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Factor Analysis as an Alternative Approach to
Measurement of Human Development

I. Majerova, J. Nevima

Abstract— The alternative indicators are increasingly used for
measuring the socio-economic level of individual economies. One of
them is the Human Development Index, which measures this level
not only by GDP per capita, but also trough the indicators in the field
of education and healthy life. This index was originally designed for
comparing the level of human development in the economies as a
whole. Because of differences in this development are not only at the
national level, it is an effort to measure them also at level of regions.
The aim of this article is, using the quantification of regional human
development, to determine the most significant indicators of human
through factor analysis. The regions of the Visegrad Group countries
at NUTS 1l level were selected for this purpose. The research was
made in the period from 2004 till 2013. There is initially set the
assumption that the most important factor of human development is
economic level, measured by gross domestic product per capita. It
was not confirmed and was found that the most important role is
played by another factor, namely lifelong learning.

Keywords—Factor analysis, human development, Human
Development Index, modified Human Development Index, Visegrad
Group.

he most widely used indicator for measuring economy’s

state of affairs is GDP [1], [1], neither it does not include
the social, political, cultural and environmental aspects of
development. Many alternatives can be applied for
measurement of socio-economic development, the best-known
and most used is an index called the Human Development
Index [3].

The Human Development Index (HDI) has been used by the
United Nations since 1990, clearly brings a different
perspective on development issues. This index should be better
able to emphasize the effect of other than just monetary
(economic) factors of economy of a country. The basis of the
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HDI index is a greater explanatory power, which is to follow
economic development or sustainable development in general.
The measurement of human development through the HDI is
an alternative to the GDP/GNI per capita as a measure of
human well-being in the last years.

According to [4] HDIs are primarily nation level indicators,
estimated for the country as a whole. The constructions of the
HDI do not express the differences in regions of countries.
However, the regional disparities exist in developing and
developed countries as well and they influence regional
development. The north-west/south-east division exist in the
European regions and such differences in regional
development among them would weaken social cohesion in
Europe [5].

For the purpose of this paper, we decided to analyse this
issue for a group of countries of the Visegrad Group (V4) at
the NUTS I level. This group includes the countries, as Czech
Republic, Hungary, Poland and Slovakia. There are 35 regions
on the NUTS II level — eight in the Czech Republic, seven in
Hungary, sixteen in Poland, and four in Slovakia. Firstly we
have chosen the indicators for the construction of the modified
Human Development Index (NHDI). Secondly we used the
factor analysis for reveal a certain structure in data which is
not visible at first side. In case of NHDI, at first we will search
what is characteristic for NUTS Il regions, resp. which
variable is dominant for them.

The research was made in the period from 2004 till 2013.
There is initially set the assumption that the most important
factor of human development is economic level, measured by
gross domestic product per capita.

The beginning of the Human Development Index dates back
to 1990 when the UN Development Programme (UNDP)
published the first report on human development (Human
Development Report) which established the need of human
development measurement. Human development has two
forms, which should be in balance, the formation of human
capabilities in terms of improving health, increasing
knowledge and skills to meet human need and their own skills
and competences, free time, job security, cultural, social and
political events. Basically, human development is clearly and
directly dependent on income. It is therefore necessary to
examine other variables that point out the potential of a
country much better as well as the options currently appear in
human development [6].

DATA OF HUMAN DEVELOPMENT
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A. Data of Human Development Index

The Human Development Index (HDI) is a summary
measure of achievements in key dimensions of human
development: a long and healthy life, an access to knowledge
and a decent standard of living [7.

These three dimensions have four parts - health and
standard of living has one part each and education has two
parts:

1. Health dimension — life expectancy at birth (interval 20-

85 years)

2. Education dimension — expected year of schooling (0-18

years) and mean years of schooling (0-15 years)

3. Standard of living dimension — GNI per capita in

USD/PPP (100-75.000).

Because of the need to improve their explanatory power, the
calculation method of two of three dimensions (health
indicator index is the only one which has remained unchanged)
has changed over time. The literacy rate of population has
been replaced by an indicator of expected years of schooling,
the combined gross enrolment by the mean number of years of
education (knowledge dimension). The dimensions of living
standards are now measured by GNI per capita in purchasing
power parity to the USD.

