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Abstract

Purpose

The aim of the paper is to identify management practices that are characteristic for SMEs

that achieve market success measured by their business performance in last their years of

their operation analyze the relationships between management practices applied in small

and medium-sized enterprises and their success measured by their business performance

drawing on the data from 2710 SMEs operating on the Polish market.

Approach/Methodology/Design

A cluster analysis was used to distinguish homogenous SME groups in view of their man-

agement practices. We examined differences between groups in terms of their business

performance. The HINoV algorithm allowed six variables to be selected out of 32 manage-

ment practices chosen initially for testing, with these variables providing the basis for group-

ing. Modal values and medians were calculated for 17 business performance measures in

the three clusters produced. The subsequent analysis of those findings was focused on cap-

turing significant differences.

Findings

In the group of 2710 Polish SMEs, it was possible to verify that there existed an association

between management practices in the field of modern HRM, computer systems supporting

management and the company’s economic performance, as measured by an increase in

net revenue and number of customers over the last three years. In clusters where the above

mentioned practices were appreciated, modal and median values of the increase reported

in net revenue and number of customers were significantly higher.

Practical implications

The research has shown that at a time marked by a shortage of highly skilled personnel one

should pay particular attention to building an integrated and committed team of workers and

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0259892 November 15, 2021 1 / 17

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Łobos K, Wojciech M (2021)

Management practices and their relation to

success of Polish SMEs: The empirical verification.

PLoS ONE 16(11): e0259892. https://doi.org/

10.1371/journal.pone.0259892

Editor: Alessandro Margherita, University of

Salento, ITALY

Received: May 11, 2021

Accepted: October 28, 2021

Published: November 15, 2021

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0259892

Copyright: © 2021 Łobos, Wojciech. This is an

open access article distributed under the terms of

the Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The legal owner of

the database is Central Statistical Office of Poland

and we received access to the database on the

basis of individual permission of the President of

that governmental agency. We received permission

https://orcid.org/0000-0002-7411-4145
https://doi.org/10.1371/journal.pone.0259892
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259892&domain=pdf&date_stamp=2021-11-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259892&domain=pdf&date_stamp=2021-11-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259892&domain=pdf&date_stamp=2021-11-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259892&domain=pdf&date_stamp=2021-11-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259892&domain=pdf&date_stamp=2021-11-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259892&domain=pdf&date_stamp=2021-11-15
https://doi.org/10.1371/journal.pone.0259892
https://doi.org/10.1371/journal.pone.0259892
https://doi.org/10.1371/journal.pone.0259892
http://creativecommons.org/licenses/by/4.0/


www.manaraa.com

to employee empowerment. The research has also shown that SME managers monitor only

a fraction of basic business performance measures, which may prove to be a major risk to

SMEs.

Originality/Value

Previous studies have been largely conducted in a fragmentary manner, i.e. they were con-

cerned with the relationships between the application of some practices (strategic manage-

ment, BPR, entrepreneurial orientation, monitoring, etc.) and selected business

effectiveness measures. In this paper, the research covered SME management practices

from a variety of areas which were then compared with the entrepreneurs’ assessment as to

whether the company’s economic condition changed over the last three years. It is also the

first attempt in post-socialist economies to identify those SME management practices that

are related to better economic results.

1. Introduction

The aim of this paper is to identify management practices that are characteristic for those

SMEs that achieve market success understood as above-average growth and development in

the last three years of their operation drawing on data collected from 2710 SMEs operating on

the Polish market. Previous studies have largely been conducted in a fragmentary manner, i.e.

they have been concerned with the relationships between the application of one group of prac-

tices (strategic management, BPR, entrepreneurial orientation, monitoring, etc.) and selected

economic performance measures. In this study, the research covered the SME management

practices from a variety of areas comparing them with entrepreneurs’ assessment as to whether

their company’s economic condition changed over the last three years. The considerable num-

ber of entrepreneurial determinants included initially in the study subsequently went through

a selection process based on the modified HINoV algorithm.

The success of SME enterprises depends on both internal and external factors. They often

take the form of the so-called barriers to entrepreneurship development of the following

nature: (1) internal (e.g. insufficient skills, resources at enterprise level), (2) administrative/reg-

ulatory (e.g. tax systems, complicated laws) and (3) financial laws (mainly access to finance).

