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Purpose: The main aim of the article is to present the results of research of entrepreneurs who
maintain a certified quality management system in terms of leading factors supporting decisions
of a preventive approach to management.

Design/methodology/approach: Interview method conducted in manufacturing companies
with an implemented and certified quality management system using CATI technique
Findings: Research has shown that in large industrial enterprises the key stimulants of
preventive actions are, above all, efficient information flow, technical and organizational order,
as well as consistent pursuit of the goal. Smaller enterprises put the main emphasis on
maintaining good relations with the environment, safety and ergonomics of work, as well as
skillful selection of suppliers.

Research limitations/implications: The authors of the paper see the need to continue research
in the field of in-depth analysis of selected factors in relation to the effectiveness of the actions
taken and the possibility of supporting information.

Practical implications: Entrepreneurs with knowledge of key stimulants will make decisions
more consciously and focused on a targeted analysis of data in order to search for relevant
premises to prevent non-compliance.

Originality/value: This paper concerns key factors influencing a preventive approach that can
support decision-making. For the purposes of multicriteria decision-making processes,
it is valuable to know the key stimuli characteristic of effective preventive actions.
An additional value of the article is the showing of the factors with a differentiation by company
size. This enables a more relevant focus of the research results.
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1. Introduction

Increased competitiveness, cost reduction, and greater satisfaction of internal and external
customers are just a few of significant benefits of implementing a quality management system
in an enterprise. The need to survive in a very demanding market and to ensure operation in
accordance with international standards prompts enterprises to obtain quality certificates.
However, it is not enough just to obtain them. It is important to monitor internal and external
changes taking place in the enterprise and assess their effects. In companies with quality
management systems, the manufacturer should establish processes, specifying when and how
to make corrections, corrective or preventive actions. It is the ability to eliminate the threats
and implement control mechanisms that prevents potential problems and is essential for
continued customer satisfaction and continued effective business practice. Making decisions on
preventive actions is extremely difficult due to the unavailability of premises and the reliance
on risk estimation (Schitter et al., 2019, p. 12; Ivanov, 2020). An additional difficulty is
determining the areas of threat seeking, which are diverse and translate to a different level as
a result of product non-compliance.

Preventive actions are important for the functioning of quality management systems,
however, they are discussed in only a few studies in the literature, and those that are available
usually refer to selected aspects of management (Selvik, Bansal, Abrahamsen, 2021; Shojaie,
Kahedi, 2019, pp. 35-43). This the more surprising that knowledge about management has
a large set of methods and tools to support decision making. Unfortunately, the level of their
use 1s still low, despite the fact that entrepreneurs more and more often see the need for risk
analysis and a predictive management style (Misztal, Belu, 2016). There can be many reasons
and conditions for insufficient use of management methods. Hence, there has been a need to
conduct research covering both barriers and incentives for a preventive approach in enterprises.

The cognitive aim of the research was to assess the level of awareness and preventive
approach in the quality management of production companies. The utilitarian goal of the
research was to identify good practices in the use of a preventive approach in manufacturing
companies. The main aim of the article is to present the results of research of entrepreneurs who
maintain a certified quality management system in terms of leading factors supporting decisions

of a preventive approach to management.
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2. Literature search for premises for possible prevention

Preventive quality management in manufacturing companies has been an issue promoted
for years by quality promoters, but still insufficiently defined in the literature. Undoubtedly,
preventive actions constitute the most rational form of organizational improvement. It is due to
their proactive, and not reactive nature that they are the most profitable and justified
economically (Szkoda, 2012, p. 62). These actions are aimed at eliminating potential
nonconformities in order to prevent their occurrence. Potential problems can be identified by
applying methods such as extrapolating corrective actions for current nonconformities to other
applicable areas with similar actions, trend analysis or research into operational risks. The main
tasks of nonconformity management include identifying possible causes of nonconformities
and developing the necessary corrective actions to prevent them. The ISO 9001: 2015 standard
gives an important place for corrective actions to eliminate identified nonconformities. As it is
known, there is no section in the current version of the standard where detailed requirements
for preventive actions are formulated. However, this does not mean that preventive action
should be rejected. As noted in on the contrary, preventive actions become an integral part of
the risk management system. They become part of 'risk-based thinking' where risk comes to the
fore (Ivanov, 2020; Ezrahovich, Vladimirtsev, Livshitz, Lontsikh, Karaseva, 2017, pp. 506-51).

The PDCA cycle is the starting point for considering preventive research in quality
management systems. It was W. Edwards Deming who in the 1960s recognized that an effective
method for continuous improvement is to prevent the occurrence of controlled variability,
which can be limited by appropriate preventive actions resulting from the theses he cited.
Actually, each of the following steps he has a message for continuous improvement through
prevention. Continuous improvement of previously obtained results allows to increase the
efficiency and effectiveness of the company's operations.

What is more, Juran found that in addition to not taking into account the total cost of these
efforts, companies have invested far more money in dealing with external failures than in
preventing them. Interpretation of selected theses of Deming and Juran and an attempt to

characterize their preventive character is presented in Table 1.

Table 1.
Selected theses of Deming along with their importance in preventing nonconformities and the
connection with Juran's Principles

Deming's principle Juran's principle Importance
1. Creation and maintenance of 1. Awareness of need and Clearly defined direction of
company's orientation aimed at opportunities for quality enterprise improvement related to
continuous product improvement, | improvement. a clear pattern of committed
clearly defined management 2. Setting the goals of continuous | management — prevention by
responsibility improvement motivating employees to act and
strive for excellence
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Cont. table 1.

5. Detecting and solving problems,
aimed at continuous improvement
of all elements of the production
system, including planning,
design, purchasing, technology
and staff training

8. Announcement of results
9. Record of results

Awareness of the impact on the
quality of all possible production
factors, but also the human factor -
prevention by the selection and
improvement of employees -
prevention by motivating
employees - prevention by joint
pursuit of a goal

6. Modern methods of vocational
training in the workplace, both for
management and workers, in order
to acquire new skills to keep up
with changes in materials,
methods, product design,
equipment, technology and service

5. Assignment of problem tasks

The importance of employees as a
factor enabling flexible response
to changes - prevention by
predicting controlled volatility,
prevention by participatory
management

7. Pro-quality supervision over
production - reacting to
information about defects arising
in the earlier stages of production,
machine maintenance needs, bad
tools, wrong instructions and other
phenomena that cause poor quality

6. Informing about the course of
work

Awareness of the importance of
the quality of auxiliary processes
and their impact on the quality of
the final product - preventing the
consequences of detected non-
compliance threats in the
processes

9. Team work integrating many
units, greater efficiency through
the occurrence of horizontal bonds

6. Informing about the course of
work

The importance of internal
communication as a factor
enabling flexible response to
changes - prevention through an
efficient flow of information

11. Removal of labor norms and
shortcomings as well as numerical
productivity and piecework norms;
standards lead to ineffectiveness
and high costs and violate
professional ethics - in their place,
the introduction of support
measures and methods supporting
management

7. Incorporating authorizations
into normally used systems and
processes of the company, which
maintains the enthusiasm of
employees

