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Abstract. Purpose – The paper presents the results of the study based on a sample of 358 organisa-
tions that focuses on further education and training (FET) of their employees. It specifically investi-
gates which specific educational methods and various characteristics of organisations are associated 
with their financial performance.
Research methodology – The Dependency Aware Feature (DAF) selection method from statistical 
pattern recognition has been used to identify which of the 37 considered variables are most associ-
ated with the profitability indicators (ROA, ROCE, ROS).
Findings – The profitability indices are significantly associated with some of the specific methods 
of FET. Organisations should pay attention particularly to instructing, coaching and mentoring. 
The results also confirm the importance of talent management for organisations to be successful.
Research limitations – The examined sample consists solely of organisations operating in the Czech 
Republic. Shortly, we plan to extend the selection by including organisations from abroad.
Practical implications – The study provides recommendations for HR managers for the goals they 
should focus on. Organisations should evaluate the impacts of FET; otherwise increasing invest-
ments in it may not have an effect.
Originality/Value – The originality of the current study lies in using a new methodology based on 
machine learning and respecting complex mutual relations among variables.
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Introduction

One way to increase an organisation’s competitiveness and profitability is to focus on improv-
ing the value of its human capital, i.e., investing in employee development through further 
education to increase working skills, competences and knowledge. Research confirms that 
participation in further (lifelong) training organised by employers is beneficial not only for 
the staff involved but from an economic point of view, also for the organisations or com-
panies (De Grip & Sauermann, 2013). However, the authors point out that the processes 
through which educational and development programmes in the organisation lead to higher 
employee productivity remain unclear. Furthermore, they state that research considering 
both the educational and economic perspectives should focus on multidisciplinary research 
projects. Considering both these perspectives together will help to clarify the aspects con-
nected to the issue of transferring education into practice and enable to evaluate the benefits 
of educational events to organisations.

As this is the focus of our research, we also used a multidisciplinary approach. In the 
initial research, we used the classical regression analysis to identify the relations between the 
financial ratio indicators and the selected characteristics of organisations (Pudil et al., 2019). 
The study investigated six characteristics (regressors in the regression model), which had 
been chosen based on the literature search. There is no doubt that these six characteristics 
investigated in Pudil et al. (2019) represent only a small subset of those that are in some way 
related to further or continuing education and whose relation to organisation profitability is 
investigated. Therefore, in this follow-up research study, we explore a considerably enlarged 
set of variables, fully utilising the data from the questionnaire. Moreover, concerning the 
relatively high number of variables and properties, we employ completely different methods 
of analysing the data in comparison to the methods used in Pudil et al. (2019). The multi-
disciplinarity of our approach is shown by using statistical pattern recognition methodology, 
which is a discipline of machine learning, thus artificial intelligence (AI).

This paper aims:
	– to conduct an empirical investigation of a large set of characteristics of organisations 
and education, together with all the investigated methods of further education and 
training (FET);

	– to find their association with the profitability indicators, more specifically, to assess 
to what degree is each of the studied characteristics and methods associated with the 
profitability indicators and to rank them accordingly.

To respect the mutual relations of these variables (characteristics of organisations and 
FET methods), feature selection (FS) and classification methods are utilised, namely the DAF 
(Dependency Aware Feature) selection method (Somol et al., 2011).

The structure of the paper is as follows. The next section contains the theoretical back-
ground, divided into three parts:

	– methods of further education and training and investigation;
	– characteristics of organisations and education; their relation to profitability;
	– methods of pattern classification and feature selection in the management.

Section 2 discusses the data and methods used in the study, particularly on the utilisa-
tion of feature selection methods, namely the DAF method and pseudo-kernel regression 
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model. Section 3 is devoted to the results and their discussion. Then the limitations of the 
study, together with future research directions, are briefly discussed. The paper ends with 
the conclusions and the list of references.

1. Theoretical background

Since our study is essentially based on the interconnection of several seemingly unrelated 
areas, at this point, in the overview of the current state of knowledge, we should focus sepa-
rately on all these areas, which are listed at the end of the Introduction. Accordingly, this 
section is divided into three subsections, as follows.

1.1. Methods of further education and training and investigation

According to Armstrong (2006), Bartonkova (2010), and others, FET cannot be effectively 
implemented without analysing and identifying educational needs, planning and selecting 
the appropriate training. Moreover, all these authors state that the training should be ac-
companied with the appropriately chosen forms and methods of learning through which the 
desired effects can be most easily achieved.