Research on barriers and determinants of entrepreneurship development has been carried out

many times at the level of large economic blocks–for example, the European Union by the

European Parliament [1], national, for example for Poland by the PARP state agency–Polish

Agency for Enterprise Development [2], and as part of a series of scientific studies for individ-

ual SME segments or in a regional perspective, see e.g. [3]. In this article, a positive approach

was adopted, as a result of which the focus was only on the internal determinants of the success

of SMEs, which take the form of management practices, and not on deficiencies or shortcom-

ings of an internal nature or of barriers or conditions in the environment that are independent

of enterprises. Research on management practices as determinants of SMEs success was also

carried out, for example, in Great Britain [4]. It shows that SMEs less often apply formal man-

agement practices than larger companies, but they facilitate their growth and contribute to

increased productivity. HR management practices, such as training and performance-related

pay, as well as setting formal performance targets are of the greatest importance. The results of

another study indicate that organizations that constantly monitor their processes, set goals in a
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systematic manner and control the performance of their employees achieve better results than

those that do not apply these practices [5]. In the German economy, a relationship between

better results and more intensive use of monitoring practices and incentives for employees was

found, but more intensive practice of defining performance targets was not associated with

better results [6]. In Poland or other post-communist countries, the authors did not find com-

prehensive studies on the impact of various SME management practices on their success.

These countries are characterized by intense economic catching-up in relation to developed

economies with a long free-market tradition. In 2018, Poland joined the group of 25 developed

countries according to the FTSE Russell classification. Countries such as Lithuania, Latvia,

Estonia, the Czech Republic and Slovenia are also developing dynamically. This results in a

research gap–if these countries are somewhat different from the developed free-market econo-

mies and at the same time play an increasingly important role in the global economic circula-

tion, it seems reasonable to study management practices and their impact on the success of

their SMEs, following the example of developed countries.

The large sample of enterprises participating in the study was possible because of the data

gathered throughout the course of a scientific project carried out on a national scale in Poland,

whose content manager was one of the authors of this paper (KŁ). An experimental research

project titled “Determinants of the entrepreneurship development in the SME’s sector.” was con-

ducted within the framework of Poland’s official statistics by the Centre for Statistics Education

run by GUS (Statistics Poland) over the years 2017–2018. The experimental nature of the project

was found in its collection of qualitative data, not easily measurable, on enterprise management

issues, which had not, up to then, been the practice in Poland’s official statistics. Data were col-

lected from SMEs involved in industrial processing, construction industry, trade and services,

excluding the following industries: agriculture, forestry, hunting, fishing industry, financial and

insurance activities, public administration, national defence and compulsory social security.

1.1 Management practices as a source of SME success

For this research to be realized, it was necessary to specify clearly all the groups of management

practices applied by the contemporary SMEs which may be associated with their economic

success. The study focused solely on internal determinants of success of small and medium-

sized enterprises. The selection of these determinants was the result of a review of scientific

publications which presented findings produced by the research on entrepreneurial determi-

nants, as well as the focus group studies in which SME entrepreneurs participated and which

were conducted under the project Entrepreneurial development determinants in SME sector.
Nine areas of management practices were distinguished as a result of the above including:

entrepreneurial orientation, strategic management, modern HRM (human resource manage-

ment), modern management methods, market relationships, monitoring practices, computer

systems, ITC technologies and networking. Each has an aggregate character, which means that

it cannot be measured directly but rather through the variables describing specific manage-

ment practices.

Entrepreneurial orientation (EO) [7] implies commitment to putting into operation inno-

vative solutions, refreshing and improving the market offer, ability to take risk by implement-

ing as yet unproven solutions (products, services, activities on new markets) and also being

more proactive than rivals in terms of exploiting market opportunities. The overall reason why

EO is considered so crucial is the ever shortening life-cycle of products themselves as well as

that of business models [8].

Strategic management is one of those determinants whose importance for SME success has

already been evidenced in earlier empirical research, e.g. [9]. What was primarily investigated
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was the impact of the formal strategic management. The findings show clearly that it has a pos-

itive impact on performance measures (turnover, costs, profits, EVA, etc.). Additional signifi-

cance of this research arises from its Central-European economic context. The research also

verified the importance of formal strategic planning, as expressed by developing an overall

strategy and its components such as, for example, marketing strategy or human resource

management.

Modern HRM is a variable used in this study, and is made up mainly of representatives of

so called high performance work systems (HPWS). The research [10] shows a clear relation-

ship between HPWS practices and higher work productivity, higher profitability figures and

increased ability to generate and implement business innovations. It should be noted that the

SMEs were examined in a similar context in that it was in one of the post-socialist countries,

namely Romania. The importance of HRM has been further highlighted in numerous other

scientific publications, so its position is well-established in the context of SME success, how-

ever defined. (see e.g. [4,11]).

Modern management methods, which may comprise such methods as BPR (reengineer-

ing), outsourcing, lean management, TQM, ISO systems, can also play some role in SME suc-

cess. They are among the most popular formal management methods, frequently being taken

into consideration in the research concerned with management (see e.g. [12], which is why

these methods were also included in this study. It should be stressed, however, that the

assumption adopted in this study was that these methods would not be well recognized and

applied within the SME group. Furthermore, it is clear that the success enjoyed by those meth-

ods is determined by such variables as: high level of innovation, employee empowerment,

senior management support with a clear strategic direction it gives to an organization (in

terms of strategy and available resources), as illustrated by high-tech companies [13]. For

SMEs, fulfilling these conditions may not be that frequent.

