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1. Introduction

Macroeconomic data often contain uncertainties; also they can be fuzzy and noisy. Inductive approach is one
of the approaches that give possibility to receive acceptable results on small data samples in case of presence of noise
and uncertainty in data.

This approach helps to solve problems of data analysis, modeling and forecasting. Inductive modeling is based
on principles of induction, i.e. general conclusion relying on some facts. The group method of data handling (GMDH) is
one of the main methods of inductive modeling. Combinatorial GMDH algorithm is the most popular among them. It
doesn’t demand the convergence proof because it completely looks through all possible variations of models. This
algorithm solves a problem of structural-parametric identification, i.e. it gives a possibility to define not only the
parameters of a model, but its optimal structure too.

The aim of this report is to outline the methods of solving the problems of human development index data
analysis, modeling and forecasting based on the combinatorial GMDH algorithm and correlation-regression analysis.
These methods help to improve the decision-making process in the field of the social and economic development of
Ukraine both on the regional level and to compare the country with other nations. They also help to estimate the
situation in the field of the human potential development both in Ukraine and in the world as a whole.

2. Human development index

The rapid development of scientific and technological progress demands a new quality of human resources.
Structural changes in economics became the basis for appearance of the contemporary concept of human development.

The general model for analysis of investments in human capital is based on the assessment of the expediency
to invest in education, on the analysis of differences in income, and also on the demand for education services. This
theory develops within the framework of the neoclassical trend in economical theory. Also it is used to explore such
fields as education, health care, family relations and other fields of non-market activity. The human capital consists of
acquired knowledge, skills, motivation and energy that a human being possesses, and which can be used during a
certain period of time with the purpose to produce goods and services.

The human capital is a form of capital because it is a source of future income. At the same time it is an
aggregate of knowledge, skills, habits, strains of a man [1]. The human capital is included into the category of capital
for three reasons:

1) expenses for upbringing, education and training are real expenses;
2) the product of this work increases the national wealth:
3) the expenses incurred by a person that increase this product also will increase the national value.

The advocates of the human capital theory developed the quantitative methods to analyze the efficiency of
investments in human capital. Education, medical care, job coaching, migration, giving birth to children and taking care
of them, and their monetary return to their family and society are the factors of the human capital reproduction. Mainly
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these researches focus on human abilities and differences in income caused by different levels of investments in their
reproduction. The quantitative result of these researches is the human development index (HDI).

HDI includes three main components of human life: life span, knowledge and the basic income to provide
people with good standards of living. Life span and knowledge provide the process of giving the opportunities for
people, their abilities; the income is a way to measure how people put into practice their abilities [2].

The values for all three components of HDI are aggregated in one composite index with help of the
geometrical mean. HDI promotes to visual comparison of how different countries function.

3. The methods of human development index data analysis, modeling and
forecasting

The development of these methods began from solving the applied problems of modeling and searching for the
interdependencies in data [3-6].

The methods of solving of these problems were generalized; and the methods of human development index
data analysis, modeling and forecasting were developed on its basis. The scheme of these methods is shown on the Fig.
1.

A data sample contains data about human development factors for countries or for a chosen region.

Recovery of omissions in data. There are many various ways how to recover omitted data. These ways
depend on a form of this omission and the availability of sufficient information for its recovery. In the proposed
methods the combinatorial GMDH algorithm is used to recover omissions.

In order to recover every omission its own data sample is composed and its own model is built because as
many models should be built as there are omissions in data.

Data scaling. Taking into consideration that usually data are measured in different units and ranges, the
procedure of data normalization or scaling is applied in order to bring data together in the same format. For that the
values of every factor is divided on maximum value of this factor.

Data sample expansion. With the purpose of the possible increasing of a model’s accuracy the method of data
sample extension by introducing of new additional factors into it is used. These new factors can be products, sums, and
other functions of initial factors [7].

Data analysis. This block includes two ways of analysis — with help of correlation analysis and GMDH.
Correlation analysis is used to analyze the extent of impact of every factor on the output value and to select the
informative factors. It is made by computing the pair correlation coefficient between a factor and an output value. One
can come to conclusion about the dependencies in data using the combinatorial GMDH algorithm for data analysis. It is
possible based on the developed models to analyze what factors were included in the model and with what coefficients.

Model construction is carried out by two methods:

1) Regression models are built. The coefficients are determined with help of the least-squares
method. And the model structure is given;

2) Models are developed with help of the combinatorial GMDH algorithm with the adjusted exterior
criteria. At the same time not only the parameters of the model are defined but its whole structure.