Mehrdad et al. (2009) divide training techniques into behavioural, also known as on-the-
job methods (i.e. orientation, training, briefing, apprenticeship, internships and assistance, 
work rotation and coaching) and cognitive, also known as off-the-job methods (lectures, 
computer training, games and simulations, etc.). Alipour et al. (2009) state that cognitive 
techniques can be considered to be the most suitable for the development of knowledge, 
while behavioural techniques effectively develop skills. Further, behavioural techniques have 
a significant impact on employee performance and the organisation’s prosperity, while cog-
nitive training techniques lead to optimum performance and have a substantial impact on 
employee creativity (Falola et al., 2014). Both the behavioural methods and mental training 
enrich employees’ potential by developing their skills and knowledge needed to optimise 
performance, increase efficiency, and promote the innovation and creativity that contribute 
to the organisation’s competitive advantage. The choice between the methods depends on the 
type of training planned, the selected participants, the objectives of the training programme 
and the nature of the training, as confirmed by Alipour et al. (2009).

Grossman and Salas (2011) addressed the success of the transfer of skills and compe-
tencies acquired by training. They found that the factors related to trainees’ characteristics, 
training design and the work environment are those with the closest and most consistent 
relationships with the transfer of training to employee activities.

It is apparent from this research survey that almost all the authors share the conviction 
of the need to use proper methods for further education, which would ensure the desired 
benefits for trainees and the effectiveness of the training for organisations. Therefore, our 
research study aims to analyse this issue and the situation in the Czech Republic, which is 
sometimes regarded as a post-transformation economy.
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1.2. Characteristics of organisations and education; their relation to profitability

The importance of FET as an integral part of the HRM process in any organisation as em-
phasised by Armstrong (2006). HRM is defined as a strategic and logically thought-out ap-
proach to managing an organisation’s most valuable asset – the people working there and 
contributing to its success. However, the influence of further professional education on the 
success of an organisation needs to be assessed. The first models for evaluating the effective-
ness of FET were developed a relatively long time ago (Kirkpatrick, 1959; Hamblin, 1974; 
Simmonds, 2003).

Kirkpatrick’s four-level model from 1994 (e.g., Kirkpatrick & Kirkpatrick, 2006) is consid-
ered the standard in evaluating the quality of education within HRM. This has been further 
enhanced by Jack Phillips (1996), who evaluated the financial benefits of continuing educa-
tion by adding a fifth level. The resulting model is known as the Kirkpatrick/Phillips’s model. 
The fifth level of the model concerns the return on investments (ROI). This indicator is even 
applicable to education.

The area of research concerning the impact of FET on an organisation’s performance has 
been extensively covered by many authors, e.g. Barrett and O’Connell (2001), Chen et al. 
(2008), Nikandrou et  al. (2008), Van de Wiele (2010), Rahimić and Vuk (2012), Beynon 
et al. (2015), Kaur (2016). Another area that has attracted attention in recent years is talent 
management, as discussed, among others, by Egerová et al. (2013), Baartvedt (2013), Dirani 
and Nafukkho (2018).

Pudil et al. (2019) investigate the relationship between the selected characteristics of or-
ganisations (existence of talent management, evaluation of education, investment into educa-
tion, sector of activity, size and owner of an organisation) and their financial performance 
using a multiple median regression model. The variables associated with the majority of 
the considered financial indicators were the organisation’s owner and the evaluation of the 
education.

1.3. Methods of pattern classification and feature selection in the management and 
education

In statistical pattern classification (e.g. Devijver & Kittler, 1982; Jain et al., 2000), the term 
“features” is used for variables or characteristics, the importance of which is investigated. The 
methodology of FS or more generally, dimensionality reduction in machine learning, is very 
extensive, and a detailed description is beyond the scope of this paper. The principal goal of 
FS is to select a small subset of the given problem characteristics or variables to optimise a 
model, typically to discriminate among classes of observations or to optimise any suitably 
defined criterion function (Pudil et al., 2003).

The main advantage of non-trivial FS methods is their ability to evaluate characteristics in 
context, possibly extracting more information than is customary with commonly used rank-
ing methods. One of the more sophisticated methods is the DAF procedure (Somol et al., 
2011), which has a favourable mix of properties. These are the ability to reveal contextual 
information, reasonable speed, generalisation ability, good results for the unfavourable ratio 
of sample size (training set) and dimensionality (the number of features). For these reasons, 
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the DAF procedure was used in our study, together with a special pseudo-kernel regression 
model, first proposed by Pudil et al. (2013). Its idea is described in more detail in subsec-
tion 2.2 “Feature selection methodology – DAF and pseudo-kernel regression model”. Here 
we should state that it helps to reveal the association of the considered features with the 
profitability indicators.

