has been developed, which shows all the paths that the worker has 

taken throughout the changeover process. The chart covered the paths between four 

CNC machine tool stations, a tool table, a storage area and stop warehouses. The 

entire process took 57 minutes, and the distance traveled many times by the employee 

was estimated at 1,200 meters. The main reason for the movement of employees was 

the search for tools and assembly elements for foundry molds. Machines and tools were 

not organized in any clear pattern. The places where the tools were put away are 

completely random places. Therefore, the first basic element of the changes was the 

introduction of an organized way of storing tools. At each of the processing stations, 

there is a cabinet with space for basic tools.  

The steps taken by the operator are presented in Table 1. The activities have been 

described taking into account the times necessary to complete them. All final 

observations and measurements were made while watching the film. During the 

projection, the times of individual movements made by the operator in the subsequent 

minutes of the retooling process were measured, which is presented in Table 1. 

 

Table 1.  

Activities performed while setting up the machine, including unit time 

No. Actions Time 
[min] 

Distance 
[m] 

1 Delivery of semi-finished products  2:10 18 

2 Delivery of a pallet truck 1:31 60 

3 Organization, preparation of the workplace 4:13 - 

4 Pallet delivery  0:18 10 

5 Delivery of a pallet collector 0:35 20 

6 Technical drawing location 2: 23 80 

7 Cleaning the machine with compressed air 0:41 - 

8 Delivery of the template from the rack 1:55 8 

9 Setting the template on the machine  10:53 0 
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10 Delivering a ruler to the workplace 2:43 26 

11 Delivery of the gasket from the tool cabinet 0:48 8 

12 Delivery of tools 1:16 26 

13 Supply of pins to secure the machine 0:42 26 

14 Setting of machine parameters, such as 

program setting, speed and reference points 

5:46 - 

15 Approval of the program on the computer 0:08 6 

16 Changing the cutting inserts 5:42 - 

17 Delivering the appropriate tools from a tool 

cabinet 

0:20 8 

18 Bringing tools from another machine 1:02 26 

19 Replacing the cutter and setting the correct 

height 

4:26 - 

20 Switch on the vacuum pump 0:40 - 

21 Adjusting the pressure of the gasket to the 

semi-finished product 

2:24 - 

22 Turning on the machine 2:14 - 

23 Attach the cover 0:51 - 

24 Surface milling test and cutter depth 

adjustment 

1:26 - 

25 Correction of machine settings 1:35 - 

 Sum  56:42 322 

 

Installing the template on the machine takes the most time in the process of setting up 

the machine. It is interesting that it is not related to the distance traveled, but precisely 

to the precise setting on the machine. Based on a long discussion, during a team 

meeting, the reasons for the time lapse in the changeover process were identified and 

a number of conclusions were made.  

It has been established that the large losses of time are the result of the lack of 

permanent places for tools. A lot of chaos is created when an employee has to look for 

them almost constantly. If the tools have a specific place, there is no need to waste time 

looking for them around the workshop. Another problem also related to tools is the lack 

of appropriate rack markings and the possibility of identifying the place by all 

employees. A very important problem is the habits of employees who do not put away 

their tools constantly in the same places. Another problem is the lack of transmission 

of technical drawings together with semi-finished products. There is also no 

appropriate, designated area for devices such as pallets, a pallet truck or stands 

needed for retooling.  

 

3. ASSUMPTIONS OF ORGANIZATIONAL CHANGES AT THE WORK STATION 

After diagnosing the current condition, an analysis of the causes was performed. Then 

a plan was developed for the implementation of activities that will improve the retooling 

process. In this regard, teamwork and brainstorming activities were used, based on 

successive film screenings and discussions. First, the focus was on the appropriate 

marking of tools, they were divided into two groups (more and less used). The list of 

tools has been developed and supplemented with information on where they will be 

stored. It was also decided that it was necessary to eliminate all tools that are not used 



Quality Production Improvement                                                                       QPI vol. 2, 2020                    136 

at all or are damaged or worn. The usefulness and efficiency of individual tools were 

analyzed - with the use of a red card plan. The storage organization was also 

supplemented with the implementation of storage place labels for all tools and a shadow 

board was used. The necessity to clean the workplace was also indicated, this 

obligation was included in the workplace instructions.  

However, the changes introduced were not limited to the organization of the tool park. 

As a consequence, it allowed for large changes in the movement of employees in 

search of the required tools. Further changes included CNC machining stations. The 

number of processing stations in the production hall has been divided into two operators 

who perform changeovers. Each employee had to carry out retooling for two positions 

and each employee received his own set of tools necessary for their implementation.  

The place where the tools are stored has been equipped with wheels, which makes the 

station with tools fully mobile and each time they are transported to a dedicated 

workplace. This solution eliminates the need to travel to the tool cabinet, overall 

reducing time, even in the case of incorrect or incomplete tooling. There was also 

thought about such a solution helping in the organization of work, which is the work 

standardization card, as well as another document, which is the standard compliance 

control card. These documents require employees to fully engage in changes and 

provide detailed guidelines on how to implement the process according to the new 

order. Preparation of the operator until the stoppage of the device and the replacement 

of tooling (internal retooling) included the implementation of a checklist of elements 

necessary to make changes. The chek list, which is used each time, allows for reliable 

preparation of tools and verification of their completeness. While the machine is 

working, the operator can easily prepare all the necessary elements to carry out the 

mold change next to the station where the change will be. Then, when the machine 

stops working, the worker prepared in this way can make the necessary movements 

related to the new setting. This element of improvement requires full motivation on the 

part of employees, due to their habits and length of service.  

It was assumed that the changes in the work organization at the operator's position will 

be clear and will shorten his work by at least 10-12 minutes. In accordance with the 

assumption of the task, the period of the retooling process according to the new 

guidelines included a week of two-shift work. After this period, the duration of the stages 

of retooling at work stations was once again analyzed and the results are presented in 

Table 2. 

 

Table 2.  

Activities performed while setting up the machine, including unit time - after improvement. 

No. Actions Time 
[min] 

Distance 
[m] 

1 Delivery of semi-finished products  2:10 18 

2 Delivery of a pallet truck 1:31 60 

3 Organization, preparation of the workplace 4:13 - 

4 Pallet delivery  0:18 10 

5 Delivery of a pallet collector 0:35 20 

6 Technical drawing location 2: 23 80 

7 Cleaning the machine with compressed air 0:41 - 

8 Delivery of the template from the rack 1:55 8 
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9 Setting the template on the machine  5:24 0 

10 Delivering a ruler to the workplace 0:00 - 

11 Delivery of the gasket from the tool cabinet 0:00 - 

12 Delivery of tools 0:00 - 

13 Supply of pins to secure the machine 0:00 - 

14 Setting of machine parameters, such as 

program setting, speed and reference points 

5:46 - 

15 Approval of the program on the computer 0:08 6 

16 Changing the cutting inserts 4:40 - 

17 Delivering the appropriate tools from a tool 

cabinet 

0:20 8 

18 Bringing tools from another machine 0:00 - 

19 Replacing the cutter and setting the correct 

height 

4:26 - 

20 Switch on the vacuum pump 0:40 - 

21 Adjusting the pressure of the gasket to the 

semi-finished product 

2:24 - 

22 Turning on the machine 2:14 - 

23 Attach the cover 0:51 - 

24 Surface milling test and cutter depth 

adjustment 

1:26 - 

25 Correction of machine settings 1:35 - 

 Sum  44:42 210 

 

The total setup time was reduced by 12 minutes. The distance that an employee has to 

cover during this process has also decreased significantly. The distance factor is an 

important determinant for the employees themselves and a motivator for further 

improvement. The operation duration factor is an absolute value for the management, 

showing the possibility of saving working time at work stations. This indicator directly 

reflects the possibility of increasing the amount of production 

 

4. SUMMARY 

The effectiveness of applying small organizational changes is clearly visible, which 

translates into time savings in the changeover process. The application of the SMED 

method mainly focuses on changing the internal to external conversion. These changes 

mainly concerned the completion of tools and equipment and their proper organization. 

Appropriate and well-thought-out organization of the tooling significantly shorten the 

time needed to identify them during changeover. Employees involved in organizational 

changes independently look for new solutions for subsequent changes. These 

assumptions are confirmed by reducing the duration to zero of all activities related to 

the preparation of tools. Such activities do not mean that they have been eliminated, 

but they are carried out while the machine is still producing, and therefore do not 

constitute a waste of effective production time. 

The differences are clearly visible, after the first phase of applying the new solution. 

The time needed to change one machine, calculated as 56.42 minutes, which was 

recorded on the film, was shortened after some innovations were introduced to 44.42 

minutes. This is a very good result, assuming that only attempts were made to use this 
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method. The 12 minutes saved in the setup time of one machine must be multiplied by 

four machining stations in one shift only. Additionally, the average number of equipment 

changeovers during the weekly working time was 1.3 per one machine. The time 

savings per working day and working week were 62 minutes and 624 minutes per week.  

Production equipment works efficiently during one day by over an hour, which allows 

for an increase in the number of products produced during this period. In total, four 

machines produce from 12 to 41 items a day (depending on the size and complexity of 

the mold). In terms of the amount of products, the daily profit of the company in the 

saved time amounted to 412 to 902 PLN. Considering the issue in the long run 

increases the effective use of the machine park and results in real savings. 

 The developed effects of the work of CNC machine tools allow for further searching for 

organizational solutions at subsequent work stations in the enterprise. It is the basis for 

organizational changes, and in the long term, and for investment. 
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Abstract: Modern industry confronts engineers completely new challenges. Technical 

skills in the light of the ongoing changes are no longer the only criterion for the effective 

work of engineers. On the other hand, engineers clearly show the need for development 

and taking new challenges. The need for a comprehensive acquisition of competences 

in both technical and psychosocial areas is increasingly expressed. Paper presents a 

model of employee competences essential for the future of enterprises operating in the 

Industry 4.0, which was created with using the Value Engineering methodology. 
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1. INTRODUCTION  

Dynamic changes on global and European markets have an increasing importance for 

local labor markets. The demand for professional competences is changing since some 

professions fade and others are under deep transformation. There are completely new 

classes requiring employees different from the previous kits of knowledge and skills. 

Enterprises face the question which competences that will be necessary and which will 

have high demand of them in the 2040 perspective.  

The progressing industrial revolution changes not only production, but also the labor 

market. There is a need for new professions related to programming, operation and 

control of machines and their integration with the production system. As participants in 

this revolution, managers and employees must develop the capacity of continuous 

learning and continuous self-development. 

When considering the issue of Industry 4.0, technologies and machines are the most 

often considered. However, the pace of Industry 4.0 development and its success 

largely depends on people. Therefore, a need arises to discuss what features and 

competences an employee 4.0 should have. 

After three industrial revolutions, a fourth is coming, taking production to a higher level. 

Industry 4.0 is a very fast technological development. Until 20 years ago, few people 

could have foreseen the real scale of technology's impact on the nature of work and 

workplace culture. Revolution 4.0 is changing the way the people live and work. 
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Technological development, virtual reality or, in the long term, artificial intelligence is 

changing the competency model of employees. Today it is no longer possible to talk 

about rigid competency models assigned to specific groups of positions or 

specializations. One of the most important issues is developing competences outside 

of the own field. Many professions permeate, and the competences of one professional 

profile become necessary in the next. When viewed from the perspective of hard skills, 

technical and cyber technical competences are key. 

Until recently, an engineer was then associated with technical competences, but a 

change was already taking place and soft skills, group work skills, knowledge of foreign 

languages and sales competences were also expected of him. Unfortunately, the 

problem arose already at the stage of educating staff at universities. At that time, there 

were no items that would adapt engineers to the expectations of the labor market. The 

need to develop a wide range of new so-called hard skills and an unprecedented 

number of innovations in the 4.0 manufacturing process mean that soft skills are 

becoming more important than ever, although of course technical and cyber technical 

competences come first. Equally important, however, is creativity, understood as a 

business competence - almost every job advertisement in the first place mentions the 

words "creative" and "innovative" in terms of personality requirements. Another 

important issue relating to soft skills is the ability to reason logically and analyze data. 

In the past, the latter was reserved for professions such as financial analysts. Today, in 

such a dynamically changing environment, data collection and analysis are essential in 

every professional area. This is related to another desirable feature - the ability to act 

quickly and make strategic decisions. Among the most important abilities is currently 

combining knowledge from many fields and flexibility what is expected today by both 

the employer and the employee. In preparation for the change, the labor market has to 

keep in mind that the labor market enters Millennium generation. They, in particular, 

expect autonomy at work, but also flexible forms of employment. Likewise, employers 

today expect unusual working hours and work in an international and intercultural 

environment. Project management competencies are also more and more important - 

in today's dynamic economy, efficient project implementation. Competency models of 

people responsible for the implementation of key projects for companies are signposts 

supporting the company in defining the need for specific skills and experience of project 

managers. 

The history of Polish entrepreneurship provides information that term of the competency 

management is dated back to the 1990s. However, term of competency goes back to 

ancient times (Filipowicz, 2014). The word competetina meant responsibility, 

compliance, readiness for something. The root of this expression is the term competere 

- to be fit for something, to agree, or competentes - suitable, capable (Kossowska, 

2002). In 1990, Gary Hamel (lecturer at London Business School) and C.K. Prahalad 

(from the University of Michigan), published in 1990 in the Harvard Business Review, 

the article The core competence of the corporation. In it, they described the different 

approaches of large American companies to management strategies and increasing 

market efficiency. They noticed that some organizations have a set of core competence, 

which makes them competitive, is their greatest strength on the market. When it was 

noticed that the description of such competencies of an organization helps to create a 

strategy of competitiveness and intensify activities to achieve the goal, this mechanism 

was started to be used to describe not only the organization, but also its members. This 

is how the competency model was created (Prahalad and Hamer, 1990). 
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Competences are defined in general and detailed terms (Armstrong, 2005). General 

competencies are required of all those who practice the profession or all those working 

in similar positions: 

1. Competence is the ability of the employee to act to achieve the intended goal in 

the given conditions by specific means; it is also the whole of the employee's 

knowledge, skills, attitudes, experience and readiness to act in specific 

conditions, including the ability to adapt to change these conditions (Thierry, et 

al., 1994). 

2. Competencies are a set of behaviors that certain people master better than 

others, which makes them work more effectively and efficiently in a given 

situation (Levy-Leboyer, 1997). 

3. Competences represent the potential contributing to the achievement of 

specific, measurable results (Armstrong, 2000). 

4. Competences include all relatively permanent human properties that create a 

cause-and-effect relationship with the high or above-average work results 

achieved by him, which have a universal dimension (Pocztowski, 2003). 

In detail, competences mean: 

1. Knowledge, skills, abilities or personality traits that directly affect the results of 

a person's job (Becker and Huselid, 2002). 

2. All the features that employees have, i.e. knowledge, skills, experience, abilities, 

ambitions, values, styles of action, the possession, development and use of 

which by employees enable the implementation of the company's strategy in 

which they are employed (Rostowski, 2004). 

3. A set of characteristics of a person, which consists of elements characteristic 

for this person, such as motivation, personality traits, skills, self-esteem related 

to functioning in a group, and the knowledge that the person has acquired and 

uses (Whiddett and Hollyforde, 2003). 

Lucia and Lepsinger provide definition of a competency known as a cluster of related 

knowledge, skills, and attitudes that affects a major part of one’s job (a role or 

responsibility), that correlates with performance on the job, that can be measured 

against well-accepted standards, and that can be improved via training and 

development. So a competency is bigger than a skill, includes knowledge, connects to 

performance, and can be improved. That’s one competency when treated in isolation. 

We get even more power from a competency model: the integrated set of competencies 

required for excellent performance (Lucia and Lepsinger, 1999). 

Given the turbulent practice environment, and the magnitude and pace of the growth of 

competency modeling, it is not surprising that practitioners and Consumers of human 

resource services alike are looking for some meaningful reference points to guide their 

work. To aid in this effort, the Society for Industrial and Organizational Psychology 

(SIOP) commissioned a task force in September 1997 to investigate and review the 

practice of competency modeling (Shippmann, 2006). 

The use of competency methods as the basis for human resource management has 

become widespread in the United States and is gaining a foothold in international HR 

practice (Athey and Orth, 1999). Competencies have attracted much attention in large 

US corporations, and there is growing interest in competencies in medium-sized and 

smaller organizations. Interest in using competencies as a foundation for human 

resource management programmes stems from continued downsizing in organizations, 

declining profit margins, increasing market volatility in many industries, and growing 
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acceptance of behaviorally-based research. Training and development professionals 

use competency models to identify organization-specific competencies with a view in 

mind of improving human performance (Rothwell and Lindholm, 1999). 

One of the elements of the competency management system is the competency model 

developed in the company. Such a model, including competency profiles, is a tool used 

in the human resource management process, both in planning employment in its 

strategic dimension, as well as in recruitment and selection. It enables an objective and 

standardized assessment of personnel competencies as well as the creation and 

implementation of systems for increasing the level of employee competencies. The 

condition for success, i.e. effective implementation of the model in the organization, is 

its consistency with the strategy and culture of the organization, and the implemented 

competency model ensures an appropriate level of human resources competences and 

achieving a high level of work efficiency, and enables employees to be prepared for 

possible future changes in the organization (Malinowska and Wekselberg, 2014; 

Wojtas-Klima, 2014). A company that has implemented competency-based systems 

can transparently determine the future needs of the size of employment, as well as the 

competences of future employees (Juchowicz and Sienkiewicz, 2006). 

Paper presents example of the model of employee competences essential for the future 

of enterprises operating in the Industry 4.0. The model was created with using the Value 

Engineering methodology. Analysis presented in the paper shows research results of 

Polish enterprises implementing competences models as the reply to challenges of 

Industry 4.0. 

 

2. METHODOLOGY OF RESEARCH  

For the study, it was assumed that the competence model in an organization is a set of 

features that are the most important for the efficient functioning and development of an 

enterprise. Competences are grouped and matched to individual positions. 

Competence is understood as a set of features and behaviors that are important in the 

functioning of a specific organization. Employees' competences include: knowledge, 

skills, talents, styles of action, personality, principles, interests. These competences 

should be determined taking into account the impact on the effectiveness of activities 

in a given position. When creating competency models, it is worth grouping them into 

several categories.  

There are two competency models: 

 quantitative competency model - it consists in categorizing individual 

competences in terms of the number of required behaviors. It is about assigning 

an employee's level of competencies to the following levels: low, medium, high, 

etc. - the more skills they have, the higher the level in the model; 

 qualitative competency model - in this case, the levels of behavior differ in terms 

of behavior. It consists in delimiting the extent to which a given competence is 

used by an employee. 

Building a competency model can be simplified in a few steps. First, the most important 

competences are selected from the perspective of the entire organization and individual 

positions. Next, behaviors are described (behavioral description) that exemplify the use 

of a given skill and adjusted to a quantitative or qualitative model (setting levels or 

quality of competences). At a later stage, the required level of competence for individual 

positions is established. Finally, the model is validated and incorporated into a human 

resource management strategy. The competency model was prepared on the basis of: 
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• the specificity and strategic plans of the organization, 

• best practices in management by competences, 

• legal provisions and regulations; 

• consultations with representatives of the organization. 

Competence model applied in the research analysis was presented in figure 1. 

Capability is related to: nature, character, personality, quality, features, skill (social and 

technical). Capabilities are evaluated with using scale 0÷3. Employees and employers 

evaluate own interest in the evaluated capability from the point of own view. Employer 

evaluate the importance of capability (interest) in the context of the enterprise’s core, 

strategy and clients requirements. 

 

 
Fig. 1. Skill Matrix Template 

Source: based on Skill-Matrix-Template 

 

Competence model was supported by idea of Value Engineering stages presented in 

the figure 2. 

 
Fig. 2. Value Engineering stages 

Source: Chakravarthy, 2018. 
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VE is an organized/systematic approach directed at analyzing the function of systems, 

equipment, facilities, services, and supplies for the purpose of achieving their 

essential functions at the lowest life-cycle cost consistent with required performance, 

reliability, quality, and safety (Office of Management and Budget, 1993). 

In fundamental terms, VE is an organized way of thinking or looking at an item or a 

process through a functional approach. It involves an objective appraisal of functions 

performed by parts, components, products, equipment, procedures, services, and so 

on— anything that costs money. VE is performed to eliminate or modify any element 

that significantly contributes to the overall cost without adding commensurate value to 

the overall function (Mandelbaum and Reed, 2006). 

Digital transformation is a process to which most manufacturing plants are intentionally 

open. In terms of the analyzed enterprises, only 5% of the respondents stated that their 

companies did not plan to change the use of data and processes, communication 

methods, etc., so as to make full use of the opportunities offered by digital technologies. 

Currently, engineers do not see radical changes in digital transformation at the level of 

individual requirements or challenges that they will have to meet. Engineers do not feel 

that the changes aimed at implementing the transformation significantly affect the 

expectations that the employer has for employees regarding, for example, digital 

competences. On the one hand, it may mean belief in the currently possessed 

competences or the belief in the ability to easily and quickly acquire new ones, on the 

other hand, it cannot be ruled out that some engineers are not fully aware of what kind 

of new qualifications will be necessary in a full digital transformation. Among the various 

competences of an engineer, the employees considered technical skills as the most 

important, requiring knowledge and understanding of the production process (93%). 

Personal skills (89%), which include: analytical thinking, problem solving, as well as 

personal qualities, such as readiness for continuous learning, ranked slightly lower. 

Over 80% of respondents considered social skills related to communication and 

cooperation with other people, understanding their needs, leadership as well as 

establishing and maintaining business contacts as definitely important or rather 

important. The prospect of transforming the engineering profession and taking over the 

role of a change leader is more obvious to representatives of this profession with a 

shorter employment history. Among the youngest respondents, the percentage 

expecting the evolution of the engineering profession was as high as 84%. However, 

also for engineers with longer experience, a change in competences connected with 

the profession of an engineer seems inevitable (65%). 

Employee representatives and unions sometimes assume that there is no difference 

between ‘good’ and ‘bad’, higher-value and lower-value work. On this view ‘work is 

work’, so there has to be equal pay for equal work. Therefore, employee representatives 

are generally against variable remuneration and flexible working hours. 

 

3. INDUSTRY 4.0 AND COMPETENCES 

Industry 4.0 (German: Industrie 4.0) is a general term used to describe technical 

innovations and concepts of value chain organisation that change industrial production 

in a revolutionary way.  

Industry 4.0 is an area in which the Internet of Things plays a big role, thanks to 

intelligent machines that work together and communicate with users. Industry 4.0 is 

based on connected systems that seamlessly support activities along the entire value 
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chain and create a fully digital landscape. This means lowering costs, improving the 

efficiency, speed and scale of production, as well as better products and services.  

Automation is not a new phenomenon; industrial robots have been a fixture on factory 

floors for several decades and software algorithms help logistics companies optimize 

the route planning of deliveries in a faster and more efficient manner than human route 

planners could. McKinsey Global Institute stated in the report, that about 50% of the 

time spent on work activities in the global economy could theoretically be automated by 

adapting currently demonstrated technologies. As research reports confirm, automation 

could replace 9% to 26% of the work hours in six countries by 2030. Taking into account 

the technical, economic and social factors affecting the pace and extent of automation, 

described above, the proportion of work actually displaced by 2030 will likely be lower. 

It is estimated that up to 30% of current work activities could be displaced by 2030, with 

a midpoint of 15%, or the hours of about 400 million full-time equivalents (McKinsey 

Global Institute, 2017). Nissan, for example, has halved the time it takes to move from 

final product design to production thanks to an automated system, while BMW has 

reduced machine downtime by 30 to 40 percent—effectively generating fresh 

economies of scale with minimal investment—through AI-enabled condition-based 

maintenance (Chui, 2017). It is estimated that 60 million to 375 million individuals 

around the world may need to transition to new occupational categories by 2030 , in the 

event of midpoint or early automation adoption (although that number would be 

negligible in 2030 in our edge case slow automation adoption scenario). Nearly all jobs 

will involve a shifting mix of tasks and activities. Within occupations, the mix of activities 

and the capabilities required will skew toward more personal interactions and more 

advanced levels of cognitive capabilities. Educational requirements will also change: 

net of automation, a greater share of jobs in the future will likely require higher levels of 

educational attainment (McKinsey Global Institute, 2017). 

From the employer's point of view, it is very important to verify what competences they 

have and what they will have to acquire from the market. Often the biggest challenge is 

to change the mindset and approach to work in order to put machines into production 

plants at all. According to the McKinsey 2016 report, so far the level of digitization of 

the Polish economy is 34%. lower than that of Western Europe, which in turn lags 

behind the United States. However, when the transformation in our country is already 

at an advanced level, the way of performing work and its place will have to change, 

which in turn will force changes in the method of management. In addition, many laws 

and regulations will have to be adapted to broadly understood digitization. The pace of 

these changes must be very fast, and the transforming business models will 

immediately translate into acquired competences. All this shows how important the 

ability of government, society, corporations and employees to proactively adapt to the 

situation will play. The digitization of the economy will create a completely new, flexible 

work environment. Education systems, vocational education and training related to 

work activities will have to adapt to the changing requirements of the labor market. 

The need for workers in production and assembly, as well as performing routine mental 

tasks such as production planning, may decrease. On the other hand, the demand for 

employees with technical competences in the IT area will increase significantly, e.g. 

dealing with programming, data analysis, designing IT solutions and interfaces for 

machine users, as well as for employees from research and development areas. 

The dynamics of the changes taking place mainly results from the emergence of 

completely new technological areas, which force the development of new competences. 
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Industry 4.0 creates new interactions between humans and robots. These interactions 

significantly affect the way work is performed and organizational structures in the 

enterprise. New specializations will appear mainly in the field of engineering. Engineers 

must develop in the coordination of robots, as simulation experts or, for example, 

service engineers using digital technologies in place of a service technician. In turn, the 

development of R&D departments requires that companies acquire R&D, IT and digital 

support systems competences. 

Currently, higher education offers specialized, albeit narrow specializations. Industry 

4.0 expects knowledge from many fields to be combined. A huge challenge for technical 

universities is the implementation of soft skills science, and for humanities universities 

- enabling the use of technological tools. Postgraduate courses in Industry 4.0 and 

taking into account subjects in specific fields are already beginning to appear, so it is 

visible that the study programs are adapted to the market expectations. Although 

universities have been cooperating with industry for years with varying degrees of 

success, today there is no modern competence center in this process, adapted to the 

expectations of the fourth industrial revolution. The answer to this is the idea of 

establishing at the Silesian University of Technology - in cooperation with the Katowice 

Special Economic Zone and with the possible support of the Ministry of Development - 

the so-called factories 4.0. Unfortunately, this cooperation is still not the same as, for 

example, in the USA, where universities actually cooperate with business and adjust 

their education programs to the needs of the economy. They also cooperate with 

companies in Poland, supporting their development. 

 

4. CONCLUSION 

The competency system allows you to plan activities such as: 

 Recruitment and selection - competence descriptions allow you to create a 

detailed profile of the candidate and select recruitment and selection tools. 

Knowing the required competences makes it easier to find the right employee. 

 Adaptation of new employees - the competency model is an excellent source of 

information for a new employee about the company's expectations and criteria 

for assessing behavior, attitudes and work results. 

 Employee assessment - the competency model facilitates the implementation 

of audit projects (AC / DC) and employee assessment systems (180 ° and 360 

° assessments), during which employees' competencies must be determined 

anyway. 

 Career paths - the competency model is also useful when planning promotions 

- knowing the required competences in a higher position, everyone knows what 

needs to be achieved to climb up. 

 Training - in the competency model, competency gaps are defined. 

 

 

 

 

 

 

 

 



Quality Production Improvement                                                                       QPI vol. 2, 2020                       148 

REFERENCE 

Armstrong, M, 2005, Zarządzanie zasobami ludzkimi, Oficyna Ekonomiczna, Kraków, 

pp. 245. 

Armstrong, M, 2000, Zarządzanie zasobami ludzkimi, Dom Wydawniczy ABC, Kraków, 

pp. 241.  

Athey, T.R., Orth, M.S., 1999, Emerging competency methods for the future, Human 

Resource Management, Fall 1999, Vol. 38, No. 3, pp. 215–226 

Becker, B.E, Huselid, M.E., 2002, Karta wyników zarządzania zasobami ludzkimi, 

Oficyna Ekonomiczna, Kraków 2002, pp. 162 

Chakravarthy, K., 2018, A study on value engineering and green buildings in residential 

construction, International Journal of Civil Engineering and Technology (IJCIET), 

Volume 9, Issue 1, January 2018, pp. 900–907, Article ID: IJCIET_09_01_088, pp. 