The relations with the market mainly involve activities aimed at building cost and quality

advantage, as well as seeking to personalize market offer while including customer preferences.

In the previous studies some of these variables have been referred to as market orientation

[14], a term that was not used in this research. This term denoting market orientation encom-

passed the well-established practice of responding to customers’ needs and organizing activi-

ties within the company according to the expectations of the market environment. The

variables representing market orientation were linked, in the present study, to the variables

referring to competitive advantage factors (cost, quality) and were considered jointly as market

relations.

Monitoring practices covering monitoring economic performance, cost, etc. and competi-

tors’ activities fall under those management practices which influence development very signif-

icantly. Their implementation by enterprises enjoying market success over long-term is

independent of the boom-bust cycle. There is considerable empirical evidence to support this

thesis, including the evidence from the SME group [4]. In the work just cited, the importance

of diverse formal management practices is analysed, including the monitoring practices.

In the study presented further on in the chapter, the variables of the information and com-

puterized character were taken into account as well. They include computer systems and infor-

mation and communication technology (ICT). The decision to examine them was linked to

the peculiar “democratization” of those solutions and their ever greater availability. Even the

integrated IT management systems, extremely expensive until recently, are currently becoming

increasingly more available also to small and medium-sized enterprises. The speeding up and

automation of a multitude of business processes can certainly be attributed to these systems,

which is why they ought to be recognized as a determinant of success, not unlike having access

to multiple markets and target groups, which has been facilitated by networking technologies.
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The study on the importance of information technologies for the competitiveness of SMEs in a

strategic context was carried out by [15].

Networking is to be understood as diverse forms of collaboration of enterprises, especially

in the field of delivery and distribution. In some areas (e.g. research and development, export

activities) these forms can replace the costly competition between enterprises in which case we

then deal with the networks comprised of competitive entities. There are reasons to believe

that so called cross-organizational networks, which connect suppliers, consumers and other

stakeholders, e.g. competitors, lenders and non-business entities, have a positive impact on

companies’ situation and their market success [16]. Variables describing this type of collabora-

tion were included in the networking factor.

The internal determinants of SME success cited above describe the management system in

various cross-sections and to a large extent systemically. They refer to technical, organizational

and human aspects. Exploring the internal determinants linked to management which exert

an impact on SME success is somewhat a novelty in the standard research on enterprises

within the framework of official statistics. In order to build up a picture of the changes cer-

tainly unfolding in the enterprises in question, it is necessary to follow up on the research

which additionally represents a scientifically valuable source of empirical data covering domes-

tic small and medium-sized enterprises.

Examined further on in the paper, the determinants of success are factors in the same sense

as it is understood, for instance, in the factor analysis. In this sense, a factor displays the nature

of an aggregate. Perceived like this, it cannot be directly observed and only through directly

observable variables that make up the factor can we observe it. For every variable observed

directly we deal with a qualitative variable described on the ordinal scale, and hence one can-

not talk about their measurement units. Consequently, respondents gave ranks to the variables

according to the scope of their application, importance or frequency of occurrence.

1.2 SME success

In this study, SME success is understood as an above-average performance in the two main

areas, that of the company’s growth and development.

Company’s growth is to be defined as improvement in all measurable, quantifiable and

simultaneously key aspects of its functioning, such as market and distribution, production,

basic economic and financial categories, personnel and collaboration with other entities. The

examples of growth will thus include increased market share, an increase in the number of

markets operated or serviced consumers, increased number of distribution channels, increased

production, rise in turnover, an increase in employment and in in the number of the com-

pany’s cooperating parties and other elements, not listed here. Putting it another way, the com-

pany’s growth indicates an expansion of the scale and scope of its operations as well as the rise

in employment or turnover.

The company’s development is to be defined as improving the company’s key areas of oper-

ations. These areas can only be described through qualitative variables, which are difficult to

measure. Development means improvement in such areas as competitive position, economic

condition, company’s management system, customer service system and relations with cus-

tomers, market offer, manner of collaboration and cooperation with cooperating parties, and

the overall operation efficiency. The effects of development can be exemplified by improved

financial situation, improved competitive position, improved market offer, improved manage-

ment system and innovations in products, processes, organization and marketing.

In the research conducted under the project Entrepreneurial development determinants in
SME sector, among others by the author of this section of the paper, one of the project
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segments centred around the determinants of investments carried out by SMEs. This showed

that the biggest impact on investment decisions exerted current evaluation of cost-effective-

ness of a particular project. One can therefore suggest that there is a relationship between

growth and development, where development is determined by the level of growth. This, in

turn, produces a “spiral of interdependencies” leading to ever bigger values of growth and

development. As a result bigger and more developed companies grow and develop even faster,

which stands in stark contrast to smaller and less developed enterprises. This was revealed by

the analysis of structural equations carried out on the same dataset as this article, showing that

implicit variable Growth precedes implicit variable Development (https://stat.gov.pl/files/gfx/

portalinformacyjny/pl/defaultstronaopisowa/6155/1/1/raport_rozwoj_przedsiebiorczosci_w_

sektorze_msp.pdf). One may also encounter a “spiral of interdependencies” which goes down-

ward towards increasingly weaker performance, disinvestments, social and financial problems,

ultimately leading to the company’s failure. That development brought about by growth has

yet another rationale in the SME group. SME entrepreneurs do not have the means and

resources that large companies do. SMEs tend to make decisions incrementally (step by step)

and not in a synoptic way. In order to be able to see that it makes sense to make an investment,

SME companies first need to see sound tangible effects (revenues, customer number), all of

which are covered by growth.