The statistical pattern recognition techniques, particularly FS methods, have been widely 
used in many diverse fields such as robotics, data mining, medicine, geology, banking, mili-
tary applications, agriculture, information management systems, power networks, etc. The 
International Conference on Pattern Recognition, which has been organised biennially since 
1980, has almost 1,000 active participants split into several tracks, including applications.

FS methods have also been used in research from the fields of economics and manage-
ment. Their perhaps first use in management can be found in Pudil et  al. (2002) whose 
research searched for the most informative factors, differentiating the successful merger 
and acquisition operations from those that were unsuccessful. Another paper by Pudil et al. 
(2012) discusses the methodology and the first results of identifying the competitiveness 
factors of companies in the Czech Republic. Further and more detailed results can be found 
in the monography by Pudil et al. (2014a). This publication addresses the issue of applying 
selected statistical methods to identify the competitiveness factors of companies to respect 
the synergistic effect of their influence. The classification-based approach that minimises the 
error of classifying the enterprises into two groups (“Under average ROA” and “Above average 
ROA”) is described in Pudil et al. (2014b). The analysed dataset consisted of 260 enterprises 
in the Czech business environment and was taken from 2011 to 2013.

Contemporary research on pattern recognition and feature selection is very extensive. 
Therefore, to be in line with our study’s topic, we concentrate only on the application in 
management, business and education. Arévalo et al. (2019) propose a reverse engineering 
approach, which uses patterns to transform software projects into software business pro-
cesses. Bhatti et  al. (2019) used feature extraction approach and pattern recognition and 
implemented it in Healthcare 4.0. The tool they developed is a complete package solution for 
the Enterprise Management System, which shows improvement in healthcare. Cervelló-Royo, 
Guijarro, and Michniuk (2015) used pattern recognition to build s stock market trading rule. 
Another trading rule based on pattern recognition was designed and validated by Arévalo 
et al. (2017).

Similarly, the k-nearest neighbour classifier was used by Naranjo and Santos (2019) to 
design a new fuzzy forecasting system for stock markets. Escobar and Morales-Menendez 
(2017) present the learning process and pattern recognition strategy for a knowledge-based 
intelligent supervisory system; the main goal is to detect rare quality events through binary 
classification. Paltrinieri et al. (2019) used machine learning for risk assessment in safety-
critical industries, namely oil and gas. The oil industry was also the field where the machine 
learning technique was applied to investigate the oil well efficiency project (Bao et al., 2016).

The usage of pattern recognition can be found even in the field of education. Calderon, 
Crick, and Tryfona (2015) proposed that computational thinking skills can be taught to early 
year students and highlight a method for teaching a specific aspect, namely pattern recogni-
tion. Vieira, Magana, and Boutin (2017) proposed using computational tools and methods 
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to analyse educational data. According to them, these tools can be used to visualise and 
characterise patterns within educational data, and validate them using statistical techniques. 
A very interesting paper was published by Viloria et al. (2018). The authors proposed a design 
methodology of a student pattern recognition tool to facilitate the teaching-learning process 
through Knowledge Data Discovery (Big Data). Their research aims to answer important 
issues like how the teacher can identify patterns in students’ learning styles attached to their 
course, and in turn, to know which pedagogical techniques to use in the teaching and learn-
ing process to increase the probability of success in their classroom.

In a recent paper by Matusov (2020), pattern recognition is used to analyse students’ 
proper meaning-making patterns. According to him, students are positioned to be recipients 
of ready-made knowledge and skills on teachers’ demand, rather than being authors of their 
own education, learning, knowledge, and meaning. Pattern recognition involves the emer-
gence of active production of diverse potential patterns that may or may not approximate 
well the targeted pattern. This process can be guided (“supervised”) by an expert or unguided, 
mediated or unmediated.

2. Data and methods

This empirical study is based on the questionnaire data from 358 companies operating in the 
Czech Republic (CR). According to the Czech Statistical Office (2020), 1,475,207 organisa-
tions were active in the CR to the end of 2017. The data was collected from 2017–2019 using 
an online questionnaire. It was inspired by the validated Cranet Project questionnaire (Chris-
tensen et  al., 2019) and was analogously designed from the questionnaire by Folwarczna 
(2010) for the CR environment. One respondent represented each company. The respondents 
were graduates of our faculty or were students in the last year of the management course 
in distance studies. Almost all the respondents currently hold a managerial position. This 
study extends the preliminary results presented by Pudil et al. (2019) based on the regression 
analysis of data from 142 companies concerning only six explanatory variables.