Awareness of improving work
efficiency through the use of
selected methods and tools -
prevention with the use of
proven management
instruments

12. Removing barriers that prevent
you from doing work with pride,
abolishing the job evaluation card,
deviating from management by
goals

14. The rank of competences and
commitment of the top
management in the pro-quality
transformation of the enterprise;
appointment and maintenance of
such a board that would be able to
consistently implement thirteen
theses

3. Establishing an organization
that will help achieve these goals
by appointing a quality council,
identifying problems, selecting the
right project, creating teams and
selecting coordinators

The importance of job satisfaction
in creating product quality -
prevention through corporate
culture

The role of top management in
conducting continuous
improvement - prevention
through planning

13. Continuous training and self-
training program for employees
and their retraining

4. Training of all employees

Awareness of the cyclical
improvement of employees in
conjunction with customer
expectations - prevention through
employee improvement

Source: own elaboration based on Bank, 1996, pp. 76-78
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What is more, also John Oakland, professor of the University of Bradford behind Deming,
Juran, Feigenbaum, Crosby equates quality management with prevention, with activities
undertaken before the implementation of the process, not after its completion. The importance
of prevention was in fact that the second stage of the development of quality management
techniques is defined as ensuring a specific, intended level of quality (Oakland, 2004).

Preventive actions, like corrective actions, should be adjusted to the scale of problems or
effects of potential problems diagnosed during monitoring, audit, management review or as
a result of decisions, orders, recommendations, etc. Establishing a preventive action procedure
is aimed at: defining responsibilities and powers of those involved, identifying potential
nonconformities and their causes, correcting potential nonconformities, assessing the need for
preventive action, establishing and implementing the necessary actions, recording the results
achieved, reviewing the effectiveness of the preventive actions taken. Taking preventive action
may involve investigating several causes.

It is useful to distinguish between corrective actions and preventive actions. Corrective
actions are steps taken to remove the causes of an existing nonconformity or undesirable
situation. The corrective action process is designed to prevent recurrence of nonconformities or
undesirable situations. He tries to make sure that existing inconsistencies and situations do not
recur. It tries to prevent relapses by eliminating the causes. Corrective actions are based on real
problems. In contrast, preventive actions are steps taken to remove the causes of potential
nonconformities or potential undesirable situations. The preventive action process aims to
prevent nonconformities or situations that do not yet exist, it tries to prevent the occurrence by
eliminating the causes (Tashi, Mbuya, 2016). ISO 9001 and TQM force organisations to adopt
structured procedures in order to implement corrective and preventive actions (Zhang, Zheng,
2015).

A set of instruments that can be used to support decision-makers in taking appropriate
preventive actions comes out against the evolving approaches of preventive quality
management. Methods for detecting and removing possible non-conformities, the effects of
which could become apparent later, during production or operation, are called preventive
methods.

Literature proves that there are currently no studies defining the state of a preventive
approach in enterprises (Kaganov, 2001; Shojaie, Kahedi, 2019, pp. 35-43; Majanoja, Linko,
Leppénen, 2017, pp. 528-549; Paun, 2019).

However, few scientific reports suggest that preventive actions in organizations are
marginalized (Macot, 2003, pp. 349-357; Hardoroudi et al., 2011, pp. 177-181; Klimczak, 2014,
pp. 16-21; Kovalyova, Zhdanov, 2018, pp. 28-39; Banerjee, 2019, pp. 542-595; Fraser, 2010;
Kim, Lim, 2020, pp. 423-430; Zupanets, 2020; Chittipaka, 2020). At the same time, there are

examples of searching for effective preventive actions. Most often they relate to:


https://www-1scopus-1com-10000383u09ea.han3.library.put.poznan.pl/authid/detail.uri?authorId=54790132700&amp;eid=2-s2.0-85063590123
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e relationship with the environment (Junquera, Del Brio, 2016, pp. 1-17; Salem et al.,
2016, pp. 755-769; Olszewska, Piwoni-Krzeszowska, 2014, pp. 45-53; Figge, 2005,
pp. 19-30; Solana-Ibafnez, Caravaca-Garraton, 2021; Walecka, 2018, pp. 25-41;
Katsuki, Miriam, 2017, pp. 1080-1097),

e relationship with employees (Bjerke, 2020, pp. 1-20; Ladegaard, Skakon, Elrond,
Netterstrom, 2019, pp. 44-52; Biggs et al., 2016, pp. 2-12; Sahoo, Sahoo, 2019, pp. 783-
799; Greguras, Diefendorft, 2010, pp. 539-560; Zhang et al., 2019, pp. 369-395; Beltran
et al., 2017, pp. 403-422; Thomas et al., 2010, pp. 275-300),

e information management (Chun, 2002; Czekaj, 2012; Nowduri, 2019, pp. 2-6; Nkosi,
Sukdeo, Bakama, Molefe, 2020, p. 1028-1038; Lis, Tomski, Bajdor, 2014, pp. 55-60),

e innovation in data analysis (Chluski, Ziora, 2015, pp. 1006-1012; Edmunds, Morris,
2000, pp. 17-28; Lonnqvist, Pirttiméki, 2006, pp. 32-40; Mantura, 2012, pp. 7-30; Yeoh,
Koronios, 2010, pp. 23-32; Wojcik, 2016, pp. 61-70),

e modern solutions in the field of maintenance (Lamptey, Labi, 2008, pp. 376-387;
Palmarini et al., 2007, pp. 23-28; Vilcu et al., 2017, pp. 656-660; Franciosi, Lambiase,
Miranda, 2017, pp. 13692-13697; Barbu, Andreica, Popescu, 2018, pp. 53-58; Shahin,
Aminsabouri, Kianfar, 2018, pp. 1296-1315; Alvarez-Alvarado, Jayaweera, 2019;
Zhang, Jia, Wu, Yin, Ding, 2020; Larbi Rebaiaia, Ait-kadi, 2020; Wakiru et al., 2020;
Wang et al., 2020, p. 123365).

It is noteworthy to develop a simple and efficient tool to understand corrective/preventive
action, facilitate follow-up and ensure the availability of appropriate documentation. By means
of brainstorming, 5W method, Pareto principle, root cause analysis: it was possible to create
such a tool. Essentially, it is a system that allows to get a clear vision of a situation and act on
it in an effective way that produces important results. It is simple to explain, simple to use, and
anyone involved in corrective action can benefit from it in no time (Macot, 2003; Seo, 2017).
A modified quality function implementation technique is then used to evaluate and classify
alternatives against three different parameters: benefits, costs and impact. A personalized and
modified version of the QFD technique is proposed to perform the most important phase: the
selection of solutions and the most appropriate corrective actions. This methodology allows to
evaluate the possible outcomes of various alternatives to eliminate the root causes. Finally,
a modified QFD can be developed to obtain quantitative results in the form of benefits and
costs, not just qualitative results (Carmignani, 2009). Among the risk assessment methods,
the example of the FMEA method is outstanding. The use of this method is aimed at identifying
the causes of potential non-compliance and planning solutions that first limit their occurrence
(Mohanty, 2020). The method can also be treated as an important element of the company's
continuous improvement strategy. When applying the FMEA method, it should be assumed that
the commitment of the management is necessary to ensure the effectiveness of the proposed

improvement solutions (Askari, 2017).


https://www.sciencedirect.com/science/article/pii/S1877050915028896#!
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The conducted literature search showed a clear gap in knowledge about the areas and
methods of preventing non-compliance in enterprises. The need for a preventive approach is
unquestionable, but there is no scientific basis for determining effective methods of their
implementation. The established five areas of positive non-compliance prevention defined the
basis for the development of the research questionnaire, where these areas were detailed.
Thus, the need to examine the leading factors supporting the decisions of a preventive approach

in the quality management of manufacturing enterprises was addressed.