900 - 907 

Chojnacka, U. 2017. Pracownik 4.0 HR w obliczu cyfryzacji i automatyzacji. WNP.PL 

Portal Gospodarczy. Automatyka, https://www.wnp.pl/wiadomosci/pracownik-4-0-

hr-w-obliczu-cyfryzacji-i-automatyzacji,306693.html 

Chui, M., George, K., Miremadi, M., 2017, A CEO action plan for workplace automation, 

McKinsey Quarterly. 

Filipowicz, G., 2014, Zarządzanie kompetencjami perspektywa firmowa i osobista, 

Oficyna Wolters Kluwer business, Warszawa, pp. 11. 

Juchowicz, M., Sienkiewicz, Ł., 2006, Jak ocenić pracę? Wartość stanowisk i 

kompetencji, Wydawnictwo Difin, Warszawa, pp. 119.  

Kossowska, M, Sołtysińska, I., 2002, Szkolenia pracowników a rozwój organizacji, 

Oficyna Ekonomiczna, Kraków, pp. 14. 

Levy-Leboyer, C., 1997, Kierowanie kompetencjami. Bilans doświadczeń, Poltext, 

Warszawa, pp. 32.  

Lucia, A.D., Lepsinger, R., 1999, The Art and Science of Competency Models, Jossey-

Bass / Pfeiffer, San Francisco, pp. 34. 

Malinowska, D., Wekselberg, V., 2014, (Po)waga profesjonalizmu, INFOR, 

http://www.irb.pl/imgcust/czytelnia/Po_waga_profesjonalizmu.pdf, data: 10.03.14. 

Mandelbaum, J., Reed, D.L., 2006,  Value Engineering Handbook, Institute For 

Defence Analyses, pp. 21. 

McKinsey Quarterly, 2017, Jobs lost, Jobs gained: Workforce transitions in a time of 

automation, McKinsey& Company 

Office of Management and Budget, 1993, Value Engineering, Circular No. A-131, May 

21, available at http://www.whitehouse.gov/omb/circulars/a131/a131.htm 

Pocztowski, A., 2003, Zarządzanie zasobami ludzkimi. Strategie  procesy  metody, 

PWE, Warszawa, pp. 153. 

Prahalad, C.K., Hamel, G., 1990, The core competence of the Corporation, Harvard 

Business Review, pp. 1-15 

Rostowski, T., 2004, Nowoczesne metody zarządzania zasobami ludzkimi, Difin, 

Warszawa, pp. 41. 

Rothwell, W.J., Lindholm, J.E., 1999, Competency identification, modelling and 

assessment in the USA, International Journal of Training and Development, pp. 90 

– 105. 

Shippmann, J.S., Ash, R.A., Batjtsta, M., Car, L., Eyde, L., D., Hesketh, B., Kehoe, J., 

Pearlman, K., Prien, E., P., Sanches, J., I., 2006, The practice of competency 

https://www.wnp.pl/wiadomosci/pracownik-4-0-hr-w-obliczu-cyfryzacji-i-automatyzacji,306693.html
https://www.wnp.pl/wiadomosci/pracownik-4-0-hr-w-obliczu-cyfryzacji-i-automatyzacji,306693.html


149                                                                                                                                        Section: MANAGEMENT 

modeling, Personnel Psychology, https://doi.org/10.1111/j.1744-

6570.2000.tb00220.x 

Thierry, D., Sauret, Ch., Monod, N., 1994, Zatrudnienie i kompetencje w 

przedsiębiorstwach w procesach zmian, Poltext, Warszawa, pp. 6.  

Whiddett, S., Hollyforde, S., 2003, Modele kompetencyjne w zarządzaniu zasobami 

ludzkimi, Oficyna Ekonomiczna, Kraków, pp.13.  

Wojtas-Klima, M., 2014, Istota tworzenia modeli kompetencji w przeprowadzeniu 

efektywnej rekrutacji i selekcji pracowników, Zeszyty Naukowe Politechniki Śląskiej, 

Seria: Organizacja i Zarządzanie, Z. 27, Nr kol. 1918. 

Żywiołek J., 2019, Quality and Security of Information Stored in Employees' Mobile 

Devices, Quality - Yesterday, Today, Tomorrow (red.) DRLJACA Miroslav, Croatian 

Quality Managers Society, Zagreb, pp. 487-501 

Żywiołek J., Idzikowski A., 2019, Phenomena Threatening the Security of the Enterprise 

in Terms of Processed Information and Knowledge, How to Prevent SMEs Failure 

(Actions Based on Comparative Analysis in Visegrad Countries and Serbia) (red.) 

MIHAJLOVIC Ivan, University of Belgrade, Technical Faculty in Bor, Engineering 

Management Department (EMD), Bor, pp. 260-276. 

 

 

 

 

https://doi.org/10.1111/j.1744-6570.2000.tb00220.x
https://doi.org/10.1111/j.1744-6570.2000.tb00220.x


 
QPI 2020, volume 2, pp. 150-161 

 

 

ANALYSIS PROCEDURE OF INSPECTION ERRORS BASED ON 

MSA ATTRIBUTE STUDY DATA SET FOR THE IMPROVEMENT 

PURPOSES: PART 1 – METHODOLODGY 
 

oi:  

Date of submission of the article to the Editor:  29/06/2020 

Date of acceptance of the article by the Editor: 30/07/2020 

 

 

Krzysztof Knop1 – orcid id: 0000-0003-0842-9584 

1Czestochowa University of Technology, Poland  

  

Abstract: The article presents an authorship version of the analysis procedure of data 

set from MSA Attribute Study for the purposes related to the reduction of conformity 

assessment errors and improvement of production process effectiveness. The MSA 

manual does not include any clear guidelines on how to eliminate errors or guidelines 

on how to analyse data sets from attribute study to eliminate errors. The article attempts 

to fill the gap identified in this field. In this article (Part 1), the author outlines the key 

features of own methodology of analysis data from MSA attribute study. In this article, 

which is one of the two parts, a research problem has been identified. It was 

emphasised that the influence on the reduction of the effectiveness of the production 

process have errors committed by the controllers in the alternative assessment of the 

product's conformity with the requirements, i.e. errors of I and II type, in particular, 

II type errors, which should be first eliminated. A traditional approach to research 

analysis and evaluation of alternative inspection system practised in the MSA manual 

was presented. Four key assumptions that were adopted for the research goal were 

presented. Author's procedure for analysis of errors from the attribute study data set is 

to point to the direction of activities in the field of error analysis, emphasise intolerance 

to any error, assume to use the root causes analysis and the coaching sessions to 

reach the root causes of conformity errors. In the second, final article in the series (Part 

2), the author illustrates how, step by step, the procedure could be used in practice. It 

also presents the advantages and limitations of its own procedure. 

Keywords: Attribute MSA Study, errors in inspection, procedure, key assumptions 

 

 

 

1. INTRODUCTION  

Quality inspection is a very often critical stage of the production process. However, it 

does not create added value (Bożek et al., 2017). Nowadays, in many industrial 

manufacturing and assembly systems the attribute (also called alternative) inspection, 

based on decisions OK/NOK or GO/NO-GO for parts produced during an on-line 

operation mode, plays a significant role for quality control (Lughofer, 2011). In today's 

turbulent environment, many companies want to increase productivity and reduce costs 
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(Nowicka-Skowron and Ulewicz, 2015; Tran et al., 2020). Hence, there is a need to 

improve all processes efficiency, including the quality control processes, namely, to 

enhance their effectiveness, efficiency (Hamrol, 2000; Hamrol, 2015) and reduce their 

duration (Gangala et al., 2017). Effectiveness of processes is considered as a maturity 

indicator of the quality management system (Grabowska and Takala, 2018). The 

production process effectiveness is influenced by errors in the quality inspection; this 

mainly refers to a situation when the quality inspection is the last stage in the whole 

process before the product is delivered to the customer (Bożek and Rogalewicz, 2013). 

The burden of responsibility for erroneous decisions in alternative inspection, in 

particular in visual inspection, rests with the human, as this is a human being what is a 

control tool here. Inspection errors made by a man are inevitable because "to err is 

human" (Seneca). Human visual inspection is estimated to be only 80% effective when 

implemented via a rigidly structured checklist because many inspection tasks are both 

time-consuming and tedious (Smith, 1993). Companies are capable of eliminating the 

errors in the inspection by investing in solutions for automatic, visual detection of 

irregularities. At the same time, it is not always technically possible or economically 

viable (Durivage, 2015). Errors in inspection made by human tend to result from 

numerous factors that affect the evaluation process itself, which can jointly be included 

in the P.I.S.M.O.E.A category (Stoklosa, 2019), where one of the important factors is 

the inspection station ergonomics (Akutsu, 1995) and organization of the visual 

inspection process (Kujawinska et al., 2018). Being aware of imperfections of a human 

being as a tool of inspection, and the inevitability of errors made by inspectors cause 

that managers seek for possibilities to limit those errors, where results of the inspection 

often pose a starting point for such actions, audits of inspection areas, periodic 

evaluation of the effectiveness of alternative inspection systems. To this end, specific 

procedures developed for the needs of the automotive industry are used, in particular 

those contained in the MSA manual (MSA, 2010) and VDA 5 (VW) (VDA 5, 2011). The 

most common way to evaluate visual inspection system in the automotive industry is 

the Kappa method combined with an analysis of system effectiveness (indicators: 

effectiveness, miss rate, false alarm rate) (MSA, 2010). This approach focuses on 

attribute study data set and calculating indicators and comparing them to the 

appropriate values that are the basis for assessing the control system. However, there 

is a lack of guidelines on how to analyze data to improve the alternative control system, 

so how to approach errors in inspection to eliminate or reduce them. The article aims 

to present a new approach to analyzing the results from the Kappa study based on 

conformity assessment errors for improvement purposes – increase the effectiveness 

of the attribute control system. 

 

2. RESEARCH PROBLEM 

Errors in alternative quality inspection should be eliminated total because they affect 

the effectiveness of the production process. Virtually every error can be controlled at a 

fraction of the cost of traditional quality control methods (Hinckley, 2003). Errors in 

alternative quality control are typically grouped into two types labelled Type I and Type 

II. A Type I error (called a false positive) occurs when a product is identified as defective 

when in fact it is not. A Type II error (called a false negative) occurs when a product 

passes the inspection, but it is defective (Rosandich, 1997). The concepts of those 

errors are presented in Figure 1. 
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Errors in visual inspection

 
Fig. 1. Errors in alternative quality inspection, e.g. in visual inspection 

 

Because the consequence and frequency of each type of error vary, prioritizing the 

error-proofing order is an essential part of a quality control strategy. Type I errors are 

referred to as the manufacturer’s risk, as this is the manufacturer who risks having  

a good product rejected. In contrast, Type II errors refer to the supplier’s risk because 

this is the client who is at risk of receiving a defective product (Knop et al., 2018).  

A non-conforming product erroneously accepted by an inspector may move to the next 

station or eventually reach the client. In contrast, a good product that is erroneously 

rejected by will be scrapped (in the worst-case scenario). Possible errors paths resulting 

from an alternative quality inspection are presented in Figure 2. 

 

 
Fig. 2. „Road” of the type I error and type II error 

 

The II Type errors are be considered to have more serious consequences, as they are 

usually related to greater risk and costs for the manufacturer when a non-conforming 

product wrong assessed reaches the customer (Webber and Wallace, 2007). They 

should be at first eliminated because of their more significant negative consequences. 
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Each detected errors should be analysed by applying appropriate methods and tools in 

this aim, facilitating such analysis. Each error in quality inspection, adequately 

analysed, is a source of knowledge and makes it easier to eliminate, according to 

Kaizen philosophy and Toyota approach (Liker and Meier, 2006). Errors are analysed 

numerically by calculating appropriate indicators. Recommended by the part of the 

automotive industry (AIAG) indicators are the Kappa index (Cohen, 1960) and auxiliary 

indicators (effectiveness, miss rate, false alarm rate) (AIAG, 2010). There is no perfect 

indicator, an example of this is the Kappa index, which as a measure of conformity, has 

its weaknesses and limitations cited numerous times in (Klaput and Vykydal, 2018; 

Diering et al., 2015; Knop and Borkowski, 2011; Starzyńska et al., 2018) where an 

alternative with greater possibilities is the Gwet's AC1 index (Gwet, 2014). The MSA 

manual provides for the method of calculating Kappa and other indexes. It presents 

their scopes, which are to be the basis for evaluating the inspection system and thus to 

initiate the improvement actions (Table 1, Fig. 3). 

 

Table 1.   

Criteria of the attribute measurement system acceptance based on 3 indexes (AIAG, 2010) 

Decision 

Measurement system 
Effectiveness Miss Rate 

False Alarm 

Rate 

Acceptable for the appraiser ≥ 90% ≤ 2% ≤ 5% 

Marginally acceptable for the 

appraiser – may need 

improvement 

≥ 80% ≤ 5% ≤ 10% 

Unacceptable for the appraiser 

– needs improvement 
< 80% > 5% > 10% 

    

 

 
Fig. 3. Range of Kappa index values acc.: a) Cicchetti, b) Lendis and Koch, c) Fleiss 

 

In the case of the Kappa index, there are no single interpretative guidelines for its value 

(Fig. 3). The MSA manual accepted the recommendations proposed by Cicchetti, where 

another alternative is the guidance given by Landis and Koch or Fleiss (Munoz and 

Bangdiwala, 1997; Tang et al., 2015; Sim and Wright, 2005). It may create problems in 

determining the moment of improvement actions based on the value of this index. The 

manager may have a dilemma after evaluating the alternative inspection system with 

the above-mentioned indexes: should the improvement actions already be taken up 

regarding the level of the above-mentioned indexes, or can these actions still be 

neglected? The MSA manual itself does not provide for any clear guidelines here, 

because it makes some questions to be considered: "Do the acceptance guidelines 

a) b)  c) 
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need to be changed for this process? Are these risks acceptable?” (MSA, 2010). More 

detailed guidelines or procedures are needed on this issue. 

Based on the calculated value of MSA indexes, a decision is made whether 

improvement actions will or will not be launched. However, in the MSA reference 

manual, there are no guidelines on how to approach the attribute study to reduce 

inspection errors. The author, based on own experiences as well as comments and 

suggestions reported by practitioners dealing with such an analysis, notices the need 

to develop a procedure determining the way of analysis of the attribute study data set 

to reduce inspection errors and improve the inspection and production process. This 

need has been reflected in the article (Part I and II). This article is an attempt to fill the 

observed gap, i.e. lack of guidelines on how to analyse inspection errors to 

improvement purposes. The first and second part of the article presents an author’s 

approach to the analysis procedure for inspection errors for the purposes related to 

improvement. The article is also intended to stress the need to the depth analyse the 

occurring inspection errors as a valuable source of information about the inspection 

process itself. Executed attribute study and obtained data set (the results of the 

assessment of samples of products) should initiate such an analysis process and 

improvement action every time. 

 

3. METHODOLOGY 

The basis for analyzing errors in quality inspection in aim to improve visual control 

system according to the new approach is the Kappa study along with effectiveness 

analysis of the inspection system (AIAG, 2010). The Measurement System Analysis 

manual (MSA, 2010), where the methodology of these studies was presented, is 

reference material. There are specific recommendations in this manual on how such 

the attribute study should be carried out: a quasi-random sample of products (preferably 

50 parts), classified by three appraisers into category "1" or "0" (OK, NOK), in 3 trials. 

Example results from Kappa study were presented in Table 2 (MSA, 2010). It was 

assumed that for the research purposes, the results of the evaluation of product 

samples from the attribute study are saved in a spreadsheet in Excel, which will facilitate 

their subsequent analysis. 
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Table 2.  

Attribute MSA Study data set as a source for error analysis (MSA, 2010) 

 
 

Specific assumptions (#4) have been made to achieve the research aim. 

Assumption #1: Data set from attribute study as a valuable source for error analysis for 

their elimination, better than the indicator itself. 

A - 1 A - 2 A - 3 B - 1 B - 2 B - 3 C - 1 C - 2 C - 3

1 1 1 1 1 1 1 1 1 1 1

2 1 1 1 1 1 1 1 1 1 1

3 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0

6 1 1 0 1 1 0 1 0 0 1

7 1 1 1 1 1 1 1 0 1 1

8 1 1 1 1 1 1 1 1 1 1

9 0 0 0 0 0 0 0 0 0 0

10 1 1 1 1 1 1 1 1 1 1

11 1 1 1 1 1 1 1 1 1 1

12 0 0 0 0 0 0 0 1 0 0

13 1 1 1 1 1 1 1 1 1 1

14 1 1 0 1 1 1 1 0 0 1

15 1 1 1 1 1 1 1 1 1 1

16 1 1 1 1 1 1 1 1 1 1

17 1 1 1 1 1 1 1 1 1 1

18 1 1 1 1 1 1 1 1 1 1

19 1 1 1 1 1 1 1 1 1 1

20 1 1 1 1 1 1 1 1 1 1

21 1 1 0 1 0 1 0 1 0 1

22 0 0 1 0 1 0 1 1 0 0

23 1 1 1 1 1 1 1 1 1 1

24 1 1 1 1 1 1 1 1 1 1

25 0 0 0 0 0 0 0 0 0 0

26 0 1 0 0 0 0 0 0 1 0

27 1 1 1 1 1 1 1 1 1 1

28 1 1 1 1 1 1 1 1 1 1

29 1 1 1 1 1 1 1 1 1 1

30 0 0 0 0 0 1 0 0 0 0

31 1 1 1 1 1 1 1 1 1 1

32 1 1 1 1 1 1 1 1 1 1

33 1 1 1 1 1 1 1 1 1 1

34 0 0 1 0 0 1 0 1 1 0

35 1 1 1 1 1 1 1 1 1 1

36 1 1 0 1 1 1 1 0 1 1

37 0 0 0 0 0 0 0 0 0 0

38 1 1 1 1 1 1 1 1 1 1

39 0 0 0 0 0 0 0 0 0 0

40 1 1 1 1 1 1 1 1 1 1

41 1 1 1 1 1 1 1 1 1 1

42 0 0 0 0 0 0 0 0 0 0

43 1 0 1 1 1 1 1 1 0 1

44 1 1 1 1 1 1 1 1 1 1

45 0 0 0 0 0 0 0 0 0 0

46 1 1 1 1 1 1 1 1 1 1

47 1 1 1 1 1 1 1 1 1 1

48 0 0 0 0 0 0 0 0 0 0

49 1 1 1 1 1 1 1 1 1 1

50 0 0 0 0 0 0 0 0 0 0

Ref. 

value
Part

Appraiser A Appraiser B Appraiser C
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Data are closer to the process (Wheeler, 1999) than their aggregated form, i.e. 

indicators. Noteworthy is also the quality of the exploited data which must be born in 

mind (Diering and Dyczkowski, 2016). In-depth analysis of data (results) from any 

process is an invaluable source of knowledge about such a process (Martin, 2013); it 

brings plenty of valuable information which should be used in the improvement actions. 

One of the data presentation principles formulated by Walter Shewhart states that "the 

way data is presented in must never obscure the information and signals which the data 

contained, and which may affect the conclusions" (Wheeler, 1999). Indicators, as a 

condensed measure based on data, can distort the results of the process and ultimately 

affect the failure to make a decision or make the wrong decision. The indicator as a 

measure of the effectiveness of actions taken is not an ideal "product". You can 

measure everything (Hubbard, 2014) and find the right indicator for it. Striving for a 

satisfactory value of indicators tends to be a reason for numerous abuses (so-called 

"straining", falsifying the results) which causes that the real problems in the process are 

hidden. The use of indicators not rarely becomes more an end in itself than a means to 

achieve the goal, which should be the process improvement (Reinfuss, 2012). The data, 

in turn, allow you to capture much interesting information about the behaviour of the 

process; they are closer to the process than indicators. The detailed analysis of the 

attribute MSA data set served as a valuable source of information which was used to 

improve the inspection process. 

Assumption #2: Every single error in the assessment of the alternative compliance of 

the product with the requirements should be analyzed, because each error affects the 

costs, has its cause and disregarded it may in the future become a severe problem. 

Each error in alternative inspection is associated with costs, so no error should be 

underestimated. Detection of even a single error is also a chance to improve the 

effectiveness of the alternative inspection process. Each time after the attribute study, 

if there is any error in the evaluation of conformity by the inspectors, action should be 

taken to identify the cause or causes of this error and eliminate it effectively. This 

approach consisting of error analysis after it occurs in order to identify the error’s 

underlying causes was adapted from root cause analysis RCA (Grissinger, 2003) for 

research purposes. The fact of the occurrence of any error in conformity assessment 

initiates taking action in the area of its analysis and elimination. 

Assumption #3: Reaching the root cause or root causes of an error in inspection is a 

permanent way to eliminate it. 

Errors in control do occur, but for them not to recur, it is necessary to analyze the root 

cause(s) of these errors and propose effective countermeasures. For this purpose, it 

can be used the technique straight from the Toyota production system, i.e. 

5WHY/WHY-WHY or other tools based on discovering the source of the problem, e.g. 

Ishikawa diagram/4M analysis. Only finding the right root cause(s) of error in inspection 

will avoid it in the future. It is also crucial to archive data on problems and solutions, as 

well as analyses carried out, to build a knowledge base for the future. 

Assumption #4: Type and frequency of errors committed by inspectors as a determinant 

of improvement actions. 

The decision about the direction of improvement actions should be first of all affected 

by the type, and afterwards, frequency (number) of errors made by the inspectors. 

Errors in alternative inspection cause inevitable consequences. Possible 

consequences of Type I and II errors (Webber and Wallace, 2007) are summarized in 

Table 3. 
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Table 3.  

Consequences of errors in alternative inspection (Webber and Wallace, 2007) 

Type I error < 
(risk) 

Type II error 

 loss of material, 

 re-selection of products 
(resources, time) 

 searching for a non-existing defect 
(resources, time), 

 lower costs. 

  complaint, 

 repair or replacement of the product 
with a new one, 

 loss of reputation in the eyes of 
clients, 

 qualifying to a lower category of 
supplier or terminating the contract, 

 loss of health or life of customers, 

 higher costs. 

 

Due to the more significant consequences for customers related to Type II errors 

(customer risk; the risk of obtaining a non-conforming product and higher potential costs 

for the producer), it is necessary first to analyze the cases of incorrect decisions of the 

controllers related to these errors. The second step is to look at the number of wrong 

decisions made concerning the single product submitted for conformity assessment 

(single controller assesses a given product three times acc. MSA requirements). The 

products which most conformity assessment errors were made for, should be analyzed 

at first. Summing, first, the type of error made, then the total number of errors made by 

controllers concerning a single product determine the order of analyzing the results, 

from attribute study, for improvement purposes. So the combination of both criteria, i.e. 

the type and frequency (number) of errors, according to the proposed procedure, points 

to a direction of improvement actions. On Fig. 4 priority of undertaking improvement 

action is directly related to the risk of errors. It is higher for type II errors due to the 

higher risk of these errors for the customer. That is according to a new approach, first, 

the cases of type II errors with the highest number of incorrect decisions are analyzed. 

Then the analysis of cases of type I errors with the highest number of incorrect decisions 

is made. 

 
Fig. 4. Direction of undertaking improvement actions assuming that the starting point is the 

type and number of errors made by the controllers 

 

Type I errors for two sample products, as a result of testing the effectiveness of the 

control system, are shown in Figure 5. 
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Fig. 5. Type I errors for 2 sample products  

 

Type II errors for two sample products, as a result of testing the effectiveness of the 

control system, are shown in Figure 6. 

 

  
Fig. 6. Type II errors for 2 sample products  

 

The number of wrong decisions of the inspector, about a given assessed product, can 

be from 1 to 9 (each product is evaluated in 3 replications). In the case of type I errors, 

when the number of errors made is 9, there are so-called persistent tendency to reject 

the non-conforming product, while in the case of Type II errors - persistent tendency to 

accept. It was assumed that the cases of products for which the most errors of 

conformity assessment were made should first be analyzed for the improvement 

purposes.  

A comparison of a traditional approach to the analysis of the results from attribute study 

(included in the MSA manual) and the new approach is presented in Fig. 7. 

 

        
Fig. 7. Standard approach (MSA manual) to the analysis of results from traditional (left side) vs 

new approach (right side) 

 

 

 

Part Ref Value

6 1 1 0 1 1 0 1 0 0 1

7 1 1 1 1 1 1 1 0 1 1

Appraiser A Appraiser B Appraiser C

Part Ref Value

12 0 0 0 0 0 0 0 1 0 0

22 0 0 1 0 1 0 1 1 0 0

Appraiser A Appraiser B Appraiser C

Kappa study

Is the level of 

all indicators is 

satisfactory?

Calculation of indicators: 

Kappa, effectiveness, miss 

rate, false alarm rate

End

No

Yes

Improvement 

action

Kappa study

Did the appraisers 

make any type II 

error?

End

Yes

No

Improvement 

action

No

Did the appraisers 

make any type I error?
Yes

Improvement 

action
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4. CONCLUSION 

The first part of the article presents the research problem and adopted assumptions 

related to the research topic being implemented. The research aims to propose a new 

procedure for analyzing the results of Kappa study to improve the visual control system 

and the production process at the same time in the sense of its effectiveness. A gap 

was noted in the approach to assessing the visual control system proposed by the 

automotive industry in the MSA manual. This gap is the lack of precise guidelines on 

how to analyze the results of Kappa research to improve the visual control system. The 

MSA manual only provides guidelines for Kappa testing and recommends calculating 

appropriate indicators based on which corrective actions are to be taken or not taken. 

There is no hint on how to direct corrective actions, how to analyze the results of the 

control so that errors in the control do not happen again. The research goal was to 

propose a procedure for analyzing results to improve the visual control system. The 

author assumed in his procedure that corrective actions should be directed to Type II 

errors due to their more significant consequences. According to the new procedure, 

first, the cases of products (samples) with the largest number of wrong decisions, such 

as receiving the wrong one, should be analyzed. It will allow the team to focus their 

efforts on the most severe cases. Secondly, cases of type I errors, such as rejection of 

wrong, should be analyzed. How to make such an analysis based on the results of the 

Kappa study, step by step presents the second part of the article. It presents the 

author's procedure for analyzing the results of Kappa study, indicates the benefits but 

also limitations associated with the developed procedure. 
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Abstract: In the first article in this series, the research methodology concerning the 

analysis of inspection errors based on MSA attribute study data set for the improvement 

purposes was presented. In the final article in the series, applying the methodology in 

practice step by step was presented. Instructions for correct performance of the 

analysis, in compliance with the author's procedure, were determined. Both advantages 

and disadvantages of the developed approach were underlined. 
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1. INTRODUCTION 

Every problem requires an effective solution (Dostál, 2015). The more weight the 

problem and the more severe its effects are to stakeholders; the sooner remedial action 

should be taken (Sharma and Srivastava, 2018). In the aim to successfully solve the 

problem, it is necessary to reach its root cause (Okes, 2019). It is only when the root 

cause is properly discovered, and the remedial actions successfully implemented that 

there is a big chance that the problem will not appear again (Puvanasvaran, 2008). 

When analyzing a problem, the potential of the interdisciplinary team should be used in 

an adequate description of the problem and its potential causes (Fischer et al., 2012). 

Using the right tools and techniques will help in analyzing and solving the problem 

(Robitaille, 2004). Analyzing the problem by a specific procedure and its effective 

solution gives a specific standard of how to do. Standards are needed because they 

give tips on how the activities should go and allow easy control when something is 

wrong (Liker, 2004). The standard for analyzing a particular type of problem makes it 

easier to solve. In alternative control, the problem is the incorrect assessment of the 

product's compliance with the requirements reflected by errors of type I and II (Knop 

and Mielczarek, 2018). The way to check if these errors occur is through periodic Kappa 

study following the MSA manual (MSA, 2010). The MSA manual does not guide how to 

approach the analysis of errors from an alternative control to eliminate them, only 

specifying when such actions should be or can be taken based on the calculated 

indicators. Specifying actions towards error analysis by indicating the procedure would 
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certainly be helpful for the person supervising the Kappa study and preparing the report 

for improvement purposes of inspection results. 

The article aimed to present a new approach to analyzing the results from the Kappa 

study based on conformity assessment errors for improvement purposes – increase the 

effectiveness of the attribute control system. In the first article in the series research 

problem and assumptions for the needs of research work were introduced. This article 

presents the procedure for analyzing the results from Kappa study for improvement 

purposes. The results analysis procedure developed by the author use MS Excel 

spreadsheet as a data analysis tool. 

 

2. RESULTS 

After the Kappa study, i.e. assessment of the quasi-random 50 parts by three appraisers 

(quality inspectors) in three trials (standard procedure), the specific analysis of the 

results for improvement purposes should be conducted. This analysis should be 

initiated by a person supervising the Kappa study. The analysis of the results should be 

performed with the use of the spreadsheet in Excel. The new results analysis procedure 

for improvement purpose covers the specific, defined stages. The data for the analysis 

of the exemplary results posted in the article came from the MSA manual (MSA, 2010). 