HDI index calculation required the values in the range from
0 (the lowest level of human development) to 1 (the highest
human development), and therefore they were determined for
each dimension of the minimum and maximum values (more in
[8]) based on historical evidence.

B. NUTS Human Development Index

For the purpose of the paper, we adopted the same principle
of HDI creating for the national level — the health dimension,
knowledge dimension and dimension of a living standard.
Components of each dimension, however, had to be modified
because of the lack of data at the regional level (NUTS II
level). Data were used from a regional database of Eurostat
and converted to the number of inhabitants representing the
given group

The construction of the HDI of V4 regions (NHDI) was as
follows:

1. Health with the value of life expectancy (LE) at birth that
represents, according to Eurostat, the mean number of years
that a newborn child can expect to live if subjected throughout
his life, to the current mortality conditions

2. Knowledge, which includes two components:

a. Tertiary educated people in the age of 25-64 (TE),
where the indicator is defined as a number of population
aged 25-64 who have successfully completed tertiary studies
(e.g. university, higher technical institution, etc.).

b. Lifelong learning (LL) in the form of amount of people
participate in education and training that covers
participation in formal and non-formal education and
training for the age group of 25-64 are presented.

3. Standard of living, measured through GDP per capita in
PPS (GDP).
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These indicators were chosen for their greatest explanatory
power in relation to human development. The life expectancy
at birth reflects the level of health and quality of life and
measures the qualitative aspects of living a healthy life. It
correlates positively with human development — the higher the
healthy life expectancy of region, the more developed it is.

The share of tertiary educated people in productive age on
the population in this age group is connected with the ability of
people to reflect the needs of knowledge of economy and to
contribute to it and human development. Lifelong learning, in
the form of participation in education and training,
encompasses all learning activities undertaken throughout life
(after the end of initial education) with the aim of improving
knowledge, skills and competences, within personal, civic,
social or employment-related perspectives [9]. Due to lifelong
learning people extend their possibilities for increasing their
incomes. As a dimension of health, both indicators of
education are positively correlated with human development.

The last but not least dimension is the GDP per capita. The
implementation of this indicator was influenced by the opinion
of [10] who considered the income (product) as a primarily
mean to achieve human development. The GDP per capita
reflects the economic level better than its absolute value. The
indicator is measured by an artificial European currency unit,
the purchasing power standard (PPS).

I1l. METHODOLOGY

Factor analysis (FA) belongs to so called data-mining
method. It is a posterior method [11], which is applied with the
aim to reveal a certain structure in data which is not visible at
first side. In case of NHDI, at first we will search what is
characteristic for NUTS 2 regions, resp. which variable is
dominant for them. From mathematical point of view, we
explain observed variables as linear combination of factors
plus certain error at factor analysis.

According to [12] this relation we can describe asset of
regression equations (1)

Yl = ﬂ11X1+ﬂ12X2 +"'+ﬂ1pxp +€

Yz = ﬂ21xl+ﬂ22x2 +"'+ﬁ2pxp +6€,
@

Yk = ﬁk1x1+ﬁkzx2 +"'+ﬁkpxp + €

where Y; is the i-manifest variable, X; is j- extracted factor,
ﬂij is estimated regression coefficient of load for the j-factor

and i-manifest variable and e; is the residual variable, ie. the
unexplained part of the variance for the i-manifest variable.

Among advantages of FA using the fact that it comes out of
factually found correlations among observed phenomena
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belongs and does not provide their clustering according their
outer similarity. The certain disadvantage can also be counting
outliers values which disrupt integrity of data file. Practical
calculations for needs of the case study will be provided by
SW product SPSS (version 15.0.1).

However, at first we will introduce steps when applying FA.
At first we will verify adequacy of data selection, resp. ratio of
measure and ideal value. It can be provided by Kaiser-Meyer-
Olkin rate (KMO), where a value 0.6 is recommended.
Simultaneously, in this phase we verify if there is multi-
correlation (except for correlation itself we verify the
relationships toward the other variables) in the model.