3. Stages of the research process. Selection of the research sample

The diagnosis of the preventive approach in quality management in manufacturing
companies was conducted in accordance with the typical research process presented
in Figure 1. The main purpose of these activities was to assess the general state of the preventive

approach level in the surveyed companies and to determine the key factors influencing it.
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® The research problem: To what extent are preventive measures important in
production companies?

® The scope of research: preventive approach in production companies that
Designing the study manage quality systemically

® The aim of research: assessment of the general state of the level of the
preventive approach in the surveyed enterprises, determination of key factors
affecting it, recognition of the correlation between the identified factors and the
size of enterprises

® The research method: interview method using CATI technique

Selection of the sample ® There has been established quota-random sampling of companies for

quantitative research, due to the leading criterion, belonging to the production
industry, having an implemented QMS compliant with the ISO 9001 standard
Construction of the measuring

® an interview questionnaire was built

instrument
Collecting data ® 79 interviews with the use of CATI technique were conducted
Reducing data ® Having verified the answers, it was finally decided to take into account all the
answers obtained from the respondents
Data analysis ® statistical analysis (basic statistics and correlation coefficients)

NS

Presentation and evaluation of

research results ® assessment of the general state of the level of the preventive approach in the
surveyed enterprises

® development of graphs presenting the percentage distribution of responses along
with the variability of selected ratings around the median

® determining the key factors influencing the state of the preventive approach

® analysis of correlation between the factors of the preventive approach and the
size of the enterprise
Figure 1. Stages of the research process carried out during quantitative research.

Source: own elaboration based on (Kaczmarczyk, 2003).

In order to implement the research program, the authors have conducted quantitative
research using the interview method, with the use of the CATI technique (computer-assisted
telephone interviews). The interviews were conducted in manufacturing companies with
an implemented and certified quality management system compliant with the ISO 9001
standard. The questionnaire used in the study consists of:

e the record containing information provided by the respondent on: company name, size

of the enterprise, number of years on the market, and the position held by the respondent,

e one question regarding the general assessment of the level of the preventive approach

in quality management in the represented enterprise, specified by the respondent on
a five-point scale, i.e. very unsatisfactory, poorly satisfactory, average, satisfactory,
very satisfactory,
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e 23 questions to which the respondent answered in two planes. First, it was assessed to
what extent the prevention in various spheres of the company's operations is
implemented in the company represented by the surveyed company. Then,
the respondent assessed the extent to which prevention is important for the enterprise in
terms of the assessed aspect. In answering these questions, a five-point scale was used,
organized according to the so-called Likert scale,

e for the assessment of the importance of a factor in preventive quality management:
1 it does not matter at all, 2 it has a low impact, 3 it has an average effect, 4 it is quite
important, 5 is of great importance,

o for the assessment of the degree of implementation of an aspect in the enterprise:
1 completely no, 2 no, 3 medium, 4 rather not, 5 completely not.

In order to obtain answers to the questions prepared by the authors, the services of a research
company specializing in the provision of Business Process Outsourcing, call and contact center
services were used.

The sample size was determined on the basis of the minimum (required) sample size
criterion. When planning the research, we had data on the number of companies from Greater
Poland that have ISO 9001 certificate, which in 2019 was 492. Thus the sample size was
computed using the formula 1 (Oribhabor, Anyanwu, 2019):

n=[(N) (p) (1 =p)]/ [N~ 1) (B/C) 2+ (p) (1 -~ p)] =215,97 6]
where:

N is the population size (N = 492),

p is the proportion of population expected to choose (p = 0,5),

B is acceptable amount of sampling error (B = 0,05),

C is Z statistic associated with the confidence level which is 1.96 that corresponds to the 95%
level.

The sample size was estimated at 216 companies. A randomized sample selection was used.
The amounts are set according to the size of the enterprises (micro, small, medium and large).
Due to the specificity of the industry and the small percentage of micro-enterprises in the pool
of all production enterprises, this group was merged with small enterprises.

The structure of the population and the research sample are summarized in Table 2.
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Table 2.
Structure of the population and research sample
Percentage share in:
Population in general A computation trial Samples study
Loz micro and small 36,79 36,97 32,91
*E £ average 47,97 47,97 49,37
R big 15,24 15,24 17,72
TOTAL 100,00 100,00 100,00

Source: own elaboration.

By selecting a group of enterprises belonging to the SME category (micro, small and
medium-sized enterprises) from the research sample, it was determined that it constituted 82%.
In the population of manufacturing companies from Greater Poland, the group of SMEs
accounts for 85%. Thus, the pilot sample reflects the percentage structure of the population.
The respondents were classified into four groups due to their position:

e quality representatives (36,7 %),

e cmployees in managerial positions (specialists) (27,8 %),

e owners / management representatives (22,8 %),

e administrative staff (12,7 %).

On the basis of the provisions of ISO 9001: 2015, the companies that would like to certify
a quality management system no longer have to select the position of a quality management
representative in their organizational structures. This function is often taken over by the

management team that was represented in the research by 40 representatives.

4. Research results

4.1. General level of a preventive approach in quality management

Before starting the main part of the research, the respondents were asked a question
concerning the assessment of the general level of the preventive approach in quality
management in the represented enterprises (Fig. 2).
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Figure 2. Percentage share of answers to the question regarding the assessment of the general level of
the preventive approach in quality management in manufacturing enterprises.

Source: own elaboration.

Due to their function, the respondents should be aware of the issues raised in the research.
According to Fig. 2, over 90% of the respondents noted that the level of a preventive approach
to quality management in the production companies they represent can be considered very
satisfactory or satisfactory, and only 8.86% were responses indicating an average rating.

By analyzing in detail the distribution of responses regarding the general assessment of the
level of the preventive approach in quality management in individual groups of respondents,
it can be initially concluded that the size of the enterprise does not have a significant impact on
the responses obtained. This was confirmed by determining the value of Pearson's correlation,
which was 0.14. Therefore, this level proves a weak degree of interdependence of the analyzed
variables. Due to the positive value, it can be indicated that this tendency is directly
proportional, i.e. the level of a preventive approach in quality management increases slightly
with the growth of the company.