The procedure starts with the analysis of type II errors due to their more significant 

negative impact on the efficiency of the production process. The results analysis 

procedure consists of 11 stages: 

1. Searching for parts in the Excel sheet, in the case of which the inspectors made 

type II errors.  

For this purpose, use an Excel function called "filter", which "pin” to cells called "ref. 

value" and "code". Afterwards, enter "0" in the "ref value” field, and "x" in the "code" 

field, pointing to erroneous decisions. The outcome of such filtration of results is shown 

in Fig. 1. 

 

 
Fig. 1. Result of filtration of results, which presents cases of the type II errors committed by the 

inspectors 

 

It suggests that the inspectors made type II errors concerning five products under 

assessment, no. 12, 22, 26, 30, 34. 

On the next stage of analysis, please calculate the total number of type II errors.. 

 

2. Calculating the total number of type II errors made by inspectors concerning 

erroneously assessed parts. 

The function COUNTIF is used for this purpose: "=COUNTIF(cell range;1)". The result 

of using this formula is shown in a column called "how many errors?" (Fig. 2).  

The calculations show that the highest number of type II errors were made concerning 

parts no. 22 and 34 (4 each), then for part no. 26 (2), and the least for parts no. 12 and 

30 (1 each). 
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Afterwards, based on the total number of errors, the priority in corrective actions is 

determined. 

 

 
Fig. 2. The result of the calculation of the total number of errors of type II in relation to 

individual parts 

 

3. Applying the priority rule to determine the order for analysis of cases to limit the 
type II errors. 

The following principle is applied to establish a priority of corrective actions: the lower 

the rank, the higher the priority in corrective actions. When the number of errors is the 

same for several parts, then the same rank is assigned. The results from the priority 

analysis are presented in the column called "priority" (Fig. 3). 

 

 
Fig. 3. The result of determining the priority for corrective actions in the elimination of the type 

II errors 

 

According to the applied priority rule, the corrective actions should be started from an 

analysis of a case where the number of wrong decisions would be the greatest, i.e. for 

parts no. 22 and 34 (priority 1); afterwards the part no. 26 (priority 2) should be 

analyzed, and then parts no 12 and 30 (priority 3).  

Afterwards, an analogical analysis procedure must be employed for the type I errors. 

 

4. Searching for products in the Excel sheet, in the case of which the inspectors made 

type I errors. 

For this purpose, you need to switch the results filter for the reference value into "1", 

having marked the "x" position. The outcome of such filtration of results is shown in Fig. 

4. 

 

 
Fig. 4. Result of filtration of results, which presents cases of the type I errors made by 

inspectors 

 

Figure 4 suggests that the inspectors made type I errors in relation to six parts no. 6, 7, 

14, 21, 36, 43. 

On the next stage of analysis, the total number of type I errors will be calculated. 
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5. Calculating the total number of type I errors made by inspectors in relation to each 

erroneously assessed part. 

The function COUNTIF is used for this purpose: "=COUNTIF(cell range;0)". The result 

of using this formula is shown in a column called "how many errors?" (Fig. 5). 

 

 
Fig. 5. Result of the calculation of the total number of the type I errors in relation to individual 

parts 

 

The calculations show that the highest number of type I errors were made concerning 

parts no. 6 and 21 (4 each), then for part no. 14 (3), parts no. 36 and 43 (2 each), and 

the least for part no. 7 (1).  

Priority in implementation of corrective actions is determined on the next stage. 

 

6. Application of the priority rule in the introduction of corrective actions for the 

elimination of type I errors.  

The results from the priority analysis are presented in the column called "priority" (Fig. 

6). 

 

 
Fig. 6. The result of determining the priority for corrective actions regarding the elimination of 

the type I errors. 

 

The analyses suggest that the corrective actions should be started from the analysis of 

parts no 6 and 21 (priority 1), and afterwards with those that have the highest rank.  The 

next stage includes a comparison of results to determine the direction of improvement 

actions. 

 

7. Comparison of results for the purpose of defining the direction of corrective actions.  

The result of such a comparison is presented in Fig. 7. 
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Fig. 7. Define the direction of corrective actions 

 

Eventually, the corrective actions should be carried out in the following order (parts 

indexes): 22 ⟼ 34 ⟼ 26 ⟼ 12 ⟼ 30 ⟼ 6 ⟼21 ⟼ 14 ⟼ 36 ⟼ 43 ⟼ 7. 

The next stage is to link erroneous decisions to the responsible inspectors. 

 

8. Assigning responsibility for erroneous decisions to particular inspectors. 

A result from such an analysis (designation of an inspector who made the error is 

provided for in brackets, next to the part no.) is as follows: 

22 (A, B, C) ⟼ 34 (A, B, C) ⟼ 26 (A, C) ⟼ 12 (C) ⟼ 30 (B) ⟼ 6 (A, B, C) ⟼ 21 (A, 

B, C) ⟼ 14 (A, C) ⟼ 36 (A, C) ⟼ 43 (A, C) ⟼ 7 (C). 

The first phase of results analysis ends at stage 8. Subsequent stages will refer to 

searching for the root causes of the errors and determination of remedial actions. 

Since we already know the order for the analysis of products and responsibility for 

particular errors, the next stage is about adequate preparation of part samples, in 

compliance with the employed priority rule. 

 

9. Completion of part samples with which the inspector made wrong decisions, and 

their prioritization according to the adopted rule. 

The parts that were erroneously assessed by the inspectors are collected, put in a 

specific place (preferably in the same location where the attribute study was carried 

out), in the order complying with the priority rule.  

According to Armstrong, "if an error was made, there is a need to analyze its causes 

and ensure it does not occur again. What’s done is done" (Armstrong, 2017). It is, 

therefore, necessary to proceed with the search for source causes of errors. For this 

purpose, a coaching session (Chandler and Richardson, 2012) and a WHY-WHY 

analysis were used. 
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10. Searching for the root cause(s) of errors by a coaching session and WHY-WHY 

analysis, along with a proposal for remedial actions. 

Each inspector is called individually to a place (room) with the prepared parts samples. 

Trying to understand the causes of errors, the person conducting the attribute study 

should listen to the inspectors’ opinions. For this purpose, they should have a free and 

positive conversation with each inspector, according to an exemplary scenario (the 

"interviewer" begins): "During the conformity assessment of this part, various decisions 

were made. We’re glad that this various decision occurred because we now have a 

chance to prevent such a situation in the future. This is what we care the most about. 

We intend to find the cause for these inconsistent decisions. What is your opinion about 

it? Please take you a look at this part once more and reassess its compliance. Pause. 

What did prompt you to make such a decision?" The inspector is asked to give their 

opinion about the reasons for their decisions. Such opinions (on potential causes of 

errors) are collected from all inspectors "involved" in making a given error. It is essential 

to identify the problem thoroughly before searching for its root causes (Knop and 

Mielczarek, 2018). For example, when it comes to part no. 22, opinions must be 

collected from inspectors A, B and C. Afterwards, the causes are entered into the WHY-

WHY form (Stanek et al., 2011) to reach the actual root cause. Such a form is presented 

in Fig. 8. 

 

 
Fig. 8. The WHY-WHY analysis sheet (Grissinger, 2003) for searching for the source cause of 

conformity assessment errors 

 

Then, all inspectors involved in a given error and conducting the attribute study, seek 

for an actual source of the error through the WHY-WHY technique.  

On the next stage, the potential root causes (pointed by the inspectors) are verified by 

the person conducting the investigation. This is a very important stage. All presumptions 

(causes) must be verified. The investigator must check what lies behind a given error. 

When the verification is completed, those causes that impacted a given error are 

pointed out (acceptance of potential causes = real causes). Concerning them, the 

investigator identifies the remedial action (or actions) that will aim at preventing the 

recurrence of the error in the future. While determining and selecting the remedial 

actions, the costs of their implementation, all practical difficulties that may emerge and 

potential responses from appraisers (quality inspectors) must be taken into account. 
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The end date of the 

analysis: 

Challenge - error (description, 

photo)
1. WHY? 2. WHY? 3. WHY? 4. WHY? 5. WHY?

Verifi-

cation

Preventive actions

WHY-WHY 

ANALYSIS SHEET

Challange (error): Kappa study no: 

Date of the analysis start: 

Type of 

errors:

Potential benefits:
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Afterwards, there is an action selected which may lead to the best and acceptable 

solution to a given error. 

The next step is to plan the implementation of remedial actions, i.e. determine the 

schedule and necessary resources.  

The last stage is the implementation of a corrective action, where it is necessary to 

check the progress and determine the results (effectiveness assessment). In the aim to 

assess the effectiveness of conducted preventive actions, it is recommended to carry 

out the attribute study again on an identical parts sample (the same as in the first study), 

and calculate an adequate effectiveness index and/or the indexes recommended by 

MSA: 

 

11. Repeated attribute study on an identical (the same as in the first study) parts 

sample to evaluate the efficiency of the implemented remedial actions. Calculation 

of the efficiency of remedial actions index. 

There is a need for a repeated attribute study to be carried out on an identical product 

sample (the same as in the first attribute study) to assess the efficiency of the 

implemented remedial actions. The implemented remedial actions will be effective if 

there are no errors in the conformity assessment of the samples (parts), where errors 

were previously recorded. This applies to each inspector taking part in the study, who 

has made errors. To monitor the efficiency of remedial actions, an indicator assessing 

this aspect is introduced as the following formula: 

 

The number of again erroneously assessed parts (acceptance of a 

defective/rejection of a good part) by the all appraisers in the second 

attribute study 
 

= Efficiency of 

remedial actions 
The number of erroneously assessed parts (acceptance of a 

defective/rejection of a good part) by the all appraisers in the first 

attribute study 

 

 

The purpose for again the attribute MSA study (perfect situation) is to achieve the index 

of the efficiency of remedial actions equal to "0", which indicates type I or II errors will 

not occur again. For example, this index equals 0, when the inspector A, B and C make 

no erroneous decisions (in the repeated attribute study), such as "erroneous rejection" 

of parts No. 6, 7, 12, 14, 21, 22, 26, 30, 34, 36, 43 (i.e. parts that they erroneously 

assessed in the previous study) which will be expressed by means of the following 

formula adopting the index: 

 

The number of again erroneously assessed parts 
(acceptance of a defective/rejection of a good part) by the all 

appraisers in the second attribute study 
= 

0 
= 0 

The number of erroneously assessed parts (acceptance of a 
defective/rejection of a good part) by the all appraisers in the 

first attribute study 

11 

 

The ideal value of the efficiency of remedial actions index is 0. It indicates the situation 

in which all appraisers (A/B/C) did not make wrong decisions in the scope of conformity 

assessment in relation to the sample of the parts assessed incorrectly in the previous 

attribute study by the appraisers (A/B/C). 
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In order to reduce the time required to the next attribute study, it can be prepared a 

sample of the products not consisting of 50 parts but of fewer parts. For example, all 

appraisers made wrong decisions in relation to 11 selected parts, in the next study it 

can be given all appraisers three times the number of products to evaluate, e.g. 33, 

where 11 were the ones that were wrongly assessed with requirements, 22 were well 

evaluated with requirements (11 always OK, 11 always NOK). This will significantly 

reduce the time of such analysis and allow to check whether the appraisers made the 

same wrong decisions or not. 

 

3. DISCUSSION 

The following advantages were defined about the elaborated procedure for the analysis 

of errors in alternative quality inspection: 

 complete use of information from the Kappa study compared to the traditional 

approach based on calculating indicators, 

 focusing on data (not on indicators), which is always closer to the process than 

indicators, which allowed to adequately direct the analysis of conformity errors and 

implementation of corrective actions, 

 focusing on errors because they affect costs and cause a decrease in the 

effectiveness of the production process, 

 treating each error as a separate case to be analysed and eliminated. Every error 

is an opportunity to improve the alternative inspection process, thus is not 

neglected. Every error in alternative inspection is analysed to eliminate, 

 more knowledge about alternative inspection system and its problems providing a 

better chance for the quality control process management and improvement,  

 focusing on searching to solve the problem with errors in alternative inspection 

immediately after the Kappa Study, 

 using of the inspectors’ knowledge to seek for the root causes of occurred 

inspection errors, 

 using the potential of proven methods and techniques for problem-solving, i.e. the 

WHY-WHY method and coaching. 

The final effect of applying the developed procedure of analysis of the Attribute MSA 

study results should be the elimination of errors of conformity assessment and thus, 

improvement of efficiency of the production process. 

Among the disadvantages of the proposed procedure, it should be indicated that it is 

more time-consuming, labour-intensive, and it generates greater effort (time, 

resources). However, these deficiencies can be moved to the background if the 

inspection errors will be completely eliminated thanks to the implemented procedure.  

It is crucial to deeply analyze the inspection errors to properly propose remedial 

measures, where a person conducting the Kappa study have an important role. Some 

guideline for adequate conduct of procedure was presented. It is to help people initiating 

and coordinating attribute study data set analysis following the elaborated procedure: 

 the root cause analysis of errors should be carried out directly after the Kappa 

Study, so the inspectors can immediately explain the reasons for their erroneous 

decisions, and thus it was easier to find the root cause of the errors, it is necessary 

to deeply understand the causes of errors in aim to be eliminated − 5WHY or WHY-

WHY analysis may be used for this purpose,  
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 it is worth choosing the right person to conduct and supervise the Kappa study. 

This person should show appropriate enthusiasm, involvement, a positive attitude 

to the problem that needs to be solved,   

 the person supervising the Kappa study should record all observations and 

comments during the assessment of parts carried out by the inspectors. Such 

information can be useful when searching to root causes of errors in conformity 

assessment at the stage of analysing these errors, 

 it is important to communicate a solution to errors in inspection (Jagusiak-Kocik, 

2014) easily by applying visual management tools (Mielczarek and Knop, 2016; 

Borkowski and Knop, 2013), training inspectors by using such tools and 

determining the method for standards verification by using Kamishibai cards (Knop 

and Ulewicz, 2018). 

 

4. CONCLUSION 

Improvement is a continuous process, demanding analysis of the existing and potential 

problems. By analysing a problem in alternative inspection, managers know more about 

the nature of the process and its variability. A single error in control hides information 

about the process and gives a chance to improve it. Such an approach to errors and 

problems is in line with Kaizen philosophy and professed in the Toyota production 

system what has become an inspiration to prepare such analysis.  

The elaborate procedure indicated that the periodic Kappa Study is an excellent chance 

to improve the effectiveness of the quality inspection system by reducing conformity 

assessment errors. The procedure about analysis of the attribute study results for 

improvement of the inspection process stressed the need for a detailed analysis of error 

cases, where in the first place there is a need to "send the big guns" to those errors that 

are critical for the customers, i.e. the type II errors. A detailed analysis of error cases 

conducted directly after the attribute study and with the participation of all inspectors 

and the investigator should ensure an effective solution to the problem. Solving 

problems without getting to the root cause is doomed to failure - underlined elaborated 

procedure.  

In the procedure emphasised that to solve problems in the alternative inspection 

process effectively, the person delegated to carry out this type of inspection must 

demonstrate the appropriate commitment and approach. The managers must leave the 

model of a prosecutor and adopt a coaching attitude: move away from proving guilt to 

the inspectors, and instead search for errors and works towards the following sequence 

of events: erroneous decisions of inspectors → cause analysis → removal of causes 

→ adequate decisions of supervisors, and this is also stressed in (Blikle, 2018). This is 

the right path to sustainable improvement.  

The elaborated procedure for the alternative inspection process improvement is not free 

from limitations. However, its strength lays in simplicity and ease of implementation. It 

conveys a particular message that no error in inspection should be underestimated, 

because a neglected problem may generate high cost in the future. Each error in 

inspection must be treated as an opportunity to improve the quality control process and 

the production process. 
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Abstract: The aim of the study is to use the 8D methodology to solve the production 

problem, which was the incorrect installation of the rings in the piston designed for 

excavators. The idea of the method used is to correctly identify the causes of the 

problem and implement corrective actions to prevent recurrence of the problem. In 

order to detect as many potential causes of non-compliance as possible, the working 

team conducted brainstorming sessions and then developed the Ishikawa diagram. 

Team members found that the most common source of the problem was human error. 

In order to eliminate it, it was decided to carry out a series of training courses and to 

additionally equip assembly stations. The presented methodology of solving quality 

problems can be implied in every production company. 

Keywords: 8D report, kpis, production process, quality management 

 

 

 

1. INTRODUCTION 

The production process, in its essence, has always been exposed to the occurrence of 

incompatibilities and problems, which are usually caused by unforeseen events. 

However, errors that may occur or exist in the process can be identified by means of 

quality management methods and tools that enable the process to be monitored at each 

stage of product manufacture (Anette von Ahsen, 2008; Antosz, et al., 2013; Ebenzer 

et al., 2011). These instruments, when properly applied, allow for effective quality 

management and thus for making effective decisions on continuous improvement of 

production (Pacana et.al, 2018a, b; Ulewicz, 2018, Wolniak, 2011). Constant monitoring 

of the production process enables a quick reaction to any deviations that may occur 

between the implementation plan and the actual execution of a particular product. 

Emerging non-compliances determine changes in production activities in order to 

improve production efficiency, increase the level of process quality (minimising the 

occurrence of non-compliance) and avoid additional production costs (Iwasiewicz, 

1999; Pacana et al., 2016). The quality control present in the production process also 

provides an opportunity to check whether there are any significant problems during the 
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production process. However, errors and inconsistencies can be prevented before they 

occur (before the process is started) or when the process has already started. 

Occurrence of problems in the production process determines the need to solve them 

in a current and effective way, such a solution helps to prevent the company from 

incurring much higher production costs than they were foreseen, in addition, the 

implementation of rapid corrective actions usually does not affect the increase in 

working hours (Łasiński, 2007; Łuczak et al., 2007).  

In order to ensure a systematic and orderly way of solving emerging problems and 

incompatibilities as well as their transparent documentation, the 8D method is 

recommended (Łuczak et al., 2007; Pacana et al., 2017). This method combines a 

number of tools to support quality management, thus enabling a thorough analysis of 

the causes of possible and actual non-compliance (Golińska, 2018; Kapliık et al., 

2013.). 

 

2. METHODOLOGY 

Commonly, the 8D analysis is associated with a form in which 8 steps are analyzed and 

filled in systematically by the quality department employees in case of customer 

complaints (Atigre, et al., 2017; Korenko, et al., 2013). Due to the lack of an internal 

procedure, adapted to the context of the organisation, for dealing with non-compliant 

products and due to a lack of understanding of the essence of the 8D analysis, in many 

organisations the form is developed by one person and, after it has been developed, it 

is immediately sent back to the customer (Golińska, 2018; Krajnc, 2012; Marksberry, et 

al., 2011). 

In the case of research, the preparation of the 8D report included the stages and 

activities presented in Table 1. 

 

Table 1  

Stages of the 8D analysis 

Stage of 
method 8D 

Activities carried out under the different stages 

0D - preparation 
for process 8D 

Preparation for the 8D process  
In this step:  

 a complaint form has been prepared. 

1D – 
establishment of 
the 8D work 
team 

Proper selection of team members, bearing in mind that this is a 
prerequisite for success.  
In this step:  

 a list of the members of the working party is defined,  

 the function of each member of the working party is defined. 

2D – problem 
definition 

Based on collected data (measurable and reliable) and facts.  
In this step: 

 Historical data relating to the analyzed problem has been 
analysed,  

 Risks associated with the occurrence of non-compliance have 
been identified,  

 Problem to be analysed. 

3D – 
implementation 
and verification 
of these 
temporary 

Customer protection.  
In this step:  

 Temporary, deterrent actions have been identified which have 
contributed to minimise the damage to internal and external 
customers and ensure continuity of action,  



Quality Production Improvement                                                                       QPI vol. 2, 2020                  174 

deterrent 
measures 

 The feasibility of the specific deterrent actions has been 
assessed,  

 A timetable for the deterrent actions has been drawn up and 
implemented immediately, The supervision of the deterrent 
measures was systematically carried out. 

4D –
identification 
and verification 
of root causes 

Identify the source of the problem.  
In this step:  

 Potential causes of the problem have been identified,  

 Based on the list of potential causes of the problem, a list of 
actual causes has been developed, including an estimate of the 
contribution of the specific cause to the occurrence of the non-
compliance. 

5D – selection 
and verification 
of corrective 
actions 

Action selection.  
In this step:  

 The effectiveness of the implemented immediate actions (step 
0D) and temporary, restraining actions (step 3D) was assessed,  

 Alternative corrective actions were identified, 

 Targets were identified, those responsible for specific targets, 
deadlines for implementation, ways of evaluating and monitoring 
their effectiveness. 

6D –
implementation 
of corrective 
measures 

Choice of actions. 
In this step: 

 The established timetable for the implementation of corrective 
actions has been established and consistently implemented,  

 The implementation has been monitored and the effectiveness of 
the implemented actions has been assessed. 

7D – preventing 
reoccurrence 

Indication of preventive measures.  
In this step:  

 An assessment of the situation after the implementation of 
corrective actions has been made,  

 A list of all actions aimed at eliminating the possible causes of 
the undesirable situation analysed has been drawn up,  

 The most effective preventive actions that reduce the risk of the 
same or similar problem have been identified,  

 A process of improvement and implementation of preventive 
actions has been defined. 

8D – closure 
report 

Completing the report.  
In this step:  

 recognition was shown to the working team for their effort and 
work in solving the problem;  

 archiving of records relating to the implemented activities. 

Source: Own elaboration based on (Łuczak et al., 2006; Chen and Cheng, 2010; Purzycka, 
2020) 

 

The application of the presented methodology makes it easier to identify the causes of 

a qualitative problem, and allows to indicate how to solve it verification of the actions 

taken (Łasiński, 2007; Rambaud, 2006). 

 

3. PURPOSE AND SCOPE OF THE RESEARCH 

The aim of the study is to analyse the quality problem identified in the batch of products 

- incorrect assembly of sealing rings in the piston (Figure 1) - and to determine the 

reasons for the occurrence of non-compliant castings and to propose remedial actions, 

the target aim of which is to reduce the number of non-compliant castings or to eliminate 

them completely.  
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Fig. 1. Piston with incorrectly installed sealing rings 

Source: Own elaboration based on (Federal Mogul Gorzyce, 2019) 

 

The conducted research concerned batches of products made in the 3rd quarter of 

2019 in one of the production companies located in the southern part of Poland. 

 

4. DISCUSSION OF RESULTS 

In order to analyse the problem after the implementation of each of the steps indicated 

in the second point, the 8D report was successively developed. The finished report is 

presented in Table 2. 

 

Table 2 

The characterizing criteria the alternatives (types of machines) 

8D report form 

General 
characteristics of the 

problem 
Name of the part Part number Start date 

Incorrect installation of 
sealing rings in the 

piston 

Piston designed for 
excavators 

(-) (-) 

1. 0D - Preparation for the process 8D 
Development of a complaint form by a 
technology and quality specialist regarding the 
event under consideration immediately after it 
has compared the product delivered to the 
customer with the product template and 
documentation 

6. 5D Taking corrective action  
Obligation to provide training for assembly 
workers. The scope of training should 
improve professional qualifications and the 
level of knowledge of the employees who 
carry out all activities that affect the quality 
of the finished product. In addition, 
employees were obliged to participate in 
training courses on Kaizen topics. 

2. 1D - Appointment of the 8D team  
Members of the 8D work team:  
- Leader  Production manager, 
- Technology and quality specialist,  
- Production worker. 

7. 6D Measurement of the effectiveness of 
corrective measures  
For a period of one month, a thorough 
monitoring of the work of assembly workers 
during the quality control of installed sealing 
rings. After the assembly of the rings was 
verified, the product was again inspected by 
a technology and quality specialist. Improper 
installation of the sealing rings did not occur 
even once during the test period. 
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3. 2D - Problem description  
The resulting quality problem was detected by 
the customer during the unloading of the 
delivered order. The customer has reported the 
observed irregularity to the manufacturer. After 
reporting an oral complaint, the technology and 
quality specialist was delegated to the 
customer to inspect the goods delivered by the 
manufacturer. It turned out that the products 
produced and then delivered to the customer 
actually have defects. The supplied piston 
batches are not properly fitted with sealing 
rings. 

8. 7D - Measures to prevent reoccurrence of 
non-compliance  
It has been found that every newly hired 
assembler has to undergo mandatory 
training in quality control at assembly 
stations. In addition, it was decided to 
permanently install an appropriately shaped, 
illuminated and equipped table with stands 
for sealing rings to quickly distinguish the 
type of ring. It was also decided to place a 
reference piston with mounted rings on the 
workstation. 

4. 3D - Taking temporary corrective action  
Product non-conformity was presented to the 
company management. The team performed 
&quot;gemba walking"; to diagnose the 
situation on the assembly line. After obtaining 
the necessary information related to incorrect 
assembly of the rings in the pistons, the 
Production Manager decided to provide 
technical documentation and place a pattern of 
correct assembly of the rings on each of the 
assembly stations. A colour division has also 
been introduced for containers with different 
types of sealing rings. As part of the corrective 
measures, a 100% visual inspection of the 
mounted rings at the control station and at each 
subsequent stage of the production process 
was introduced. 

9. 8D - Completion of activities  
The process of analysis of this qualitative 
problem took 9 days. The members of the 
working team have seen each other several 
times during this time, performing the task 
assigned to them. For one month, it was 
checked whether the changes made to the 
process bring the expected results and 
whether the assembly workers perform their 
duties carefully. The employees were 
interviewed about the implemented 
changes. Congratulations and thanks to 
each member of the working team for solving 
the quality problem. 

5. 4D - Determining the most important 
causes of the problem  

In order to detect as many potential causes of 
non-compliance as possible, the working team 
conducted brainstorming sessions and then 
performed additional analysis of the problem 
using the Ishikawa diagram. Team members 
found that the most common source of the 
problem was human error. The participants 
concluded that the assembly check carried out 
by the production worker was inadequate 

The 8D report form was accompanied by all 
the forms and documents developed during 
the solution of a recurring problem with 
incorrect installation of sealing rings. 

Closeing date: 
(-) 

Signature of the person preparing the 8D 
report (-) 

Source: Own elaboration based on (Federal Mogul Gorzyce, 2019) 

 

The implications of the changes in the assembly process of the sealing rings presented 

in the 8D report have benefited both the employees and the employer. Due to the 

introduction of training, employees have gained favourable conditions for the 

development of their competences and qualifications (creation of a clear training plan, 

linked to the knowledge and skills necessary for a specific job). An important benefit is 

also the implementation of development activities during the performance of their duties 

at the place of employment using various development techniques and methods. The 

employer, in turn, has gained a clear structure of the training plan as part of the 

development of employees'; competences and skills. However, the most important 

benefit should be the achievement of the qualitative objective of eliminating the human 

factor as the reason for the occurrence of nonconformity of products and at the same 
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time an increase in the quality level of the offered products. Achievement of the main 

goal of the 8D report is confirmed by the key quality indicators (included in the group of 

key performance indicators) used in the company. Figure 2 shows the level of identified 

nonconformities - incorrectly installed sealing rings in the offered products measured 

by the QR (QR) index. The quality ratio and QBR (Quality Buy Rate) are the most 

important factors in the development of the quality of the products. Quality Buy Rate 

before and after implementation of corrective and preventive actions is presented in 

Figure 2. 

 

 
Fig. 2. QR and QBR indicator level in Q3 and Q4 2019 

Source: Own elaboration based on (Federal Mogul Gorzyce, 2019) 

 

The indicators used are calculated as: 

 percentage of good quality products QR (ang. Quality Ratio), being the total 

percentage of good quality products produced, calculated according to the 

formula: 

𝑄𝑅 =  
𝐺𝑄

𝑃𝑄
                  (1) 

where: 

GQ (ang. Good Quantit), number of products meeting the quality requirements, 

PQ – (ang. Processed Quantity), total number of products manufactured. 

 the percentage of good quality marketable products QBR (ang. Quality Buy 

Rate) , i. e. the total percentage of good quality products including recycled 

elements, calculated according to the:   

𝑄𝐵𝑅 =  
𝐺𝑄+𝑅𝑄

𝑃𝑄
    (2) 

where: 

GQ (ang. Good Quantit), number of products meeting the quality requirements, 

RQ (ang. Rework Quantity), number of non-compliant but recyclable products, 

PQ – (ang. Processed Quantity), total number of products manufactured. 

On the basis of Figure 2, we can see a high increase in the quality of manufactured 

products in the fourth quarter compared to the third quarter of 2019. The average value 

of the QRR index in the third quarter was 81. 3%, while in the fourth quarter this value 
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increased to 99. 5%. In relation to the QBR index, there was also a 14. 8% increase in 

value in relation to the third quarter. 

