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Abstract
The development of a quality lifelong learning system (LLLS) provides the possibility of obtaining education
of various forms (institutional, individual, dual), levels (pre-school, full secondary education, higher education,
adult education, etc.), types (formal, non-formal, informal), from different providers and for the rest of human
life. It is this system that will allow an individual not only to realize the potential and improve the quality of
life, but also to balance the labor market, will promote socio-economic development of the community, region,
country, etc. However, in order for this system to function effectively, it is necessary to introduce changes to
the financial mechanism, which would involve the effective use of the available, and the attraction of additional
financial resources. This article investigates the essence of the notion of efficiency and analyzes the basic
methods for its measurement. Thus, the main goal of this study is to measure the effectiveness of the existing
financial support of the lifelong learning system in regions of Ukraine through stochastic frontier analysis.
Calculations are made using the computer programme FRONTIER 4.1. This will allow to develop the further
action plan and formulate tasks for regional financial policy for the establishment of public-private partnership
and the use of a wider range of tools for the financial support of the LLLS.
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Introduction
According to global trends, society is moving into a new phase of development − the so-called information
society or learning society, where information and knowledge are the highest values, and the ability to quickly
generate and use them effectively is the basis of a firm competitive advantage for the country and a prerequisite
for socio-economic growth. In this regard, there is a change in the economic system on the so-called
knowledge-based economy.
According to the World Bank concept, the knowledge-based economy should rest on four pillars:
 educated and skilled workforce capable of continuously improving and adapting their skills for the effective
creation and use of knowledge;
 modern and dynamic information infrastructure for the purpose of effective communication, dissemination
and processing of information and knowledge;
 effective innovation system consisting of enterprises, research centers, universities, consultants and other
organizations that have new knowledge and technologies, use the growing stock of world knowledge,
assimilate and adapt them to local needs;
 effective institutional regime of the country and the set of economic incentives it creates should ensure
effective mobilization and allocation of resources, stimulate entrepreneurship and promote the creation,
dissemination and effective use of knowledge (World Bank, 2007).
As we can see, one of the most important requirements for the education system in the new type of knowledgebased economy is the introduction of the concept of continuing education or lifelong learning. It should be
noted separately that in the world community in recent years it is customary to use the term lifelong learning
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instead of lifelong education. This is due to the fact that the focus is shifted from attending educational
institutions in order to receive education for an uninterrupted lifelong learning of a man.
This trend in education sector is due to a number of objective social and economic conditions (such as aging
of the population, STP and the rapid change in labor market needs, its imbalance, the consequences of the
financial and political crisis in most countries of the world, globalization, etc.), and involves changing the
financial mechanism of the lifelong learning system (LLLS).
First of all, the state under the conditions of a limited budget and a significant budget load is simply unable to
provide such a broad system. That is why, there is a need to analyze the effectiveness of the use of available
resources, which will be the basis for further actions by the state for the development of financial support of
the LLS. For Ukraine, which is only at an early stage of such changes and has begun reforming the educational
sphere, such an analysis is important for understanding the direction of further changes, that has conditioned
the relevance of this topic.
Thus, the aim of this article is to assess the effectiveness of the existing financial support of the lifelong learning
system in the regions of Ukraine with the help of economic and mathematical tools.
Literature review
The origin of the concept of lifelong learning reaches 60-70-ies of the twentieth century, which is associated
with the development of adult education. However, this paradigm was more widely disseminated in the 1970s,
when UNESCO adopted the lifelong learning as one of its own principles for reforming education in the world.
The basic documents in this direction have become Faure report «Learning to Be» (Faure, 1972) and Delors
report «Learning: The Treasure Within» (Delors et al, 1996). Both documents emphasized the multiple
contexts of learning and firmly linked the concept to the economic, social, cultural and environmental
challenges that societies and communities face (Yang & Valdes-Cotera, 2011).
One of the important UNESCO divisions is the Institute for Lifelong Learning, which primarily promotes and
supports lifelong learning with an emphasis on adult education, lifelong learning, literacy and non-formal basic
education. It pays particular attention to the principle of justice for groups in disadvantaged and conflictaffected areas and countries. Fundamental steps in these areas were made in 2009, when at the Sixth
International Conference on Adult Education (CONFINTEA VI) in Belem, Brazil, it was attempted to
harmonize adult education with the national development strategies of 144 participating countries. On the basis
of this event, the Belém Framework for Action (BFA) (UNESCO Institute for Lifelong Learning, 2010) has
been developed, which contains a series of recommendations on improving adult literacy, the implementation,
management and financing the adult education and monitoring for their compliance. In addition, the Institute
for Lifelong Learning regularly publishes the Global Report on Adult Learning and Education (GRALE)
(UNESCO Institute for Lifelong Learning, 2010, 2013, 2016), which monitors the development of adult
education in UNESCO Member States, its implementation at the legislative level, etc.
In the European Union, the promotion of the concept of lifelong learning was intensified in 2000, which is
associated with Lisbon Process (Lisbon European Council, 2000) and, respectively, the development of the
Memorandum on lifelong learning (European Commission, 2000). In our opinion, such a non-governmental
organization as European Association for the Education of Adults should also be noted, which also
significantly supports the extension of lifelong education in general and adult education as well. It collaborates
with many other organizations on informational and organizational support for promoting the concept of adult
education and lifelong learning. It was with their support that 2017 was proclaimed the year of adult education
in Europe and official publication of Manifesto for adult learning in the 21st century (European Association
for the Education of Adults, 2016).
In addition, information and partly financial support for the development of lifelong learning system can be
provided by the Council of Europe, the OECD, the World Bank, governments of individual countries (for
example, the Ministry of Economic Cooperation and Development of Germany provides financial support to
non-governmental organizations for the development of adult education in Ukraine, Moldova, Belarus, etc.),
as well as other international institutions of civil society.
Separately, it should be noted that the concept of lifelong learning is inextricably linked to the concept of
sustainable development. Its roots are related to the Education for All (EFA) movement, which raised the issue
of the importance of basic education (World Conference on Education for All: Meeting Basic Learning Needs,
1990) and reflected in the Millennium Development Goals. This was the basis for the establishment of the UN
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Decade of Education for Sustainable Development (UNDESD), reflected in the global SDG adopted by the
UN General Assembly: “Goal 4: Ensure inclusive and quality education for all and promote lifelong learning”
(UN General Assembly, 2015). However, besides this, lifelong learning is closely interrelated with other
constituents of the concept of sustainable development:

1)
2)
3)

Planet:
education is the most effective means of reducing birth rates;
education in the field of ecology can increase the spread of “green knowledge”;
education is crucial for ensuring preparedness for the relieving the consequences of natural disasters;


1)
2)
3)

Prosperity:
education can increase labor productivity in agriculture;
education can provide the skills for green innovation;
education reduces poverty;

 People:
1) education reduces gender inequality;
2) education improves health and reduces birth rate;

1)
2)
3)

Place:
education helps reduce inequalities in cities, giving people the life skills they need to work;
education reduces crime rates in cities;
education improves the welfare of cities and makes them green;

 Peace:
1) education can contribute to constructive participation in the political life of society;
2) education helps people get access to justice system (UNESCO, 2016).
All this determines xcellent importance and significance of the concept of lifelong learning and the need for
each country to introduce an effective mechanism for its functioning.
Theoretical approaches to the concepts of “efficiency” and “effectiveness”
First of all, we propose to consider the economic content of the concepts of “efficiency”, “effectiveness” and
their derivatives, because in the scientific literature there are many different views on their essence, including
their identification.
The basis for these definitions is the word “effect” (from Latin “effectus” − execution, action), which according
to the Ukrainian explanatory dictionary is interpreted as “the result, consequence of any causes, forces, actions,
measures” (Busel, 2005), which can have different expressions. As part of our study, we are interested in two
of its main types: economic and social effects.
According to the financial and economic dictionary, the term “economic effect” is understood as “the
effectiveness of economic activity, the implementation of economic programmes and measures, characterized
by the ratio of the resulting economic effect (result) to the cost of resources that led to the receipt of this result”
(Zahorodnii, Vozniuk, 2007).
Instead, under the social effect it is meant “... the result of promoting one or another socially significant
problem ...” (Marenychenko, 2013) both at the level of the individual and at the level of society as a whole,
characterized by the improvement of social indicators, such as quality of life, health, the state of the labor
market (employment growth and unemployment reduction), improving the quality of education and citizenship
knowledge, etc.
In turn, the term “efficiency” is considered by scientists as:
 the ratio of the result or the effect of any activity and costs, the so-called “result-cost” system (Cherep,
Strilets, 2013, Andriichuk, 2005), etc .;
 the ability of the subject to achieve the stated goals, aim (Kutsenko, 2008, Prokofieva, 2012, Surmyn, 2003), etc .;
 the effectiveness, that is, the result of the activity (effect) which a society, enterprise or individual is
receiving per unit of resources used (or applied) (Paderyn, 2003).
Thus, some authors identify these concepts. Instead, according to DSTU ISO 9000:2007. (2007), there is a
clear distinction between the concepts of “efficiency” and “effectiveness”:
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 “effectiveness is the degree of implementation of the planned activity and achievement of the planned
results;
 efficiency is the relation between the achieved result and the resources used”.
Thus, conditionally it can be stated that efficiency occurs at the internal level of a particular system, and
effectiveness is associated with external processes.
Methodology and data
As we can see, the concept of “efficiency” is quite multidimensional and complex, that causes the use of
various methods and models for its evaluation, among which it is decided to allocate:
 not frontier-based methods – non-limiting methods of efficiency analysis consist in comparison of elements
of a sample with average values, which allows to assert about the effectiveness or ineffectiveness of an
element (Akhtyrko, Bakun, Blinov, etc., 2005);
 frontier-based methods – limiting methods of analysis, consisting in the fact that there is a certain limit of
efficiency, with which the elements of the sample are compared;