2.1. Data – utilisation of feature selection methods

Before proceeding to a closer characterisation of the data and selecting research methods, 
we should briefly point out how our study differs from previous research, both by ourselves 
and other authors.

To the best of our knowledge, no study has yet been conducted to analyse the associa-
tion of profitability indicators with three groups of variables, namely the organisation char-
acteristics, further education characteristics, and the FET methods group. Such an analysis 
is further complicated by the fact that there are links between the elements (variables) of 
these three seemingly unrelated groups, sometimes even strong ones. Our previous research 
demonstrates these facts (Pudil et al., 2014b, 2017, 2019; Mikova et al., 2019a, 2019b). Con-
sidering the relatively high number of variables and their specific properties such as a mix of 
nominal, ordinal and dichotomic variables, together with some missing values, we decided 
to use FS methods as described further on.
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In particular, this study analysed the set of 37 variables (features). From these, 19 concern 
the specific techniques used for further education and 18 represent the various characteristics 
of organisations and the characteristics of education other than FET methods. The objective 
is to identify their association with the profitability indicators, more specifically, to what 
degree is each variable associated with these indicators. What should be emphasised is that 
we aim to assess the degree of this association for each of the 37 investigated variables not 
by considering them separately but considering their mutual links, which may be complex. 
For clarity, all the examined variables (features in terms of FS methodology), together with 
their description and characteristics, are listed in the following tables (Table 1 and Table 2).

Table 1. List of features representing the characteristics of an organisation and further education

No. Feature 
(Abbrev.) Description Data 

type Values

1 size Number of employees O 1 – Small (0 to 49)
2 – Medium (50 to 249)
3 – Large (250+)

2 investment Into education O 0 – Low
1 – Rather low
2 – Rather high
3 – High

3 owner Majority owner ND 1 – Foreign
0 – Domestic

4 sector Economic sector N 1 – Primary
2 – Secondary
3 – Tertiary

5 eval FET evaluation ND 1 – Yes
0 – No6 talent Special education for talents ND

7 evalcount Number of Kirkpatrick model levels 
used

O 1; 2; 3; 4

8 fieldact Field of activities ND 1 – International
0 – Domestic

9 strategy Education in strategy ND 1 – Yes
0 – No10 eduwom Education for women ND

11 edu50+ Education for 50+ ND
12 eduman Education for managers ND
13 benefit Education as part of employees’ benefits ND
14 interenv Training for the international environment ND
15 adapt Adaptation of new employees ND 1 – Yes

0 – No16 qualif Strengthening qualifications ND
17 requal Requalification ND
18 personality Further development of employees’ 

personality and career
ND

Note: O – ordinal; N – nominal; ND – nominal dichotomous.
Also note that only features 1–6 were used in the initial study (Pudil et  al., 2019) as regressors in the multiple 
median regression model.
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Table 2. List of features representing methods of further education

No. Feature (Abbrev.) Data 
type Values

19 lectures O 0 – Never
1 – Rarely
2 – Sometimes
3 – Often

20 discussions O
21 demonstrations O
22 case studies O
23 workshops O
24 brainstorming O
25 simulations O
26 managerial games O
27 assessment O
28 outdoor learning O
29 e-learning O
30 instructing O
31 coaching O
32 mentoring O
33 counselling O
34 assisting O
35 task assignment O
36 job rotation O
37 working meetings O

Note: O – ordinal; N – nominal; ND – nominal dichotomous.

Three financial indicators ROA (Return on Assets, Return on Total Capital), ROCE (Return 
on Capital Employed), ROS (Return on Sales) for 2017, available in the Albertina database of 
all the Czech organisations including their financial statements, were acquired from it and 
used one by one as a dependent variable in separate models. All these financial indicators 
are described in more detail in Pudil et al. (2019). Note that the ROCE indicator is closest to 
ROI (Return on Investment) considered in the Kirkpatrick/Phillips’s model.

