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Abstract — The article provides definitions and approaches
to the classification of methods and models of comparative
analysis. The work represents disadvantages of the most common
methods are given. Methods of frontier analysis we proposes to
use as tools for comparative studies. These techniques allow
evaluate the deviation of the effectiveness of the test object or
phenomenon with respect to a boundary that generates based on
the analysis of similar objects. This gives grounds to judge the
possibility of their use in comparative analysis.

This paper describes the essence of the nonparametric
method of frontier analysis. DEA (Data Environment Analyzes).
The focus of the method is the evaluation of the comparative
technical efficiency of the objects.

We have considered an example of the use of the DEA
method for a comparative study of the problem of the
effectiveness of investments in various branches of production in
the region. The results of the application of the approach make it
possible to judge the prospects of its application as one of the
elements of the comparative analysis of complex phenomena. The
use of DEA in this task allows us to overcome the problems of
lack of accurate quantitative data and accounting for the
qualitative results of the processes that arise when using other
methods of comparative analysis.
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DEA, innovation effectiveness

l. INTRODUCTION

According to C. Pickvance, comparative analysis is a set of
theoretical concepts and practical methods the purpose of
which is to explain and better understand the causes of the
processes or phenomena involved in creating an event,
function, or relationship, usually by combining variations of
an explanatory variable or variables [1].

Comparative research has a long history of development.
In modern practice of economic research, they moved from
sociology. In the beginning of the 20th century, M. Weber
singled out the application of quantitative comparative
methods from traditional methods of historical analysis in
scientific practice. [2]. At present, such research methods are
becoming more common in political science and economics
due to globalization, technological progress and the
development of information and communication technologies.

C. Tilli [3] and R. Azarian [4] in their works propose the
following classification of approaches in comparative analysis.

a. Individualization of contrasts comparison. This
approach involves the study "in depth” that is a detailed study
of a small nhumber of cases with the most complete study of
their characteristics. This approach is not typically
comparative, although it is extremely useful for studying
specific aspects of problems.

6. Universal comparison. This approach involves the
establishment of the essence of the investigated processes,
phenomena or objects, by correlating them with other similar
elements. This approach is applicable to the study of
fundamental phenomena, paradigms or concepts.

B. Comparison with the search for variations establishes
the principle of a change in the nature or intensity of a
phenomenon in different conditions (in different regions, in
different time periods). That is, by comparing the numerous
forms of a single phenomenon, it is possible to detect
important differences between instances and establish a
standard for changing the nature or intensity of these changes.

1. Comprehensive comparison of phenomena in different
conditions within a single system. This method allows us to
identify the influence of the environment on the change in the
characteristics of the phenomenon, to explain the features of
the behavior of objects by the characteristics of their
relationship to the system as a whole.

Depending on the method and source of information about
the object of study, all methods are conventionally divides into
the following groups. [5]:

1) Theoretical methods are methods based on rational
knowledge and logical inference procedures. These methods
are associated with the comprehension and processing of the
material obtained empirically.

2) Logical-intuitive methods are the means of cognition
based on the use of knowledge, experience, skills, logical
methods, intuition by a person.

3) Empirical methods - methods of knowledge of reality at
the level of experience.
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4) Complex-combined methods are research methods that
combine several methods belonging to different classification
groups.

In addition, comparative research methods include those
that focus on qualitative and quantitative tools.

In the qualitative methodologies of comparative analysis,
various expert approaches, methods of multi-criteria
optimization, and approaches based on the use of fuzzy sets
are actively used. The use of these approaches determines
possible problems with the use of qualitative methods of
comparative analysis - the omission of important details and
nuances with the wrong choice or application of rating scales,
the biasedness of expert opinions, etc.

For quantitative comparative analysis, multifactorial
regression and cluster analysis are most often used. They are
also not without certain flaws, some of which, when applied to
comparative analysis, are analyzed in [6].

In our opinion, methods of frontier analysis could have
been used in the study of complex problems in the
comparative analysis along with traditional tools and methods.

The scope of these methods is the evaluation of the
effectiveness of complex objects functioning. Usually such
researches study technical efficiency. Technical efficiency is
formally determined as follows: it is the ability to use the
minimum resource vector for the production of a given release
vector or, conversely, to obtain the maximum release vector
for a given resource. All known methods of frontier analysis in
one way or another offer to determine the deviation of the
indicator of the effectiveness of the object under study from
some maximum possible efficiency, which is achievable with
a given amount of resources or other production factors. Such
a frontier builds based on studying the activities of a multitude
of similar objects in similar conditions.