 nonparametric (or mathematical) approaches consist in the use of the device of mathematical programming
and do not need to define the functional form of the function. Instead, the main drawbacks of this group of
methods are the definition of only “technical” efficiency, without taking into account the error vector and
the sensitivity to the number of variables in the model (Katkova, 2009);
 parametric (or econometric) approaches consist in establishing the certain function specification
(production, cost, revenue or profit function) and allow to take into account the effect on the total statistical
noise function, as well as factors, for some reason not included in the model (Akhtyrko, Bakun, Blinov,
etc., 2005).
Let us consider in more detail separate components of data of groups of methods of measuring the efficiency
in Table 1.
Table 1. The most common approaches of measuring the efficiency
Approaches
Nonparametric
approaches

Methods
Data Envelopment
Analysis, DEA
Free Disposal Hull,
FDH
Indexes (for example
productivity index, etc.)

Parametric
approach

Ordinary Least Squares
– OLS

Corrected ordinary
least squares – COLS
Modified ordinary least
squares – MOLS
Stochastic Frontier
Analysis, SFA
Distribution-Free
Approach – DFA
Think Frontier
Analysis – TFA

Brief description
Frontier and linear programming method, assuming no random
mistakes, used to measure technical efficiency. This method uses to
measure the relationship in the system inputs- outputs.
A special configuration of DEA model imposing strong disposability of
inputs and outputs but without the convexity assumption. The shape of
production possibility set is stepwise.
Not frontier-based methods, used to determine changes of indices in
time. They are calculated as the ratio of the sum of the weighted output
variables to the sum of the weighted input variables.
Not frontier-based method, that allows to calculate and estimate the
average cost or production function for a certain sample on the basis of
a regression model, and also allows to estimate the influence of factors
on the dependent variable, their statistical significance.
A special case of the OLS method, which involves shifting the line
towards the best performing company.
A special case of the OLS method, which calculates the efficiency for
each sample item, it is more effective for panel data.
Frontier method, that assumes a presence of random noise and
measurement error, includes outliers and the relationship between the
inputs and outputs.
Efficiency of each company is assumed to be stable over time, and the
random noise averages out to zero.
Frontier method, that assumes that inefficiencies differ between the
highest and lowest quartile firms.

Source: compiled by authors based on Eling, M., Luhnen, M. (2008), Akhtyrko Ie., Bakun O., Blinov A., etc. (2005), Katkova N. V. (2009).

Having compared the main advantages and disadvantages of the methods presented in the table, we decided to
use the Stochastic Frontier Analysis (SFA) method to evaluate the efficiency of the financial support of LLLS,
which allows us to calculate the limit of the deviation of the actual results from the potentially possible using
the method of maximum likelihood estimation.
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It should be noted that the main advantages of the use of Stochastic Frontier Analysis include the multifactorial
nature of the model, the comparison of the obtained estimates of efficiency, the objectivity of the methods, the
probable approach to measuring the efficiency, as well as the ability to test different hypotheses. In turn, the
main drawback is the need for a clear specification of the functional form of external efficiency and the law of
distribution of inefficiency. In both cases, the lack of a clear specification is removed by using flexible
functional forms and non-trivial laws distributions. (Svechnykova, 2008).
It should be noted that in the form of a specification of the function of SFA the production function was chosen,
since the main objective at the regional level is to maximize the results of their activities, including in the
educational sphere. Functional forms of the production function was originally developed by Aigner, Lovell,
and Schmidt (1977) and also Meeusen, Van den Broeck, (1977) and it can be expressed:

Yi  X i   (Vi  U i ), i  1...N
where

Yi
Xi
β
Vi
Ui

–
–
–
–
–

(1)

level of output for the i-th unit;
vector of inputs for the i-th unit;
unknown parameter vector to be estimated;
error component that represent the symmetric disturbance;
non-negative unobservable random variables associated with the technical inefficiency

The measure of technical efficiency for i-th unit in the stochastic frontier model is defined as:
E (Yi | U i , X i )

 EFIRFPLLE ( i ) 
E (Yi | U i  0, X i )

U  X   V  Y
i
i
i
 i

(2)

Proceeding from this formula, the calculation of the level of efficiency is based on the ratio of the actual value
of the performance indicator with the indicator which level of inefficiency is zero.
To check the efficiency of the financial support of LLLS, the following information base was formed:
 data: panel data set for 22 regions of Ukraine (except Luhansk and Donetsk regions, AR Crimea – due to
lack of data) and the city of Kyiv;
 sources of data: statistical data of State Statistics Service of departments of regional state administrations
and territorial divisions of the State Treasury Service of Ukraine over the 2009-2015 period;
 output parameter is: Integral regional indicator of financial support for LLLS (IRFSLLLS), which includes
costs of both the public sector (expenditures on education from budgets of different levels, state trust funds)
and outside the public sector (expenditures of households, private sector for vocational training of
employees and public sector on educational activities);
 input parameters (factor variables) are: Regional lifelong learning index (RLLI) and Regional Human
Development Index (RHDI);
 additional parameters include general macroeconomic indicators in the region: gross regional product
(GRP), the consumer price index (CPI), the level of employment (EmR) and unemployment (UnR) of the
population, etc. These parameters determine the frontier of break between the actual and the standardized
levels of efficiency.
Results
First of all, we propose to consider the descriptive statistics for the selected indicators of our model in Table 2.
Table 2. Descriptive statistics for variables in the stochastic frontier production function
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Variable

Mean

IRFSLLLS
RLLI
RHDI
GRP
CPI
EmR
UnR

3,486
17,876
3,751
62,747
113,257
58,133
8,639

Standard
deviation
0,101
1,087
0,199
85,374
14,842
2,602
1,617

Min

Max

3,244
16,407
3,29
8,484
98,8
51,6
5,2

3,801
20,714
4,27
503,715
145,8
64,9
12,7

Unit of
measurement
index, units
index, units
index, units
UAH billion
percent
percent
percent
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On average, over the analyzed period of Ukrainian regions, the consumer price index ranged from 98.8% to
145.5%, indicating a significant increase in prices for all categories of goods (especially as a result of energy
prices) and a consequence of the political and economic crisis in the country. The average employment rate of
the population in Ukraine amounted to 58.13% for the population aged 15-70, which is a rather low indicator
and also reflects the crisis trends in the economy (there is an increase in shadow employment). Instead, the
level of unemployment varied from 5% to almost 13% for the population aged 15-70, but also, in our opinion,
does not correspond to reality. There is an imbalance between the supply and demand of the labor force, the
growth of unemployed among young people and the duration of unemployment, which aggravate the socioeconomic situation of the country. It is in the context of such tendencies that more effective use of financial
resources, especially in the field of education, becomes more relevant.
The stochastic frontier model used in this study for measuring efficiency of financial support in lifelong
learning system is estimated using the computer program, FRONTIER 4.1.
This programme provides the creation of an input and an output files, which are the basis for the calculations
performed and are standardized (logarithmic) values of the statistical base. In addition, with the help of an
instruction file, you can create all the conditions for conducting the SFA, as a type of model and function, the
number of cross-data and time periods, the number of observations in the model as a whole, and the number
of independent and auxiliary variables. As you can see, this manual allows you to analyze panel data, which
was an important condition for choosing exactly this software.
The most traditional and widely used forms of the target function of the model in the stochastic frontier analysis
are the Cobb-Douglas production function and its complicated form -Translog production functions.
To determine the functional form of the frontier for our model, it was decided to put forward two hypotheses:
Н0 – the null hypotheses (the type of function is Cobb-Douglas), H1- the alternative hypothesis (the type of
function is translogarithmic). As a hypothesis testing method, the maximum likelihood ratio test or the “simple
model versus more complex model” test, which is widely used among scholars in similar studies (Fulginiti,
Perrin, Bingxin, 2004), has been applied. Let us compare the test results in Table 3.
Table 3. Hypothesis testing of the functional form in the stochastic frontier function
Indicator
Functional form of function
L (Н0, Н1) – log likelihood function → max
LR (Н0, Н1) – LR test of the one-sided error > χ2
r – number of restrictions
λ – maximum likelihood test statistics < χ2
χ2 – Pearson fitting criterion
Result