Factor analysis has a sense if there is a significant multi-
correlation in the model. FA at first standardizes initial values.
It means that from measured values total average is subtracted
and the difference is divided by standard deviation. Each of
the factors is calculated gradually and extraction of factors is a
way how to select factors from a set of variables. In our case,
we will use Principal Component Analysis [13]. To match a
variable to a factor correctly, its factor loading over 0.3 is
required.

In the next part of FA factor optimization is provided. We
will reach it by so called factor rotation [14]. The procedure
how to determine final number of factors comes out of
implementation of so called Kaiser Normalization. The rule
says that into FA selection the factors are involved whose
variance is over 1, which means that the factor contents at least
one strongly differentiating variable [15]. The variance of
factor can be determined by Cattel scree plot. Naming of found
factors is derived from our ability to penetrate into substance
of solved research problem and reach certain generalization
among input variables which reached high value of variance.
Now we will continue to practical application of factor
analysis in selected regions.

IV. RESULTS

When applying factor analysis we will observe which factor
for each of 35 NUTS 2 regions is dominant. This is the main
motivation of further steps. Data used for this analysis are
shown in the Appendix — there is an example of the years
2004, 2009 and 2013 in the table.

At first the sense of provided FA is verified through KMO
ratio and established result is recorded in the first column of
the Table I. For each of evaluated regions it was found out that
FA has a sense. For all calculations method of main
components was used, which serves to factor extraction, as we
tend to aim the first factor to gain the most of variance.

With regard to nature of data file we have chosen Oblimin
method. The Oblimin method leads to the simplest structure of
factors and is most often used when it is obvious that factors
with certain rate of probability cannot be dependent on each
other.

The second column of the Table | illustrates which factor
was crucial for the region. The number of was found out by
application of Kaiser Normalization and proved by Cattel
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scree plot. The name of factor complies with regard to
illustrative view of FA with input variables — it is not
necessary to name it. In the case of multifactor solution is
important given the first place.

TABLE I. RESULTS OF FACTOR ANALYSIS OF V4 REGIONS

KMO | Component | Statistical name
of region
0.631 TE, LL, Cz01
GDP
0.633 | TE, GDP CZz02
0.777 | LL,GDP CZz03
0.623 | TE, GDP, CZ04
LL
0.674 TE CZ05
0.778 GDP, LL CZ06
0.832 LE Ccz07
0.648 GDP, LL CZ08
0.776 LE HU10
0.813 GDP, LL HU21
0.621 GDP, LL HU22
0.645 TE, LL HU23
0.685 TE, GDP HU31
0.704 TE, LL HU32
0.734 GDP, LL HU33
0.638 LE, LL PL11
0.664 LE, LL PL12
0.780 LE, LL PL21
0.627 LE, LL PL22
0.766 TE, LL PL31
0.692 LE, LL PL32
0.677 TE, LL PL33
0.639 GDP, LL PL34
0.749 TE, LL PL41
0.737 TE, LL PL42
0.775 TE, LL PL43
0.850 GDP PL51
0.611 GDP, LL PL52
0.716 TE, LL PL61
0.686 TE, LL PL62
0.787 TE PL63
0.778 LE, LL SKO01
0.617 TE, LL SKO02
0.717 TE, LL SKO03
0.780 GDP, LL SK04

Extraction Method: Principal Component Analysis
Rotation Method: Oblimin with Kaiser Normalization

There are shown very interesting results in the table. The
factors of NHDI play various role in the regions of V4.
Whereas the GDP per capita is the dominant factor in the
Czech Republic, followed closely by lifelong learning, in other
regions it is precisely the lifelong learning. The result of factor
analysis is surprising in regions of Poland and Slovakia, where
the importance of the economic level in terms of GDP per
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capita is insignificant, and educational site leads (both the rate
of lifelong education and rate of tertiary education).

Taking into account the Visegrad Group countries as a
whole, the most important factor in human development in our
comparison is lifelong learning - in 29 regions, further the
indicator of GDP per capita and tertiary education, and so in
15 regions. Life expectancy at birth plays the least important
role (in eight regions).