2.2. Feature selection methodology – DAF and pseudo-kernel regression model

As stated before, we should consider two aspects of our data. The first one is a high number 
of 37 investigated variables. The second one is a mix of nominal, ordinal and dichotomic 
variables, together with some missing values. Therefore, FS methods from statistical pattern 
recognition were employed. These methods, although from a completely different field of 
science and research, are known to have been successfully applied across vastly different 
scientific areas, including management (Pudil et  al., 2014a; Khodaskar & Ladhake, 2014; 
Escobar & Morales-Menendez, 2017).
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The methodology of FS or more generally, dimensionality reduction in machine learning, 
is very extensive and its detailed description is beyond the scope of this paper. The principal 
goal of FS is to select a small subset of given problem characteristics or variables to optimise 
a model, typically to discriminate among the classes of observations or to optimise any suit-
ably defined criterion function (Pudil et al., 2003).

In machine learning, it is well known that the two best individual features may not be 
the best pair. The two best individual features can very often prove to be redundant (each 
provides almost the same information despite their seemingly different nature). Alternatively, 
neither of them proves sufficient to reveal the true data structure, or in our case, the abil-
ity to respect complex relationships between features (variables). For this reason, the DAF 
procedure (Somol et al., 2011) was used.

To be able to understand the results, it is necessary to mention the idea briefly and explain 
the basic principle of DAF. This is a highly robust FS procedure based on the idea that any 
feature importance should be investigated in the context of being or not being in the various 
subsets of other features. A DAF coefficient then measures this importance. The higher the 
DAF coefficient of a feature is, the more informative (thus more important) the element is in 
the general context. More precisely, the DAF procedure ranks the features according to the 
average benefit of including a feature in a high number of randomly generated feature subsets. 
The benefit is expressed as the difference of the mean criterion values computed for subsets 
that do and do not contain the feature, based on a suitably chosen feature selection criterion.

It should be noted that the DAF coefficient can even attain negative values for some 
features. It means that on average, such a feature does not increase the criterion value when 
included in the subsets with others. Contrarily, the criterion value decreases. This does not 
imply that the feature is useless, but rather that it may be slightly redundant in most contexts 
with the others. This simple idea is suitable for high dimensional FS problems where it is 
capable of considerably outperforming the commonly used individual feature ranking ap-
proaches due to its favourable mix of properties (Somol et al., 2011) as already stated in 1.3.

To reveal the association of the considered features with the profitability indicators, we 
used a special pseudo-kernel regression model (Pudil et al., 2013). The model does not place 
any assumptions on the space of feature vectors except that a distance measure must exist, 
which is capable of evaluating the distance between any two feature vectors (organisations). 
The model is applied in a leave-one-out fashion on the training data, i.e., the model is used 
to predict its value of the profitability indicator for each organisation, and the predicted value 
is compared to the known value. The average difference between the predicted and known 
values over all the analysed organisations is then used as the feature selection criterion. 
Those features that best predict the real profitability value (when included in various ran-
domly generated subsets of features) can be regarded as well associated with the organisation 
profitability.

The proposed pseudo-kernel regression model is analogous to Parzen kernel models with 
Gaussian kernels, the main difference being that we assume only one-dimensional kernels. 
The unknown dependent value (of the profitability indicator) is predicted as the weighted 
average of the known values of the dependent variables (the profitability indicators) of all 
other organisations. In our case, the one‐dimensional Gaussian kernel serves as the weight 
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in the definition of distance between two organisations. The Gaussian kernel thus helps to 
progressively reduce the influence of more distant (not similar) organisations in the consid-
ered features subspace and emphasises the importance of close (similar) organisations when 
predicting the dependent variable.

3. Results and discussion

As explained above, the DAF ranking procedure using the special pseudo-kernel regres-
sion model facilitates assessing a measure of the association of features (variables) with a 
dependent variable, which is a profitability indicator. The principal virtue of this approach 
is that the assessment considers almost all possible contexts with other features in which the 
investigated feature may or may not occur and interact (about 40,000 subsets were randomly 
generated for each feature). Concerning this special methodology, we repeat that the higher 
the DAF value of a particular feature, then the higher its association with the profitability 
indicator (financial ratio index).

Three separate analyses were conducted for the three available financial ratio indices 
(ROA, ROCE, ROS). Although a somewhat different ranking was obtained for each of these 
indices, the basic pattern for the individual index is not too different. Therefore, we do not 
present the results separately for ROA, ROCE and ROS. However, as all these indices are 
important profitability indicators, we have introduced a “summary” measure for ranking. For 
each of the features, the values of the DAF coefficient for ROA, ROCE and ROS, denoted 
DAFROA, DAFROCE, and DAFROS, are calculated respectively. Then their average value

	
( )1000 

 
3

ROA ROCE ROSDAF DAF DAF
ADAF

+ +
= 	 (1)

is used as a summary measure for ranking each feature.
The ranking of ADAF coefficients for all the analysed methods of FET (respecting their 

interactions with the characteristics of organisations and education) is illustrated in Figure 1. 
We can make several observations from these results:

	– The three FET methods with the ADAF coefficient visibly higher than the rest of the 
methods are instructing, coaching, and mentoring. These are the methods that the 
organisations should pay increased attention to, as they are most associated with or-
ganisation profitability. Note that this does not mean they increase profitability, only 
that they are the most important for its value.