An important condition for ensuring the efficiency of manufacturing companies is to use 

and manage unique knowledge in a specific area. This kind of knowledge is called 

hidden knowledge. Transforming it into open and publicly available knowledge is an 

important organizational activity. Within the processes carried out in the company, it is 

possible to extract this knowledge using the 8d report in case, making it generally 

available.  

 

4. SUMMARY 

The tools and methods of quality management, which include the 8D method, contribute 

to the production of high quality products that meet customer requirements. A key link 

in the operation of any manufacturing company is the customer. Every buyer wants to 

buy a product of the highest quality, while every supplier or manufacturer should make 

every effort to achieve the best possible turnover. Without a doubt, the main factor 

influencing the purchase of a product is its quality, which should go hand in hand with 

an attractive price.. 

The 8D procedure, due to its time and cost-intensiveness, is only used to solve serious 

problems. While this is certainly reasonable, even for nonconformities of relatively low 

significance, problems may arise where the risk exceeds the level of risk acceptable to 

the organisation. This example of a qualitative problem was presented and analysed in 

the study. The non-compliance that was analysed was characterised by a relatively low 

level of significance - no loss of functionality and high detection rate - the non-

compliance of the product was visible to the naked eye.  
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Abstract: Meeting the required quality level of products taking into account customer 

requirements is the essence of thriving enterprises. In this context, it is necessary to 

make decisions that take into account mentioned the quality level but also the cost 

aspect relevant to both customer and producer.  It was concluded that it is possible to 

make analyse in which connected the quality level with the cost aspect will condition 

the make the best choice. Therefore, the aim of work was to propose the pro-quality 

method of choice by using the ordered fuzzy numbers connected with cost-quality 

analysis (AKJ). The subject of the study were machines used in pad printing technique, 

so-called pad print, which choice resulted from their problematic choice to specific and 

often variable working conditions. As part of the method by using ordered fuzzy 

numbers, using the Fuzzy TOPSIS method (The Technique for Order of Preference by 

Similarity to Ideal Solution) the most favorable machine by quality was determined. 

Subsequently, a pro-quality machine choice was made, and this choice combined the 

obtained quality level with the purchase cost through the use of cost-quality analysis. 

The proposed method is some kind of new approach to making the best decision, where 

the aspect of quality with the cost was connected. Therefore, the proposed method can 

be used to solve different types of decision problems in production and services 

enterprises. 

Keywords:  production engineering, mechanical engineering, Fuzzy TOPSIS, pro-

quality choice, ordered fuzzy numbers 

 

 

 

1. INTRODUCTION 

Customers' requirements regarding the quality of products cause that producers try to 

adapt production so that it is effective and profitable not only in terms of quality but also 

financially (Pacana et al., 2019). As part of these actions, the important meaning has 

the effectiveness of decision process, which skillful made with using adequate selected 

decision methods can be key stage of enterprise actions (Siwiec et al. 2020; Xu and 

Zhang, 2013). In the context of making decisions, the effective method is the TOPSIS 

method (The Technique for Order of Preference by Similarity to Ideal Solution), which 

is the multi-criteria method to identify the possible solutions of the alternatives set, and 
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also to choose the so-called the ideal benefit solution and ideal negative solution 

(Buyukozkan and Cifci, 2012). The element which stands the TOPSIS method from 

other decision methods is the possibility of calculating the relative distance from the 

best solution, which is the so-called pattern (ideal) and distance from the worst solution, 

which is anti-pattern (anti-ideal) (Rudnik and Kacprzak, 2015). It is assumed that 

selected alternative should have the shortest distance from an ideal solution, and the 

longest distance from an imperfect solution (Sun, 2010). Additionally, the TOPSIS 

method is one of the most popular decision method, which in order to increase its 

precision as part of including incomplete or inaccurate information (Dagdeviren et al., 

2019) was expanded about the analyze in a fuzzy environment, i.e. Fuzzy TOPSIS 

(Boran et al., 2009), in which the ordered fuzzy numbers are used (Rudnik and 

Kacprzak, 2015; Wang and Chang, 2007). In this method, it is possible to make an 

assessment of qualitative and quantitative criteria (Wang and Lee, 2010), but not 

implemented in it the actual purchase cost. Therefore, it was concluded that as part of 

pro-quality choice it is important to connect the FTOPSIS method with method which 

allows to make choice with simultaneous included the quality and cost of purchase. This 

method is a cost-quality analysis (AKJ) in which it is possible to implement the value of 

quality level and next connected this level with the cost of purchase, which allows to 

possibility the to make an effective pro-quality choice (Siwiec et al., 2019).  

Therefore, the aim of work was to propose the pro-quality method of choice by using 

the ordered fuzzy numbers connected with cost-quality analysis (AKJ). The proposed 

method of combined directed fuzzy numbers and cost-quality analysis was proposed in 

an enterprise located in Podkarpacie printing using the pad printing technique. In the 

enterprise the pad print machine was used (six-color pneumatic inkwell with closed 

inkwell). The pad print machine about pneumatic drive required a compressor with 

adequate power, which contributed to the arduous work caused by the noise of the 

machine, as well as a reduction in the quality of printing. Additionally, the pneumatic 

pad print machine was characterized among other lack of possibilities to stop the move 

at any time and lack of possibilities print one once above and once below of product. 

Therefore, to make more effectiveness of the print process of the pad printing technique 

and as the same achieve a higher level of services, it was made the decision about 

potential buy the other type of pad print machine. The choice of pad print machine was 

made from machines with the electromechanical drive, which was resulted from the 

individual needs of a manager of the enterprise, who was based on his own knowledge 

and experience. To precise the best choice in term of pro-quality (i.e. including the 

quality and cost) the mentioned technique connected methods of Fuzzy TOPSIS and 

AKJ was used. 

 

2. METHOD 

The method of supporting the pro-quality choice of machine was connected methods, 

i.e. Fuzzy TOPSIS (The Technique for Order of Preference by Similarity to Ideal 

Solution) and cost-quality analysis (AKJ), which are the mathematical methods, 

supporting the make decision. The choice of methods was conditioned their 

effectiveness in making the best choice, and their adequate to integrated with other 

techniques (Buyukozkan and Cifci, 2012; Siwiec, 2020). The proposed method was 

shown in 12 stages. 

Stage 1. Goal setting 
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The first stage is the goal-setting of application of the proposed method, and in this 

case, the goal was to make the pro-quality choice, where this choice included at the 

same time the quality level and cost of purchase. 

Stage 2. Selection of criteria and alternatives 

The second stage is to select the criteria (criteria for assessment) and a set of 

alternatives (possible solutions) according to which the decision problem will be 

analyzed. The choice of criteria and alternatives is making by the team of experts, in 

which the number of criteria and number of alternative should be equal 7 ± 2, which 

follows from Miller's psychological framework in making effective pair-wise comparisons 

(Mu and Pereyra-Rojas, 2017; Suner, 2012). 

Stage 3. Assessment of criteria and alternatives 

The third stage is assessment of criteria and alternatives by preferred by Chen in 

TOPSIS the fuzzy preference scale (Wang and Elhag, 2006). The assessment is made 

by a team of experts, the same one who selected the criteria and alternatives in stage 

2. Therefore, having the team of expert consisting of K members, the fuzzy assessment 

of member kx for alternative Ai in terms of criterion Cj is as (1) (Wang and Elhag, 2006): 

�̃�𝑖𝑗
𝑘 = (𝑎𝑖𝑗

𝑘 , 𝑏𝑖𝑗
𝑘 , 𝑐𝑖𝑗

𝑘 ) (1) 

where the weight of criterion Cj is (2) (Wang and Elhag, 2006): 

�̃�𝑗
𝑘 = (𝑤𝑗1

𝑘 , 𝑤𝑗2
𝑘 , 𝑤𝑗3

𝑘 ) (2) 

After made assessments and weights by each member of team experts is proceed to 

the next step. 

Stage 4. Calculate the aggregate fuzzy assessments for criteria and alternatives  

The fourth stage is calculating the aggregate fuzzy numbers, where the fuzzy number 

(1) for the alternative ix and criterium jx has the formula (3) (Wang and Elhag, 2006): 

𝑎𝑖𝑗 = 𝑚𝑖𝑛𝑘{𝑎𝑖𝑗
𝑘 },          𝑏𝑖𝑗 =

1

𝐾
∑ 𝑏𝑖𝑗

𝑘
,           𝑐𝑖𝑗 = 𝑚𝑎𝑥𝑘{𝑐𝑖𝑗

𝑘 }

𝐾

𝑘=1

  (3) 

In turns of the fuzzy weight (2) for criterion Cj is calculated from formula (4) (Wang and 

Elhag, 2006): 

𝑤𝑗1 = 𝑚𝑖𝑛𝑘{𝑤𝑗1
𝑘 },          𝑤𝑗2 =

1

𝐾
∑ 𝑤𝑗2

𝑘 ,           𝑤𝑗3 = 𝑚𝑎𝑥𝑘{𝑤𝑗3
𝑘 }

𝐾

𝑘=1

  (4) 

After calculating the values of weights and assessments it is necessary to make the 

next stage. 

Stage 5. Calculate the normalized matrix of fuzzy decision 

In the fifth stage is calculated the normalized matrix of fuzzy decision �̃� = [�̃�𝑖𝑗], (5-6) 

(Wang and Elhag, 2006): 

�̃�𝑖𝑗 = (
𝑎𝑖𝑗

𝑐𝑗
∗ ,

𝑏𝑖𝑗

𝑐𝑗
∗ ,

𝑐𝑖𝑗

𝑐𝑗
∗ ) , 𝑎𝑛𝑑 𝑐𝑗

∗ = 𝑚𝑎𝑥𝑖{𝑐𝑖𝑗} − 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎  (5) 

or 

�̃�𝑖𝑗 = (
𝑎𝑗

−

𝑐𝑖𝑗
,
𝑎𝑗

−

𝑏𝑖𝑗
,
𝑎𝑗

−

𝑎𝑖𝑗
) , 𝑎𝑛𝑑 𝑐𝑗

− = 𝑚𝑖𝑛𝑖{𝑎𝑖𝑗} − 𝑐𝑜𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎  (6) 

where: 

benefit criteria are criteria generate the profit, where them more is better, 
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cost criteria are criteria generate the loss, where them less is better. 

Stage 6. Calculate the weighted, normalized matrix of fuzzy decision 

The sixth stage is calculated so-called weighted normalized matrix of fuzzy decision 

having the form (7) (Wang and Elhag, 2006): 

�̃� = (�̃�𝑖𝑗), 𝑤ℎ𝑒𝑟𝑒 �̃�𝑖𝑗 =  �̃�𝑖𝑗 ×  𝑤𝑗 (7) 

Stage 7. Calculate Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative Ideal 

Solution (FNIS)  

The seventh stage for FPIS is realized by using the formula (8) (Wang and Elhag, 2006): 

𝐴∗ = (�̃�1
∗, �̃�2

∗, … , �̃�𝑛
∗), 𝑤ℎ𝑒𝑟𝑒 �̃�𝑗

∗ = 𝑚𝑎𝑥𝑖{𝑣𝑖𝑗3} (8) 

while for FNIS by using the formula (9) (Wang and Elhag, 2006): 

𝐴− = (�̃�1
−, �̃�2

−, … , �̃�𝑛
−), 𝑤ℎ𝑒𝑟𝑒 �̃�𝑗

− = 𝑚𝑖𝑛𝑖{𝑣𝑖𝑗1} (9) 

After calculated FPIS and FNIS it is necessary to make the next stage.  

Stage 8. Calculate the distance 

In stage eight is calculated the distance from each of alternatives to FPI and FNIS by 

the formula (10) (Wang and Elhag, 2006): 

𝑑𝑖
∗ = ∑ 𝑑(�̃�𝑖𝑗 , �̃�𝑗

∗), 𝑑𝑖
− = ∑ 𝑑(�̃�𝑖𝑗 , �̃�𝑗

−)

𝑛

𝑗=1

𝑛

𝑗=1

 (10) 

where two triangular fuzzy numbers, i. e.: �̃� = (𝑎1, 𝑏1, 𝑐1), �̃� = (𝑎2, 𝑏2, 𝑐2), then (11) 

(Wang and Elhag, 2006): 

(�̃�, �̃�) =  √
1

3
[(𝑎1 − 𝑎2)2 + (𝑏1 − 𝑏2)2 + (𝑐1 − 𝑐2)2] (11) 

After calculating all distances for each of the alternatives Ai to FPI and FNIS it is 

necessary to go to the next step. 

Step 9. Calculate the proximity factor CCi for each alternative  

The nine step is realized with using the formula (12) (Wang and Elhag, 2006): 

 𝐶𝐶𝑖 =
𝑑𝑖

−

𝑑𝑖
−+𝑑𝑖

∗ (12) 

The calculation of proximity factors allows you to make the best selection, as described 

in the next step. 

Stage 10. The choice the best alternative in terms of quality 

In the tenth stage, it is necessary to order the proximity factors for each alternative from 

maximum to minimum, where the alternative with the maximum proximity factor is the 

best choice in terms of the level of quality (Wang and Elhag, 2006). In order to make 

the choice in terms of cost-quality, it is necessary to make next steps of the method. 

Stage 11. Calculation of cost-quality indicators 

Stage eleven should be implemented according to the method of cost-quality analysis 

(AKJ) which is shown in the literature of subject (for example Siwiec et al., 2019; Siwiec 

et al., 2020).  

Stage 12. The choice the best alternative in terms of cost-quality 

In the twelfth stage, it is necessary to make the pro-quality choice (i.e. cost-quality), 

which means according to the AKJ method idea the choice alternative with the 

maximum value of Rd indication.  
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3. RESULTS 

The aim of applying the proposed method was to make a pro-quality choice of the 

machine by using the ordered fuzzy numbers connected with cost-quality analysis 

(AKJ).  

This choice included the quality aspect (satisfaction of client and producer) and aspect 

of cost (purchase cost). An analysis of five criteria was made, which for needs of 

analyse was marked as A1 - inkwell type (o - open, c - closed), A2 - maximum number 

of color, A3 - maximum size of print, A4 - maximum size of matrix, A5 - maximum 

downforce. Next, the six alternatives were chosen (i.e. the types of pad print machine), 

i. e.: Teca-Print, Comec Polska Sp. z o. o., TampoexpeT and Tampoprint, which for 

needs of analyse were marked in arbitrary and random way M1-M6. The criteria and 

alternative were chosen based on experience and knowledge of the team of experts is 

composed of the company manager and the authors of the work (Table 1). 

 

Table 1 

The characterizing criteria the alternatives (types of machines) 

Criteria 
Alternatives  

M1 M2 M3 M4 M5 M6 

A1 C, O O C O C Z, O 

A2 5 6 4 1 5 6 

A3 200 125  72 145 160  160  

A4 220x440  150x300  350x150 160x350  180x360 580x350 

A5 15000  3000  1300  2500 8000 6000  

 

Next, the members of the team were assessment the criteria and alternatives by 

preferred by Chen in TOPSIS the fuzzy preference scale (Wang and Elhag, 2006). After 

assigning grades and weights by each of member of the expert team the aggregate 

fuzzy assessment for criteria and alternative and also the weights these criteria were 

calculated (Table 2). 

 

Table 2 

Aggregate fuzzy assessment 

 Criteria 

A1 A2 A3 A4 A5 

Weight 1,0 4,3 7,0 4,0 6,7 9,0 5,0 8,7 9,0 6,0 8,7 9,0 1,0 3,0 6,0 

a
lt
e
rn

a
ti
v
e
s
 

M1 7,0 9,0 9,0 5,0 8,0 9,0 7,0 9,0 9,0 5,0 7,3 9,0 1,0 1,0 3,0 

M2 1,0 1,3 4,0 2,0 4,7 7,0 1,0 2,3 6,0 1,0 1,3 4,0 6,0 8,3 9,0 

M3 4,0 6,7 9,0 6,0 8,7 9,0 1,0 3,7 7,0 1,0 3,0 5,0 1,0 3,7 7,0 

M4 1,0 1,0 4,0 1,0 1,0 3,0 3,0 5,3 8,0 1,0 3,7 6,0 7,0 9,0 9,0 

M5 4,0 6,7 9,0 5,0 8,0 9,0 5,0 7,3 9,0 3,0 5,7 9,0 1,0 2,3 5,0 

M6 7,0 9,0 9,0 2,0 4,7 7,0 5,0 7,3 9,0 7,0 9,0 9,0 1,0 3,3 7,0 

 

Then, the normalized matrix of fuzzy decision for benefit criteria (i.e. A1, A3, A4) and 

cost criteria (i.e. A2 and A5) was calculated. For obtained values, the weighted, 

normalized matrix of the fuzzy decision was calculated, and then the Fuzzy Positive 

Ideal Solution (FPIS) and Fuzzy Negative Ideal Solution (FNIS) were calculated (Table 

3). 
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Table 3 

The weighted, normalized matrix of the fuzzy decision and results FPIS and FNIS 

 Criteria 

A1 A2 A3 A4 A5 

Weight 5,4 1,0 9,0 0,2 0,1 1,4 3,9 0,8 9,0 3,9 0,8 9,0 0,3 0,4 7,0 

a
lt
e
rn

a
ti
v
e
s
 

M1 0,8 0,1 4,0 0,3 0,1 3,5 0,6 0,2 6,0 0,8 0,1 4,0 0,1 0,0 1,2 

M2 3,1 0,7 9,0 0,2 0,1 1,2 0,6 0,3 7,0 0,8 0,3 5,0 0,1 0,1 7,0 

M3 0,8 0,1 4,0 0,7 0,5 7,0 1,7 0,5 8,0 0,8 0,4 6,0 0,1 0,0 1,0 

M4 3,1 0,7 9,0 0,2 0,1 1,4 2,8 0,7 9,0 2,3 0,6 9,0 0,2 0,2 7,0 

M5 5,4 1,0 9,0 0,3 0,1 3,5 2,8 0,7 9,0 5,4 1,0 9,0 0,1 0,1 7,0 

M6 5,4 1,0 9,0 0,2 0,1 1,4 3,9 0,8 9,0 3,9 0,8 9,0 0,3 0,4 7,0 

FPIS 2,3 5,0 7,0 1,7 7,0 9,0 5,4 9,0 9,0 5,4 9,0 9,0 0,3 3,0 5,0 

FNIS 0,3 0,6 3,1 0,6 0,9 1,8 0,8 2,3 6,0 0,8 1,3 4,0 0,1 0,3 0,7 

 

Then, the distance from all alternatives to FPI and FNIS and the proximity factor CCi 

were calculated, after which it was possible to choose the best solution in terms of 

quality (Table 4). 

 

Table 4 

Results of the level of quality by the Fuzzy TOPSIS 

Machine ∑FPIS ∑FNIS 𝑪𝑪𝒊 (i.e. q) Ranking 

M1 20,7 14,8 0,42 2 

M2 23,9 3,9 0,14 6 

M3 22,9 10,1 0,31 4 

M4 21,6 6,8 0,24 5 

M5 21,0 13,3 0,39 3 

M6 20,0 15,5 0,44 1 

 

The analyze the problem by the Fuzzy TOPSIS method it was shown, that the best 

choice in terms of quality was choice the machine marked M6 having the maximum 

proximity factor equal 0,44. Then, in order to make choice in pro-quality way, so 

including both the level of quality and also the cost of purchase the cost-quality analyse 

was made, wherein the cost of purchase the pad printing machines for the needs of test 

the method was estimated roughly. The results of the cost-quality analysis are shown 

in Table 5. 

 

Tabela 5 

The results of the cost-quality analysis 

Indicator M1 M2 M3 M4 M5 M6 

q 0,42 0,14 0,31 0,24 0,39 0,44 

Q  41,65 14,14 30,69 23,96 38,80 43,62 

K [zł] 40000,00 25000,00 30000,00 20000,00 40000,00 30000,00 

ck 960,42 1767,79 977,51 834,57 1031,01 687,72 

k 0,00 0,75 0,50 1,00 0,00 0,50 

E 0,00 5,30 1,63 4,17 0,00 1,15 

c 0,75 0,00 0,73 0,86 0,68 1,00 

d 0,00 0,91 0,69 0,88 0,00 0,56 

Re 2,27 5,30 5,75 8,97 2,08 6,38 

Rt 0,32 0,37 0,48 0,54 0,30 0,55 
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Rd 1,30 2,83 3,11 4,76 1,19 3,46 

Ranking 5 4 3 1 6 2 

 

Simultaneous including the level of quality and the cost of purchase the pad printing 

machines simultaneous the best choice was the pad printing machine which was 

marked M4 and had the maximum value of Rd indicator equal 4,76. 

 

4. CONCLUSION 

Achieving the level of product quality required by customers is still a challenge, where 

it is important to take into account the cost aspect as part of enterprise efficiency. 

Therefore, the aim of work was to propose the pro-quality method of choice by using 

the ordered fuzzy numbers connected with cost-quality analysis (AKJ). The analysis 

was made for needs the enterprise located in Podkarpacie in which the printing was 

made using the pad printing technique. Therefore, the subject of the study was the pad 

print machines used in pad printing technique, which choice resulted from their 

problematic choice to specific and often variable working conditions. The five criteria 

were analysed, i.e.: inkwell type, maximum number of color, maximum size of print, 

maximum size of matrix, maximum downforce. Next, the six alternatives were chosen 

(i.e. the types of pad print machine), i. e.: Teca-Print, Comec Polska Sp. z o. o., 

TampoexpeT and Tampoprint, which for needs of analyse were marked in arbitrary and 

random way M1-M6. As part of the ordered fuzzy numbers model, using the Fuzzy 

TOPSIS method (The Technique for Order of Preference by Similarity to Ideal Solution) 

the best machine (i.e. ideal solution) in terms of quality was identified, and this machine 

was pad print machine M6 (Q=43,62). In order to include the cost of the machine the 

cost-quality analysis was made (AKJ). Therefore, then was connected the obtained 

level of quality with the cost of purchase as part of AKJ, after that, it was shown that the 

best choice is machine conventionally marked M4, which indicator Rd was equal 4,76. 

Additionally, it was shown that not always the highest quality and the highest cost is 

guarantee of the best choice because the quality of M4 machine was in fifth place and 

was equal Q=23,96. The proposed method is some kind of new approach to making 

the best decision, where the aspect of quality with the cost was connected. Therefore, 

the proposed method can be used to solve different types of decision problems in 

production and services enterprises. 
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Abstract: The allocation of production tasks to specific production resources is an 

important part of preparing the manufacturing process. The amount of profit and costs 

incurred depends on this division. The efficiency of production resources depends not 

only on the technologies used, but also on the tasks that will be carried out on them. 

Therefore, the management of machine efficiency includes both an evaluation 

(analytical and assessment undertaking, e.g. OEE) and planning activities aimed at 

maximizing the efficiency of machines by appropriately assigning production tasks to 

them. 

The article presents the problem of the allocation of production of various products to 

various production resources, including the efficiency of the use of machines and 

devices, emphasizing the possibilities of undertaking optimization actions in the cost 

management process. A mathematical model was formulated for this issue. An 

algorithm solving the problem of allocation of production tasks is presented. The 

solution was obtained using the Octave computing environment. 

Keywords: OEE, multi-station work, optimization, linear programming 

 

 

 

1. INTRODUCTION 

Machines and devices are strategic assets of every production plant. They take a direct 

part in the technological process, where they create added value to the products - they 

change the shape, physical, chemical, thermal (and other) properties of the products 

(by carrying out machining processes), they also affect the change in the mutual 

position of individual elements in the product (as part of assembly processes) 

(Klimecka-Tatar, and Shinde, 2019; Ingaldi and Ulewicz, 2020;). Optimization of 

functionality and time of uninterrupted operation of machines and devices is an 

important issue related to increasing the company's efficiency and its competitiveness 

on the market in every industry (Anand and Nandurkar, 2012; Drljača, M., 2019). In any 

enterprise, many machines could certainly operate more efficiently. Research shows 

that most machines produce only half of what they could produce, and that the total use 

of resources is around 30-50% (Knop, 2018). Cost reduction by the proverbial 1 PLN 

brings the company greater profit than an increase in sales by the same amount. By 

optimizing the use of production resources, manufacturing companies increase the 
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profits of each PLN invested (Ulewicz et al., 2019). The concept of the effectiveness of 

the use of machinery and equipment is becoming increasingly important as one of the 

variables making up the company's success. Efficiency is a key element of the 

company's development, serving self-fulfillment and its survival (Zimon, 2015). One of 

the methods of measuring the effectiveness of production equipment is the indicator of 

the Overall Equipment Effectiveness, abbreviated OEE (Krynke et al., 2014). This is the 

basic measure used in the concept of comprehensive maintenance of TPM machines 

(Borkowski et al., 2006). The efficiency of production resources depends not only on 

the technologies used, but also on the tasks that will be carried out on them. Therefore, 

the management of machine efficiency includes both an evaluation (analytical and 

assessment undertaking, e.g. OEE) and planning activities aimed at maximizing the 

efficiency of machines by appropriately assigning production tasks to them (Krynke et 

al., 2018). 

The aim of the article is to analyze the allocation of production of various products to 

various production resources, taking into account the effectiveness of the use of 

machines and devices, emphasizing the possibilities of undertaking optimization 

actions in the cost management process. 

 

2. ASSESSMENT OF THE EFFICIENCY OF USING MACHINES AND EQUIPMENT 

Progress in the TPM concept is mainly measured by calculating the Overall Equipment 

Effectiveness OEE, which is an indicator that combines work efficiency, machine 

reliability and the quality of the manufacturing process. The OEE indicator is a useful 

tool illustrating to what extent machines and devices work effectively, i.e. how effectively 

they are used. It is calculated according to the following formula (Borkowski et al., 

2006): 

𝑂𝐸𝐸 = 𝐴 ∙ 𝑃 ∙ 𝑄 ∙ 100 [%] (1) 

gdzie: 

A – Availability factor, 

P – Performance factor, 

Q – Quality factor. 

 

The OEE indicator has become a standard in measuring machine performance widely 

described and used by many companies. By analyzing the obtained OEE values for 

individual machines and devices, you can find out what is the actual level of deviations 

of the plant's OEE values from world standards, and what machines and devices are 

called "Bottleneck" in the plant tested. 

The world standard for the OEE (World Class) indicator is over 85%. At present, it is 

assumed that if an analysis of the OEE indicator obtained a result above 85%, it 

confirms the fact of choosing the right strategy for the operation of machines and 

devices of the analyzed plant. Each result below global standards shows the location 

and directions of necessary corrective actions for the machines and devices of the 

audited plant in operation. Currently, many production plants are systematically 

registering OEE indicators, which improve their production efficiency and strengthen 

their high market position. Thanks to their simple structure, OEE indicators are 

understandable for all staff and thus their unique impact on the shaping of the plant's 

operation is confirmed, regardless of the type of industry (Jagusiak-Kocik et al., 2016; 

Mielczarek and Krynke, 2018). 
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3. RESEARCH PROBLEM 

Production tasks segmentation is an important part of a production process. It is 

connected with the size of the profit and costs. Production tasks should be allocated in 

order for the profit made by the production system to be maximized while, at the same 

time, the costs are maximized (Bard and Nananukul, 2010; Dehghanbaghi and 

Sajadieh, 2017; Lukač et al., 2008; Krynke, 2020).  

In this article a problem of dividing 5 production tasks between 4 workstations was 

presented in such a way that the cost of the realization was smallest. The following 

research problem was considered.  

There are 4 machines whose available standard hours of work were given in Table 1. 

With the help of these machines the production program of five products should be 

realized. Manufacturing cost (1 hour) of the machine j for the one product i are shown 

in Table 2. The production of every product can be divided in randomly between the 

machines. The hourly productivity of machines depends on which product is produced 

on a given machine. Individual value was given in Table 1. The production tasks should 

be allocated to machines in such a way so that the total cost of the realization of the 

production program is minimal.  

The machines are characterized by varying degrees of modernity and technologies 

used. Therefore, the production of a given product on different machines is varied. It 

has other indicators of efficiency and quality. Therefore, in the allocation of tasks to 

individual machines, individual factors should be taken into account that make up the 

value of the OEE indicator. Data on availability, performance and quality ratios are 

presented in Tables 3-5. 