V. CONCLUSION

The Human Development Index is one of the indicators
which can measure the socioeconomic development. This
indicator has been used since 1990, it measures the above
mentioned development at the national level and it is used to
compare differences between economies. However, there are
not only disparities between economies, but also within them.

For the purpose of our paper, we decided to analyse the
problem of human development for a group of countries of the
Visegrad Group at the NUTS Il level, for 35 regions. We have
chosen the indicators for the construction of the modified
Human Development Index (NHDI). We used three
components - the health dimension (life expectancy at birth),
the knowledge dimension (tertiary educated people and people
participate in education and training) and the dimension of
living standard (GDP per capita). Than we used the factor
analysis and for this reason that this analysis reveals a certain
structure in data which is not visible at first side.

The results of the factor analysis show that the most
important factor in human development is lifelong, further
GDP per capita and tertiary education, and last life expectancy
at birth.

The initially set assumption that the most important factor of
human development is economic level, measured by gross
domestic product per capita was not confirmed and was found
that the most important role is played by another factor,
namely lifelong learning. This confirms that the education of
the population is a very important variable both regional and
national significance.

Our future research will focus on the creating a cluster
analysis for the values of individual components of the index,
including the comparison of the both (factor and cluster)
results.
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APPENDIX |
THE VALUE OF NHDI COMPONENTS OF THE NHDI COMPONENTS IN REGIONS V4 IN THE YEAR 2004, 2009 AND 2013
Stat.
name | Region 2004 2009 2013
LEB TE LL GDP/c | LEB TE LL GDP/c | LEB TE LL GDP/c
CZ01 | praha 77.7| 183.141| 77.112| 39.700 | 79.1)|226.8864 | 80.8704 | 43600 80.1|283.6992 | 64.2756 | 46.000
CZ02 | tedni Cechy 75.7| 64.7163| 27.4554| 17.200| 77.2|100.1052 | 47.8764 18300 78.2 | 148.0162 | 67.6858 | 19.500
CZ03 | Jihozapad 76.4| 75.2752| 30.2445| 17.100| 77.6| 99.0102 | 42.8342 17800 784 | 123.966 | 72.3135| 19.400
CZ04 Severozapad 745| 441388 | 31.1568 | 14.900| 75.6| 56.1204 | 47.4351 16100 76.4| 80.5125 51.528 | 16.500
CZ05 | severovychod 76.7| 78.9694 | 42.005| 15.600| 77.9|111.0272| 53.7788 16500 78.6 | 142.4136 | 111.8964 | 18.000
CZ06 Jihovychod 76.5|125.9768 | 59.2832| 16.200| 78.1|161.8513 | 61.2928 18200 79.1]215.1972 | 87.6024 | 20.600
CZ07 | stiedni Morava 76.1| 76.527| 34.0893| 14.400| 77.2| 90.7776 | 38.2968 16100 78.1|112.2984 | 54.0696 | 17.700
CZ08 | Moravskoslezsko 75.2| 715671 | 33.9763| 15.600| 76.2|101.6046 | 41.0742 16400 77.1)122.7072 | 74.6004 | 18.400
Huto | Kozep-
Magyarorszag 74.5 | 411.8196 95.772 | 23.300| 75.9|483.3066 | 64.1121 26200 77 1553.4108 | 70.0098 | 28.700