	– This result is in absolute accordance with the ranking of the subjectively perceived 
effectiveness of particular methods, assessed by all the respondents. The results pre-
sented in Mikova et al. (2019b) rank instructing, coaching, and mentoring as the three 
most effective methods. It is of interest that as far as “the best” three methods are 
concerned, the subjective assessment by respondents coincides with a more objec-
tive assessment based on the calculation of ADAF with pseudo-kernel regression. 
Of course, “the best” in this context means something else for a subjective and the 
objective assessment.

	– Instructing proved to be the method of FET most associated with the profitability in-
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dicators. Its ADAF coefficient is more than twice higher than that of coaching, which 
is ranked second.

	– Out of the 19 FET methods, 14 have a positive value of the ADAF coefficient. Starting 
from brainstorming (ranked 4th) to assessment (ranked 13th), the ADAF values are 
not too dissimilar.

	– The FET methods least associated with the profitability indicators (in the context of 
all the others, including the characteristics of organisation and education) are working 
meetings, job rotation, discussions, workshops and also lectures and managerial games. 
It should be noted that particularly the first four of these were found to be at least par-
tially effective when subjectively assessed by the respondents (Mikova et al., 2019b). 
This finding only confirms the assumption that, in general, the methods subjectively 
perceived as effective (at least partially) may not be well associated with the profita-
bility indicator.

Most of the FET methods ranked in the top part are so-called modern methods. When 
adopting the division into on-the-job and off-the-job methods of FET (e.g. Folwarczna, 
2010), it can also be observed that on-the-job methods generally have a higher ranking.

Similarly, Figure 2 illustrates the ranking of the ADAF coefficients for all the organisa-
tions and education characteristics, while respecting their interactions with the analysed 
methods of FET.

Figure 1. Ranking of the ADAF coefficients for the analysed methods of further education 
and training
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Again, when interpreting these results, we have to be cautious. A lower value of ADAF 
does not mean that the particular feature is not important, only that its association with the 
profitability indicators is weaker (in the context of other features, which may provide similar 
information). Regardless, the following observations can be made from these results:

	– Of the 18 analysed characteristics, five (size, investment, talent, eduwom, edu50+) have a 
positive value of the ADAF coefficient. Two of these (investment and talent) also proved 
to be significantly related to ROCE or ROA in the initial study (Pudil et al., 2019).

	– Two characteristics with the highest value of ADAF, thus the most associated with 
the profitability indicators, are size and investment. Our previous research (2019a) also 
confirmed the significance of these two characteristics and their mutual relationship. 
Moreover, the result corresponds to the findings of Henderson (2003), who states 
that for programmes aimed at training and developing employees, the economy of 
scale must be taken into account. The fixed costs of starting training and education 
programmes are usually about the same regardless of the size of the organisation. 
He further argues that achieving an immediate return on investment in education is 
more difficult for a small organisation than for an organisation with a large number 
of employees.

	– Talent is ranked relatively high (in third place) while the initial study found it had a 
negative relation to ROA in the median multiple regression model. This negative re-
lation demonstrates the previously mentioned fact that a relatively high DAF ranking 
of any feature does not necessarily mean its positive relation to the corresponding 
profitability indicator. The DAF coefficient is a measure of association of a particular 

Figure 2. Ranking of the ADAF coefficients for the characteristics of organisations and education
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feature with the considered profitability indicator regardless of the direction of re-
lation (positive or negative). Therefore, a high ranking of ADAF for talent does not 
contradict its negative relation.

	– Eduwom – special education for women is, perhaps surprisingly, also ranked rather 
high. This finding suggests the necessity to pay increased attention to this type of FET, 
particularly respecting the specific needs of women returning to the workplace after 
maternity leave or an extended stay with children at home. With the current short-
age of qualified employees in the labour market, these special courses for women are 
gaining importance.