 

Table 1 

Productivity of individual machines depending on products 

Products 
Machines [piece/hour} Planning for 

production 
[piece/month] M1 M2 M3 M4 

P1 200 200 500 300 20000 

P2 700 250 300 200 25000 

P3 450 300 400 400 18000 

P4 400 300 200 300 15000 

P5 100 400 600 200 20000 

Available 
standard hours 

of work 
[hour/month] 

40 88 64 96  

 

Table 2 

Cost per piece of the machine j for the product i 

Products 
Material 

cost [PLN] 

Machines [PLN/hour] 

M1 M2 M3 M4 

P1 1.5 10 25 10 40 

P2 1.0 10 30 35 25 

P3 2.0 10 30 10 10 

P4 1.5 30 15 15 25 

P5 2.0 25 30 50 10 
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Table 3 

Availability factor (A) 

Products 
Machines 

M1 M2 M3 M4 

P1 0.92 0.91 0.88 0.87 

P2 0.87 0.86 0.89 0.85 

P3 0.92 0.88 0.88 0.89 

P4 0.93 0.86 0.94 0.93 

P5 0.93 0.89 0.94 0.88 

 

Table 4 

Performance factor (P) 

Products 
Machines 

M1 M2 M3 M4 

P1 0.76 0.89 0.89 0.88 

P2 0.88 0.89 0.92 0.86 

P3 0.89 0.92 0.94 0.93 

P4 0.94 0.91 0.93 0.95 

P5 0.93 0.94 0.91 0.85 

 

Table 5 

Quality factor (Q) 

Products 
Machines 

M1 M2 M3 M4 

P1 0.99 0.97 0.95 0.98 

P2 0.96 0.98 0.97 0.99 

P3 0.93 0.99 0.96 0.98 

P4 0.92 0.98 0.99 0.98 

P5 0.94 0.98 0.98 0.97 

 

4. COMPUTING ENVIRONMENT AND OPTIMIZATION ALGORITHM 

Linear programming was used to solve the above problem. The linear programming is 

the most often applied model of the optimization on account of the existence of finding 

efficient algorithms of optimal solution. The intuitiveness of linear relations appearing in 

the mathematical model (Ficken 2015).  

The simplex method was used in the linear programming algorithm. This method allows 

to find solutions in short time and is applied in many popular solve e.g. Matlab or Octave 

(Maros, 2003). 

In order to describe this situation with mathematical model a way to characterise the 

allotted tasks with the help of numbers should be found. The first parameter is cost 

connected with the realization of individual products, and the second parameter is 

available standard hours of work. It is possible to describe cost per piece of the machine 

j and the working time. An assessment of the effectiveness of work is a more difficult 

problem. In this example, work efficiency is expressed by the performance of individual 

machines including the OEE (Overall Equipment Effectiveness) indicator. In the case 

of products which were already made on a given machine, determining their productivity 

is straight and quite accurate. However, in the case of a new product their preliminary 

estimation, and later correction will be necessary (Krynke et al., 2019).  

The monthly total cost of the realization of the production program are described as: 
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𝐹(𝑥𝑖𝑗) = ∑ ∑(𝐶𝑝𝑟𝑜𝑑𝑖𝑗 ∙ 𝑥𝑖𝑗 + 𝑤𝑖𝑗 ∙ 𝐴𝑖𝑗 ∙ 𝑃𝑖𝑗 ∙ (1 − 𝑄𝑖𝑗) ∙ 𝐶𝑚𝑎𝑡𝑖 ∙ 𝑥𝑖𝑗)

4

𝑗=1

5

𝑖=1

→ 𝑚𝑖𝑛 (2) 

 

where: xij – number of machine hours j for the product i, (value sought) 

Cprodij – cost for one working hours of the machine j for product i (Table 2), 

wij – productivity of machines - number of work units (1 hour) for machine j and 

product i assuming WW = 100% (Table 1), 

Aij – availability – percentage of scheduled time that the operation is available 

to operate (Table 3), 

Pij – performance – speed at which of machines runs as a percentage of its 

designed speed (Table 4), 

Qij – quality – good units produced as a percentage of the total units started 

(Table 5), 

Cmati – raw material costs for products i (Table 2). 

 

It is a function that should be minimized. At the same time, the available standard hours 

of work: 

∑ 𝑥𝑖1

5

𝑖=1
≤  40 

∑ 𝑥𝑖2

5

𝑖=1
≤  88 

∑ 𝑥𝑖3

5

𝑖=1
≤  64 

∑ 𝑥𝑖4

5

𝑖=1
≤  96 

(3) 

 

and requirement concerning production order – limitations of work units (size of the 

batch): 

∑ 𝑥1𝑗 ∙ 𝑤1𝑗

4

𝑗=1
∙ 𝐴1𝑗 ∙ 𝑃1𝑗 ∙ 𝑄1𝑗 =  20 000 

∑ 𝑥2𝑗 ∙ 𝑤2𝑗 ∙ 𝐴2𝑗 ∙ 𝑃2𝑗 ∙ 𝑄2𝑗

4

𝑗=1
=  25 000 

∑ 𝑥3𝑗 ∙ 𝑤3𝑗 ∙ 𝐴3𝑗 ∙ 𝑃3𝑗 ∙ 𝑄3𝑗

4

𝑗=1
=  18 000 

∑ 𝑥4𝑗 ∙ 𝑤4𝑗 ∙ 𝐴4𝑗 ∙ 𝑃4𝑗 ∙ 𝑄4𝑗

4

𝑗=1
=  15 000 

∑ 𝑥5𝑗 ∙ 𝑤5𝑗 ∙ 𝐴5𝑗 ∙ 𝑃5𝑗 ∙ 𝑄5𝑗

4

𝑗=1
=  20 000 

(4) 

 

Defined task is possible to be solved in the environment Octave. Octave is a free 

programme for numerical calculations (mathematical and engineering calculations). 

This language is intuitive and friendly (for a mathematician) (Nagar, 2018). With basic 

functionality in Octave there are operations on matrices and number of numerical 

methods solving linear and non-linear problems. Octave is software featuring a high-

level programming language, primarily intended for numerical computations. Octave 

helps in solving linear and nonlinear problems numerically, and it is used for performing 

other numerical experiments with the use of a language that is mostly compatible with 

MATLAB. 
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The issue of of planning the production of products on individual machines was solved 

using the GLPK command. The GNU Linear Programming Kit (GLPK) is a software 

package intended for solving large-scale linear programming (LP), mixed integer 

programming (MIP), and other related problems (Piechna, 2012).  

GLPK uses the revised simplex method and the primal-dual interior point method for 

non-integer problems and the branch-and-bound algorithm together with Gomory's 

mixed integer cuts for (mixed) integer problems. 

 

5. ANALYSIS OF THE RESULTS 

After doing calculations, the optimal values of working hours of individual machines was 

obtained. In Fig. 1 machine time fund against the background of available standard 

hours of work was presented.  

The calculations take into account the minimization of total costs (production costs and 

cost of defective products). In addition, the restrictions on the available standard 

operating hours for individual machines were met, and the value of the OEE indicator 

was taken into account in accordance with tables 3-5. For a planned production 

process, the production of the product P1  will be the most effective only on the machine 

M3, the production of the product P2 on the machine M1, M2 and M3, the production 

of the product P3 only on the machine M4,  the production of the product P4 on the 

machine M2 and M4 and the production of product P5 on the machine M2 with a small 

share of the M4 machine.  
 

 
Fig. 1. Optimal assignment tasks to individual machines against the background of available 

standard hours of work 
 

Figure 2 shows the use of machines received for various optimization criteria. The 

operating time of the machines was compared for three situations, where the production 

costs were minimized each time. In the first case, the OEE factor = 100% and the 

limitation resulting from the available working hours for each machine were assumed. 

In the second case, the OEE coefficient is consistent with the data given in Tables 3-5, 

while in the third case the machine working time is unlimited. The machine working time 

fund, which results from the available standard working hours, is fully utilized for the 

second case of optimization. In the third case, the available working hours on M1 and 

M4 machines are exceeded, but it has a positive effect on lower production costs (Fig. 

3). 
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Fig. 2. Machine working time for various optimization criteria 

 

Figure 3 presents a chart comparing the total cost of implementing the procurement 

program for six optimization criteria. The first 3 cases relate to the optimal solution when 

the costs are minimized. For comparison, another 3 cases show situations where 

production costs have been maximized. 

 

 
Fig. 3. Total cost of the realization of the production program for various optimization criteria 
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The presented comparison it is clear that improper allocation of production tasks can 

dramatically increase production costs, in this case several times. It is worth noting also 

that the total costs depend not only on the same production costs but also the costs of 

defective products. Therefore, when estimating the cost of production, it is important to 

also take into account the quality factor, which is also a component of OEE factor. 

 

6. CONCLUSION 

The article presents the problem of the allocation of production of various products to 

various production resources, including the efficiency of the use of machines and 

devices, emphasizing the possibilities of undertaking optimization actions in the cost 

management process. 

The presented analyzes prove that in addition to increasing the efficiency of individual 

machines and devices, it is also very important to optimally allocate tasks to specific 

production resources. Such optimization should be carried out globally, i.e. including all 

tasks and all production resources, including their availability, performance and quality. 

The presented example shows that production costs can increase even several times 

with extremely improper use of production resources. 

The management of the machine working time fund is also important when planning 

production. Typically, the available machine working hours result from the planned 

production schedule. However, for comparison, it is worth conducting a simulation in 

which any number of hours of machine operation is assumed. The presented example 

shows that such a change causes an additional reduction in production costs, in the 

example given it is almost 15% compared to the standard available working hours. 

Linear programming is one of the simplest ways to perform optimization. It helps solve 

some very complex optimization problems by making a few simplifying assumptions. It 

is possible to use the linear programming for the minimization of production costs as 

well as for the maximization of profits.  

The presented example can, by analogy, be widened to a large number of machines 

and tasks as well as months. 
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Abstract: In times of innovation, rapid economic development and high competition, 

each producer tries to improve the condition of his company. Then the quality of 

services or products is improved, losses are minimized, production processes are 

optimized and costs associated with running a business are reduced. The Kaizen 

philosophy can be used to solve any problem and issue related to work in the 

organization. Its main value is to strive for the continuous company’s development 

through small ideas, which incrementally cause continuous improvement of the 

company. The paper presents how the functioning of the Kaizen philosophy in a 

company affects the initiatives of employees, which directly affect the optimization of 

processes. The presented research results show how innovative solutions consisting in 

limiting the use of masking tapes influence the improvement of product assembly 

process. 

Keywords: Kaizen, optimization, process capability, improvement, quality 

 

 

 

1. INTRODUCTION 

The Kaizen philosophy is a basic method supporting the natural company development 

of any industry, provided it is adopted in the company environment. This philosophy is 

widely described in the subject literature (Gabryelewicz et al., 2015), (Imai, 2007), 

(Sapór, 2004), (Maurer, 2007), Ulewicz and Kucęba, 2016), (Midor and Lenart, 2015), 

(Strecuła et al., 2017), (Lizak, 2016), (Taj, 2008) and therefore, due to the limited form 

of this paper, the description of methodology will be omitted. However, it is worth 

mentioning that this methodology helps to unite all the employees involved in the 

development, among others through a system of suggestions. It consists in placing the 

boxes on the company premises so that every employee has easy access to it. The 

boxes collect the ideas of the whole staff concerning each and every issue, whether 

improving the quality of work or the way of storage, through all safety issues. Therefore, 

the Kaizen philosophy can be used to solve every problem and issue related to work in 

the organization. Its main value is to strive for the continuous company’s development 

through small ideas, which constantly improve the company. It is quite common that the 

suggestion boxes are filled by employees with proposed solutions to the difficulties 

encountered, which the top management was not even aware of. This is an ideal 
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argument for implementation of this philosophy in every organization. In a way, for these 

reasons, the Kaizen system is the best link between all employees in the company. Its 

great advantage is the fact that no idea is bad, and often unused ideas can contribute 

to the perception of a problem and then become an inspiration for someone else. 

Therefore, an extremely important argument for Kaizen’s life in the company is 

employee involvement. 

The article was written on the basis of research carried out as part of an engineering 

thesis (Wojciechowski, 2020). 

The changes in the production process presented in the article, consisting in the 

optimization of machine parameters, were a consequence of employees' suggestions, 

which were implemented as part of the Kaizen system in the company. These 

suggestions concerned the elimination of sticking to the detail of a tape protecting 

against painting some of its areas. The elimination of these tapes was necessary to 

streamline the process and thus reduce the number of defective products. The 

presented activities were carried out by a group of employees under the supervision of 

the author of the article. 

 

2. CHARACTERISTICS OF RESEARCH SUBJECT 

The company discussed in the paper (the management has not agreed to the disclosure 

of the company’s name) is a leader in the production of exterior painted body parts for 

cars produced all over the world. It is a company with a long tradition and extensive 

experience operating in 26 countries.  

The area of improvement presented in the paper is the roof deflector assembly process. 

The production line of product in question is located in the assembly department, which 

is responsible for connecting finished elements provided from other departments, 

including the paint shop and injection department. The assembly is based on technical 

criteria developed and agreed upon, and deals with the shaping of final product by 

combining individual elements (semi-finished products) in a separate way by means of 

assembly or inseparably by means of specific technologies. The paper describes the 

product – passenger car roof deflector, which consists of two interconnected parts in 

an inseparable way: the inner part constituting the body and the so-called casing, i.e. 

the painted outer part. Both semi-finished products are connected to each other during 

the last assembly process consisting of ultrasonic welding. Figure 1 shows an 

illustrative schematic diagram of roof deflector. 
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Fig. 1. Schematic diagram of roof deflector. Source: (MINI Countryman F60) 

 

The production so far has shown process stability. The quality control of material 

welding process consisting in testing the strength of welded joints was at the level of 

minimum 250N, and regularly conducted strength tests did not show deviations from 

the client’s standards. Painted roof deflector casings delivered so far to the assembly 

department had paint tapes adhered to the inside of unpainted side – Figure 2. This 

masking was to protect the element against painting it from the unwanted side, because 

for the correct process of ultrasonic welding it is necessary to clean and degrease the 

deflector surface from any dirt. However, the process designed in such a way was 

exposed to possible mistakes of employees, e.g. wrongly applied tape or its lack, which 

resulted in producing an incompatible product. Moreover, such preparation of the semi-

finished product generated costs in the form of using masking tapes. In order to optimize 

the process using the Kaizen philosophy, a suggestion was made to change the 

process of preparing the semi-finished products. 

 

 
Fig. 2. Masking of painted element with masking tape 

 

3. METHODOLOGY OF CONDUCTED RESEARCH 

The change in semi-finished product preparation process was to achieve a stable 

welding process without masking tapes on the semi-finished product while maintaining 

the product features required by the client, such as weld strength at the five points that 

attach deflector to the car roof, no deformation after the welding process and no 

damage to the paint coating of finished product. Moreover, in accordance with the 

agreement in force between the client and the company concerning the quality of 

produced deflectors, the required strength of joints at the level of at least 250 Newtons 
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and Cpk process stability indicators at 1.33 points and Cpk process centering rate at 

1.00 points.  

The results of conducted tests are presented in the form of tables and diagrams. Tables 

present statistical data such as joint strength, mean joint strength, median of obtained 

results, standard deviation, lower and upper tolerance limit and indicators necessary 

for Cp and Cpk client. 4 tests were conducted. For the purposes of this paper, the 

results from tests 1 and 4 are presented. 

 

3.1. First test 

For the purposes of first test, nine finished products were produced without masking, 

using standard parameters of ultrasonic welder on the station of joining two elements 

into a semi-finished product. Figure 3 presents the results of strength tests of welded 

joints. Table 1 includes the Cp and Cpk ratios, mean, median and standard deviation 

from conducted tests. 

 

Table 1 

Summary of the first test results carried out on nine welded parts 

Cp : 1.33 5.9 1.5 1.0 1.0 2.3 

 Cpk : 1.00 -0.4 1.0 0.9 0.8 0.7 

Median 223.0 504.0 638.0 600.0 382.0 

Mean  222.6 501.4 593.4 540.0 361.9 

Standard 
deviation 

21.3 84.1 123.8 127.7 55.0 

Minimum value 
expressed in 

Niutons 
250 250 250 250 250 

Tol + 750.00 750.00 750.00 750.00 750.00 

  0.00 0.00 0.00 0.00 0.00 

Point name L1 L2 3 R2 R3 

 

 
Fig. 3. Results of the first test 

 

The test showed the strength of eight welds below the level required by the client. The 

mean strength is 223N with a minimum of 250N. Despite the low strength of joints at 

point L1, the test confirmed process stability at a very high level of Cp 5.9, unfortunately 
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Cpk 0.4 is poorly centred. The remaining points show the strength of welded joints at 

an acceptable level, but the capacity of Cp and the centering of Cpk process need 

improvement. 

 

3.2. Second test 

The second test was carried out on eight elements after changes of welding 

parameters. The changes were made by increasing the probe’s clamping strength at 

points L1 and R1 0.2 mm. In points L2, 3 and R2 the strength was reduced by 0.1 mm. 

The results of this study showed an increase in strength for point L1 and an unexpected 

decrease in point R1. In turn, as planned, the process for three middle points lost 

strength properties in favour of stability. 

 

3.3. Third test 

Another strength test was carried out for sixteen parts after corrections in the welder 

pressure. From the previous test values for points L1 and R3 0.1 mm of clamping 

strength was deducted, and for points L2, R2 and 3 another 0.1 mm of clamping 

strength was deducted. The results obtained for the three middle reinforcements 

indicate high repeatability and process centricity, which is reflected in Cp and Cpk 

ratios. This level is highly acceptable for the company’s client and allows the product to 

continue production. However, the external welds again show bad centering with high 

process stability, the Cp ratio for both points indicates their high potential. 

 

3.4. Fourth test 

The fourth test was carried out on sixteen elements without any changes in the 

parameters of welder, but in the weakened external points L1 and R1 masking tape 

was used. Previous strength tests and observations of test participants showed that 

these parts of deflector are characterized by high unpredictability. Hence the decision 

to mask difficult to adjust critical points. Figure 4 indicates the tape eliminated by testing. 

The remaining part by a compromise has been preserved to improve the process. 

Figure 5 shows the fourth test results from sixteen finished deflectors. Table 2 includes 

Cp and Cpk ratios, mean, median and standard deviation from the tests conducted in 

this study. 

 

 
Fig. 4. New masking method 

 



Quality Production Improvement                                                                       QPI vol. 2, 2020              202 

 
Fig. 5. Results of the fourth test 

 

Table 2 

Summary of the fourth test results carried out on sixteen elements 

Cp : 1.33 7.4 5.0 4.3 4.4 9.0 

 Cpk : 1.00 2.2 2.5 2.9 2.2 2.8 

Median 360.5 429.5 506.5 436.0 365.0 

Mean  360.4 437.5 503.4 438.6 367.4 

Standard 
deviation 

16.9 25.0 28.9 28.3 13.9 

Minimum value 
expressed in 

Niutons 
250 250 250 250 250 

Tol + 750.00 750.00 750.00 750.00 750.00 

  0.00 0.00 0.00 0.00 0.00 

Point name L1 L2 3 R2 R3 

 

This test resulted in positive results of weld strength and very good Cp and Cpk ratios. 

Such results, if maintained at a given level, are sufficient for the implementation team. 

The above graphs reflect high capacity and process center rates. The obtained 

repeatability L1 and R3 at levels 7.4 and 9.0 is highly desirable in every production 

process. 

 

4. SUMMARY AND CONCLUSION 

Thanks to the reorganization and improvement of preparation process of painted parts 

for further assembly, the company has minimized its production costs and the resources 

saved can be used to search for further innovations within Kaizen. The success of 

reduction in masking has opened up a wider perspective for other projects that also use 

these tapes for masking painted parts in their processes. The tape solution so far has 

often caused many problems, not only in terms of costs and staffing of the masking 

worker. A common problem was that the tape peeled off before the painting process, 

which was also related to throwing the finished semi-finished product away due to the 

inability to properly weld it to the next element because of the presence of paint 

residues. 

This example perfectly illustrates how the philosophy of small steps improves the 

processes without any additional impairment of the quality of manufactured products. 
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Conclusions: 

1. Analysis concluded that the change of parameters in the welding process 

helped to eliminate parts of the masking tape. 

2. Risk of error, consisting of inaccurate adhesion of the tape or its detachment, 

was minimized, which resulted in the manufacture of a product not complying 

with the client’s requirements. 

3. Thanks to the introduction of partial masking solution, an improvement in 

process efficiency was observed. 

4. The success associated with the undertaking of changes in welding parameters 

provides prospects for introducing such solutions in other similar production 

projects. 
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Abstract: Machine failures in each production system cause an increase in costs and 

delays in order execution. Therefore, companies decide to introduce solutions that 

detect and immediately remove worrying symptoms before more serious consequences 

occur. Unfortunately, not all failures can be avoided – in such cases, the most important 

thing is the quick reaction of machine operators, maintenance and production 

managers. This paper identifies reliability indicators and presents the steps and effects 

of implementing selected KPIs (Key Performance Indicators), which aim at the 

production process. For the machines in which a failure occurred in the surveyed period, 

technical availability, Mean Times Between Failures (MTBF), Mean Down Time (MDT), 

technical object readiness, and the downtime coefficient were calculated. 

Keywords: production, failure, reliability, KPI, machine efficiency 

 

 

 

1. INTRODUCTION 

Each company sets clear and achievable goals. Usually it is a dynamic development, 

high company profits and a high position on the market. In order to meet the increasing 

customer requirements, the company must ensure that the production process runs 

smoothly. Unplanned disruptions in the production process affect the quality and 

timeliness of tasks performed. Among unplanned production interruptions are those 

caused by machine/plant failures. Each failure results in additional costs that the 

company has to bear. 

Even the most correct behaviour cannot 100% rule out the possibility of undesired 

events. Each type of activity is associated with a specific risk – including the risk of 

failure. 

The progress of information and communication techniques using mechanical and 

electronic systems has introduced “new quality” in the construction and operation of 

machines. The use of control, monitoring or regulation systems allows for proper 

performance of production tasks. Monitoring the condition of machines before, during 

or after operation has become a standard. As a result of these activities, downtimes 

during the production process have been quite significantly reduced, which has 

translated into economic effects for companies. 
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According to the occupational health and safety standard (Niziński, 2002), a failure is 

“an event occurring as a result of uncontrolled developments during the operation of 

materials, equipment or installations, leading to the emergence, immediately or with 

delay, within or outside the organization, of a serious hazard to human health and/or 

the environment, such as: a high emission of harmful or hazardous substances, fire, 

explosion, etc.” (How to understand the concept of failure). 

Machine failures are the main problem of industrial enterprises. They cause unplanned 

stoppages in production, which may result in increased costs and loss of customers 

(Kowalski, 2012), (failure definition), (Biały and Rozbarsky, 2018). 

Failures are understood as unforeseen damage to machinery, which leads to the state 

of malfunction of the object and prevents its operation. Such failures occur suddenly 

and result in its malfunctioning or the complete transition of machine into an unfit state. 

The duration of failure is impossible to determine and requires corrective and remedial 

action to rectify the failure and restore the machine to a state of serviceability. 

Failure – an unexpected (unplanned), sudden event(s) which causes, or is capable of 

causing, injury to persons or damage to buildings, plants, materials or the environment. 

In order for machines to function properly, it is necessary to organize the process of 

supervising machines and equipment. The management of machinery park is an 

essential element of the functioning of a company. All activities are implemented to 

supervise the efficiency, reliability and readiness of the production machines. The basic 

element of properly organized process of supervising machines and devices in an 

enterprise consists in choosing and applying proper management strategy (Legutko, 

2009), (Niziński, 2002), (Piersiala and Trzcieliński, 2005), (Biały and Rozbarsky, 2018). 

Implemented methods of supervising machines and devices require periodic evaluation 

of the effectiveness of implemented measures and the technical condition of owned 

machinery park. 

 

2. KEY PERFORMANCE INDICATORS (KPI) 

Every production company must take into account the fact that machines and their parts 

may failure as a result of continuous operation. In order to avoid additional costs and 

unexpected downtimes in production, companies more often decide to use methods 

and tools to support maintenance work. These actions will allow for quick identification 

of the cause of failure, efficient and quick correction and introduction of corrective and 

improvement measures. 

Therefore, in companies, more emphasis is placed on the efficiency of machinery park 

– the aim is to achieve zero downtime and zero failures. 

The basis is selection of appropriate measures that are used to assess the key activities 

carried out as part of the maintenance of machinery and equipment to work effectively. 

The effectiveness is understood as characteristic of the operation object which 

determines the level of achievement of the objectives set for the object in specific 

operating conditions and a specific period of time (Antczak and Gębczyńska, 2016). 

In order to assess the effectiveness of machinery operation in the company, various 

measures should be used, which are selected based on a specific criterion. For the 

different criteria, different types of indicators are used, which are presented in Table 1. 
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Table 1 

Machinery performance indicators 

Lp Type of criterion Examples of indicator types 

1 Economic Profitability rate 
Fixed and variable costs of maintaining machines 
Capital, mean and current machine maintenance costs rate 
Cost of maintaining spare parts 

2 Technical and 
operational 

Machine reliability indicator 
Performance indicator 
Machine downtime indicator 
Machinery damage and failure rate 
Technical readiness index 
Machine utilization rate 
Changeability index 

3 Information and 
operation 

Technical performance indicator 
Mean age of machines 
Repair service intensity rate 
Repair satisfaction rate 
Employment rate of maintenance services 
On-time performance of capital, mean, current and 
maintenance repairs Maintainability indicator 

4 Security Number of accidents in the operation and use of machines 
Number of hazards arising when operating and using the 
machines 

 

The meters are used to evaluate the key activities carried out within the machinery 

maintenance, as well as to control the implementation of activities carried out in the 

company. 

Key Performance Indicators (KPIs) are used in the paper to assess the effectiveness 

of selected production system. They allow for a comprehensive and objective 

assessment of the implementation level regarding the organization objectives 

(Bujanowska and Biały, 2018), (Loska, 2011). 

The KPIs are a key success factor in the area of maintenance. The selection of 

appropriate indicators and their interpretation lead to the successful completion of the 

improvements introduced in the company, which result in savings as well as 

organizational and operational benefits. The KPIs allow to use the already collected 

information on the operation of machines to diagnose the maintenance activities. 

KPIs for maintenance have been included in the standard (PN-EN 15341:2007), 

Maintenance Key Performance Indicators, developed by the European Committee for 

Standardization (CEN), which contains a uniform set of measures. There are seventy-

three KPIs and they should be selected according to the relevant criterion (Bujanowska 

and Biały, 2018), (Loska, 2011). The KPIs are created and selected on the basis of 

individual information needs in each operating system (Adamkiewicz and Burnos, 

2019). The study was guided by the technical and operational criterion, which is related 

to the suitability of system elements. These indicators express the influence of 

technology on the operation of particular technical means and are related to the system 

elements’ functioning, as well as express the influence on the system’s ability to function 

in a given time. 

The following indicators are included in the technical and operational criterion (Antosz 

and Stadnicka, 2015): 

 performance indicator, 

 coefficient of variation, 
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 machine damage and failure rate, 

 machine downtime indicator, 

 machine utilization rate, 

 technical readiness indicator. 

 

3. BRIEF DESCRIPTION OF THE COMPANY 

The surveyed company is a dominant manufacturer of machinery and equipment for 

metallurgy and metal processing. Thanks to many years of experience in designing, 

production, delivery and start-up of equipment and entire process lines, it has a certain 

position on the domestic market, but also on the foreign market. 

The company also employs highly qualified engineers, who consist of a team of 

experienced design office employees. Thanks to their work, new product designs are 

developed for the company and for foreign companies. 

Main sectors of the company’s activity: 

 machinery and equipment for the independent metalworking industry, 

 machinery and equipment for the iron and steel metallurgy industry, 

 machining, 

 heavy welded structures of machines and equipment, 

 mining and energy industry, 

 food industry, 

 shipbuilding, 

 manipulators and forge hammers. 

 

The aim of conducted studies is to analyze and assess the correctness of using key 

efficiency indicators of the production process in the surveyed company. The paper 

analyses selected, four key efficiency indicators such as: 

 Boring mill (Figure 1), 

 Drilling and milling machine (Figure 2), 

 Hobbing machine (Figure 3). 

 

 
Fig. 1. Boring mill. Source: (Zamet Industry) 
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Fig. 2. Drilling and milling machine. Source: (Zamet Industry) 

 

 
Fig. 3. Hobbing machine. Source: (Zamet Industry) 

 

4. DETERMINATION OF SELECTED KPIs 

In order to determine the system’s reliability it is necessary to determine the reliability 

of each technical object. The rules of preparing technical documentation of 

maintenance services provide for a 20-day work cycle of selected machines. The 

system components operate in series during two eight-hour shifts. Reliability was 

calculated on the basis of technical object tests in one month, which had 28 days, 

excluding Saturdays and Sundays. 

The presented paper determines (calculated) reliability indicators in order to obtain data 

on the efficiency of components operation of the analyzed equipment. 

All calculated indicators should be analysed by tracking their trends at equal intervals. 

It is then possible to deduce whether the implemented measures are achieving the 

intended effect. The indicators shall be calculated and measured to plan the time of 

maintenance and replacement of parts, to verify the performance of maintenance 

services, to measure the progress in reducing the time to repair failures. These 

indicators are related to failure analysis, it is worth to use them to draw conclusions and 

implement actions aimed at reducing the failure level and reducing the failure duration 

(Bujanowska and Biały, 2018), (Macha, 2002). 