All such methods divides into parametric and non-
parametric. V ariants of parametric methods are Stochastic
Frontier Analysis (SFA), the method Distribution-Free
Approach (DFA) and Thick Frontier Approach (TFA). [7]

For example, the SFA Model uses the Cobb-Douglas
production function, which represents as follows.

In(y')=pX"+v' —u',
i e[ N]

@)

where:

y' “is the resultant performance indicator of an object i,

X' is a vector whose elements are natural logarithms of the
values of efficiency factors for an object i:X'={1,In(x,"),

IN(x,),... In(x)},

B is a vector of model parameters that you need to
evaluate,

V' — is a random symmetrically distributed error,
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u' — is a non-symmetrically distributed error, which is a
measure of inefficiency.

Calculating, with the help of special statistical methods,
the indicator u' for a set of homogeneous objects makes it
possible to identify the limit of efficiency, and the deviation
from this limit for the object under study.

It is worth noting that in these models, inefficiency is a
random variable, which means that it is possible to find factors
that influence its decline. This is an important practical task.
Such models applied to the cost function too.

DEA (Data Environment Analyzes) method is most known
among non-parametric methods. This paper proposes to
consider in more detail the nonparametric method of boundary
analysis of DEA.

Il.  MATERIALS AND METHODS (MODEL)

Data Environment Analyzes (DEA) is a method that uses
to analyze the effectiveness of various objects and systems.
based on the determination of the effectiveness boundary. The
ideology of the method use the definition of technical
efficiency, when the result of the object's activity compares
with the maximum possible result for a given amount of
resources.

M. Farrell [8] described the basics of the method. He
proposed an approach to assessing the technical efficiency of
single-input and single-output systems. However, the method
became widespread only after the creation in 1978 in the work
of A. Charnes et al. of the base model CCR and further
research [9, 10], which led to the appearance of multiplicative
and additive models of this type. To determine the
effectiveness taken to consider DEA technical efficiency as a
special ratio of the weighted sum of outputs (results) to the
weighted sum of inputs (costs).

Z (Wr yrj)

Z':rl—’je[l’n] 2

t
= m
2 (V%)
i=1
where:
¥; — the quantitative assessment of the r-th in t results,

x;; — the quantitative assessment of the i-th type in m cost
elements,

w,. — the desired values of weight coefficients by types of
results,

v; — the desired coefficients by type of cost,
n —the number of the objects (j.

Determination of efficiency according to Pareto-Kumpans-
Farrell means that the functioning of each of the objects is
fully effective if the functioning of other objects does not
provide evidence that some inputs or outputs of the evaluated
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object improve without deteriorating other inputs or outputs.
This expresses by the following relationship

t t

Z(Wr yro) Z(Wr yrj)
Z=C—=ma{Z, = —,

Z(Vi Xio) Z(Vi X;;) )
jelln]}

where:

Vg — the quantitative assessment of the r-th in t results for
object under study,

x;5 — the quantitative assessment of the i-th type in m cost
elements for object under study.

An object or process will became effective when the value
of technical efficiency reaches a unit value in relation (3).
Otherwise, the value of the relation (3), which is less than one,
indicates that the functioning of the rest of the objects proves
the relative inefficiency of the object or process under study.
This leads to the formulation of the objective function:

(4),

As well as a system of restrictions that show that no single
object can have an efficiency, that is greater than one:

t

Z (Wr yrj)
r:1—1 J € [1’ n] (5)

m

2 (vix;)

i1
vi, >0, i e[, m],r e[1t],

which maximize the value of the effectiveness of the object, in
relation to the activities of other objects.

The purpose of the method is to find a subset of those
points that create a border of efficiency. Objects that are not
on the border are inefficient, and the method allows
determining the causes of this inefficiency.

The method uses linear programming as a way to achieve
an optimal result.

The authors of the study [10] showed that the problem of
the optimization above is equivalent to the following form.

t
GO = Z(Wryro) — MaX

r=1

S W) =1
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wW,,v, >¢g,ie[lm],re[Lt] (6)

This problem solves by known methods for solving
linear programming problems.

We propose to consider the application of the method
based on the study of the problem of determining the
comparative effectiveness of innovations.

I1l.  RESULTS AND DISCUSSION

The basis of this study is the classification of
innovations, which identifies the following categories.

- Institutional innovations that involve changing policies,
standards, regulations, processes, agreements, models, ways of
organizing, institutional practices or relationships with other
organizations. As a result, a more dynamic environment
creates a more efficient production or sales processes.

- Technological innovations consist in the application of
new ideas, scientific know-how, new technological methods
for the development, production or improvement of products,
the reorganization or improvement of production processes.