	– A joint DAF analysis of all 37 investigated features (both the FET methods used and 
the characteristics of the organisation) show that the top places in the ranking are 
occupied by several FET methods (dominated by the “modern” ones), pushing char-
acteristics such as evaluation, strategy, owner further down. On the one hand, this 
finding represents a possible discrepancy with previous results regarding FET evalu-
ation and its importance, as confirmed by many studies, even in our research (Mikova 
et al., 2019b; Pudil et al., 2017). On the other hand, it also emphasises the importance 
of including the methods of FET used in the multivariate analysis (besides the char-
acteristics of organisation and education used before). It is the extension of the set of 
variables included in the analysis that explains this apparent discrepancy with previ-
ous results. The reason is that a detailed analysis of the corresponding results shows 
that, for example, the evaluation of education is strongly related to using the so-called 
modern methods of FET. Therefore, when also taking the complex mutual links with 
all the methods used into consideration, it appears that evaluation was pushed further 
down the ranking by the relatively high ranking of the modern methods of FET (due 
to their strong relation). A similar argument could be used for other characteristics 
of organisations and education (strategy and owner).

It can be observed that using FS and dimensionality reduction methods may yield differ-
ent results than the classical multiple median regression used in the initial study (Pudil et al., 
2019). The initial study found no statistically significant relationship of the size with any of 
the considered profitability factors. On the other hand, using the DAF method, just the size 
was found to have the highest ADAF value of all the examined variables. There can be two 
reasons for this different result. The first is that the initial study used smaller sized data with 
fewer variables (regressors) and the variable size was dichotomic compared to the three cat-
egories of size used in this study. The second reason may be that the DAF method considers 
the complex interrelationships between all features (variables) and its algorithm analyses and 
compares the benefits of the individual features in a large number of different contexts. In our 
case, this was about 40,000 subsets randomly generated for each feature. The importance of 
size is confirmed by the findings of Henderson (2003) and Mikova et al. (2019a).

The results of the current study also confirm the importance of talent management for 
organisations to be successful. Its relatively high position in the ADAF ranking follows the 
findings of Baartvedt (2013), Egerová et al. (2013), Morley et al. (2016), and other authors. 
It should be noted that a negative relation between talent management and ROA was found 
in our initial study (Pudil et al., 2019). However, considering the direction of causality, the 
initial study also concludes that organisations, especially those less successful, should pay 
increased attention to talent management.
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To conclude the discussion of the results, we can state that this study complements and 
extends the previous one (Pudil et al., 2019), the main findings of which are described in 
the Theoretical Background section. We should emphasise that this follow-up study takes 
into consideration the complex relations of organisation and education characteristics with 
the methods of FET.

As stated in the literature review, in the opinion of De Grip and Sauermann (2013), the 
processes through which educational and development programs in the organisation lead 
to higher employee productivity remain unclear. Furthermore, they point out the need to 
focus on multidisciplinary research projects, especially when considering both educational 
and economic perspectives. The approach we chose in our study, combining the areas of 
HRM, corporate financial performance and the field of FS from pattern recognition, made 
it possible to reveal at least partially those parts of educational and development programs 
that lead to higher efficiency. At the same time, our findings can help clarify aspects related 
to transferring education into practice and enable us to evaluate the benefits of educational 
events for organisations.

Our study and its results can be placed in the context of the overall current situation, 
significantly affected by Covid-19. The new situation has dramatically affected the labour 
market and transfers the labour force between economic activity sectors. Although not a long 
time has passed since its development in terms of research, a number of papers have been 
published in this area. Their analysis shows that virtually all of them emphasise the need to 
adapt the workforce to new conditions to a greater or lesser extent.

Some papers concern entrepreneurship education. Ratten (2020) emphasises that a rela-
tive lack of practical and real-life examples in the Covid-19 crisis causes difficulties for en-
trepreneurship education. In another paper, Ratten and Jones (2020) argue that besides its 
adverse effects, the Covid-19 crisis places increased attention on the importance of entrepre-
neurship education for society.

Some authors assume that a similar global crisis may be encountered in society in the 
near future, and therefore changes in education need to be considered. Zhu and Liu (2020) 
suggest that the change in learning infrastructure is only the first step. It should be followed 
by shifting from traditional lecture-based activities towards activities more focused on stu-
dents. In their opinion, it should include group activities, discussions, hands-on learning 
activities, and the limited use of formal lectures. This shift is precisely in line with our study’s 
findings, which found classical lectures as not being too effective.