2. Materials and methods

2.1. Research methodology

The primary objective of the research was to discover, among small and medium-sized enter-

prises, an appropriate structure of classes according to the management practices applied in

SMEs. 32 variables were chosen describing cross-sectionally the SME management practices,

with these practices falling under the nine groups already outlined above, and which may be

considered to be the internal source of success among this class of enterprises. Moreover,

other 17 variables were selected which referred to SME success, mainly to SMEs’ growth,

development as well as to their own assessment of their position against their market

competitors.

It was decided that the method for possibly finding co-occurrence of specific management

practices applied in SMEs and of their economic success would involve identifying clusters of

relatively homogenous enterprises in terms of the management practices and whose level of

appreciation for those practices was the same. The next step would be to find out whether

there were any differences in the assessment of economic success between those groups. Thus,

if we could observe on average a higher level of economic success variables in a group more

advanced in terms of the management practices, while spotting weaker results in a group less

advanced in the management practices, then the thesis statement suggesting the existence of

such a relationship could be considered proven. If no such differences were to be observed,

then this thesis pertaining to the Polish SME group would have to be refuted.

The variables to be examined came from the nine areas outlined above and were considered

to be success determinants. For greater clarity, they were given the following symbols:

entrepreneurial orientation (EO), strategic management (SM), modern human resources man-

agement (HRM), modern management methods (MM), market relations (MR), monitoring

practices (MP), computer systems (ITS), information and communication technologies (IT)

and networking (NET). The list of the variables chosen for the study is presented below

(Table 1).

The selection of 32 initially chosen variables was analysed in terms of their discriminatory

power for the SME set. Six variables were selected eventually for the cluster analysis, including
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the following: HRM1, HRM2, HRM4, and ITS1, ITS2 and ITS3. In their nature, these determi-

nants of entrepreneurship were like ordinal data expressed on a scale of one to five, as:

completely insignificant, rather insignificant, neutral, rather significant, definitely significant

(of key importance), where respondents could assess the impact level exerted by the particular

factors on the development of their companies and on their success.

On the basis of the answers provided to the six entrepreneurship determinants, a cluster

analysis of enterprises was performed while also describing the structure of those groups. 17

success variables were additionally selected for profiling the classes produced out of the three

groups marked by the following symbols: company’s growth (GE), company’s development

(DE), competitive position (CPE). These variables were calculated in the section below

(Table 2). It was decided that for these variables an ordinal scale was to be used in the question-

naire despite the fact that some of them could be measured. This was prompted by the need to

Table 1. SME management practices (as determinants of success).

Symbols Determinants of SMEs success Symbols Determinants of SMEs success
EO1 Actively searching for market opportunities (niches) and rapid decision-

making.

MR4 Conducting periodical survey of consumer satisfaction, evaluating the

level of consumers’ satisfaction with company’s products and services.

EO2 Actively searching for business opportunities on international markets. MR5 Seeking to offer lower product prices (goods or services) compared to

other competing businesses.

EO3 Seeking to develop and implement innovations. MR6 Seeking to provide higher quality products (goods or services)

compared to other competing businesses.

EO4 Proclivity for risk-taking, making decisions under conditions of

uncertainty.

MR7 Implementing new business models through e.g. using other more

attractive forms of sale, distribution channels or improvements and

new value for consumers, which are different and more competitive

than market rivals.

SM1 Developing company’s strategy for more than three years. MP1 Continuous monitoring of market performance and current economic

situation through the system of financial indicators and if necessary

taking corrective actions.

SM2 Developing quality management strategy. MP2 Analysing the competition’s moves, which provides basis for drawing

conclusions as to the way one’s own company operates.

SM3 Developing risk management strategy. ITS1 Deploying systems for improving management such as CRM.

HRM1 Favouring teamwork, cooperation, ensuring the building of integrated

team.

ITS2 Deploying systems for improving management such as ERP

(enterprise resource planning).

HRM2 Modifying the way the company operates by drawing on employee input

on problems encountered, suggestions about customer service,

recommendations for improvement (employees can influence decisions

about their work).

ITS3 Deploying systems for improving management such as CMS (content

management system).

HRM3 Ensuring continuous updating of employees’ knowledge, e.g. by

improving employees’ skills and education through school or non-

school-based forms.

ITS4 Implementing computer systems supporting human resource

management (HRM).