1. Technical availability 

                                                                  At = Kg =
T1

T2
                                                              (1) 

where: 

T1 – Actual operating time  

T2 – Expected operating time 

Boring mill 

Actual operating time (total): T1 = 224 h  

Estimated operating time: T2 = 320 h (8 h during each shift) 
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Readiness index for boring mill: 

 

                                          At = Kg =
224

320
= 0.709 · 100% = 70%                                (2) 

Readiness index for boring mill in one month was 70% 

 

Drilling and milling machine 

Actual operating time (total): T1 = 256 h  

Estimated operating time: T2 = 320 h (8 h during each shift) 

Readiness index for drill and milling machine: 

 

                                             At = Kg =
256

320
= 0.8 · 100% = 80%                                   (3) 

Readiness index for drilling and milling machine in one month was 80% 

 

Hobbing machine 

Actual operating time (total): T1 = 320 h  

Estimated operating time: T2 = 320 h (8 h during each shift) 

Readiness index for hobbing machine: 

 

                                             At = Kg =
320

320
= 1 · 100% = 100%                                    (4) 

Readiness index for hobbing machine during the month in question was 100% 

 

2. Mean Times Between Failures (MTBF) 

 

                                                                      MTBF =
Tz

N
                                                           (5) 

where: 

Tz – total time of the object’s correct operation at time t  

N – number of the object’s damage (failures) at time t 

 

Boring mill 

Total time of the object’s correct operation at time t: 

 

                                                   Tz = 320 h – 96 h = 224 h                                        (6) 

Number of the object’s damage (failures) at time t: N = 2 

MTBF indicator for boring mill:  

 

                                                 MTBF =
224

2
= 112 h = 6720 min                                    (7) 

Mean operating time between boring mill damage in one month was 6720 min. 

 

Drilling and milling machine 

Total time of the object’s correct operation at time t: 

                                             Tz = 320 h – 64 h = 256 h                                              (8) 

Number of the object’s damage (failures) at time t: N = 1 

MTBF indicator for drilling and milling machine: 
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                                                    MTBF =
256

1
= 256 h = 15360 min                               (9) 

Mean operating time between drilling and milling machine damage in one month was 

15360 min. 

 

Hobbing machine 

For hobbing machine, this indicator has not been calculated because in the month in 

question, there was no failure of this machine – MTBF = 0. 

 

3. Mean Down Time (MDT) 

 

                                                                     MDT =
∑MDTi

n
                                                  (10) 

where: 

∑MDTi – sum of downtimes caused by all failures 

n – number of failures 

 

Boring mill 

Sum of downtimes caused by all failures 

∑MDTi = 96 h 

Number of failures 

n = 2 

Calculation of MDT index for boring mill: 

 

                                                    MDT =
96

2
= 48 h = 2880 min                                      (11) 

Mean downtime caused by machine failure in the analysed month was 48 h, i.e. 2880 

min.  

 

Drilling and milling machine 

The sum of the downtimes caused by all failures 

∑MDTi = 64 h 

Number of failures 

n = 1 

Calculation of MDT index for drilling and milling machine: 

 

                                                    MDT =
64

1
= 64 h = 3840 min                                      (12) 

Mean downtime caused by machine failure in one month was 64 hours, or 3840 min.  

 

Hobbing machine 

This indicator has not been calculated for the hobbing machine, as there was no failure 

of this machine during the month in question. MDT = 0. 

 

4. Technical object readiness 

                                                      G =
MTBF

MDT + MTBF
∙ 100%                                              (13) 
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where: 

MTBF – Mean Times Between Failures 

MDT – Mean Down Time 

 

Boring mill 

MTBF = 6720 min 

MDT = 3h= 2880 min 

Calculation of the technical readiness index (G) for boring mill: 

                                                G =
6720

6720 + 2880
· 100% = 70%                                     (14) 

Technical readiness indicator for boring mill is 70%  

 

Drilling and milling machine 

MTBF = 15360 min 

MDT = 2h = 3840 min 

Calculation of the technical readiness index (G) for drilling and milling machine: 

                                               G =
15360

15360 + 3840
· 100% = 80%                                    (15) 

Technical readiness indicator for drill and milling machine is: 80%. 

 

Hobbing machine 

Readiness of the hobbing machine in the surveyed period of time was 100%. 

 

5. Downtime rate 

                                                          Kp =
T2

T1 + T2
· 100%                                                   (16) 

where: 

T1 – Total operating time 

T2 – Operational availability, determined by dependency (time of suitability at time t): 

 

                                                                      A0 =
Tz

t
· 100%                                                 (17) 

Determination of the dependency (time of suitability at time t): 

For boring mill: 

                                                                    A0 =
224

320
· 100% = 70%                                 (18) 

For drilling and milling machine: 

                                                                    A0 =
256

320
· 100% = 80%                                 (19) 

For hobbing machine: 

                                                                     A0 =
320

320
· 100% = 100%                              (20) 

 

 Downtime rate for boring mill: 

                                                       Kp =
70

320 + 70
 = 0.179 ≈ 0.18                         (21) 

The value of downtime rate for boring mill is 0.18. 
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 Downtime rate for the drilling and milling machine: 

 

                                                                 Kp =
80

320 + 80
 = 0.2                                          (22) 

The value of downtime rate for drilling and milling machine is 0.2. 

 

 For the hobbing machine, no downtime rate was calculated because no failure 

occurred during the period considered – the rate is 0. 

Table 2 shows the calculated values of all selected indicators. 

 

Table 2 

Calculated performance indicators 

 
Component  

 
 

Indicator 

Technical 
availability 

Mean 
operating 

time between  
MTBF 

failures 

Mean 
downtime 

due to MDT 
failure 

Technical 
object 

readiness 

Downtime 
rate 

Boring mill 70% 6720 min 48 h 70% 0.18 
Drilling-milling 
machine 

80% 15360 min 64 h 80% 0.2 

Hobbing machine 100% 0 0 100% 0 
∑  22080 min 112 h  0.38 

 

 

5. CONCLUSION 

Production systems require an efficient operating economy to provide products of 

appropriate quality. Machines must not only run smoothly, but also produce high quality 

products. Each order accepted by the company has a specific execution time. In case 

of failure, the time is prolonged, which involves customer dissatisfaction and additional 

costs. Therefore, maintenance methodologies and tools have a very important role in 

the production company. Thanks to cause-effect analyses it is possible to quickly find 

the cause of failure and avoid further downtimes. 

Unfortunately, not all failures can be avoided. In such cases, the most important thing 

is a quick reaction of machine operators, maintainers and production managers. 

In this paper, KPIs have been determined (calculated) to improve the reliability of 

machines. For machines in which a failure has occurred during the period under 

consideration, technical availability, Mean Times Between Failures (MTBF), Mean 

Down Time (MDT), technical object readiness, and the downtime factor have been 

calculated. 

Each employee was trained to operate the machinery in the company’s fleet and was 

informed of the need to notify the production manager of any change in the operation 

of a given machine that was noticed. Employees were involved in the planning, design 

and maintenance of machines. The lifespan of production machines was also extended 

thanks to the development of maintenance system. The company constantly strives to 

achieve the effect of three zeros: zero failures, zero shortages, zero accidents at work. 

Efficient machinery and high product quality contribute to more customers and along 

with higher revenues for the company. It should be remembered that maintaining the 

achieved effects requires the continuous involvement of all employees, control and 
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systematics, as the lack of continuous improvement leads to the loss of all previously 

undertaken steps. 
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Abstract: The stress-strain state of reinforced concrete elements is rather complicated 

issue of scientific research, which integrates different factors, such as the load type, 

atmospheric conditions, various defects, damages, geometric deviations. It is 

commonly known that corrosion of reinforced concrete elements affects both the 

strength and deformation parameters of the structure significantly; thus, internal 

stresses` parameters are also influenced. Therefore, detailed theoretical investigation 

of this issue is the main goal of this article. The detailed literature review and thorough 

analysis was conducted concerning previous experimental and theoretical studies of 

the corrosion defects` influence on the reinforced concrete elements` stress-strain 

state. Existing data and results were systematized and analyzed. On the basis of 

provided research it could be concluded that the reinforced concrete elements` stress-

strain state greatly depends on existing damages and impurities. The stress-strain state 

could be complicated on micro-scale due to material chemical and mechanical 

peculiarities; simultaneously on macro-scale the bearing capacity is of the structure 

could be reduced in general. In the articles existing methods for this issue simulation 

and evaluation are described and perspective fields for further research are identified. 

The practical significance of the article is due to complex approach to the research and 

multilateral identification of the main issue key points. 

Keywords: corrosion, reinforced concrete elements, steel bars, stress-strain state 

 

 

 

1. INTRODUCTION  

Construction industry is mainly associated with significant capital investments required 

for new construction and dependence on external factors of scientific and technological 

scale, as well as on the world economic market. Therefore, the great attention is paid 

to the issue of optimal usage and proper exploitation of existing residential and 
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industrial construction funds, their optimization, reconstruction, strengthening 

(Tryapitsin et. al., 2019, Adhikary et. al., 2015). 

Reinforced concrete structures nowadays are increasingly becoming the main choice 

in the construction industry (Tryapitsin et. al., 2019, Jung et. al., 2019, Bobalo et. al., 

2019, Christodoulou and Goodier, 2014, Blikharskyy, 2019, Selejdak et. al., 2020, 

Krainskyi, 2020, Bobalo et. al., 2020). According to Jung et. al., 2019 reinforced 

concrete structures are commonly subjected to various negative impacts, one of the 

most remarkable of which are corrosion influences. During this process the strength 

and deformation parameters of the structure could significantly change. Therefore 

development of reliable methods for evaluation of reinforced concrete elements` stress-

strain state due to corrosion impacts requires particular attention. 

 

2. PURPOSE OF THE RESEARCH  

The work includes detailed review of existing experimental and theoretical studies, in 

which corrosion defects` influence on the stress-strain state of reinforced concrete 

elements is investigated. Article aims to provide thorough analysis and systematization 

of the results of scientific works. Also, the task of the study is to outline promising areas 

of development of this topic and provide recommendations for further experimental and 

theoretical research. 

 

3. ANALYSIS OF RECENT RESEARCH  

As the reinforced concrete recently has become the most common structural material 

the great number of scientific works were devoted to the study of its` properties in 

various exploitation conditions (Indeitsev et.al., 2018, Statsenko and Mitasov, 2018, 

Slaitas et.al., 2020, Fouzia et. al., 2019, Blikharskyy et. al., 2020, Khmil et. al., 2019, 

Pavlikov et.al., 2018, Karpiuk et. al., 2019). In theoretical and experimental studies was 

analyzed performance of reinforced concrete elements under different loading 

conditions and external negative impacts.  

It is important to admit, that due to specific microstructural properties of the material 

and its synergic nature the distribution of deformations, internal forces and non-force 

effects is rather complicated. Corrosion impacts with their non-uniform complex 

chemical and physical parameters could be the reason of significant changes in stress-

strain state of the structural element. Authors (Indeitsev et.al., 2018, Statsenko and 

Mitasov, 2018, Slaitas et.al.,  2020, Fouzia et. al., 2019, Blikharskyy et. al., 2020, Khmil 

et. al., 2019, Pavlikov et.al., 2018, Karpiuk et. al., 2019, Zandi, 2010, Radchenko et/al/, 

2019) studied reinforced concrete elements in various complex load conditions, 

including permanent and short-term loading and environmental effects. Such effects 

were noted as plastic deformations` accumulation and calculation scheme 

complication, which require complex mathematical simulation models. Number of 

studies were also devoted to various strengthening techniques, taking into account the 

structures` features (Vatulia et. al., 2019, Kos and Klimenko, 2019, Azizov et. al., 2019). 

Authors (Mackechnie and Alexander, 2001) [describe corrosion process as the 

inevitable process during which materials` components return to more stable condition 

under the exposure of aggressive environments. Corrosion damages have become an 

urgent problem in construction industry due to significant number of pathological effects 

on infrastructure (Karpiuk et. al., 2019, Thomas et. al., 2013, Habita, 1992). Such 

damages could develop rapidly and be invisible during a long period after the structural 

integrity had already been compromised. 
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With the development of external influences of the aggressive environment both 

quantitative and qualitative internal efforts` parameters change. Therefore, rational 

design and reconstruction decisions could be obtained only if the corrosion influences` 

on the kinetics of stress-strain changes is assessed. Obviously, the correct formulation 

of reconstruction decision is possible only with comprehensive assessment of a 

particular structural element and thorough definition of its stress-strain state (Varlamov 

et. al., 2019). 

For today the theoretical and experimental studies of aggressive environment and local 

load combined effect on reinforced concrete element have not given the proper 

evaluation technique (Blikharskyy. et. al., 2017). As was shown (Khmil et. al., 2009), 

the method of these dangerous factors` assessment, proposed in normative regulations 

significantly overestimates the bearing capacity of corroded reinforced concrete 

structures. The work shows an increase in the deformability of the samples with the 

combined action of local load on them and sulfuric acid. The effect of corrosion on the 

reinforcing component of this system is associated with complex changes in the stress-

strain state of the structure in general. 

The decisive factor in this issue is chemical aspect of components` joint action. Authors 

(Indeitsev et. al., 2018) pay their attention to alkaline-aggregate reactions, which lead 

to accumulation of alkaline-silica gel products, subsequent internal pressures and 

cracking of concrete stone. In order to fully investigate this issue should be developed 

the set of studies, including field inspection of structures, detection and distribution of 

defects, aggressive conditions, monitoring of critical degradation kinetics, laboratory 

tests on samples collected from one or more components of the affected concrete. 

The number of works (Ayinde et. al., 2019, Küter et. al., 2005) were devoted to analysis 

of the chloride corrosion mechanism. As additional negative factors the conditions of 

repeated wetting, freezing and thawing, as well as dynamic loads were specified. 

Reliable modeling techniques finite element analysis and ABAQUS simulation (Ayinde 

et. al., 2019) and probabilistic method (Küter et. al., 2005) were used. Such probabilistic 

approaches have recommended itself as reliable way to obtain detailed qualitative and 

quantitative information about the level of structural reliability. Thus, taking into 

consideration specifics of material degradation processes the kinetics of stress-strain 

changes in structural elements could be accurately predicted. However, the main 

obstacle to the introduction of such a technique in practical application is the large 

number of unsystematized probabilistic models for such processes and, accordingly, a 

significant amount of input data for more complex mathematical modeling. 

Research (Teplý and Novák, 2012) mostly focuses on the carbonate corrosion, which 

is generally determined by the diffusion environmental processes and its subsequent 

reactivity with concrete with a corresponding decrease in pH to 8.3. After the 

carbonization depth reaches the steel bars, depassivation processes begin and, 

simultaneously the corrosion of reinforcement starts. The speed and intensity of such 

process is the integrated result of many parameters, including thickness and 

permeability of concrete, ambient temperature, relative humidity and carbon dioxide 

content, type and composition of concrete, gradients, hardening conditions, etc. 

Authors (Teplý and Novák, 2012) propose to represent in simulation techniques all the 

above indicated parameters as random variables of a certain range.  

However, it should be noted, that the chemical processes during corrosion act 

simultaneously as the negative mechanical factors. Thus, as was stated (Fouzia et. al., 

2019), despite the fact that some components of concrete are chemically quite passive, 
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availability of specific thermal and chemical environmental conditions could cause the 

certain gel phase formation; after that micro-cracks in the cement stone appear and the 

fragile destruction takes place. This aspect should be taken into consideration during 

the design of reinforced concrete structures, which have tendency to fragile destruction, 

such as prestressed reinforced concrete elements. Newly introduced simulation 

techniques (Dai et. al., 2020) provided reliable assessment of localized corrosion 

complex phenomenon and corresponding strength and prestress losses. Also non-

linear character of bearing capacity reduction was noted with sharp decrease at certain 

level due to weak interphase interaction of the material components. 

Fracture degradation was identified also by authors (Šahinagić-Isović and Cecez, 

2013), where authors emphasize on the necessity to analyze the RC element as the 

composite structure, rather than as separate components, in particular under the 

negative impacts. 

Le et al., 2017 in their work propose the use the combination of different approaches 

during corrosion process simulation. According to author (Šahinagić-Isović and Cecez, 

2013) such an approach is the only possible way to reliably analyze complex 

degradation process and identify components of the stress-strain state of the reinforced 

concrete element, in particular to define the full field of deformation. Similarly (Teplý 

and Novák, 2012) the complex of probabilistic simulation techniques and appropriate 

software (software RC LifeTime, FReET-D) were used, which enabled to take into 

account the environmental on the design situation, boundary conditions of reinforced 

concrete structures 

 

4. CONCLUSION PERSPECTIVES FOR FUTHER RESEARCH 

In the article is provided the detailed review and analysis of existing experimental and 

theoretical studies concerning the issue of corrosion defects` influence on the stress-

strain state of reinforced concrete elements. Thorough analysis and systematization of 

previous scientific work results is conducted and corresponding conclusions could be 

made. As could be seen from the review of the main scientific achievements and 

developments, corrosion defects in reinforcement cause significant complication of the 

stress-strain state and reduction of the structure bearing capacity.  

In the number of works authors argue the necessity to use multi-parameter simulation 

techniques and probabilistic method in order to obtain reliable assessment of changes 

in the stress-strain state of the reinforced concrete structure. Various internal and 

external factors need to be taken into consideration, including sample type, nature of 

external load (bending, central or off-center compression), time of chemical reactions, 

aggressive environment, temperature, etc.  

Based on conducted research in could be stated that the reinforced concrete element, 

subjected to corrosion impact should be investigated as the complex composite 

structure with corresponding synergic properties. It could be argued that it is advisable 

to continue experimental and theoretical research of this issue. Recommendations for 

further research are to conduct more complex research and formulate an appropriate 

method of taking into account corrosion defects. Such method will have the remarkable 

practical significance and could be used for more reliable decisions on reconstruction 

and reinforcement. 
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Abstract. The paper-forming sieve is the most important part of the paper production 

machine. Reliability of the machine as a whole depends on the sieve's quality. An 

analysis of the two constructions of the paper forming sieves, which were obtained by 

the plasma welding of the sieve's wires, is presented in this paper. The mechanical 

characteristics of the two sieves, made of wires of diameters 0.15 mm and 0.20 mm, 

were tested, namely the tensile strength and elongation. The tests have shown that the 

sieve made of the wire of the smaller diameter has the better mechanical properties. 

This sieve is also better from the aspect of the water removal in the press section of the 

paper machine. 

Keywords: paper-forming, steel sieve, plasma welding, tensile strength, elongation 

 

 

 

1. INTRODUCTION  

Paper is a material with a complex content; it consists of cellulose fibers with addition 

of glues, fillers and eventually color (pigment). The process of forming the paper starts 

with fibers being distributed on the sieve, one next to the other, with simultaneous water 

flowing through the sieve thus forming the paper strip (Duraković et al., 2018). 

Paper forming consists of removing water from a dilute suspension of fiber and other 

materials by filtration, what leaves the solids in form of a coherent sheet. Water removal 

from fiber webs on the paper machine is a hydro-mechanical process, accomplished by 

a sequence of mechanisms, like the wire clothes, felt or screen for drainage etc., 

(www.pulppapermill.com). Paper manufacturing involves the sequential removal of 

water from the pulp by means of gravity, vacuum dewatering, mechanical press and 

thermal drying in a paper machine. The percentage moisture content in the incoming 

pulp slurry is about 99.5%. It is decreased to 4–8% in the final product, (Sjöstrand, 

2017; Taban et al., 2009). 

Paper is being manufactured on a paper machine. With regard to specific application 

and construction solutions, these machines can be very different. They are divided into 
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three general groups: Fourdrinier machines, twin-ply formers and multi-ply formers. The 

Fourdrinier machines are the most common type of the paper machines, where the 

stock (the pulp enriched by blenders) is drained on a moving horizontal screen, called 

a fabric. In the twin-wire formers, the stock is filtered between the two fabrics, while the 

multi-ply formers are used for paperboard manufacturing. Regardless of the type, all 

the machines consist of the stock distribution system, head box, forming section, press 

section drying section, calendaring section and reel. 
The flat wire machine (Fourdrinier) is a paper machine with a horizontal, moving, fine 

mesh, woven wire cloth or plastic fabric on which the pulp slurry is deposited, forming 

the web. The wire forms a continuous belt that picks up fiber at the breast roll from the 

head box, runs over the table rolls, foils, suction boxes and then over a couch roll, where 

the web of fibers leaves the Fourdrinier table, Figure 1, (Drummond et al., 2010). The 

wire then continues around the couch roll, under the machine, to the breast roll where 

more fibers are received. The position and tension of the wire are controlled by special 

rolls. 

The paper-manufacturing machine, in general, consists of three sections – the wire 

section (where the paper enters with humidity of 99 %), the press section (entering 

paper humidity is 80 %) and the drying section (paper enters with 50 % humidity and 

leaves the machine with 5 %), (Drummond et al., 2010). The paper humidity is usually 

given as the (mass of water/mass of cellulose) ratio. The rate and separation 

effectiveness of the water removal from paper fiber webs is significant for efficiency of 

the paper forming process, (Leimu, 2018; Botonjić, 2017). 

 

 
 

Fig. 1. The paper-manufacturing machine: The Fourdrinier machine schematics (above) and 

appearance of the machine (below) (Chu et al., 2011). 

 

Numerous attempts were reported for optimization of different parts of the paper-

manufacturing machine and the paper-forming process itself, like paper-converting, 

mathematical models of the nip, the felts and the press-section, etc. The research, 

results of which are presented in this paper, was focused on optimization of the forming 
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fabric, the steel sieve. The two constructions of the steel sieve, obtained by the plasma 

welding, were tested and their results were compared to each other, to establish which 

of them is the better one, i.e. optimal for this particular paper-forming process. 

 

2. THE STEEL SIEVE 

The paper forming process is being influenced by a large number of factors: 

concentration of the paper mass, type of the sieve, temperature, pressure intensity 

beneath the sieve, paper-machine operation rate, pH value of the environment, 

chemical additives, etc. In the paper-forming process, besides the pulp, the most 

important role is played by the sieve. It consists of the endless metal or synthetic woven. 

It moves over the two main cylinders, the breast roll and the suction roll. Besides those 

two, there are other cylinders, as well, the guide roll, the tension roll, the table rolls, the 

wire return roll, Figure 2, (Bajpai, 2018).  

 

 
 

Fig. 2. A Fourdrinier wet end 

 

The sieve (also called the forming fabric), is a continuous loop or belt of finely woven 

screen made from steel wire or plastics; of various openings' sizes (10-25 per cm). A 

coarser wire allows for faster water drainage but produces the coarser paper and vice 

versa. Before the 1960 ties, wires were almost exclusively made of metals but now they 

are practically all made of plastics, like polyester. The plastic sieves last much longer 

than the steel ones; they possess the good corrosion resistance, as well. However, the 

negative properties of the plastic sieves include bigger stretching (elongation) and the 

poor resistance to abrasive materials. 

The sieve (usually referred to as the forming media) in the paper machine has three 

functions: transporting the fiber, permitting the draining of a sheet and transmitting the 

power, (Drummond et al., 2010). 

The sieve represents the basic working conveyer on which the paper sheet is formed; 

it must possess the high filtrating property, while simultaneously it must prevent the loss 

of fillers and fibers. The higher quality the sieve, the higher is the quality of the paper 

(Bojić et al., 2019). The sieve's fineness is expressed by the sieve's number, which 

refers to number of longitudinal wires per centimeter. The sieves with longitudinal wires 

in pairs are used for the fine paper sheets manufacturing. Such a construction increases 
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smoothness of the paper's surface. The sieve's dimensions must be bigger than 

dimensions of the uncircumcised paper's width. 

The most known and applied are the diagonal steel sieves obtained by the plasma 

welding. Plasma arc welding is a welding method where the plasma jet is used as a 

source of intense heat to melt the material to be welded. It belongs to the same group 

of welding processes like the conventional gas shielded arc welding processes like the 

gas tungsten arc (GTA), gas metal arc (GMA), or the high-power-density welding 

processes like the electron beam (EB) and laser beam (LB) welding, (Martikainen and 

Moisio, 2009). In the keyhole-processing mode, the arc power density is higher than 

with the GTA, GMA and plasma arc processes. The welding parameters must be 

carefully balanced to maintain the stability of the keyhole and the weld pool, since 

instabilities can result in various weld discontinuities. 

During the arc welding, plasma is produced by an electric arc, which passes through a 

gas separating two electrodes. The arc heat ionizes the gas producing a plasma 

stream; arc temperatures are within the range between 15000 and 27000 K. 

The plasma welding without the filler metal with very small thermal influence on the 

base metal represents the best technological method for sieve joining, used in the paper 

manufacturing, (Bojic et al., 2012). In Figure 3 are shown joints of the steel sieves 

executed by the silver soldering and plasma arc welding. The difference in the joint's 

quality is obvious. This type of joining produces the welded joint thickness equal to 

thickness of the steel sieve's wire, with the exceptionally smooth and even weld's 

surface, which is necessary for the high quality joint of the sieve. The plasma welding 

is the stable welding process and it does not leave trace of wires of the paper's surface 

what is extremely important in the paper forming.  

 

        
 

Fig. 3. Plasma welded sieve joint (left) and Silver soldering sieve joint (right). 

 

3. Experimental investigation 

Experimental investigation consisted of the tensile test where the wire's elongation, the 

maximal force and force at wire's break were recorded, as well as the maximal strain 

and strain at break. The test was performed on the universal ZWICK ROELL Z010 

testing machine in the laboratory for mechanical testing of the Factory of Sieves and 

Bearings "FASIL" A.D., Arilje, Serbia, Figure 4, (Bojic et al., 2012). One of the 

pneumatic jaws for tightening the sample was tied to the fixed and the other to the 

mobile part of the testing machine. The pneumatic jaws were tightened in such a way 

to occupy automatically a position where the longitudinal axis of the wire matches the 

loads direction that goes through the axis of jaws when changing the load. The maximal 

distance between the pneumatic jaws was 590 mm. The wire was well fixed in order to 

avoid its drawing out of the jaws due to slipping during the tightening. Mechanism was 
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without inertia with regulated testing rate and it recorded the unit elongation with 

accuracy of at least 1%. The main testing parameters were: the maximal force 10 000 

N,  the grip to grip distance 350 mm, test rate 10 mm/min, the force shutdown threshold 

60 % and the upper limit force for the sieve testing 1800 N. 

The steel sieve was joined by the plasma welding. Two types of sieves were tested with 

ID number No30 and wire diameters of 0.15 and 0.20 mm. Sieves of this type are used 

for producing the paper of weight of 30 to 200 gr/m2. The sample with wire of 15 mm 

diameter had dimensions, cross-section width and length a0 = 0.34 mm and b0 = 28 

mm, respectively and length L0 = 300 mm, while the sample with 0.20 mm wire had 

dimensions a0 = 0.51 mm, b0 = 28 mm and L0 = 300 mm. In Figure 5 is shown 

appearance of the input data screen of the testing equipment. 

 

 
 

Fig. 4. Experimental testing machine ZWICK ROELL Z010 

 

 
 

Fig. 5. The testing machine input data. 

 

4. Results and discussion 

The test results are presented in form of the force strain diagrams, Figures 6 and 7 and 

in tables 1 to 4. Tables 1 and 3 are showing results of the investigated mechanical 

characteristics of the two sieves. The following notation is used in these two tables: Fmax 

is the maximal force, Fbreak is the force at the sample's break, break is strain at break and 

Fmax is the strain at the maximal applied force. Tables 2 and 4 are presenting the 



Quality Production Improvement                                                                       QPI vol. 2, 2020                226 

statistical results of those tests. In these two tables, the notation is as follows: x is the 

mean value of the particular tested variable, while  is the standard deviation and v is 

the variance coefficient (in %). 