HU21 | Kgzép-Dunantal 72.9| 80.9305| 23.123| 13.600 74| 92.563 12.26 13100 75.5| 114.893 12.094 | 15.600
HU22 Nyugat-Dunéntul 73.7| 79.6367 | 17.2639 | 14.300 75 95.404 11.224 14700 76.1| 99.9648 | 10.1088 | 17.900
HU23 | pgl-Dunantal 728 71.214| 19.422| 10.000 74| 80.5086 | 11.0502 10700 75.2| 93.4764 | 13.2808 | 11.900
HU31 Eszak-Magyarorszag | 71.5 85.05 | 23.1336 9.500 | 72.9] 99.5241 | 15.1593 9500 74.2 1 106.5627 | 13.4001 | 10.500
HU32 | Eszak-Alfold 721103.1814 | 22.9292 | 9.200| 73.8| 122.88 20.48 10100 754 | 144536 | 27.608 | 11.300
HU33 | pgl-alfsid 72.7| 94.4667 | 21.2367 9.900 | 74.1]126.3325| 15.1599 10300 75.6| 128.219| 17.6125| 11.900
PLIL | | odzkie 734 | 231.694| 79.8405| 10.700 | 74.1]350.2074 | 67.6143 13300 754 | 389.818 | 51.4228 | 16.700
PL12 | Mazowieckie 75.6 | 557.8207 | 150.6909 | 17.800 | 76.2 |893.2398 | 219.4992 22500 77.7]1059.239 | 200.4774 | 28.500
PL21 | Malopolskie 76.2 | 258.6465 | 69.0795| 10.200 | 77.2|356.8999 | 67.4327 12800 78.5| 458.185| 80.9575| 15.800
PL22 | gjaskie 74.5|385.1188 | 134.5278 | 12.500 | 75.2| 534.148 | 109.4352 15400 76.3| 663.558 | 122.3775| 18.600
PL31 | Lubelskie 74.6| 191.824| 74.3318| 8.100| 75.6|267.8624 | 68.2534 9900 77.1|321.7845 | 61.8331| 12.600
PL32 Podkarpackie 76 ]132.9548 | 33.7348 8.300 | 77.2| 242.487 | 35.7957 10200 78.6 | 255.9249 | 28.8054 | 12.700
PL33 | swietokrzyskie 75.2| 111.804| 29.766| 8.900| 76.3| 159.852 | 31.9704 11400 77.1| 200.694 | 23.9289 | 13.100
PL34 | podlaskie 75.5 86.658 | 28.3305 8.600 | 76.6| 134.246 24.976 10600 77.1]154.4337 | 21.8929 | 13.000
PLAL | wielkopolskie 75.2|248.5104 | 81.036 | 12.500 76 293.1775| 61.9861 15500 77.2 4155372 | 65.7046 | 19.300
PL42 Zachodniopomorskie | 74.7 | 130.2132 | 45.0738 | 10.500 | 75.4|175.7946 | 46.3538 12500 76.7 |1 196.8643 | 26.3584 | 15.100
PLA3 | Lubuskie 74.6 | 86.3786 | 29.8067 | 10.500| 75.2| 95.3876 | 19.3116 12300 76.3|118.4088 | 16.0944 | 15.000
PL51 | polnoslaskie 74.8 | 247.0646 | 95.3857 | 11.900| 75.3|312.8796 | 80.5902 15700 76.9| 374.241 61.131 | 20.100
PL52 | opolskie 75.7| 61.8975 22.68| 9.600| 76.9| 85.8114 | 25.9553 12100 77.2| 99.9647 | 14.8273 | 14.500
PL61 Kujawskg—
Pomorskie 74.8 141.7 | 58.9472 | 10.000 | 75.4(187.9362 | 44.0838 12000 76.9218.5713 | 41.1801 | 14.800
PL62 Warmins_ko—
Mazurskie 745| 97.8066 | 23.3568 | 8.700| 75.3|156.3983 | 34.9316 10500 76.3|163.6542 | 22.1368 | 12.900
PL63 | pomorskie 75.7 | 165.584 50.304 | 11.400| 76.5|225.8122 | 57.7908 14100 77.91327.7959 | 71.2066 | 17.300
SKO1 | Bratislavsky kraj 754 | 94.3525| 42.2013 | 33.700 | 75.3|120.4863 | 27.9498 | 42500 78.1 141 | 26.696 | 49.000
SK02 Zépadné Slovensko 74.4 102.14 30.642 | 13.000| 75.3| 142.012 21.848 16200 76.8 | 182.5834 | 28.5974 | 18.800
SKO3 | stredné Slovensko 73.7| 87.4709| 36.145| 10.700 | 74.8]115.9982 | 17.6686 13900 76.2 | 147.8056 19.655 | 15.900
SK04 Vychodné Slovensko | 73.9 85.707 15.219 9.900 | 75.1]109.6137 17.262 11800 76.2 | 158.0775 | 17.1627 | 13.800

Notice: LE in the years, TE and LL in the thousands of inhabitants, GDP/c in PPS
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