HRM4 Ensuring involvement of entire staff whose work is based on loyalty and

trust.

IT1 Having the company’s own website.

HRM5 Continuous flow of information between employees and management

(and between work teams).

IT2 Having the company’s own internet store.

MM1 Improving management system through reengineering, outsourcing,

Lean management.

IT3 Running the company’s own blog or microblog.

MR1 Building on the dominant role of leadership team (e.g. founders,

associates, shareholders) responsible for company’s direction of

development, implementation of key operations and initiation of new

projects.

IT4 Using social media (e.g. Facebook, Twitter, Instagram).

MR2 Building on and following up family tradition and company image. IT5 Using multimedia content sharing websites (e.g. YouTube, Flickr,

Picasa, SlideShare).

MR3 Building on personalized relations with consumers. NET1 Collaboration in relations of a cooperative nature with other

businesses.

https://doi.org/10.1371/journal.pone.0259892.t001
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make it easier for respondents to answer the questions. Another reason was that growth in

companies of different sizes would not be comparable and one would need to create relative

measures. The answers ranging from “significant decline” to “significant increase” referred to

the last three years which respondents would find easier to assess in a quantified manner on

account of “the freshness of events”.

Respondents indicated the level of changes, seen over the last three years arising from ques-

tions GE1-GE7 and DE1 and DE2, according to an ordinal scale ranging from significant

decline/deterioration to significant increase/considerable improvement. Moreover, the level

produced by comparing respondent’s own company to its competitors (CPE1 to CPE8 vari-

ables) was also specified on an ordinal scale and looked as follows: significantly lower, slightly

lower, comparable, slightly higher or considerably higher.

2.2. Statistical analysis

The auxiliary purpose of the research was to describe the structure of small and medium-sized

enterprises in the field of SME management practices. The assumption was that the group of

companies investigated was not homogenous in their perception of entrepreneurship determi-

nants (Table 1) in their companies’ operations. As a consequence, companies were grouped

using a cluster analysis based on selected variables. Given the ordinal nature of the scale for

measuring these traits, the selection of variables for the process of grouping was carried out

with the use of the modified HINoV algorithm [17], where adjusted Rand index was applied.

In this algorithm variables showing the highest topri values have the strongest contribution to

discovering the cluster structure of enterprises. Based on a scree diagram of this index for the

initial set of 32 internal determinants of entrepreneurship, six were selected for further

analyses.

The SME cluster analysis was performed using the agglomeration method for hierarchical

grouping combined with the class means technique for determining the distances between the

clusters. The generalized distance measure GDM2 [18] was applied for calculating the

Table 2. Dimensions of SMEs success (components of SME’s success).

Symbols Components of SME’s success Symbols Components of SME’s success
GE1 How has the number of employees changed over the last

three years of the company’s functioning.

CPE1 What is the assessment of the company’s financial resources in relation to its main

competitors.

GE2 How has the number of customers serviced changed over

the last three years of the company’s functioning.

CPE2 How does the company meet quality standards in relation to its main competitors.

GE3 How has the number of cooperating parties, suppliers

changed over the last three years of the company’s

functioning.

CPE3 What is the assessment of the company’s business experience in relation to its main

competitors.

GE4 How has the net revenue value changed over the last three

years of the company’s functioning.

CPE4 What is the assessment of the relevant technological equipment and

instrumentation in relation to main competitors (including hardware and IT

solutions).

GE5 How has the current assets value changed over the last three

years of the company’s functioning.

CPE5 What is the assessment of the company’s staff (including management) in terms of

knowledge, skills, qualifications and experience in relation to main competitors.

GE6 How has the equity value changed over the last three years

of the company’s functioning.

CPE6 What is the assessment of innovative solution implementation (e.g. in terms of

product, advertising campaign) in relation to main competitors.

GE7 How has the value of investment changed over the last three

years of the company’s functioning.

CPE7 How is good work atmosphere, employees’ loyalty, employee interpersonal

relations ensured in the company in relation to main competitors.

DE1 How has the financial condition changed over the last three

years of the company’s functioning.

CPE8 How does partnership cooperation with other enterprises develop in relation to

main competitors.

DE2 How has the company’s competitive market position

changed over the last three years of the company’s

functioning.

https://doi.org/10.1371/journal.pone.0259892.t002
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dissimilarity matrix for enterprises within the space of diagnostic variables, namely the charac-

teristics of the management practices measured on an ordinal scale. The number of classes was

determined based on Gap and Hartigan indices for classification quality assessment. The

results of the enterprise classification into groups were evaluated using the adjusted Rand

index, which reflects the stability level of classification. For describing and profiling classes, the

following measures of descriptive statistics were applied: mode and median. The distributions

of answers to the questions aimed at grouping (entrepreneurship determinants) were pre-

sented for each cluster in the form of graphs. In order to explain the differences between the

clusters, the level and statistical significance of a monotonic relationship between the paired

variables participating in the enterprise grouping were determined for each cluster. Kendall’s

tau correlation coefficient [19] was used for measuring this correlation. Holm p-value adjust-

ment taking into account the number of tests performed was employed in testing the signifi-

cance of correlations of the paired variables. The significance testing was performed at 0.05

significance level. Moreover, the profiling of the classes obtained was also performed using the

additional 17 variables referring to the enterprise success.