 

Table 1 

Mechanical characteristics of the plasma welded joint of the wire of 0.15 mm diameter 

Variable a0 b0 L0 Fmax. Fbreak break Fmax 

Sample # mm mm mm N N % % 

1 0.34 28 300.08 944.04 928.54 10.54 10.53 

2 0.34 28 300.11 1052.55 1011.78 14.42 14.34 

3 0.34 28 300.18 1081.13 1081.13 15.59 15.59 

4 0.34 28 300.25 1051.44 1051.41 14.89 14.89 

 

Table 2 

Statistics of the mechanical characteristics' tests of the plasma welded joint of the wire of 0.15 

mm diameter 

Variable 
a0 b0 L0 Fmax. Fbreak break Fmax 

Mm mm mm N N % % 

x  0.34 28 300.15 1032.29 1018.21 13.86 13.84 

 0.000 0.000 0.07 60.42 66.19 2.26 2.26 

v 0.00 0.00 0.04 5.85 6.50 16.33 16.36 

 

 
 

Fig. 6. The force-strain diagram for the sieve made of wires of 0.15 mm diameter 

 

Comparison of diagrams in Figures 6 and 7, namely values in Tables 1 and 3 shows 

that the force at break of the plasma-welded joints of the two steel sieves has lower 

values for samples with the larger wire diameter (0.20 mm). This indicates that these 

welded joints will break earlier than joints for the sieve with wire diameter 0.15 mm. The 

elongation at maximum force is also larger for the second series of samples. 
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Table 3 

Mechanical characteristics of the plasma welded joint of the wire of 0.20 mm diameter 

 

 

 

 

 
 

 

Table 4 

Statistics of the mechanical characteristics' tests of the plasma welded joint of the wire of 0.20 

mm diameter 

Variable 
a0 b0 L0 Fmax. Fbreak break Fmax 

mm mm mm N N % % 

x  0.51 31.33 300.17 706.43 692.47 10.11 10.07 

 0.000 5.859 0.02 61.45 59.49 4.77 4.79 

v 0.00 18.70 0.01 8.70 8.59 47.19 47.54 

 

 
 

Fig. 7. The force-strain diagram for the sieve made of wires of 0.20 mm diameter 

 

5. Conclusions 

This paper presents results of experimental tests executed on the plasma-welded joints 

of the two types of steel sieves used in the paper-forming process. The welded joint of 

the sieve with wire of the 0.20 mm diameter is of the worse quality with respect to the 

welded joint of the sieve with wire of the 0.15 mm dimeter. The former sieves can 

sustain lesser force (the force at break is 47 % smaller), which means that they would 

break before the latter ones. That would cause stopping of the paper-forming process 

due to necessary replacement of the sieve, which, in turn, causes the downtime costs 

in the manufacturing process. Another reason, why the construction of the sieve with 

smaller wire diameter is better, is that with wire of the bigger diameter the opening 

between the individual wires are smaller, which can cause jamming of the fibers and 

retaining of the pulp. Due to the pressure of the water from the pulp, the fibers are 

Variable a0 b0 L0 Fmax. Fbreak break Fmax 

Sample # mm mm mm N N % % 

1 0.51 28 300.15 764.79 745.82 4.76 4.71 

2 0.51 28 300.19 642.30 628.32 11.65 11.60 

3 0.51 28 300.18 712.20 703.28 13.92 13.91 
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clogging the openings on the sieve, which leads to increase of the loading on it and 

causes the break of the plasma-welded joints. 

 

ACKNOWLEDGEMENTS 

This research was partially financially supported by the project of Operational Program Research 

and Innovation: "Research and development activities of the University of Zilina in the Industry 

of the 21st century in the field of materials and nanotechnologies" No. 313011T426, co-funded 

by the European Regional Development Fund. 

 

REFERENCES 

Bajpai, P., 2018. Paper Manufacture - Wet End Operation, In: Biermann's Handbook of 

Pulp and Paper, Vol. 2: Paper and Board Making, Elsevier Inc., Amsterdam, 

Netherlands, https://doi.org/10.1016/B978-0-12-814238-7.00005-2. 

Bojic, N., Jugovic, Z., Dragicevic, S., Slavkovic, R., 2012. Comparative  Study of the 

Tensile Stress of Diagonal Sieves Produced by Plasma Welding and Hard Soldering 

Process, Metalurgia International, 17(5), 25-29. 

Bojić, N., Nikolić, R., Manojlović, G., 2019. Conformity of finished forming sieves for 

paper industry, Production Engineering Archives, 24, 29-32. 

Botonjić, Š., 2017. Production of cellulose and paper, theory and practice, Metallurgical-

Technological Faculty, University of Zenica, Bosnia and Herzegovina. (In Bosnian). 

Chu, D., Forbes, M., Backström, J., Gheorghe, C., Chu, S., 2011. Model Predictive 

Control and Optimization for Papermaking Processes, In: Advanced Model 

Predictive Control, Edited by Tao Zheng, IntechOpen Limited, London, UK. 

Drummond, D. M. D., Rodrigues, M. T. M., Grossmann, I. E., Guirardello, R. 2010. 

Optimization of water removal in the press section of a paper machine, Brazilian 

Journal of Chemical Engineering, 27(02), 275-288.  

Duraković, H., Muftić, A., Husić, E., 2018. Influence of cellulose fiber on mechanical 

properties of the Sack Kraft paper, XXIII International Symposium in the Fields of 

Pulp, Paper, Packaging and Graphics, Zlatibor, Serbia, 41-48. (In Serbian). 

Leimu, J., 2018 Pressures formation in the opening and closing nips of cylinder dryers, 

XXIII International Symposium in the Fields of Pulp, Paper, Packaging and Graphics, 

Zlatibor, Serbia, 125-132. 

Martikainen, J. K., Moisio, T. J. I., 2009. Investigation of the effect of welding parameters 

on weld quality of plasma arc keyhole welding of structural steels, Welding Journal, 

72(7), 329-340. 

Sjöstrand, B., 2017. Dewatering aspects at the forming section of the paper machine - 

Rewetting and forming fabric structure, Licentiate Thesis, Faculty of Health, Science 

and Technology, Karlstad University Studies, Karlstad, Sweden 

Taban, E., Dhooge, A., Kaluc, E., 2009. Plasma Arc Welding of Modified 12%Cr 

Stainless Steel, Materials and Manufacturing Processes, 24, 649-656. 

http://www.pulppapermill.com/water-removal-from-paper-fiber-webs/ 

 



 
QPI2020, volume 2, pp. 229-237 

e 11, interline 1.15) 

ASSESSMENT OF THE ENVIRONMENTAL IMPACT  

OF SINGLE-USE PACKAGING 

oi:  

Date of submission of the article to the Editor:  25/07/2020 

Date of acceptance of the article by the Editor: 03/09/2020 

(e) 

(e) 

Patrycja Bałdowska-Witos1 – orcid id: 0000-0003-0547-4400 

Adam Idzikowski2 – orcid id: 0000-0003-1178-8721 

1University of Science and Technology in Bydgoszcz, Poland  
2Czestochowa University of Technology, Poland 

   ( 

space) 

Abstract: In recent years, there has been an increase in the consumption of disposable 

packaging, which has led to overloading landfills. These problems have become widely 

noticeable and dominant in a wide range of packaging issues in terms of environmental 

protection. The development of knowledge in the field of environmental protection, 

which has taken place in recent years, has shown that the impact of packaging should 

be considered throughout its life cycle, taking into account many factors that constitute 

environmental burdens and threats. Many companies operating in the world markets, 

using the standardized Life Cycle Assessment (LCA) method, conduct tests in terms of 

technical and material solutions with the lowest environmental impact. Therefore, this 

publication was to conduct environmental analysis of the life cycle of disposable food 

packaging based on the method of LCA. The subject of the research were bottles, caps 

and labels made mainly of polymeric materials: polyethylene terephthalate, 

polypropylene and LDPE. Eco-indicator 99 was used as the calculation procedure. The 

impact of the analysis objects on human health, ecosystem quality and resources was 

assessed. Among the examined objects, the highest level of negative influence on the 

environment was characteristic for the life cycle of a polyethylene terephthalate (PET) 

bottle. The use of recycling processes reduce the environmental impact by about 25%. 

Keywords: LCA, bottle, label, nap, Eco-indicator 99  

(space) 

 

 

1. INTRODUCTION 

In the countries of the European Union, already in the 1980s, the increase in the 

consumption of single-use packaging, as well as their diversity of materials constituting 

a barrier to recycling, overloaded landfills and highlighted the need to implement 

industrial methods of using the growing mass of packaging waste (Lewandowska 

2011). In the following years, these problems became commonly noticeable and 

dominant in a wide range of packaging issues in terms of environmental protection. 

However, it should be emphasized that the issues related to packaging in terms of the 

environment have a broader scope than waste management (Bałdowska-Witos et al., 

2019). 
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Many companies operating in the world markets, using the standardized Life Cycle 

Assessment (LCA) method, conduct tests in terms of technical and material solutions 

with the lowest environmental impact (Lewandowska, 2011). By using the LCA method, 

enterprises declare that they reduce their environmental impact to a greater extent than 

the competition, and the results of the assessment shape new directions of production, 

taking into account such factors as: sources of material origin, recyclability and use of 

recycled raw materials, reduction of greenhouse gas emission rates (Bałdowska-Witos 

et al., 2020). 

In the world literature one can find analyzes concerning mainly comprehensive 

assessment of environmental impacts of raw materials used in the production of 

disposable bottles. Santosh Madival et al. made a comparison of thermoformed 

clamshell containers made of polylactide (PLA), PET and  polystyrene (PS) for the 

packaging of fresh strawberries. Demonstrating that PET contributed the highest in 

almost all the impact categories (Santosh Madival et al., 2009). Krystyna Czaplicka-

Kolarz et al. proposed an environmental assessment of the process of obtaining 

polymers such as: polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC), PS 

and PET. The conducted analysis included damage to human health, the quality of the 

ecosystem and resource consumption, the global warming emission index and 

cumulative energy consumption were determined. On the basis of the obtained 

research results, it was found that polypropylene has potentially the greatest negative 

impact on human health and the quality of the natural environment (Krystyna Czaplicka-

Kolarz et al., 2013). By contrast, Li Shen et al. assessed the environmental impact of 

PET bottle-to-fiber recycling using the methodology of Life Cycle Assessment (LCA). 

Four recycling cases, including mechanical recycling, semi-mechanical recycling, back-

to-oligomer recycling and back-to-monomer recycling were analysed. The obtained 

results of environmental impact show that recycled PET fibers have a better influence 

on the condition of the natural environment than virgin PET fiber (Li Shen et al., 2010). 

On this basis, it was considered important from the point of view of environmental 

protection to carry out a life cycle assessment of disposable beverage bottles. It is also 

worth emphasizing that the actual input data from the enterprise is accepted for 

research.  

The aim of the publication is to assess the environmental impact of the process of 

shaping the PET bottle, the cap made of polypropylene and the LDPE (Low Density 

Polyethylene) label for their further development and recycling.  

 

2. RESEARCH METHODOLOGY 

The study used the Life Cycle Assessment technique to assess and assess the 

potential environmental impact of the beverage bottle design process. The technique 

used covers the flows of materials and energy within the system boundaries and 

calculates the respective impacts generated by each unit process, indicating negative 

impacts on human health, ecosystem quality and resources (Bałdowska-Witos et al., 

2019). 

1000 bottles with a capacity of 1 l were adopted as the functional unit of the study. The 

boundary of the system covered the production phase of the bottles and their 

subsequent post-use / recycling. 

Characterization 

Characterization consists in calculating the value of the category indicator for the LCI 

result and thus allows to assess the degree of their participation in the values relating 
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to a given impact category. The result is the numerical value of the summary indicator. 

The result is the value of an indicator for the greenhouse effect, for example, expressed 

as a carbon dioxide equivalent (Lewandowska, 2011). 

Grouping 

Grouping is the assignment of an impact category to one or more sets according to the 

purpose and scope of the research, it may include sorting the ranking according to a 

specific hierarchy. Grouping is the ordering and ranking of the categories of influence 

(Lewandowska, 2011). 

Weighting 

In the LCIA impact assessment phase, the different values of the impact category 

indicator can be considered and summed to obtain the weighting of the environmental 

effect (Fuc et al., 2016). For example, it indicates how many times more harmful is the 

environmental impact of the greenhouse effect than toxicity. Weighing is about 

assigning a weight to each impact category so that these categories can be comparable 

with each other. The most significant impact is given the greatest importance and is 

considered first (Kuczenski et al., 2011). 

Eco-indicator 99 method  

The Eco-indicator 99 method belongs to the group of methods modeling the 

environmental impact at the endpoints level of the environmental mechanism. The 

characterization process takes place for eleven impact categories, which fall into three 

larger groups known as areas of influence (Piasecka et al. 2020). The following areas 

of influence are distinguished: human health, ecosystem quality, resources. The results 

of the areas of influence indicators are further aggregated in the Ecolabel final by 

normalization, grouping and weighting.  

Human health is one of the areas of influence in the Eco-indicator 99 method, which in 

turn consists of six impact categories: carcinogens, resp. Organics, resp. Inorganics, 

climate change, radiation and ozone layer. By determining the area of influence 

indicator from the endpoints of the environmental mechanism, it is possible to adopt a 

common unit for all impact categories within human health. Each of them can cause the 

same type of impact, i.e. health disorders in humans and animals. The ecosystem 

quality distinguishes three impact categories: ecotoxicity, acidification / eutrophication 

and land use (Piasecka et al., 2020). 

Modeling in the third area of influence - resources consists of resource analysis and 

damage analysis. Only two impact categories from this area are considered in Eco-

indicator 99: minerals and fossil fuels. A special injury indicator was developed, 

analogous to DALY, PAF and PDF, which is surplus energy expressed in MJ. During 

resource analysis, a decrease in the content of the useful component in the deposit or 

complete depletion of the deposit is modeled (as potential production effects) (Piasecka 

et al., 2020). 

 

3. ANALYSIS OF RESULTS 

The results of the analyzes carried out as part of the Life Cycle Impact Assessment 

(LCIA) were summarized in three phases developed for one adopted Eco-indicator 99 

method. The modeling results with Eco-indicator 99 were divided into two steps. The 

first step shows the results at the characterization level, the second step shows the data 

at the grouping and weighting level (Bałdowska-Witos et al., 2020). 
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Influence of factors that may adversely affect human health (table 1), the group of 

inorganic compounds causing respiratory diseases was characterized by the highest 

level of harmful effects 0,052446517 DALY. During the production of disposable bottles, 

significant amounts of, among others, nitrogen oxides and sulfur dioxide. The use of 

recycling processes in this case would result in a significant reduction of the adverse 

environmental impact in the considered impact category o -0,04 DALY. In the group of 

factors influencing the reduction of the quality of the environment, the ecotoxicity 

category is of key importance 33488,61 PAF*m2yr, for which the recycling rate is equal 

to 7649.11 PAF*m2yr, and landfill 51915.62 PAF*m2yr. In contrast, when considering 

the impact of factors related to fossil resource depletion, by far the most detrimental 

impact is associated with fossil fuel extraction  216123,55 MJ. Applying the recycling 

process would reduce the potential negative impact to a level of approx 46% (Fig. 1). 

 

Table 1  

Characterization results of the environmental consequences occurring in the PET bottle shaping 

cycle 

Impact category Unit Production Recycling Landfill 

Carcinogens DALY 0.009952825 0.002960579 0.020508937 

Resp. organics DALY 0.000101179 -0.001169289 0.000007242 

Resp. inorganics DALY 0.052446517 -0.045082988 0.000502783 

Climate change DALY 0.021276286 -0.001703711 0.003021902 

Radiation DALY 0.000321794 0 0.000004228 

Ozone layer DALY 0.000003564 -0.00000980 0.000000083 

Ecotoxicity PAF*m2yr 33488.61157 7649.115698 51915.62382 

Acidification/ 
Eutrophication 

PDF*m2yr 1298.12928 -2047.534383 17.52044668 

Land use PDF*m2yr 758.0142935 0 41.20689827 

Minerals MJ surplus 3966.66548 -3.479175 14.761984 

Fossil fuels MJ surplus 216123.5593 -188090.9238 937.4121012 

 

 
Fig. 1. Characterization results for environmental impacts covering all impact categories that 

occur during the PET bottle shaping process 

 

It was noticed that the highest level of potential harmful effects on human health was 

the process of shaping the PET 2190.02 Pt bottle, which is the result of high demand 
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consuming processes of extracting non-renewable raw materials necessary in 

individual processes during the production of raw materials. The use of recycling 

processes to some extent allows to reduce the emissions of selected compounds by 

the value of -1171.94 Pt. The processes related to their extraction of fossil fuels 

significantly reduce the quality of the environment. The highest level of potential 

negative impact in this category was recorded at the stage of the production process of 

5,238.15 Pt. However, the use of the recycling process allows to effectively limit the 

depletion of non-renewable resources, but also to significantly reduce environmental 

degradation. Recycling processes during bottle shaping allow the greatest possible 

reduction in the level of potential harmful effects of processes related to the extraction 

of fossil fuels by the value of -4476.65 Pt (Fig. 2). 

 
Fig. 2 Grouping and weighting results of environmental impacts covering all categories of 

damage occurring during the PET bottle shaping process 

 

Table 2 presents the results of characterizing the environmental consequences 

occurring during the production of polypropylene caps, taking into account the impact 

categories. Among the substances affecting human health, the resp category was 

indicated with the highest negative impact. inorganics 5.06623E-06 DALY. Recycling 

processes would reduce such harmful impacts over the entire life cycle of the cap by a 

total of 16% (Fig. 3). Among the compounds that have a harmful effect on plants and 

animals, Ecotoxicity 0.206377841 PAF*m2yr substances are the most dangerous to 

their health and life. Recycling at the end of the life cycle would minimize the negative 

impact under consideration to a total level of 0.597736 PAF*m2yr. The highest level of 

adverse impact in this respect was recorded for processes related to the extraction of 

fossil fuels, which is 25.59611594 MJ. Recycling processes would allow a total saving 

of energy needed to extract raw materials for the caps making process of -0.00025 MJ. 

  

Table 2 

Characterization results of environmental consequences occurring during the process of making 

polypropylene caps 

Impact category Unit Production Recycling Landfill 

Carcinogens DALY 0.000000455 0.000000229 0.00000992 

Resp. organics DALY 0.000000012 -0.000000032 1.12E-10 

Resp. inorganics DALY 0.000005066 -0.00000071 2.95E-08 

Climate change DALY 0.000002147 -0.00000013 3.02E-08 

Radiation DALY 0.725138E-10 0 1.01E-10 

Ozone layer DALY 1.97097E-11 -8.5E-10 5.84E-12 
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Ecotoxicity PAF*m2yr 0.206377841 0.597736 1.680037 

Acidification/ 
Eutrophication 

PDF*m2yr 0.146370386 -0.0575 0.001091 

Land use PDF*m2yr 0.014349158 0 0.003127 

Minerals MJ surplus 0.008117747 -0.00025 0.000819 

Fossil fuels MJ surplus 25.59611594 -15.493 0.069713 

 

 
Fig. 3. Results of the characterization of environmental consequences covering all impact 

categories that occur during the process of making a polypropylene caps 

 

Figure 4 shows the results of grouping and weighing of environmental consequences 

occurring during the process of making the polypropylene cap. At the stage of the 

production process, the negative impact on human health was 0.20 Pt. The main fossil 

fuels used in the production of polymers include, among others crude oil, coal and 

natural gas. Increasing use of crude oil, natural gas and coal leads not only to the 

depletion of these non-renewable energy sources - their exploitation is also associated 

with many environmental degradation problems. In the case of the assessment of the 

process of creating polypropylene caps, the level of potential negative impact in this 

category was 0.26 Pt.  

 

 
Fig. 4 Grouping and weighting results of environmental impacts covering all categories of 

damage occurring during the polypropylene screw cap making process 
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Table 3 presents the results of characterizing the environmental consequences 

occurring in the process of creating LDPE labels for disposable bottles. Among the 

substances affecting human health, the Resp category was the highest negative 

impact. Inorganics 3,37575E-06 DALY causing respiratory diseases. Recycling 

processes would reduce this type of harmful impact over the entire life cycle of the label 

by a total of -5.1E-07 DALY. Ecotoxic substances 0.143433719 PDF*m2yr are among 

the compounds that adversely affect the quality of the natural environment, including 

vegetation and animals. The last type of impact analyzed was related to the potential 

increased energy consumption necessary during the extraction of raw materials. The 

highest level of harmful impact in this respect was recorded for processes related to the 

extraction of fossil fuels. The energy expenditure was 15.73927487 MJ. Recycling 

processes would allow for a total life cycle energy saving of -11.1894 MJ (42%) (Fig. 

5).  

 

Table 3 

Characterization results of environmental consequences occurring during the LDPE label 

development process for disposable bottles 

Impact category Unit Production Recycling Landfill 

Carcinogens DALY 0.0000003106 0.000000165 0.0000033 

Resp. organics DALY 9.49068E-09 -0.000000023 9.34E-11 

Resp. inorganics DALY 0.0000033757 -0.00000051 2.12E-08 

Climate change DALY 0.0000012151 -9E-08 2.72E-08 

Radiation DALY 8.74434E-10 0 6.23E-11 

Ozone layer DALY 1.47287E-11 -6.2E-10 4.21E-12 

Ecotoxicity PAF*m2yr 0.143433719 0.431698 0.358381 

Acidification/ 
Eutrophication 

PDF*m2yr 0.089233331 -0.04153 0.000775 

Land use PDF*m2yr 0.009893334 0 0.002257 

Minerals MJ surplus 0.007120048 -0.00018 0.000578 

Fossil fuels MJ surplus 15.73927487 -11.1894 0.050275 

 

 
Fig. 5. Results for the characterization of environmental impacts covering all impact categories 

during the LDPE label development process for disposable bottles  

 

Figure 6 presents the results of grouping and weighing environmental consequences in 
relation to human Health, ecosystem quality and resources. Among all damage 
categories, the resource category of 0.37 Pt was characterized by the highest level of 
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harmful effect. The use of recycling would reduce the total negative impact by a total of 
-0.27 Pt. 

 

 
Fig. 6 Grouping and weighting results of environmental impacts covering all damage 

categories that occur during the LDPE labeling process for single-use bottles 

 

4. CONCLUSION 

The main goal of the study was achieved by conducting an environmental analysis of 

the life cycle of a single-use bottle. The analysis was carried out on the basis of the Life 

Cycle Assessment (LCA) method using the Eco-indicator 99 calculation procedure.  

Among the factors harmful to human health, the highest emission levels were observed 

for the bottle life cycle in the Resp. Inorganics category (0.054 DALY). The recycling 

process allows to reduce the level of potential harmful effects of the processes related 

to the influence of Resp. Inorganics on human health, in the perspective of the entire 

life cycle of the analyzed research object (in total by -0.045 DALY). In the group of 

factors reducing the quality of the environment, the greatest number of potential 

negative environmental consequences related to the emission of ecotoxicity 

compounds is distinguished by the life cycle of a PET bottle (33,488,611 PAF*m2yr), 

followed by a caps (0.206 PAF*m2yr) and a labels LDPE (0.143 PAF*m2yr). As for the 

factors of resource depletion, the maximum negative impact processes characterized 

by fossil fuel plants during the production of PET bottles (MJ 216123), a caps (MJ 

25596), and labels LDPE (MJ 15739). Applying the recycling process can reduce the 

negative environmental impacts for the bottle by about 87%, for the cap by about 60% 

and for the label by about 73%. The presented data is only a kind of estimate that may 

be helpful at the product design stage. Moreover, the conducted research has shown 

that energy consumption is the factor determining all impact categories at the 

production stage. In the course of further research, more attention should be paid to the 

processes related to the eco-design of packaging, as the main source of environmental 

pollution is energy consumption. Furthermore, taking into account other environmental 

pollution, should develop appropriate management after use. 
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Abstract: The article presents a case study of the practical use of BOST surveys to 

identify the most important areas in the production process. It was made the 

identification of areas from the second Toyota’s management principle point of view. 

This principle is based on the conviction that appropriate process leads to appropriate 

results. If the process is designed properly, then good results will come automatically. 

The research object is company producing the mineral water and carbonated drinks. 

Some production workers of the company with the help of BOST questionnaire survey 

showed, which factors are the most important. In frames of the work it was made short 

characteristics of the research object - producer of mineral water, the presentation of 

research methodology and content second Toyota’s management principle. Based on 

the survey results of carried out on the population of production workers, a series of 

importance areas for improvement was formulated. The aim of the analysis is to present 

which factors are the most important by building the significance sequences of obtained 

results. In the article were presented results of analysis with using some statistical tools. 

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, importance hierarchy, Toyota’s 

management principle, statistical analysis 

 

 

 

1. INTRODUCTION 

The Toyota Production System is based on the assumption that all separate elements 

work well for the benefit of the entirety. One of its main goals is also to support and 

encourage employees to continuously improve their work. Toyotarity is a scientific 

discipline examining human - machine and human - human relationships with the 

inclusion of a process-based approach, Japanese culture, especially of Toyota, 

oriented to continuous improvement with the use of knowledge.  This definition details 

two dipoles: human  – machine and human  – human. Human appears in three out of 

four components of the above definition thus underlining the meaning of a human in a 

Japanese culture and consequently in the culture of Toyota. Survey and research 
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method determined as BOST (Borkowski, S., 2016) was formed as a result of author’s 

fascination in Toyota Motor Company (Gao and Low, 2015), in its management and 

production system, enhanced after reading a book by Jeffrey Liker “The Toyota Way: 

14 Management Principles from the World's Greatest Manufacturer” (Amasaka, 2012; 

Liker and Franz 2011).  BOST studies known also as Toyota's management principles 

in questions, were drawn up in order to assess in practice the approach to management 

principles amongst many manufacturing companies and service in Poland (Borkowski 

et al., 2014). The BOST method allows assessing the significance of factors describing 

the 14 Toyota management principles. Toyota's management principles in BOST 

method are described with some characteristic where set of factors was called “areas” 

(Borkowski et al., 2013). Some principles are divided into two or even three areas. This 

method describes Toyota’s management principles with its characteristic factors (Knop 

and Mielczarek, 2018). The presented questionnaire has a ranking scale. Respondents 

may assess the significance of a given factor by placing one of the numbers within the 

range of scale in an appropriate box. After the description of the main part of this method 

its further elements will be outlined briefly.  

 

2. PRESENTATION OF RESULTS 

Constant improvement of organization is possible through application of small steps 

approach. Succeeding and improving competitiveness is only possible in self-learning 

organization and by continuous improvement of an organization culture. It was proved 

that modern economic processes consist in 90% of losses and only 10%  of actions 

contain added value. For this reason it is necessary that quality is built in the processes 

already on the initial stage of production. Processes shall be reorganized so that their 

course is fluent and uniform. The flow should be organized according to appropriate 

time (LIKER J.K. 2005). Constant improvement of organization is possible through 

application of small steps approach. Succeeding and improving competitiveness is only 

possible in self-learning organization and by continuous improvement of an 

organization culture. The research was carried out in the company that producing the 

mineral water and carbonated drinks. The company is situated in southern Poland. 

Additionally the land on whom the company is situated and the district contains natural 

resources such as iron, molybdenum and coal. In the half of 20th century state 

institutions strongly became interested in these resources and many boreholes in 70 

years was made. The depth some boreholes reached over 1000 meters. In one of such 

boreholes gushed water about the crystalline cleanness. An effect of this event was 

idea to build a company of water production. Constant investments as well as new 

methods of management caused that today the company is one of the largest producers 

of drinks in Poland. At present at the unit 4 bottling lines are working, one is the most 

modern in Poland. The assortment of the workshop is about 80 products in containers 

about 5 different capacities. An organizational structure of the company can determine 

as linear, flat. There are not a large number of managerial ranks what quicken the flow 

of information and the procedure of making a decision. In every department there is 

one manager who has the smaller or larger group of workers under itself. Production 

managers are responsible for the course of an entire production process and for 

creating and correct implementing of new ideas or the technology. 

In this study the BOST method was used during tests (BORKOWSKI S. 2012b). 

Respondents were asked to answer the following question: Which factor is the most 
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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  

 

The questionnaire survey was carried out in the researched enterprise producing 

mineral water amongst 40% production workers. i.e. more than half of workers it this 

department. Such a large research group of directly production workers will allow to 

precise identification the most important areas the surveyed enterprise. Table 1 present 

a percentage list of significance rates of the second Toyota management principle (E3 

area) factors in the enterprise producing different type of water and 

 

Table 1.  
Elements of the second Toyota management principle. Percentage list of factors’ significance 

rates 

Evaluation Indicating the factors 

CP PE SZ EU ST SW 

1 0.0 0.0 26.5 38.2 14.7 20.6 

2 2.9 20.6 44.1 26.5 0.0 5.9 

3 2.9 17.6 14.7 23.5 35.3 5.9 

4 8.8 41.2 11.8 5.9 20.6 11.8 

5 41.2 8.8 2.9 5.9 8.8 32.4 

6 44.1 11.8 0.0 0.0 20.6 23.5 

 

The results of the study were detailed in the analysis. At the beginning was made an 

analysis of the structure of granted assessments to individual factors. The percentage 

structure of assessments was presented in Fig. 1. 