Table 3. summarizes the basic statistical data necessary to graphically present the variability
of assessments of the level of implementation of the preventive approach in quality

management in manufacturing companies (see Fig. 3).
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Table 3.
Basic statistics for the assessment of the level of the preventive approach in quality
management

Company The The Standard
Medium | Median | Minimum | Maximum lower higher .
. L. . . deviation
Statistics quartile | quartile
Total 4,41 4,00 3,00 5,00 4,00 5,00 0,65
Micro and Small 4,27 4,00 3,00 5,00 4,00 5,00 0,67
Medium 4,46 5,00 3,00 5,00 4,00 5,00 0,64
Large 4,50 5,00 3,00 5,00 4,00 5,00 0,65
Source: Own elaboration.
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Figure 3. Variability of assessments in the level of the preventive approach implementation in quality
management of manufacturing companies around the median.

Source: own elaboration using Statistica software.

In the data set from large and medium-sized enterprises, the median reached the highest
value of 5, which means that 50% of respondents admitted that the level of implementation of
the preventive approach in quality management is very satisfactory (Fig. 3). In small
enterprises, the median decreased slightly and reaches the value of 4.0. The distribution of
answers is the same in each group of organizations, both in small, medium and large enterprise.
Ratings of 4 and 5 were most often given because they belong to the interquartile distribution.
Among the companies which gave a rating of 3, there were 87% that had been operating on the
market for over 20 years, and the remaining companies, i.e. 13%, belonged to the group existing
for over 11 years. Average rating was given by management or quality representatives'
respondents.
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4.2. Analysis of factors influencing the level of a preventive approach in quality
management

The main part of the research consisted of 23 questions concerning the degree of

implementation and significance of the assessed factor, which influences the level of

a preventive approach to quality management in manufacturing companies. These questions are

summarized in Table 4.

Table 4.
List of the assessed factors
The
determinatio Factor
n of a factor

K1 Constant tracking of the requirements of the interested parties (customers, consumers, suppliers,
industry groups)

K2 Maintaining good relations with the environment

K3 Skillful selection of suppliers and continuous evaluation of cooperation

K4 Consistent pursuit in implementation of the set goals

KS Selection of employees based on their competences

K6 Participatory management (i.e. involving lower-level employees in decision-making processes)

K7 Raising the qualifications of employees and improving their skills

K8 Ensuring safety and ergonomics at work

K9 Leading employees (leaders giving direction)

K10 Shaping the corporate culture (creating an atmosphere conducive to achieving goals)

K11 Efficient flow of information (informing employees about the course of work)

K12 Improving data processing and analysis techniques (digitization of processes, documentation,
communication, reporting, etc.)

K13 Rationalization of work time and its content (implementation plans based on resource
availability)

K14 Use of proven methods and management tools (e.g. control sheets, volatility charts, diagrams
such as Pareto, Ishikawa, FMEA method, QFD, 5Why)

K15 Technical and organizational order (creativity, accuracy of designers, diligence in workmanship
and control, compliance with standards, the use of procedures, economy, care for the
maintenance of machines, devices, instrumentation, care for tools, neatness and order)

K16 Standardizing of ways of treatment of technical problems

K17 Providing infrastructure appropriate to the assumed characteristics of processes and products

K18 Forecasting maintenance (use of risk analysis, preventive inspections, technical condition
monitoring, participation of equipment and machine operators in maintenance, use of TPM and
RCM, 5S methods and independent inspections)

K19 Improving quality control methods (e.g. improving accuracy, changing measuring instruments,
measuring frequency, reporting method, etc.)

K20 Technological innovation

K21 Tracking and using the state of technology standardization

K22 Predicting controlled variability (recognizing disturbances and being able to monitor them)

K23 Knowledge exchange as part of economic cooperation (industry associations, chambers of
commerce, capital groups, clusters, alliances, holdings, etc.)

Source: Own elaboration.

Searching for good practices in the preventive approach, the authors analyzed in detail the

responses of the respondents, who generally assessed the level of implementation of the

preventive approach in management in the represented enterprises as very satisfactory.
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Due to the fact that two of the respondents representing medium-sized companies did not
answer all the questions, the decision was taken to reduce the data and not include these
interviews in further analysis. Figure 4 presents the percentage distribution of the answers given

in the discussed topic, taking into account the size of the organization.

21,62
27,03

5135

micro and small = medium = large

Figure 4. The percentage share in terms of the size of enterprises that assessed the level of
implementation of the preventive approach in quality management as very satisfactory.

Source: own elaboration.
The respondents on a 5-point scale determined the importance of individual factors in
a preventive approach to management. Basic statistics concerning the assessment of the

importance of the factors listed in Table 4 are presented in Table 5.

Table S.
Basic statistics of the importance of individual factors (decreasingly according to the mean)
Statistics Mean Standard Median The higher The lower
Factors deviation quartile 75 quartile 25
K2 4,973 0,162 5 5 5
K8 4,973 0,162 5 5 5
K11 4,919 0,273 5 5 5
K15 4,919 0,273 5 5 5
K5 4,892 0,311 5 5 5
K3 4,865 0,342 5 5 5
K4 4,865 0,342 5 5 5
K7 4,865 0,342 5 5 5
K1 4,838 0,436 5 5 5
K10 4,811 0,456 5 5 5
K19 4,811 0,392 5 5 5
K18 4,784 0,412 5 5 5
K13 4,73 0,444 5 5 4
K20 4,676 0,523 5 5 4
K9 4,676 0,523 5 5 4
K12 4,622 0,672 5 5 4
K14 4,595 0,715 5 5 4
K16 4,568 0,679 5 5 4
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Cont. table 5.

K17 4,541 0,55 5 5 4
K21 4,46 0,641 5 5 4
K22 4,46 0,682 5 5 4
K23 4,162 0,916 4 5 4
K6 4,054 0,899 4 5 4

Source: own elaboration.

The highest mean results were obtained for the following eight factors:

e K2 Maintaining good relations with the environment.

e K& Ensuring safety and ergonomics at work.

e K11 Efficient flow of information.

e K15 Technical and organizational order.

e KS5 Selection of employees based on their competences.

e K3 Skilful selection of suppliers and continuous evaluation of cooperation.

e K4 Consistent pursuit in implementation of the set goals.

e K7 Raising the qualifications of employees and improving their skills.

A detailed analysis of statistical data was carried out for these factors. Figure 5 graphically

shows the variability of the importance ratings in the range of the eight highest rated factors

around the median as the midpoint, taking into account the size of enterprises.

a) K2 Maintaining good relations with the
environment

K2
w

medium small and medium large

Size of enterprise

K8

b) K8 Ensuring safety and ergonomics at work

medium small and medium large

Size of enterprise
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¢) K11 Efficient flow of information d) K15 Technical and organizational order
5 —e— —e —a— 5 —a— —— —a—
4 # * 4 # *
- wn
<’ <?®
2 2
1 1
medium small and medium large medium small and medium large
Size of enterprise Size of enterprise
e) K5 Selection of employees based on their f) K3 Skilful selection of suppliers and continuous
competences evaluation of cooperation
5 —e— —e —— 5 —— —a
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g) K4 Consistent pursuit in implementation of the set h) K7 Raising the qualifications of employees and
goals improving their skills
5 —f— —— 5 — —e— -
4 * 4 * * *
g g
2 2
1 1
medium small and medium large medium small and medium large
Size of enterprise Size of enterprise
0 Median
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Figure 5. Variability of assessments of the importance of the most important preventive factors, taking
into account the size of enterprises.