The analyses and graph presentations were conducted using R 4.0.3 program [20] com-

bined mainly with the application of the following packages: clusterSim packages [21], likert

[22].

3. Results

The research was carried out on the basis of data collected during the implementation of the

nationwide project “Conditions for the development of entrepreneurship in the SME sector”

in Poland. The obtained information and opinions related to the current situation of the com-

pany at the end of 2017 and the beginning of 2018, when the survey was conducted. Addition-

ally, the data for 2016 (e.g. net turnover and the sum of the balance of assets) obtained on the

basis of the obligatory ST report (Annual enterprise survey) carried out by the Central Statisti-

cal Office in 2017 were used. The subjects of the study were non-financial sector enterprises

with 10–249 employees, which operated in 2016 and submitted the SP report “Annual enter-

prise survey” for 2016 –a total of 72,623 entities. The group of enterprises adopted for the

study did not include entities conducting activities classified under sections A (agriculture, for-

estry, hunting and fishing), K (Financial and insurance activities) and O (Public administra-

tion and defense, compulsory social security). In Poland, small enterprises includes enterprises

employing from 10 to 49 people, and medium-sized enterprises from 50 to 249 people.

The survey was conducted throughout the country, in the period from 18.12.2017 to

31.01.2018, among 72,600 entrepreneurs. Participation in the survey was voluntary. It was car-

ried out electronically–with the use of a specially developed electronic form called SME and

the Reporting Portal of the CSO. In total, 44,900 questionnaires were received from the

respondents (including 16,100 questionnaires which were not fully completed), which

accounted for 62% of the total number of questionnaires sent. The survey was originally

planned as a complete, and not representative, survey. Out of the total number of 44,900 ques-

tionnaires the authors selected 2,710 enterprises qualified for the analysis; the large number of

rejected records resulted from missing data. This sample was therefore formed as a result of,

firstly, a part of the questionnaires not being sent back at all and, secondly, a large number of

them being rejected due to the lack of necessary data. The limitation of the research is thus the

non-random sampling. According to the authors, this is compensated by a large number of

respondents, as the number required for a random representative study would be more than 7

times smaller.
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The study encompassed 2710 enterprises of which the majority was made up of small busi-

nesses (82%), with medium-sized enterprises accounting for 18%. In the structure of the sur-

veyed enterprises (small and medium-sized) according to the predominant type of activity, the

number of entities that conducted service activities was highest, constituting 56.4% (especially

in small entities– 59.0%, while in medium entities—45.9%), especially in terms of trade, repair

of motor vehicles– 27.7%. There was also a significant share of entities whose declared pre-

dominant type of activity was related to construction– 12.2% (small entities– 13.2%, medium

entities– 8.0%). Industrial activity was conducted by 31.4% of entities (mainly in the field of

industrial processing– 28.1%). In the group of enterprises employing 10–49 people, more enti-

ties conducted business in the field of trade and repair of motor vehicles (29.5%) than in the

field of industrial processing (25.2%). On the other hand, in the group of enterprises employ-

ing 50–249 people the opposite was true–much more entities operated in the field of industrial

processing (39.8%) than in the field of wholesale and retail trade and repair of motor vehicles

(20.7%).

With a view to getting insight into the structure of the enterprises by having them classified

into groups according to their management practices and the profiling of thus produced

groups in terms of their economic success, a cluster analysis was performed. To this end, the

initial set of 32 ordinal variables went through a selections process using the modified HINoV

algorithm. The graph presented below (Fig 1) of topri values led to the selection of those vari-

ables, out of the 32 characterizing the management practices (Table 1), which allowed the

structure of the population to be identified to the largest extent. The graph allows one to con-

clude that choosing six out of the 32 initially specified variables describing the management

Fig 1. The graph of the topri index value for the each management practices.

https://doi.org/10.1371/journal.pone.0259892.g001
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practices is optimal for further grouping of objects (companies). The variables fall under the

group of practices involved in modern human resource management (HRM) and the group of

practices associated with the computer systems supporting management (ITS).

The cluster analysis was performed using the agglomeration method for hierarchic group-

ing combined with the class means technique for determining the distances between the clus-

ters. Considering the ordinal nature of the entrepreneurship determinants, the dissimilarities

between the companies were determined using the GDM2 distance measure. The Gap and

Harting indices showed that it was appropriate to distinguish three clusters of companies. The

results of the enterprise classification into the three groups were evaluated through the

adjusted Rand index whose value stood at 74%.