Depending on what of exterior criteria is given as the main criterion for the model selection the models with

different characteristics can be obtained. The exterior regularity criterion AR is the main exterior criterion which is
responsible for the model accuracy. The unbiasedness criterion is the criterion that describes the condition that the best
models obtained on different parts of the sample should have minimum differences. In the GMDH theory there are the

unbiasedness criteria of solutions CB and errors BS [8].

Comparison of models on the independent sample. The obtained models are compared on a some
independent (examination) data sample that wasn’t used to obtain them. The results of the research confirm the well
known in the field of inductive modeling fact that regression models give a good result only on the data on which they
were obtained unlike the GMDH models that give rather good results on new data too.

Analysis of received models and elaboration of recommendations. The models are analyzed from the point
of view of both received parameters — how every of the parameters included into the model affects a given output value
(the value of the coefficient with it and its sign (plus or minus) — and the accuracy of a model. Also one can analyze
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how the change of one or several parameters (their increase or decrease) will influence on the output value (by how
many percent this output value will change).

Based on the analysis of models the recommendations about interrelations among parameters can be elaborated
for the specialists in this field. On the grounds of the analysis of model coefficients and their signs (plus or minus) the
contribution that every factor makes into the output value can be evaluated.
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Summary

Based on the inductive approach and correlation and regression analysis taking into consideration particular
features of the problems of research in the field of the human development level of countries of the world and regions of
Ukraine the methods of data analysis, modeling and forecasting were developed. Using this method one can solve the
problems to recover omitted data, to select the informative arguments, to build the models for identification and
forecasting, and also to extend the modeling space by adding new arguments, for example, the products and sums of
initial arguments.

On the basis of this method the policy-makers in the social and economic field can develop recommendations
to possibly correct some aspects of human development. It will give opportunity to improve the decision-making
process in this field.

References

1. Tyroa O.B. KoHmnenrtyansHi OCHOBH (HOpMyBaHHS JIOACHKOTO Kamitamy // EKOHOMiKO-MaTeMaThdHe

MOJETIOBAHHS COLIaIbHO-EKOHOMIYHNX cucTeM. - 2012, - Bum. 17. - C. 119 -129.

2. Tutova O. V. Conceptual Fundamentals of Assessment of a Human Development Level / Ynpasnsromniue
cucteMsbl U ManmHel, - 2014, - Ne 6. - C. 65 -71.

3. Savchenko le., Tutova O. Use of GMDH for investigation of impact of non-income components on HDI //

[HmyKTHBHE MOIETIOBAaHHS CKIagHuX cucteM. — 2012.—Bum. 4. — C.28-37.

4. Tutova O., Savchenko le. Modeling of Impact of Macroeconomic Indicators on the Growth of National
Income // Proceedings of 4th International Conference in Inductive Modelling ICIM 2013. — Kyiv: IRTC, 2013. — P.
315-319.

5. Tyroea  O.B., CaBuenko €.A. BmuuB  gemorpadidyHux 1  coLiabHUX  IOKa3HHKIB
Ha BaJOBHI perioHaJbHUI MPOAYKT B 00nacTsax Ykpainu // [HIyKTUBHE MOJEIrOBaHHs ckiagHux cucrem. — 2015, —
Bumn. 7. — C. 271-281.

6. CaBuernko E.A., TyroBa E.B. IIporHo3upoBaHue BaJIOBOTO PETHOHAIBLHOTO MPOAYKTa oOiacTeil YKpauHbI

Ha OCHOBE MHAYKTHBHOTO 1ojixo/a // Ypasisionpe cuctTeMsl 1 MamuHsl. - 2016. - No 3. - C. 84-92.

7. CaBuenko E.A. IlpenmBapurenbHass 00paboTka MaHHBIX B 3afadye HHAYKTUBHOTO MOJCIUPOBaHHSA //

Yupasnsromue cucteMbl 1 MamuHbl. — 2015, — Ne2. — C.82 — 87.

8. CaBuenko E.A., Cremamko B.C. AHanu3 CeJEKTUBHBIX CBOMCTB KkputepueB MIYA npu wux
MOCJIEIOBATENIbHOM NpPUMEHeHHH // MoJentoBaHHsl Ta KepyBaHHsS CTaHOM E€KOJIOTO-€KOHOMIUHHMX CHUCTEM pErioHy.
306ipauk npaie. — Kuis: MHHII ITC, 2008. — C. 199-210.

21