The importance of talent management and special education for women found in our 
study is also in line with newly published studies during the Covid-19 crisis. Haak-Saheem 
(2020) discusses the importance of talent management in businesses in Dubai. Almeida and 
Santos (2020) analyse the effects of Covid-19 on job security and unemployment in Portu-
gal. In particular, they found that the most affected by unemployment are young people and 
women. This finding is in accordance with the UK study by Mayhew and Anand (2020), 
who advocate the necessity of a more active workforce policy to assist young people who 
suffer most from the job recession. Of course, the need for training newly hired employ-
ees, especially young people, implies the necessity to introduce policies supporting FET at 
workplaces.
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We should realise that jobs are not only changing in the current Covid-19 crisis, but that 
similar changes have a long history. Whether it is the first industrial revolution, the infor-
mation age or the fourth industrial revolution, each new era ushers in changes. Some jobs 
become obsolete or disappear, and others emerge in response to the needs of the new era. 
Hite and McDonald (2020) explore the role of human resource development in the post-
Covid-19 era and talk about career sustainability. According to Heslin, Keating, and Ashford 
(2020), learning will be crucial in adapting to new ways of working. Moreover, being in a 
continuous learning mode represents for individuals a “meta-competency” for achieving ca-
reer sustainability. The learning process may involve various forms like cross-training, formal 
and informal learning, job sharing, coaching, and consulting. A new culture that promotes 
lifelong learning should be fostered. Davidović (2020) investigated motives for FET of adults 
in the current Covid-19 era. Specifically, he found that for almost 40% of respondents, these 
motives were related to professional needs, and for 27% it was a desire for learning and self-
development. Alternative approaches to work were explored even before the pandemic era. 
Epstein (2019) discusses moving from job specialisation into more generalisation.

Recent data from the US Private Sector Job Quality Index (2020) indicate that 42% of all 
jobs lost will not return. On the other hand, this damage can be diminished by work real-
location as the same study suggests, having found three new hires for every ten positions lost 
due to the coronavirus. Work reallocation is also confirmed by Barrero et al. (2020), who 
point out that companies like Amazon and Walmart experienced a considerable increase 
while other businesses declined. Of course, all these work reallocations call for the necessary 
training of newly hired employees, increasing the importance of the findings related to FET.

4. Limitations and future research directions

The limitations of our research stem mainly from the fact that the examined sample consists 
exclusively of organisations operating in the Czech Republic, and also from the associated 
restriction of sample size. Another limitation is that we determine the financial performance 
of organisations for only one selected year. Therefore, in the continuation of the research, we 
plan to increase the sample size and monitor financial performance in the longer term. In 
cooperation with foreign partners, we would also like to include organisations from abroad 
in the study.

We also plan further development in the theoretical and methodological area. The DAF 
coefficients analysis and ranking that facilitated identifying the features most associated with 
profitability do not answer the critical question of whether their relationship is positive or 
negative. Therefore, one future direction of research will be to use the current results of the 
DAF ranking to prepare an extended set of potential regressors for the multiple regression 
analysis that should answer the question of the direction of the relations. This extended set 
will not be based on the literature review but on a more exact approach as presented here.

Finally, we plan to use other methods from machine learning, namely pattern recognition 
and classification to identify the key factors that differentiate organisations with an above-
average financial performance from those with below-average performance.
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Conclusions

Our study investigates the association of organisational financial performance with three 
groups of variables, namely 1) the characteristics of the organisation, 2) the characteristics 
of FET, and 3) specific FET methods. With its comprehensive concept and application of FS 
methods, it sought to contribute to research on the financial effects of FET in organisations.

The main conclusion from this study is that the methods of FET are in relation to the 
characteristics of organisations and education and, therefore, influence their relative impor-
tance for ranking the corresponding association with the profitability indicators. For this 
reason, organisations should also pay attention to the educational methods, particularly as 
methods such as instructing, coaching and mentoring appear to play an important role.

The study provides recommendations for HR managers on which goals to focus their 
attention on. A major conclusion is that the relative increase in investment in FET is very 
important but is not enough in itself. When not accompanied simultaneously by an evalua-
tion of FET, increasing investment in further education may not have the desired effects on 
the organisation and so would essentially be a loss. Therefore, the evaluation of the impact 
of FET should be a necessary part of the measures to increase the financial performance of 
an organisation.

Finally, as discussed in more detail in the Results and Discussion section, we can state 
that the current coronavirus pandemic dramatically changes the structure of occupations, 
when some economic activity sectors lay off workers while others recruit them. Therefore, 
the need for retraining such workers moving from professions affected by the unfavourable 
epidemiological situation is significantly increasing. Even more, this fact highlights the im-
portance of FET-related results for both the present and the near future.
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