The first cluster covered 1451 companies (54%), the second 1066 (39%) with the last one

accounting for the smallest group and consisting of 193 (7%) companies. In the first class, the

small enterprises made up 76% of the companies, with medium companies accounting for

24%; in the second and third cluster, these proportions stood at 89% and 11%; and 88% and

12% respectively The distribution of the entrepreneurship determinant values for each cluster

is presented in Fig 2. What can be gleaned from this is that in cluster 1 the companies that are

in majority are those which assessed the influence of HRM and computer systems (ITS) on the

company’s development as at least significant. Cluster 2 grouped together the companies

which largely recognized the ITS factors as neutral or rather insignificant and completely insig-

nificant, while HRM factors as rather significant and neutral. Moreover, in cluster 3 one can

observe the biggest polarization with respect to the significance of HRM and ITS. In this group

the HR management practices were considered to be of key importance, while computer sys-

tems to be in the main neutral and insignificant.

Additionally, the significance of the monotonic correlation between paired determinants of

entrepreneurship was tested for each cluster. Given the ordinal character of the variables, the

significance and strength of association between these paired variables was determined based

on Kendall’s tau correlation coefficient (Fig 3). The correlation analysis allowed the statistically

significant correlations to be identified between the categories of the pairs of characteristics

participating in the cross-sectional grouping of the three groups.

Cluster 1 encompassed the companies which answered in one accord to all the pairs of the

basic questions and all these relationships proved to be statistically significant. Kendall’s corre-

lation coefficients show the highest concordance for answers to the following pairs: HRM4

with HRM1 and with HRM2 (the coefficients equalled respectively 0.628 and 0.624); HRM1

with HRM2 (0.613) and ITS1 with ITS2 (0.607). Of further importance is the fact that in this

group the associations between the questions from HRM group and ITS were also significant.

It can be gleaned from Fig 2 and Table 3 that in this group the highest values of the variable

categories were most frequently indicated in the combinations of answers, i.e. a particular fac-

tor was considered to be rather significant or of key importance.

The companies from group 2 also perceived the relationships between the factors from the

HRM and ITS groups as positive, excluding here the relationship between HRM4 and ITS

questions which proved to be statistically insignificant. In this group, a very strong association

was found between the paired variables understood as showing high concordance of answers

to questions ITS3 with ITS1 and ITS2 (correlations, respectively: 0.778, 0.751), and ITS1 with

ITS2 (0.774). From the Table 3 one can infer that in this group the dominant answer combina-

tions were those showing the middle values on the measurement scale, i.e. excluding the two

extreme attitudes.

Cluster 3 was made up of the companies which answered the questions both showing con-

cordance (ITS1 i ITS2: 0.740; ITS2 and ITS3: 0.695; ITS1 and ITS3: 0.538; HRM1 and HRM2:

0.253) and discordance (ITS1 i HRM2: -0.213; ITS1 and HRM1: -0.296), with these
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associations being statistically significant. This trend of discordant answers can also be noticed

in Table 3, where the ITS1 factor was most likely to be indicated as neutral or rather insignifi-

cant while simultaneously the HRM1 factor was reported to be of key importance and HRM2

as of key importance or rather significant. One should also emphasize that the role played by

the ITS factors in the SME success was most likely to be reported as rather insignificant or neu-

tral. Furthermore, all the companies from the SME group indicated the HRM4 factor as defi-

nitely significant- critical for the company’s success.

The review of the most frequent combinations of answers regarding the importance of dif-

ferent management practices in SMEs allows one to provide certain synthetic description of

these clusters. Clusters 1 and 3 are clusters made up of the companies where the management

practices distinguishing companies from one another (this is why they were selected for group-

ing) are most likely to be appreciated. Moreover, in cluster 1 we could observe that all the man-

agement practices, with no exception, were appreciated since respondents assessed them as

Fig 2. Distribution of management practices in each cluster.

https://doi.org/10.1371/journal.pone.0259892.g002
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significant or very significant in their business activities (scores 4 or 5), while in cluster 3 we

could see this appreciation being selective in that the HRM practices were recognized, while

those from the ITS group were not. Cluster 2, on the other hand, displayed a sort of “neutral-

ity” regarding the management practices examined and used in the grouping process by giving

them scores close to 3 (with not much significance, insignificant factor). Consequently we

could characterize groups 1 and 3 as those recognizing the importance of the modern

Fig 3. Kendall rank correlations. Asterisks indicate statistically significant correlations. In cluster 3, HRM4 has only one value, hence the correlation with this variable

is not calculated and has the value NA (not available). Significance codes: ���p<0.001; ��0.001� p<0.01; �0.01� p<0.05.

https://doi.org/10.1371/journal.pone.0259892.g003
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management practices, while cluster 2 as one where these practices were found neutral and

respondents considered them to be of no practical relevance.

The next step involved comparing the characteristics of the individual clusters with the

results produced for the variables referring to the success of the companies (Table 2). Modal

values and medians for individual variables describing the components of SME success are

presented below (Table 4).