Source: own elaboration.
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Based on the data analysis (Fig. 5a), it can be concluded that, among both small and micro-
enterprises as well as medium-sized companies, the factor K2: Maintaining good relations with
the environment was assessed by all respondents as having a huge impact on quality
management in manufacturing companies. The fifth grade assessment was also most often
assigned by representatives of large companies. In this group, the assessment graded 4 belongs
to extreme assessments (it was only confirmed in 12.5%).

When analyzing the variability of the importance ratings assigned to the K8 factor: Ensuring
safety and ergonomics at work (Fig. 5b), it can be concluded that this distribution was identical
to the K2 factor assessment. Both among small, micro and medium-sized enterprises, it was
assessed by all respondents as having a huge impact on quality management in manufacturing
companies. The majority (87.5%) of representatives of large enterprises also assigned a grade
at the fifth level. A grade four was rare.

Analyzing the responses to factor K11: Efficient flow of information in quality management
(Fig. 5¢), it can be concluded that they are similar for all enterprises. Enterprises rated this factor
as being of great importance or quite important. The answer is of great importance, it was
provided by 100% of large enterprises, 95% of medium-sized enterprises and 80% of small and
micro enterprises.

Also factor K15: Technical and organizational order (Fig. 5d) was assessed as being of great
importance or quite important in quality management. The answer is of great importance, it was
provided by 100% of large enterprises, 89% of medium-sized enterprises and 90% of small and
micro enterprises.

For factor K5: Selection of employees based on their competences (Fig. 5e), the distribution
of responses also falls within two levels of the Likert scale, i.e. the factor is of great importance
in quality management or is quite important. The answer is of great importance, from 78% of
large enterprises, 95% of medium-sized enterprises and 80% of small and micro enterprises.

Among micro and small enterprises, the factor K3: Skilful selection of suppliers and
continuous assessment of cooperation (Fig. 5f) was assessed by all respondents as having
a huge impact on quality management in manufacturing enterprises. The fifth grade was also
indicated by 89.5% of respondents representing medium-sized companies, and the fourth grade
was indicated by 10.5%. In large enterprises, 62.5% of the respondents treated the assessed
factor as very important.

Based on a detailed analysis of the data on the assessment of the K4 factor: Consistent
pursuit of the set goals (Fig. 5g), it can be concluded that by micro and small enterprises this
factor is treated as very important - 60% of responses or as quite important - 40% answers.
By 95% of medium-sized enterprises, this factor is considered of great importance in quality
management, and only for the rest as quite important. The K4 factor was rated as having huge

impact by all respondents representing large companies.
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When considering the distribution of responses in terms of factor K7: Upgrading employees'
qualifications and improving their skills (Fig. 5h), it ought to be noted that 78% of large
enterprises, 89% of medium-sized enterprises and 100% of small and micro-enterprises
consider this factor to be of great importance in quality management. The remaining companies
belonging to the research sample indicated the fourth grade on the Likert scale, i.e. quite
important.

In the data set from large enterprises, only with regard to the K3 factor (skilful selection of
suppliers) the interquartile range is between the answers 4 and 5, hence it is precisely for this
factor that the average value reached the lowest value among all the analyzed factors.
For factors K2, K8, K5 and K7, the answer at the level of 4 in this group of enterprises belonged
to extreme values, i.e. it was assigned very rarely. The factors K11, K15 and K4 were rated the
highest by representatives of large companies (an unequivocally assigned grade equal to 5).

By analyzing the box-and-whisker plot, it was shown that in the set of responses provided
by representatives of medium-sized enterprises there is the smallest dispersion, as evidenced
by the interquartile range for all the eight factors considered, equal to 5. For factors K2 and K8,
the preventive awareness was the highest, for the remaining six factors there were answers with
a level of 4 belonging to the extreme range.

On the other hand, in the group of micro and small companies, the factor K4 was rated the
lowest, as evidenced by the largest interquartile range between 4 and 5. For this factor,
the average value was at the lowest level. For factors K 11, K15, K5 and K 7, there were four
responses (they were classified as extreme responses). In this group of respondents, the highest
scores were obtained by factors K2, K8 and K3.

However, the differences in average ratings do not differ significantly in individual groups
of enterprises, however, in order to deepen the analysis, it was decided to check the correlation
coefficient in the discussed scope.

The lowest average value was obtained for the factor K6: Participatory management and it
amounted to 4.054, which is not a low result, but in the ranking of initiating preventive actions
it is the weakest factor. This means that all signalled areas are taken into account, there is no

reason to reject any of them.

4.3. Analysis of the correlation of the importance of factors influencing the preventive
approach depending on the size of the enterprise

In addition to identifying the key factors, it was also diagnosed whether the size of the
enterprise had an impact on the assessment of individual aspects. Table 6 presents the results
of correlation of the assessment of the importance of the eight analyzed factors with the size of
the enterprise among those respondents who assessed the general level of the preventive

approach as very satisfactory.
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Table 6.
Correlation of the importance of factors KI1- K23 with the size of the enterprise
Factor Pearson's correlation coefficient between a given factor and the size of the enterprise
K2 -0,253
K8 -0,253
K11 0,262
K15 0,119
K5 0,098
K3 -0,372
K4 0,424
K7 -0,031

Source: own study based on the Statistica program.

Based on the data in Table 6., it can be concluded that for factor K3: Skilful selection of
suppliers and continuous evaluation of cooperation and K4: Consistent pursuit of the goals set,
the value of the correlation coefficient indicates a moderate strength of the relationship
(the strength of the relationship is in the range (0, 31-050) and it is therefore possible to define
the direction of the relationship. Due to the fact that the correlation is a symmetrical measure,
for the K3 factor there is a relationship that the smaller the enterprise, the greater the essence
of skilful selection of suppliers, and for K4: Consistent pursuit of the set goals is directly
proportional, i.e. the larger the enterprise, the greater the score the importance of consistent
pursuit of goals.

For the remaining factors, the correlation coefficient is in the range (0,00-0,30), which
means that the correlation does not exist or is very weak. On this basis, it can be concluded that
the size of the enterprise does not matter if the key factors supporting decisions regarding the

preventive approach in quality management are selected.

4.4. Discussion

The conducted research on the preventive approach in quality management allowed for:
assessment of the general state of the preventive approach level in the surveyed enterprises,
identification of key factors influencing the preventive approach and recognition of the
correlation between the identified factors and the size of enterprises.

Over 90% of respondents considered that the level of a preventive approach to quality
management in the production companies they represent can be considered very satisfactory or
satisfactory. This provided the basis for in-depth research with regard to identifying leading
factors that drive decisions about taking preventive action.

Half of the respondents belonging to the group of large and medium-sized enterprises
admitted that the level of implementation of the preventive approach in quality management
was very satisfactory (the median reached the highest value of 5). In small enterprises,
the median dropped slightly, reaching a value of 4.0. Among the companies that assessed the
level of implementation of the preventive approach in quality management as average, there
were 87% of companies operating on the market for over 20 years, and the remaining

companies, i.e. 13%, belonged to the group existing for over 11 years. The authors suppose that
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the long-term operation of enterprises on the market is associated with the inevitable
development of technology and employee experience, which contributed to the standardization
of basic processes. Long-term orientation of enterprises towards the purpose of their
functioning may, therefore, result in undertaking unconscious actions for prevention -
e.g. in the scope of the aforementioned standardization.