 

 
Fig. 1. Principle 2. The spatial presentation of research results – the structure of evaluations 

  

Based on the prepared structure of ratings for separate factors it was found that 

Continuous system of problem detection (CP) was the most important factor for 44.1% 
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detection (PE) the answers were different, because 41.2% have granted this factor the  

rate “4”. Standard tasks, processes, documents (SZ) has been assessed by 

respondents as a not significant factor. The next factor was Granting authorization to 

subordinates (EU). 38.2% of respondents gives this factor rate “1”. Usage of only 

reliable technology (ST) has been assessed as follows: none of the respondents has 

granted it rate “2” and 35.3% received “5”. Usage of visual control (SW) 32.4% have 

given rate “5” to this factor. Fig. 2 presents the structure of average significance rates 

of the E3 area. 

 
Fig. 2. Principle 2. Circular chart - significance rates for factors of the E3 

 

The data in this figure allows the creation of the following significance sequence of 

analyzed factors. In the research 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. 

 

3. CORRELATION STATISTICAL ANALYSIS OF THE RESULTS FROM THE BOST 

QUESTIONNAIRE 

Making statistical analysis of studied area six statistical tools were used: arithmetic 

average, variance, standard deviation, the coefficient of variation, skewness and 

kurtosis (Fig. 3).  The aim of application of this statistical tool is to show distribution of 

evaluation for individual factors. The aim of application of this statistical tool is to show 

distribution of evaluation for individual factors. 

The average level of the measurable feature was presented with the help of the 

average. Analyzing Fig. 3a concerning the result of average it was taken the conclusion 

that majority of respondents judged the response concerning Continuous system of 

problem detection (CP) on the level 5.21. The lowest average rate has been acquired 

by Granting authorization to subordinates (EU) which has been assessed on the level 

2.15. Standard deviation (Fig. 3b) is the biggest for the factor Usage of visual control 

(SW) – on the level 1.87 and the smallest for Continuous system of problem detection 

(CP) – 0.95. In order to assess factors with the use of variation coefficient it is necessary 

to prepare the following statement: 0 - 20% – weak variation of feature, 20 - 40% - 
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moderate variation of feature, 40 - 60% - strong variation of feature, 60% and more – 

very strong variation of feature (Borkowski and Ulewicz, 2009, Wheeler, 2000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Principle 2. Comparison: a) average, b) standard deviation, c) coefficient of variation,  

d) skewness,  e) excess coefficient for  E3 area factors 

 

Coefficients of variation presented in Fig. 3c show, a weak variation for Continuous 

system of problem detection (CP), a strong variation for four factors. The measurement 

of skewness is (Fig. 3d) 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) (Fouad and Mukattash, 2010). The distribution of 

rates for Continuous system of problem detection (CP) indicate strong negative 

skewness. The distribution of rates for the rest of factors indicates weak and moderate 

skewness. The last factor for analyzing is kurtosis (Fig. 3e). It determines the measure 

of distribution and concentrating the results in surroundings of the average (Ignaszak 

and Sika, 2012; Uçurum et al., 2016). 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 factors 

Continuous system of problem detection (CP), Standard tasks, processes, documents 

(SZ) and Granting authorization to subordinates (EU) the distribution of rates is 

characterized by higher than standard peakedness. This statistical tool confirm that 
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distribution of results is logical and can be helpful for evaluation actual state in 

enterprise. 

 

4. EXAMINATION OF VARIOUS FACTORS RANKS 

Fig. 4 shows the histograms of the structure of the evaluations for individual factors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Principle 2. Histograms – the structure of the evaluations of the factors: a) CP, b) PE,  

c) SZ, d) EU,  e) ST, f) SW, g) average. 

 

The results contained in Fig. 4 shows that the largest number of votes for Continuous 

system of problem detection (Cp) factor was in the note “6”. Regarding the Production 

layoff after quality problem detection (PE) factor 41.2% of respondents rated the 

evaluation “4”. Standard tasks, processes, documents (SZ) factor received 44.1% of 

the respondents to evaluation “2”. Most of the respondents (38.2%) rated the factor 

Granting authorization to subordinates (EU)  on evaluation “1”. For factor Production 

layoff after quality problem detection (PE) most of respondents rated evaluation “3”. 

The last factor Usage of visual control (SW) attributed evaluation “5”. In Fig. 4g it is 

shown that the highest average evaluation received factor Continuous system of 

problem detection (Cp), while the lowest average Granting authorization to 

subordinates (EU)  and Standard tasks, processes, documents (SZ). 
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On the basis of Fig. 4 was presented importance series of factors for average 

evaluations. Summing up, a range of important factors in examined enterprise is 

following:  

 

  
 

Fig. 5. The importance series of the factors for elements of second Toyota management 

principle 

 

From analysis of the averages of important factors it results that Continuous system of 

problem detection (Cp) is a key factor according to respondents. 

 

5. CORRELATION ANALYSYS 

Respondents differ in terms of their personal features: gender, education, age, work 

experience, mobility, mode of employment. To determine the influence of these 

features, correlation coefficients were calculated and presented in the form of graphs 

in Fig. 6. 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). Correlation, between two variables, is a measure of the connection 

occurring between these variables (Knop, 2018).  

 
 

Fig. 6. Principle 2. Correlation graphs of evaluations in E3 area 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) 
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Value most often assumes the strength of the interdependence of two variables from 

the range. It should be remembered, that value close to the zero not always mean a 

lack of the relation, but only a lack of the linear relation between variables.  

Analyzing the correlation graph for E3 area depending on the respondents’ gender (Fig. 

6a), 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. From Fig. 6b results, 

that Production layoff after quality problem detection (PE) factor demonstrated the 

relation between results of the assessment and educating respondents on the level 

α=0.2. Examining Fig.2c 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 age of respondents. In the case of the correlation graph depending 

on the work experience of respondents (Fig. 6d) factor Production layoff after quality 

problem detection (PE) demonstrating the correlation relationship. In Fig. 6e it is 

possible to observe that two factors are demonstrating the relation between results of 

the assessment and the mobility of respondents on levels of the significance. It should 

be emphasize that correlation between the mobility and the assessment of the factor 

Production layoff after quality problem detection (PE)  and Production layoff after quality 

problem detection (PE)  exists even on the level α=0.05. Mode of employment has 

influence on the assessment of Production layoff after quality problem detection (PE)  

and Production layoff after quality problem detection (PE) 

 

6. CONCLUSION 

Innovative BOST questionnaire survey, which are an attempt to convert Toyota's 

management principles into questions was described. The starting point for changes 

(improvement) is recording the existing condition. The present situation is definitely 

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 and its influence on the quality of produced goods.  

Research was carried out amongst production workers of the company. It allowed 

detailing factors which in the greatest degree can contribute for improvement processes 

in the company and the ones which have this smallest contribution. The practical use 

of BOST surveys gives the opportunity to benefit from the practical knowledge of 

employees at the company's production level. This may contribute to the identification 

of key areas for the functioning of the enterprise. As a result of the research work, it 

was found that the most important factor in production process is connected with system 

of problem detection. It is an important element of research for small and medium 

enterprises. The results of research are consistent with the research carried out in other 

such enterprises. 

The analysis of significance of factors describing the second Toyota management 

principle states that the factor Continuous system of problem detection (Cp) is the most 

important. This factor has acquired 24.8% of choices. The second position, almost on 

the same level, exceeding 18% was taken by the following three factors – Usage of 

visual control (SW), Production layoff after quality problem detection (PE), continuous 

system of problem detection (CP) and Application of reliable technology (ST). These 

are the factors closely connected with technological aspects of production relating to 
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fluent production rhythm with simultaneous application of reliable methods and 

technologies. The last place in the respondents’ classification was taken by the factor 

of Granting authorization to subordinates (EU) and Standard tasks, processes, 

documents (SZ). The above fragment of analysis has revealed diversity in the 

significance of factors describing the second Toyota management principle. In this way 

the usefulness of the presented BOST method has been proved for assessing a 

production process of goods of high quality requirements. 
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Abstract: Silumins are one of the most popular group among aluminum casting alloys.  

They are characterized by good mechanical and casting properties, low density, good 

electric and thermal conductivity, a low degree of contraction, good corrosion resistance 

and a relatively low melting temperature. 

The mechanical properties of hypoeutectic silumins can be improved through chemical 

modification as well as traditional or technological processing. Modification improves 

the mechanical properties of alloys through grain refinement. The effect of treatment 

has been given a lot of information first of all about microstructure and mechanical 

properties. This study presents the results of treatment of an Al-7%SiMg alloy with 

composition CuAl10Fe3Mn2 (as a powder) + (Al-7%SiMg + CuAl10Fe3Mn2) 

(as a powder) + (Al-7%SiMg + CuAl10Fe3Mn2) (in the form of a rod) in three different 

ranges. The experiments were conducted following a factor design 23 for 3 independent 

variables. The main addition was aluminum bronze, as well as clear or melted with raw 

alloy. The influence of the analyzed modifiers on the microstructure and mechanical 

properties of the processed alloy was presented in graphs. The modification 

of a hypoeutectic Al-7%SiMg alloy improved the alloy's properties. The results 

of the tests indicate that the mechanical properties of the modified alloy are determined 

by the components introduced to the alloy.  

Keywords: Al-Si alloys, aluminum bronze, mechanical properties 

 

 

 

1. INTRODUCTION 

Hypoeutectic Al-7%SiMg alloy is one of the most popular casting Al-Si alloys.  They are 

characterized by good mechanical and founding properties, low density, good electric 

and thermal conductivity, a low degree of contraction low price, good corrosion 

resistance and high tensile strength with low specific gravity, a relatively low low melting 

point and first of all easy to carry out the casting process. In hypoeutectic alloys of 

aluminum and silicon, solid solution dendrites which crystallize first are typical crystals, 

showing isotropic properties. Similarly to pure aluminum, large well deformable alpha 

phase solid solution α (silicon in aluminum) has a regular cubic face-centered lattice of 
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the type A1.  The growth rate of those crystals, and the growth rate of eutectic mixture 

crystallizing at the next stage (α+β) with sharp-pointed hard, non-deformable β-phase, 

is a function of supercooling at the crystallization front.  This dependence is a complex 

function of the chemical composition, of the liquid and solid phase, surface curvature of 

the crystallization front, crystallization, heat emission structural defects and many more.  

The mechanical properties of hypoeutectic silumins are affected by size the α-phase 

and mainly the shape and size of eutectic mixture (α+β). These unmodified phases of 

microstructure composition give the alloy a low tensile strength and elongation close to 

zero. This is the reason for not using alloy in this form (Michna et al., 1991), 

(Braszczyński, 1991), (Vaněček et al., 2003), (Mondelfo, 1976), (Bolibruchová, 

Richtárech, 2016), (Góral et al., 2006), (Kusmierczak et al., 2017). In the Al-Si-Cu 

equilibrium system (Fig. 1), apart from the typical phases for the Al-Si alloy (α and β), 

there is also Al2Cu. 

 
Fig. 1. Scheme of diagram of the Al-Si-Cu system (Ruan, Wei, 2009), (Raghavan, 2010), 

(Villars et al., 1995) 

 

Reducing the weight of the working machines is able in the position improve 

performance and reduced fuel consumption and exhaust emissions. This can be 

achieved by optimizing the construction and use of light materials. It is the reason why 

aluminum is growing in popularity, mainly in the automotive industry and working 

machines, including agriculture.  Suppliers for the automotive industry are constantly 

forced to design such materials, which not only ensures higher and higher properties, 

but also reduce the negative impact on the environment. In the case of materials used 

in construction (e.g. window frames, facade elements), not only the strength parameters 

and corrosion resistance are important, but also the mass of the building. 

The microstructure and closely related with it properties Al-7%SiMg silumin and other 

alloys requires quality control and a changed (Ulewicz et al., 2016), (Borkowski et al. 

2012), (Wojnar et al., 2016). These changes can be implemented, depending on the 

type of alloy through technological processes (Bruna, Sladek, 2016), (Pilarczyk, 2015), 

(Nová, Machuta, 2013), (Vitalii, Dudek, 2017), (Stasiak-Betlejewska, Ulewicz, 2016), 

(Styrylska, 1992) through solidification processes (Wołczyński, 2012), (Vandersluis, 

2018), (Fisher, Kurz, 1977), modification and treatment chemical elements (Náprstková 
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et al., 2013), (Lipiński, 2010), (Lipinski, Szabracki, 2013), (Bolibruchová, Richtárech, 

2013), (Lipinski, 2015b), (Novák et al.), (Lipiński, 2008a), (Cook, 2008) or processing 

(Wołczyński et al. 2017), (Hajek et al., 2015), (Dudek, Lisiecka, 2017), (Ulewicz et al., 

2013), (Hao et al., 2011), (Osorio et al., 2008). In the majority of cases alloys are 

modified to change the form and size of grains, mostly silicon grains, which reduces the 

interphase spacing of eutectic (α+β) and reducing the size of the primary alpha phase, 

but first of all large beta phase (Michna et al., 2005), (Mondelfo, 1976). The researches 

indicate that the reaction's thermal effects as a solidification process affects the result 

of the modification process, what causes to changes in the size and shape of alloy 

phases and obtaining the expected properties of the alloy (Mondelfo, 1976), 

(Náprstková et al., 2014). 

There are another interesting effective modern methods ecological modification by the 

use of homogenous modifiers (Lipiński, 2008a, 2010), as well as exothermic modifiers 

that produce exothermic effects in the modification process of alloys (Lipiński, 2008b, 

2011), (Bolibruchová, Richtárech, 2013). Modification with exothermic modificator 

allows you to enter the chemical elements into the liquid alloy. The chemical elements 

introduced not only improve the microstructure of the treated alloy but also increase its 

performance characteristics. Silumin modification with modifiers composed of several 

components (mixtures) is more effective that modification with individual alloy-forming 

elements. The strontium effect is described in the literature by modifying eutectics 

(Michna et al., 2005), (Náprstková et al., 2013), (Lipiński, 2015a). 

The results of studies on the change of microstructure of hypoeutectic aluminum-silicon 

liquid alloys mainly with sodium and strontium and other chemical elements and 

mixtures have already been tested and published and described by many authors 

(Cook, 2008), (Lipiński, 2015b). However, it should be remembered that there are a lot 

of research for improvement mechanical properties by technological methods, too 

(Nová, Machuta, 2013), (Fisher, Kurz, 1977) (Lipiński, 2015c). However, widely 

presented books and research papers on the silumin treatment give not a lot of contents 

on the effect treatment with aluminum bronze (Chrostek, 2016). In view of the high 

popularity of Al-7% SiMg alloys the purpose of the study was to determine the 

mechanical properties of hypo-eutectic silumin Al-7% SiMg modified with 

CuAl10Fe3Mn2 (as a powder) + (Al-7%SiMg + CuAl10Fe3Mn2) (as a powder) + (Al-

7%SiMg + CuAl10Fe3Mn2) (in the form of a rod) added in different range of 

components. 

 

2. MATERIALS AND METHODS 

The experiment performed on Al-7%SiMg hypoeutectic alloy, produced industrially and 

supply in the pig sows. The chemical composition of the raw Al-7%SiMg alloy is 

presented in Table 1.  
 

Table 1  

Chemical composition of the tested Al-7%SiMg alloy 

Chemical composition, wt. % 

Si Cu Mg Mn Fe Ti Ni Zn Pb Al 

7.2 0.10 0.10 0.30 0.20 0.10 0.03 0.15 0.07 ball 
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The alloy was melted in a ceramic cruciblein an laboratory electric furnace Nabertherm 

30 – 3000. The treatment process was performed with CuAl10Fe3Mn2 and Al-7%SiMg 

alloy. Mixtures CuAl10Fe3Mn2 and Al-7%SiMg  has 50% CuAl10Fe3Mn2 + 50% Al-

7%SiMg alloy. After remelting, the mixture was casted into 3.5 mm diameter rods or 

crushed to a 0.35 to 0.50 mm fraction. The alloy with addition elements was melted at 

850°C for 8 minutes. Dry sand molds formed in the shape of a cylinder of 75 mm in 

length and 8 mm in diameter was filled with the liquid Al-7%SiMg alloy with modifier. 

From each casting two specimens were obtained. Brinell method was determined 

hardness by using a test force value of 612.9 N, ball diameter of 2.5 mm, force-diameter 

index was 10 and duration time of test force 20 s. Hardness  was measured on side 

surface of the head of the test pieces prepared to tensile test prepared by grinding to a 

depth of 2 mm. Three hardness measured per sample (6 measurements per cast) were 

made. All Brinell hardness measurements were performance according to standard PN 

EN ISO 6506-1:2014 in the HPO 250 hardness tester. The tensile stress test was 

carried out on a test pieces with ratio of 1:5 (a diameter-to-length) by used the ZD-30j 

universal tensile tester to determine ultimate tensile strength and percentage 

elongation. A tensile strength and elongation test was carried out on two ϕ 6 mm sample 

for each research points, according to standard PN EN ISO 6892-1:2016. The 

experiments was conducted by a factor plan 23 for three independent variables. 

Variable and its levels is presented in Table 2.  The regression equation for each 

research parameter was presented as (1).  

 

�̂� = 𝑏0 + 𝑏1𝑥1 + 𝑏2𝑥2 + 𝑏3𝑥3 + 𝑏12𝑥1𝑥2 + 𝑏13𝑥1𝑥3 + 𝑏23𝑥2𝑥3 + 𝑏123𝑥1𝑥2𝑥3      (1) 

 

Table 2 

Level of variables 

Variable Primary level, 

% 

Range of 

changes, 

% 

Higher level, 

% 

Lower level, 

% 

CuAl10Fe3Mn2  

(as a powder) 

3 1 4 2 

(Al-7%SiMg + 

CuAl10Fe3Mn2)  

(as a powder) 

3 1 4 2 

(Al-7%SiMg + 

CuAl10Fe3Mn2)  

(in the form of a rod) 

3 1 4 2 

 

The results have been subjected to statistical analysis at the level of significance 

α = 0.05.  The adequacy of the regression equation was verified by means of the 

Fischer criterion for p=0.05. 

Before corrosion experiments, the test of pieces with an area of 24 cm2 (40 x 10 x 

10 mm) were successively polished with emery paper to about Ra = 0.25 µm, next 

cleaned with 95% alcohol. The samples AlSi7Mg with 4% (Al-7%SiMg + 

CuAl10Fe3Mn2) (as a powder) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) (in the form of a 

rod) + 2% Al10Fe3Mn2 (as a powder) was tested accordance to standard dedicated for 

stainless steel PN EN ISO 3651-1. Corrosion test in 1% HCl water solution medium 

was tested by measurement of loss in mass.  
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The corrosion rate of the tested alloy measured in mm/year was calculated with the 

formula (1), but measured in g/m2 were calculated with the below formula (2): 

 

rcorm=(87600∙m)/(S∙t∙ρ)                                                              (1) 

 

rcorg=(10000∙m)/(S∙t)                                                                (2) 

 

where: 

t – time of corrosion test (for each sample counted from zero), hours, 

S - surface area of the sample, cm2, 

m – average mass loss in corrosion process, g, 

ρ - sample density, g/cm3. 

 

The influence of 1% HCl on corrosion resistance was investigated using weight loss. 

The mass of samples were measured by Kern ALT 3104AM general laboratory 

precision balance with accuracy of measurement 0.0001 g. Every with measurements 

was repeated five times. 

Profile roughness parameters was analyzed according to the PN-EN 10049:2014-03 

standard (Measurement of roughness average Ra and peak count RPc on metallic flat 

products) by the Diavite DH5 profilometer. 

 

2. RESULTS AND DISCUSSION 

Results of the ultimate tensile strength (UTS) of Al-7%SiMg alloy with mixtures (1) is 

shown at Fig. 2, elongation (A) at Fig. 3 and Brinell hardness (HB) at Fig. 4. Due to 

difficulties with representing functions for three independent variables, figure drawings 

for the obtained function were developed from the experimental design on the 

assumption that each of the analyzed modifier components was present at a stable 

higher (2%) or lower (1%) level while the share of the remaining two components varied. 

Based on this approach, six graphic forms were developed and two presented (Figs. 2-

4) for three modifier components. For an raw Al-7%SiMg alloy, average ultimate tensile 

strength for three test pieces was defined at UTS = 139 MPa, elongation A=0,2% and 

Brinell hardness H=47 HB. After treatment tested based silumin by  2% (Al-7%SiMg + 

CuAl10Fe3Mn2) (as a powder) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) (in the form of a 

rod) + 2% Al10Fe3Mn2 (as a powder) ultimate tensile strength was increased to 165 

MPa (Fig. 2b), elongation to 0.3% (Fig. 3b) and Brinell hardness to 48 (Fig. 4b). For 

increased  mixture  (Al-7%SiMg + CuAl10Fe3Mn2) (as a powder) to 4% the UTS=179 

MPa (Fig 2b) elongation to 2.6% (Fig. 3b) and Brinell hardness to 56 (Fig. 4b). There 

are the maximal values. In the similar way can be analyzed all research points and 

figures. 

At constant Sr content the highest effective influence mixture was observed for the (Al-

7%SiMg + CuAl10Fe3Mn2) (as a powder) at a higher level.  The effect of Al-7%SiMg 

with CuAl10Fe3Mn2 as a powder was found to be more effective than Al-7%SiMg with 

CuAl10Fe3Mn2 as a rod. Since all analyzed properties of the treatment alloy are higher 

after treatment with the mixture of aluminum bronze and the native alloy than with the 

same aluminum bronze (Figs 2, 3, 4), it should be concluded that the mixture in the 

form of a mortar with a native alloy interacts more effectively.  
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Fig. 2. The ultimate tensile strength (UTS) Al-7%SiMg alloy with: (Al-7%SiMg + 

CuAl10Fe3Mn2) (as a powder) <2, 4> % and (Al-7%SiMg + CuAl10Fe3Mn2) (in the form of a 

rod) <2, 4> % for a) CuAl10Fe3Mn2 (as a powder) = 1%; b) CuAl10Fe3Mn2 (as a powder) = 
2% 

 

 
Fig. 3. Elongation (A) Al-7%SiMg alloy with: (Al-7%SiMg + CuAl10Fe3Mn2) (as a powder) 

<2, 4> % and (Al-7%SiMg + CuAl10Fe3Mn2) (in the form of a rod) <2, 4> % for a) 
CuAl10Fe3Mn2 (as a powder) = 1%; b) CuAl10Fe3Mn2 (as a powder) = 2% 

 
Fig. 4. Brinell hardness (HB) Al-7%SiMg alloy with: (Al-7%SiMg + CuAl10Fe3Mn2) (as a 

powder) <2, 4> % and (Al-7%SiMg + CuAl10Fe3Mn2) (in the form of a rod) <2, 4> % for a) 
CuAl10Fe3Mn2 (as a powder) = 1%; b) CuAl10Fe3Mn2 (as a powder) = 2% 
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Microstructure of Al-7%SiMg alloy with 2% (Al-7%SiMg + CuAl10Fe3Mn2) (as 

a powder) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) (in the form of a rod) + 4% Al10Fe3Mn2 

(as a powder) (the best mechanical properties)is presented in Fig. 5. The a little 

refinement of primary dendrites of β phase was observed after all the processing of the 

Al-7%SiMg alloy in accordance to investigation plane (tab. 2). Analyzing the 

microstructure of both alloys was noted in both variants the likely occurrence of the grey 

needle-granular eutectic β phase and grains white α phase, on a dark background 

eutectoid α + γ2 and dark precipitates of Chinese writings. Also can be observed 

individually occurring separation of κ phase. 

 

 
Fig. 5. Microstructure of AlSi7Mg alloy with: 2% (Al-7%SiMg + CuAl10Fe3Mn2) (as a powder) 

+ 2% (Al-7%SiMg + CuAl10Fe3Mn2) (in the form of a rod) + 4% Al10Fe3Mn2 (as a powder). 

 

Exemplary profile roughness of AlSi7Mg alloy with: 2% (Al-7%SiMg + CuAl10Fe3Mn2) 

(as a powder) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) (in the form of a rod) + 4% 

Al10Fe3Mn2 (as a powder) after corrosion tests 1% HCl at room temperature and time 

336 and 432 hours is presented in Fig. 6 and 7. 

 
  

Fig. 6. Profile roughness of AlSi7Mg alloy width (Rq) of AlSi7Mg alloy with  4% (Al-7%SiMg + 

CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 after corrosion tests 

1% HCl at room temperature and time 336 hours. 

 

Maximum peak height (Rp) value and total height of the roughness profile (Rt) value of 

AlSi7Mg alloy with  4% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + 

CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 after corrosion tests in 1% HCl at room temperature 

is presented in Fig. 8.  
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Maximum peak height (Rp) value and total height of the roughness profile (Rt) value of 

AlSi7Mg alloy with  4% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + 

CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 after corrosion tests in 1% HCl at room temperature 

is presented in Fig. 9. 

 
Fig. 7. Profile roughness of AlSi7Mg alloy width (Rq) of AlSi7Mg alloy with  4% (Al-7%SiMg + 

CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 after corrosion tests 

1% HCl at room temperature and time 432 hours. 

 

 
Fig. 8. Arithmetical mean roughness (Ra) value and mean peak width (Rq) of AlSi7Mg alloy 

with  4% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% 

Al10Fe3Mn2 after corrosion tests 1% HCl at room temperature 

 

 
Fig. 9. Maximum peak height (Rp) value and total height of the roughness profile (Rt) value  

of AlSi7Mg alloy with  4% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) 

+ 2% Al10Fe3Mn2 after corrosion tests in 1% HCl at room temperature. 
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Effects of corrosion time on the relative mass loss (RML) of AlSi7Mg alloy with  4% (Al-

7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 

after corrosion tests in 1% HCl at room temperature is presented in Fig. 10. 

Effects of corrosion time on on the corrosion rat rcorm (mm/year) of AlSi7Mg alloy with  

4% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% 

Al10Fe3Mn2 after corrosion tests in 1% HCl at room temperature is presented 

in Fig. 11. 

 

 
Fig. 10. Effects of corrosion time on the relative mass loss (RML) of AlSi7Mg alloy with  4% 

(Al-7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 after 

corrosion tests in 1% HCl at room temperature. 

 

 
Fig. 11. Effects of corrosion time on on the corrosion rate rcorm (mm/year) of AlSi7Mg alloy with  

4% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 

after corrosion tests in 1% HCl at room temperature. 

 

Effects of corrosion time on on the corrosion rat rcorm (g/m2) of AlSi7Mg alloy with  4% 

(Al-7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 

after corrosion tests in 1% HCl at room temperature is presented in Fig. 12. 

During the first 96 h of soaking AlSi7Mg alloy with  4% (Al-7%SiMg + CuAl10Fe3Mn2) 

+ 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 in 1% HCl, the roughness 
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time, a faster increase in the size of these parameters was observed, the distribution of 

which with a statistical accuracy of over 95% was described by a second-degree 

exponential curve (Figs. 8 and 9). A similar distribution was found for relative mass loss 

(Fig. 10) and corrosion rate (Fig. 11 and 12). The gradual flattening of the corrosion rate 

charts (Fig. 11 and 12), indicating a decrease in the corrosion rate, is most likely caused 
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by a gradual reduction in the surface of the impact of an aggressive environment 

resulting from the decreasing active surface of the sample in the corrosion wear skins. 

 

 
Fig. 12. Effects of corrosion time on on the corrosion rate rcorm (g/m2) of AlSi7Mg alloy with  4% 

(Al-7%SiMg + CuAl10Fe3Mn2) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) + 2% Al10Fe3Mn2 after 

corrosion tests in 1% HCl at room temperature. 

 

3. CONCLUSION 

1. Results of the research showed the possibility of introducing CuAl10Fe3Mn2 

addition to the Al-7% SiMg alloy both in native form and in the form of mortar made 

with a treatment alloy. 

2. The best results were obtained for a treatment Al-7%SiMg alloy with 4% (Al-

7%SiMg + CuAl10Fe3Mn2) (as a powder) + 2% (Al-7%SiMg + CuAl10Fe3Mn2) (in 

the form of a rod) + 2% Al10Fe3Mn2 (as a powder), which enabled to achieve the 

highest values of all analyzing parameters (in this experimental plan). 

3. The alloy obtained by remelting silumin and aluminum bronze due to phase 

inheritance of both alloys can be an interesting composition and is worth further 

analysis in terms of its applicability. 

4. Analyzing the course of changes in roughness, it was found that its description of 

the function of the first degree is statistically adequate and has a high degree of fit 

(r2>0.95). 

5. The obtained roughness curves in the first corrosion period are proportional. In the 

second period of corrosion, there was more and more roughness in each 

subsequent unit of time. For this reason, the description of the curves of the 

roughness as a function of the second degree is more accurate. 

6. Counted from zero time of corrosion test showed a reduction in corrosion rate. In 

this way based on the graph or equation it is possible to estimate total corrosion 

rate at any time, counted from the beginning of the corrosion measurement.  

7. By using equations describing material roughness or corrosion rate, it is possible 

to determine conditions for automatic control of the condition of an object. 
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