This comparison allows one to conclude that among the 17 dependent variables analysed

only for two, namely increased number of customers serviced and an increase in net revenue

recorded over the last three years of the company’s being in business, can we observe

Table 3. The three most frequently indicated by SME response combinations for management practices in each cluster.

Management practices Number (%) of SME

HRM1 HRM2 HRM4 ITS1 ITS2 ITS3

Cluster 1 (n = 1451, 54%)

4 4 4 4 4 4 368 (25.4%)

5 5 5 5 5 5 164 (11.3%)

5 5 5 4 4 4 116 (8.0%)

Cluster 2 (n = 1066, 39%)

4 4 4 3 3 3 301 (28.2%)

3 3 3 3 3 3 184 (17.3%)

4 4 4 2 2 2 46 (4.3%)

Cluster 3 (n = 193, 7%)

5 5 5 3 3 3 79 (40.9%)

5 4 5 3 3 3 22 (11.4%)

5 5 5 2 2 2 19 (9.8%)

https://doi.org/10.1371/journal.pone.0259892.t003

Table 4. Modal and medians values for individual variables of SME success.

Success measured Cluster 1 Cluster 2 Cluster 3

Mode Median Mode Median Mode Median

GE1 3 3 3 3 3 3

GE2 3 4 3 3 4 4

GE3 3 3 3 3 3 3

GE4 4 4 3 3 4 4

GE5 3 3 3 3 3 3

GE6 3 3 3 3 3 3

GE7 3 3 3 3 3 3

DE1 3 3 3 3 3 3

DE2 3 3 3 3 3 3

CPE1 3 3 3 3 3 3

CPE2 3 3 3 3 3 3

CPE3 3 3 3 3 3 3

CPE4 3 3 3 3 3 3

CPE5 3 3 3 3 3 3

CPE6 3 3 3 3 3 3

CPE7 3 3 3 3 3 3

CPE8 3 3 3 3 3 3

https://doi.org/10.1371/journal.pone.0259892.t004
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differences in their modal and median values. For the other variables the values are equal to

the middle value (3, nothing changed in this respect). The second observation is as follows: in

the clusters characterized by their showing appreciation for the modern management practices

the modal values and medians for increased net revenue and an increase in the number of cus-

tomers stood at 4, which implies their rise. Moreover, in the cluster with the companies seeing

those practices as having neutral significance, the analogical values were reported at 3, which

means that over the last years those entities saw on average no changes.

4. Conclusions

Building on the analysis of the empirical data one can draw the following conclusions:

1. Drawing on the findings one can confirm the statement that in the group of Polish SMEs,

entrepreneurs’ appreciation for the modern management practices applied in their own

companies co-occurs with the company’s performance, as measured by an increase in net

revenue and number of customers, which both represent a measure of SME success in this

study. This may suggest that there is a relationship between modern management practices

and SME success in the group of 2710 Polish SMEs included in the study.

2. The SME group is not homogenous when it comes to how the factors ensuring success are

perceived. Three groups were distinguished according to the relevance (importance) of the

factors defined (included) in the questions from ITS and HRM groups. Two of these groups

were larger accounting for 54% and 39%, with one group accounting for 7%. This small

group sort of stood out from the other groups in that it showed different trends in their per-

ception of the factors. These were the trends of answers on the ordinal scale both concor-

dant and discordant, unlike in the two other groups, where the answers for every paired

variables were always in concordance.

3. The practices which, on the one hand, differentiated the population and on the other were

associated with the company’s performance were the modern elements of HRM (favouring

team work, cooperation, ensuring team integration, modifying the company’s operations

based on employees’ input in terms of problems encountered, suggestions regarding cus-

tomer service, improvement proposals, ensuring staff involvement whose work is based on

loyalty and trust), as well as the application of computer systems supporting management

(HRM, CRM, ERP).

4. In the two groups of enterprises described as those which recognize the importance of the

modern management practices the modal values and medians of the change observed in

net revenue and number of customers over the last three years stood at 4, suggesting an

increase, while in the cluster covering the companies which were indifferent towards these

practices the analogical values were recorded at 3, in other words, on average no changes

occurred over the last three years.

5. Cluster 1 represents a cluster where all the variables illustrating the application of the man-

agement practices are at a high level (4,5), while cluster 3 proves to be more selective in this

measure, showing 4,5 score only for the practices referring to the modern HRM, while

showing no appreciation for the practices from the ITS group.

6. Only two among the 17 dependent variables explored in the study “reacted” to the high

scores given to the importance of the modern management practices. One might assume

that this is not as much the result of a total lack of impact of the modern management prac-

tices on other performance indicators, as it is the fact that Polish SME entrepreneurs
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monitor only or predominantly the most basic indicators such as precisely the number of

customers or net revenue. This ought to be read as a signal that there is a need for more

training and professionalization among this group. Monitoring different performance indi-

cators may, after all, determine corrective actions and hence could impact the company’s

performance.
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