- Social innovations cause the development or significant
improvement of concepts, ideas or organizations and lead to a
more complete satisfaction of the social needs of certain
groups of individuals or the society as a whole (increased
employment, consumption, improved quality of life).

- Marketing innovations are associated with changes in
the methods or conditions for marketing or distribution of
products.

- Organizational innovations cause changes in the
organization's management structure, production structure,
business processes of operations or processes and methods of
relationships with other stakeholders.

We managed to get data from official Russian Federation
statistical reports [11], which indirectly characterize only
technological, marketing and organizational innovations. In
particular, we were analyzing the four sectors: crop and
animal production (with the provision of services in this area)
(1), mining (2), processing industry (3), operating in the
telecommunications sector (4), with the 2017 data include:

- indicator 1 (I11): innovative goods and services shipped
(min. rub.);

- indicator 2 (12): costs of technological innovations (min.
rub.);

- indicator 3 (I13): the proportion of organizations
implementing organizational innovations (%);
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- indicator 4 (14): the proportion of organizations that
implemented marketing innovations (%).

The main data for analysis we summarized in table 1.

TABLE I. STATISTICAL DATA FOR DEA ANALYSIS
industry (1) industry (2) industry (3) industry (4)
11 28446 489447.06 2832804.41 74036.18
12 15806.0 184811.2 610218.09 35378.64
13 3.2 7.4 133 8.8
14 0.5 0,. 3.0 4.7

To assess how effectively different types of innovations
are used, it is proposed to consider the DEA model as a result
- innovative goods shipped and services shipped, and the
remaining three indicators as costs.

The linear programming task corresponding to model 6
for determining the effectiveness of innovations in the
agricultural industry consists of the following expressions.

2844w—max

15806V1+3,2V2+0,5V3:1
28446w-(15806v,+3,2v,+0,5v3)<0
48446,06w-(184811v,+7,4v,+0,3v3)<0
2832804,4w-(610218v,+13,3v,+3Vv3)<0
74036wW-(35378,64v,+8,8v,+4,7v3)<0
Vi,w,>0,0001

In addition, three similar problems were solving for the
three other industries to determine those that form the
boundary of efficiency.

The results of solving problems represent the values of the
objective function G. (table 2).

TABLE II. RESULTS OF THE DEA METHOD APPLICATION FOR
THE RESEARCH OF INNOVATIVE ACTIVITY EFFICIENCY IN SOME
BRANCHES OF PRODUCTION OF RUSSIAN FEDERATION

industry (1) industry (2) industry (3) | industry (4)

G 0,38 1 1 0,03

The interpretation of the results is that at the border of
efficiency (compared to other sectors) in terms of the ratio of
the costs of innovation and sales of innovative products, there
are two industries: mining and processing industries (the
objective function is equal to one).

In other industries, the same level of efficiency will
achieve even with a decrease in input investment by a factor
equal to the value of the objective function for this industry.

The results of the analysis also show that innovations in
the telecommunications industry are the least effective,
although this may be due to the innovativeness of the industry
itself and the incorrect assessment of the results of introducing
innovation in it.
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IV CONCLUSION

The use of traditional comparative analysis tools is
complicate by many factors, including:

- difficulty quantifying parameters;

- the complexity of the correlation of parameters available
to different nature, etc;

The example given in the paper showed that the frontier
analysis toolkit we can be used as a component of the
comparative analysis of complex objects or phenomena, in the
tasks of evaluating the effectiveness of their activities.

The DEA method does not impose any restrictions on the
functional form of the relationship between inputs and outputs
and does not require a priori specification of weights for
variables corresponding to input and output parameters.

The results of this analysis will also be more effective
when wused in combination with other methods and
organizational practices of comparative research.

In further studies, the method will allow to take into
account variables external to the system under consideration -
environmental factors. To do this, we need to formulate a
linear regression problem in which the dependent variable is
the performance indicator obtained when solving the DEA
problem and the parameters are environmental variables.
Signs with regression coefficients indicate the “direction” of
influence: the “plus” sign indicates the positive influence of
the environment on efficiency; the “minus” sign indicates the
negative influence of the environment. At the same time, we
need to conduct mandatory traditional tests to confirm
statistical hypotheses.

On the other hand, the results of the effectiveness of a
variety of objects we can divide in groups, according to the
degree of deviation from the efficiency boundary, and carry
out further studies of these clusters.

Along with the considered method of nonparametric
analysis in the framework of comparative studies, we should
consider in more detail the methods of boundary analysis
based on the application of the frontier production function.
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