Based on the conducted research, the key factor influencing the preventive approach in
quality management turned out to be maintaining good relations with the environment, which
was confirmed both in the elections of SMEs and large enterprises. The authors see the basis of
the research results in the commonly used approach of enterprises to taking into account both
the needs of internal stakeholders and, above all, of external stakeholders. It is undoubtedly
related to the current business approach, in which both the analysis of the needs of interested
parties and the context of the company's functioning constitute the basis for effectively
undertaken activities in all spheres of the company's operation. The second most important
factor is ensuring safety and ergonomics at work. The distribution of answers can be justified
by the legal regulations in force in Poland, according to which each entrepreneur is responsible
for the life and health of his employee. The basic provisions in this matter can be found in the
Constitution of the Republic of Poland, as well as in the Labor Code.

When assessing the following factors: efficient information flow, technical and
organizational order, selection of employees based on their competences, and improvement of
employees' qualifications and improvement of their skills, the respondents indicated that they
are of great importance or are quite important in quality management (fifth or fourth level of
the Likert scale). It should be emphasized that the size of the enterprise was not significant in
the distribution of responses.

Based on the analysis of the box-and-whisker plot, it has been shown that in the group of
large enterprises the following factors were assessed the best:

e K11 Efficient flow of information.

e K15 Technical and organizational order.

e K4 Consistent pursuit of the set goals.

In the group of respondents representing medium-sized enterprises, the highest scores were
given to:

e K2 Maintaining good relations with the environment.

e K8 Ensuring safety and ergonomics at work.

In turn, among the micro and small, the highest scores were also given for factors K2 and
K8, and also for K3 Skilful selection of suppliers and continuous evaluation of cooperation.

The essence of the above-mentioned factors can be justified by the specificity relating to
the size of each of the separated groups of researched enterprises. In large enterprises,
the essence is undoubtedly, among other things, to take care of the flow of information.
Entrepreneurs unequivocally confirmed in these companies the highest level of awareness with

regard to the free flow of information. Therefore, they have shown their weakness in this area
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and at the same time know that the need for improvement should be critical in this area. In turn,
in the group of enterprises with small and medium-sized enterprises, it is important to take care
of, inter alia, relations with the environment (both external and internal stakeholders). In micro
companies, the awareness of special care for relationships with suppliers is also growing.
Figure 6 presents the essence of the preventive approach in quality management, taking into

account the identified key factors that act as stimulants in this regard.

( \ Y4 Y4 Yo

Gooq . Safety and Skillful Efficient flow | Technical and Consistent
relations with . . s C .
ergonomics selection of of organizational | pursuit of the
the . . .
. at work suppliers information order goal
environment

Key factors of medium ,\> ,\
enterprises l/ Key factors of large enterprises

/

< Key factors of small and medium enterprises > \ AN J\- J

Figure 6. The key factors of a preventive approach in quality management due to the size of the
enterprise.

Source: own elaboration.

However, the differences in the ratings assigned to individual groups of enterprises are not
significant. In an in-depth way, the authors recognized the correlations between the identified
factors and the size of enterprises, determining the strength of the relationship between the
factor and the size of the enterprise. Due to the fact that the correlation is a symmetrical
measure, for the factor K3 the dependence was recognized that the larger the enterprise,
the lower the assessment of the importance of skilful selection of suppliers, and for K4 the
consistent pursuit of the set goals is directly proportional, i.e. the larger the enterprise, the
greater assessing the importance of consistent pursuit of goals. The dependence on K3 may
result from the long-term cooperation of enterprises with the same suppliers or the suppliers
providing evidence that the requirements, e.g. certificates of the supplied materials, semi-
finished products have been met. It is possible that the lack of problems with the continuity and
quality of supplies resulted in respondents giving answers that seemed inconsistent with the
actual state. On the other hand, the increase in the importance of consistency in achieving goals
in larger enterprises probably results from the division of responsibilities in these enterprises in

accordance with extensive organizational structures. In this case, consistency in making
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decisions and timely implementation of them are of particular importance for the effective
functioning of the company. In flat organizational structures it is easier to ensure consistency

in achieving goals, therefore this factor is less important for smaller enterprises.

5. Conclusion

This article makes important contributions to understanding and initiating preventive action.
First, the areas, issues and criteria have been identified that essentially stimulate the prevention
of non-conformities of products and processes. Moreover, based on empirical research,
the expected essence of these factors was indicated. Similarities and differences between
importance in small, medium and large enterprises were also shown.

For the purposes of multi-criteria decision-making processes, it is valuable to know the key
stimuli characteristic of effective preventive actions. The complexity of the process also
requires taking into account the size of the enterprise. Research has shown that in large
industrial enterprises the key stimulants of preventive actions are, above all, efficient
information flow, technical and organizational order, as well as consistent pursuit of the goal.
A different situation occurs in smaller enterprises, which put the main emphasis on maintaining
good relations with the environment, safety and ergonomics of work, as well as skilful selection
of suppliers. Such an approach of entrepreneurs means that decision-making becomes to
a greater extent conscious and focused on a targeted analysis of data in order to search for
relevant premises to prevent non-compliance.

To sum up, the essence of the preventive approach in the quality management process
should be the broadly understood decision support system for quality managers. The results of
research related to the identification of key factors influencing the preventive approach may act
like such a support system. The authors of the paper see the need to continue research in the
field of in-depth analysis of selected factors in relation to the effectiveness of the actions taken
and the possibility of supporting information.

Acknowledgements

The research was carried out as part of the project 11/141/SBAD/0593 "Research on
a preventive approach in quality management in manufacturing companies" carried out at the

Faculty of Management Engineering at the Poznan University of Technology.



Identification of leading factors supporting decisions... 495

References

10.

11.

12.

13.

. Alvarez-Alvarado, M.S., Jayaweera, D. (2019). Smart maintenance model for operational

planning of static synchronous compensators. 2019 IEEE Milan PowerTech, PowerTech,
8810830.

Askari, R. (2017). Failure mode and effect analysis: improving intensive care unit risk
management processes. International Journal of Health Care Quality Assurance, Vol. 30,
Iss. 3, pp. 208-215.

. Banerjee, S. (2019). Assessment of the trends and challenges in quality management

system/is0-9001:2008/implementation: The case of agro-food industries in India.
International Journal of Advanced Science and Technology, Vol. 28, Iss. 17, pp. 542-595.
Bank, J. (1996). Zarzqdzanie przez jakos¢. Warszawa: Wyd. Gebethner.

Barbu, C.A., Andreica, M., Popescu, 1.-P. (2018). Modern approaches for maintenance
forecasting management, Quality - Access to Success, 19(S1), pp. 53-58.