Н0
Cobb-Douglas
269,10
45,05
6
0,99
11,07
Accepted

Н1
Translog
246,57
–
1
0,05
38,89
Rejected

According to Table 3, we adopt the null hypothesis Н0, that is, the functional form of the function will look
like Cobb-Douglas and can be described as follows:

ln IRFS LLLS   0  1 ln RLLI   2 ln RHDI  (Vi  U i ), i  1...N

(3)

U i   0   1 ln GRP   2 ln CPI   3 ln EmR   4 ln UnR
According to the results of the stochastic frontier analysis, we obtain the following estimates of the parameters
of the model.
Table 4. Estimation of parameters of the Cobb-Douglas model
Model parameter
β0
β1
β2
δ0
δ1
δ2
δ3
δ4
σ2
γ

Coefficient
0,450
0,894
0,475
0,914
-0,011
-0,141
-0,030
0,153
0,003
1,000

Standard-error
0,420
0,147
0,093
0,984
0,014
0,048
0,212
0,030
0,000
0,000
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Thus, we observe a direct positive relationship between the effectiveness parameter and Regional lifelong
learning index (RLLI) and Regional Human Development Index (RHDI).
According to the frontier analysis, the average efficiency of using financial resources for education is 85%,
graphic interpretation of results by regions of Ukraine for 2009, 2012 and 2015 is shown in Figure 1.
1,00
0,95
0,90
0,85
0,80
0,75

2009
2012
2015

0,70
0,65

c. KY Chg Chk Chv Dnk IvF Kha Khe Khm Kir Kyi Lvv Myk Ods Pol Riv Sum Ter Vin Vol Zak Zap Zhi
Figure 1. Estimated efficiency of financial support in lifelong learning system in regions of Ukraine in 2009, 2012 and 2015

As you can see, there is an increase in the efficiency of financial support for LLLC for the analyzed period.
The highest rates are in Kyiv city, Zhytomyr and Odesa regions, and the lowest ones are in Kyiv, Ternopil and
Chernivtsi regions.
Conclusions
Consequently, the concept of lifelong learning has appeared long ago, but recently thanks to the support of
many international organizations (UNESCO, the Council of Europe, the OECD, etc.), it is developing in
various countries of the world, including Ukraine. Lifelong learning has been identified as a separate goal of
sustainable development, and its interconnection with other components of the sustainable development
concept has been identified, after which it can be concluded that it contributes both to personal development
and fulfillment, and to economic progress and development, to the solution of many social and environmental
problems of the present, social inclusiveness, raising the level of democracy, etc. at the level of the community,
region, state and the planet as a whole.
Specially let us focus on the fact that within the framework of the concept of sustainable development, a lot of
attention is paid to the mobilization of different levels of stakeholders (including state, local authorities,
business, NGOs, territorial communities, etc.) to educational decision-making processes. This approach should
be the basis for developing the effective financial mechanism for LLLS, which will ensure the use of more
financial instruments.
Within the framework of this research the analysis of the efficiency of use of financial resources in the lifelong
learning system in Ukrainian regions was based on the Integral regional indicator of financial support for LLLS
(including both state and non-state funding for education), Regional lifelong learning index (RLLI) and
Regional Human Development Index (RHDI), corrected towards the general macroeconomic indicators that
characterize socio-economic development of the regions. The method of analysis was the stochastic frontier
analysis, which with the help of the Cobb-Douglas function, allowed to reveal the relationship between the
analyzed indicators and to calculate the limit of the deviation of the actual results from the potentially possible
ones. As a result, it was found that the most effective use of available financial resources is in Kyiv city,
Zhytomyr and Odessa regions, and the least effective is in Kyiv, Ternopil and Chernivtsi regions. These
calculations will be used in further research by authors and will form the basis for the formation of regional
strategies for the development of the lifelong learning system and its financial support.
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