Beltran, M.1.,, Bou, L.J.C., Roca, P.V., Escrig, T.A.B. (2017). The relationship between high
performance work systems and employee proactive behaviour: role breadth self-efficacy
and flexible role orientation as mediating mechanisms. Human Resource Management
Journal, 27(3), pp. 403-422, doi:10.1111/1748-8583.12145.

. Biggs, D.M., Swaliles, S., Baker, S. (2016). The measurement of worker relations: the

development of a three-component scale. Leadership & Organization Development
Journal, 37(1), pp. 2-12, https://doi.org/10.1108/LODJ-08-2012-0098.

Bjerke, R. (2020). Towards a HR framework for developing a health-promoting
performance culture at work: A Norwegian health care management case study.
International Journal of Environmental Research and Public Health, 17(24), 9164,
pp. 1-20.

Carmignani, G. (2009). Modified QFD and problem-solving techniques integrated approach
implementing corrective actions: a case study in an Italian manufacturing plant. Quality and
Reliability Engineering International, Vol. 25, Iss. 2, pp. 241-252.

Chittipaka, V., Aluvala, R. (2019). TQM and organizational performance in Indian
manufacturing companies. International Journal of Innovative Technology and Exploring
Engineering, 8(12), pp. 4440-4445.

Chluski, A., Ziora, L. (2015). The Role of Big Data Solutions in the Management of
Organizations. Review of Selected Practical Examples. Procedia Computer Science,
Vol. 65, pp. 1006-1012.

Chun, W.C. (2002). Information Management For The Intelligent Organization: The Art
Of Scanning The Environment. New Jersey: Information Today Inc.

Czekaj, J. (2012). Podstawy zarzqdzania informacjq. Krakow: Uniwersytet Ekonomiczny
w Krakowie.


https://www.sciencedirect.com/science/article/pii/S1877050915028896#!
https://www.sciencedirect.com/science/journal/18770509
https://www.sciencedirect.com/science/journal/18770509/65/supp/C

496

A. Misztal, M. Drzewiecka-Dahlke, R. Marczewska-Kuzma, J. Gruszka

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

Edmunds, A., Morris, A. (2000). The problem of information overload in business
organisations: a review of the literature. International Journal of Information Management,
Vol. 20, Iss. 1, pp. 17-28.

Ezrahovich, A.Y., Vladimirtsev, A.V., Livshitz, LI., Lontsikh, P.A., Karaseva, V.A. (2017).
Risk-based thinking of ISO 9001:2015 - The new methods, approaches and tools of risk
management. Proceedings of the 2017 International Conference "Quality Management,
Transport and Information Security, Information Technologies", IT and QM and IS 2017,
art. no. 8085872, pp. 506-511.

Figge, F. (2005). Value-based environmental management. From environmental
shareholder value to environmental option value. Corporate Social Responsibility and
Environmental Management, 12(1), pp. 19-30, https://doi.org/10.1002/csr.74.

Franciosi, C., Lambiase, A., Miranda, S. (2017). Sustainable Maintenance: a Periodic
Preventive Maintenance Model with Sustainable Spare Parts Management. IFAC-
PapersOnLine, Vol. 50, Iss. 1, pp. 13692-13697.

Fraser, J. (2010). The many faces of quality data. Managing Automation, 25(6).

Greguras, G.J., Diefendorft, J.M. (2010). Why does proactive personality predict employee
life satisfaction and behaviors? A field investigation of the mediating role of the self-
concordance model. Personnel Psychology, 63, pp. 539-560.

Hardoroudi, A.H., Dareshuri, A.F., Sarkan, H.Md. et al. (2011). Robust Corrective and
Preventive Action (CAPA). 2011 1EEE International Systems Conference (SYSCON 2011),
pp. 177-181.

Ivanov, N. (2020). Decision making with visualizations: a cognitive framework for quality
management in construction. /OP Conference Series: Materials Science and Engineering
869(6), 062002.

Junquera, B., Del Brio, J A. (2016). Preventive command and control regulation: A Case
Analysis. Sustainability, 8(1), pp. 1-17.

Kaganov, M. (2001). Keep your web site under control. Quality Progress, 34(11),
pp. 51-56.

Katsuki, A., Miriam, W. (2017). The Role of Ambidexterity in Managing Buyer—Supplier
Relationships: The Toyota Case. Organization Science, 28(6), pp. 1080-1097,
https://doi.org/10.1287/orsc.2017.1156.

Kim, E., Lim, C. (2020). Survey of risk-based quality management status and establishment
of operational model in clinical trials. Yonsei Medical Journal, 61(5), pp. 423-430.
Klimczak, W. (2014). Zarzadzanie ryzykiem czy dziatania zapobiegawcze w systemie
zarzadzania? Problemy Jakosci, 46, nr 2, pp. 16-21.

Kovalyova, Y.V., Zhdanov, D.A. (2018). Comprehensive Monitoring of a Company's
Activities as a Tool of Preventive Management. Upravlenets - The Manager, Vol. 9, Iss. 4,
pp- 28-39.


https://www.sciencedirect.com/science/article/abs/pii/S0268401299000511#!
https://www.sciencedirect.com/science/article/abs/pii/S0268401299000511#!
https://www.sciencedirect.com/science/journal/02684012/20/1

Identification of leading factors supporting decisions... 497

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ladegaard, Y., Skakon, J., Elrond, A.F., Netterstrom, B. (2019). How do line managers
experience and handle the return to work of employees on sick leave due to work-related
stress? A one-year follow-up study. Disability and Rehabilitation, 41(1), pp. 44-52.
Lamptey, G., Labi, S., Li, Z. (2008). Decision support for optimal scheduling of highway
pavement preventive maintenance within resurfacing cycle. Decision Support Systems, 46,
pp. 376-387.

Larbi Rebaiaia, M., Ait-kadi, D. (2020). Maintenance policies with minimal repair and
replacement on failures: analysis and comparison. International Journal of Production
Research, 59(23), pp. 6995-7017.

Lis, T., Tomski, P., Bajdor, P. (2014). The Optimization of Information Logistics as the
Determinant of Competitive Advantage of an Enterprise in Turbulent Environment.
Logistyka, 5, pp. 55-60.

Lonngvist, A., Pirttimdki, V. (2006). The measurement of business intelligence.
Information Systems Management, 23(1), pp. 32-40.

Macot, M. (2003). Corrective/preventive action: Simplified process. ASQ'S 57th Annual
Quality Congress Proceedings: Expanding Horizon: Global, Personal, Tools, Networking,
Solutions, pp. 349-357.

Majanoja, A.-M., Linko, L., Leppédnen, V. (2017). Evaluation factors in successful global
selective outsourcing operations. International Journal of Services, Technology and
Management, Vol. 23, Iss. 5-6, pp. 528-549.

Mantura, M. (2012). Comperative analysis of the category of quality information.
In: M. Golinski, M. Szafranski (Eds.), Integrated support system for access to information
in urban space with use of GPS and GIS systems (pp. 7-30). Poznan: Wyd. Politechniki
Poznanskie;.

Misztal, A., Belu, N. (2016). Model of areas for identifying risks influencing the compliance
of technological processes and products. /OP Conf. Series: Materials Science and
Engineering, 145, 042003. IOP Publishing.

Mohanty, J.K., Dash, P.R., Pradhan, P.K. (2020). FMECA analysis and condition
monitoring of critical equipments in super thermal power plant. International Journal of
Systems Assurance Engineering and Management, 11(3), pp. 583-599.

Nkosi, N., Sukdeo, N., Bakama, E., Molefe, M. (2020). Managing supplier quality in the
supply chain of an electronics manufacturing company, Towards the Digital World and
Industry X.0. Proceedings of the 29th International Conference of the International
Association for Management of Technology, IAMOT 2020, pp. 1028-1038.

Nowduri, S. (2019). Management information systems and business decision making:
review, analysis, and recommendations. Journal of Management and Marketing Research,
Vol. 3, Iss. 205, pp. 2-5.

Oakland, J.S. (2004). Oakland on quality management. London-New York: Routledge
Taylor&Francis Group.


https://scholar.google.pl/citations?user=wyn-tCwAAAAJ&hl=pl&oi=sra
https://www.tandfonline.com/doi/pdf/10.1201/1078.10580530/45769.23.1.20061201/91770.4

498 A. Misztal, M. Drzewiecka-Dahlke, R. Marczewska-Kuzma, J. Gruszka

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Olszewska, B., Piwoni-Krzeszowska, E. (2014). Factors influencing company relations
with market stakeholders, in the face of crises in company development. Management and
Production Engineering Review Journal, 5(2), pp. 45-53, DOI 10.2478/mper-2014-0016.
Oribhabor, Ch., Anyanwu, Ch. (2019). Research Sampling and Sample Size Determination:
A practical Application. Journal of Educational Research, 2(1), pp. 47-56.

Palmarini, R., Erkoyuncu, J.A., Roy, R. (2017). An Innovative Process to Select Augmented
Reality (AR) Technology for Maintenance. Procedi CIRP, 59, pp. 23-28.

Paun, A.P., Monea, M., Dura, C. (2019). Some practical tools to mitigate occupational
safety and health risks within the industrial environment. Quality - Access to Success, 20,
pp. 429-434.

Sahoo, R., Sahoo, C.K. (2019). Organizational justice, conflict management and employee
relations: The mediating role of climate of trust. International Journal of Manpower, 40(4),
pp-. 783-799, https://doi.org/10.1108/1IJM-12-2017-0342.

Salem, M.A., Shawtari, F.A., Shamsudin, M.F., Hussain, H.I. (2016). The relation between
stakeholders’ integration and environmental competitiveness. Social Responsibility
Journal, 12(4), pp. 755-769, https://doi.org/10.1108/SRJ-12-2015-0189.

Schitter, F. et al. (2019). A decision support methodology for a disaster-caused business
continuity management. Decision Support Systems, 118, pp. 10-20.

Selvik, Bansal, Abrahamsen (2021). On the use of criteria based on the SMART acronym
to assess quality of performance indicators for safety management in process industries.
Journal of Loss Prevention in the Process Industries, 70(104392).

Seo, J., Bae, S. (2017). Developing product liability index for Korean manufacturing
companies. Quality Innovation Prosperity, 21(2), pp. 20-36

Shahin, A., Aminsabouri, N., Kianfar, K. (2018). Developing a Decision Making Grid for
determining proactive maintenance tactics: A case study in the steel industry. Journal of
Manufacturing Technology Management, 29(8), pp. 1296-1315.

Shojaie, A.A., Kahedi, E. (2019). Auto parts manufacturing quality assessment using
design for six sigma (DFSS), case study in ISACO company. International Journal of
Systems Assurance Engineering and Management, Vol. 10, Iss. 1, pp. 35-43.
Solana-Ibafiez, J., Caravaca-Garraton, M. (2021). Stakeholder engagement and corporate
social reputation: The influence of exogenous factors on efficiency performance
(stakeholder engagement and exogenous factors. Corporate Social Responsibility and
Environmental Management, 6, pp. 1-15. https://doi.org/10.1002/csr.2167.

Szkoda, J. (2012). Systemy zarzgdzania jakoscig w organizacjach. Warszawa: Instytut
Transportu Samochodowego.

Tashi, T., Mbuya, V., Gangadharappa, H. (2016). Corrective Action and Preventive Actions
and its Importance in Quality Management System: A Review. International Journal of

Pharmaceutical Quality Assurance, 7(1), pp. 1-6.


https://www-1scopus-1com-10000383u09ea.han3.library.put.poznan.pl/authid/detail.uri?authorId=54790132700&amp;eid=2-s2.0-85063590123
https://www-1scopus-1com-10000383u09ea.han3.library.put.poznan.pl/authid/detail.uri?authorId=57208013029&amp;eid=2-s2.0-85063590123

Identification of leading factors supporting decisions... 499

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Thomas, J.P., Whitman, D.S., Viswesvaran, C. (2010). Employee proactivity in
organizations: A comparative meta-analysis of emergent proactive constructs. Journal of
Occupational & Organizational Psychology, 83(2), pp. 275-300, https://doi.org/10.1348/
096317910X502359.

Vilcu, C., Niculescu, F., Mitru, A., Nechifor, C., Borzea, C.-I., Cornea, C. (2017).
'HolderCPS' - A new type data recorder system for proactive maintenance to rotary blade
machines. 10th International Symposium on Advanced Topics in Electrical Engineering
ATEE 2017, 7905190, pp. 655-660.

Wakiru, J. et al. (2020). Towards an innovative lubricant condition monitoring strategy for
maintenance of ageing multi-unit systems. Reliability Engineering and System Safety, 204,
107200.

Walecka, A. (2018). Analysis of the relationship between the enterprise and the
environment in the context of managing the Relational Capital. Management, 22(2), pp. 25-
41, https://doi.org/10.2478/manment-2018-0021.

Wang, N. et al. (2020). An active preventive maintenance approach of complex equipment
based on a novel product-service system operation mode. Journal of Cleaner Production,
277, 123365.

Wojcik, M. (2016). Big data in information management — a review of selected issues.
In: S. Cisek (Ed.), Inspiracje i innowacje: zarzqdzanie informacjq w perspektywie
bibliologii i informatologii (pp. 61-70). Krakow: Biblioteka Jagiellonska.

Yeoh, W., Koronios, A. (2010). Critical Success Factors for Business Intelligence Systems.
Journal of Computer Information Systems, Vol. 50, No. 3, pp. 23-32.

Zhang, J, Bal, P.M., Akhtar, M.N., Long, L., Zhang, Y., Ma, Z. (2019). High- performance
work system and employee performance: the mediating roles of social exchange and
thriving and the moderating effect of employee proactive personality. Asia Pacific Journal
of Human Resources, 57(3), pp. 369-395, doi:10.1111/1744-7941.12199.

Zhang, L.-Y., Zheng, Q. (2015). Research and analysis on corrective and preventive action
of Chinese pharmaceutical enterprises. Chinese Journal of New Drugs, 24(17), pp. 1968-
1974.

Zupanets, K., Bezugla, N., Tarasenko, O., Komarova, A. (2020). HACCP as a risk
management tool for ensuring biosamples quality. Accreditation and Quality Assurance,
25(5-6), pp- 383-386.



