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Abstract

Resear ch background: Composite indicators are commonly used as an appation tool to
measure economic development, the standard ofgliiompetitiveness, fairness, effectiveness,
and many others being willingly implemented intonyalifferent research disciplines. However,
it seems that in most cases, the variable weighgiogedure is avoided or erroneous since, in
most cases, the so-called ‘weights by belief’ gpliad. As research show, it can be frequently
observed that weights do not equal importance mpesite indicators. As a result, biased rank-
ings or grouping of objects are obtained.

Purpose of the article: The primary purpose of this article is to optimés®l improve the Human
Development Index, which is the most commonly useehposite indicator to rank countries in
terms of their socio-economic development. The noigtaition will be done by re-scaling the
current weights, so they will express the real iotd every single component taken into consid-
eration during HDI's calculation process.

Methods: In order to achieve the purpose mentioned aboeeséhsitivity analysis tools (mainly
the first-order sensitivity index) were used toealBtine the appropriate weights in the Human
Development Index. In the HDI's resilience evalaatprocess, the Monte Carlo simulations and
full-Bayesian Gaussian processes were applied.dBase¢he adjusted weights, a new ranking of
countries was established and compiled with thaimianking using, among others, Kendall tau
correlation coefficient.

Findings & Value added: Based on the data published by UNDP for 2017, st iigen shown
that the Human Development Index is built incosetty putting equal weights for all of its
components. The weights proposed by the sensiawiglysis better reflect the actual contribution
of individual factors to HDI variability. Re-scaléduman Development Index constructed based
on proposed weights allow for better differentiatiof countries due to their socio-economic
development.
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I ntroduction

The Human Development Index is probably the mositniment composite
indicator ever used. This well-known index was tgdain 1990 by the
United Nations Development Programme and since tien been pub-
lished every year. As one can read at the UNDP ieeb3he HDI was
created to emphasize that people and their capabishould be the ulti-
mate criteria for assessing the development of untcp, not economic
growth alone’ (UNDP, 2019). Therefore, it is oftelassified as a measure
‘replacing GDP’, and it ought to quantify sociabgress in a more direct
way than GDP.

However, being prominent, it is not synonymous witking faultless-
ness and correctness. Despite its popularity, tmaath Development Index
is perceived by Ravallion (2010, pp. 1-32) as ohedhe examples of
‘mashup indices’. In his work Ravallion (2010, dp-32) defines mashup
indices as those for which ‘existing theory andcfice provides little or no
guidance for its design’. The lack of strong th¢iced background, both in
terms of data selection and aggregation funct®pointed out as the main
problem of composite indicator. According to Raieall (2010, pp. 1-32),
many composite indicators were build being conse@ionly by data
availability, ending up a set of processed dataaut useful meaning.

It should be noted that the concept of HDI has wwalas a result of
which some modification in HDI's calculations haseb done in 2010 and
2014. To be more precise — since 2010 HDI has ngdobeen the arith-
metic mean of three determinants: life expectartciidh, adult literacy
rate and real GDP per capita in PPP ($). The changeethodology was
the result of criticism directed towards HDI (Mduyitay, 1991, pp. 1461—
1468; Sagar & Najam, 1998, pp. 249-264). Thisaisith referred mainly
to: combining variables that represent flow, stociut and output, and
doubts directed at used normalisation and aggeydtirmulas (Zavaleta
& Tomkinson (Eds.), 2015, pp. 1-37). Currently, Higman Development
Index consists of four variables arranged intogldienensions (Figure 1):
- long and healthy life — life expectancy at birth yiears) ILE),

- knowledge — mean years of schooling (in yeak8Y$ and expected
years of schooling (in yeardxYs),
— a decent standard of living — Gross National Incqmee capita (PPP

US$) GNI).

The HDI aggregation formula was also changed frbm arithmetic
mean to the geometric mean of the three-dimensidicés.

The primary purpose of this article is to check thie the change in
methodology has eliminated HDI's structural defdotticated by the re-
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searchers (Despotis, 2005, pp. 969-980; Neumap&l,2pp. 101-114).
So, are the weights of individual variables trué§iecting the significance
of each factor? Going further — does the Human [gveent Index in its
new form has a good discrimination ability? Addui@dly, does it precisely
catch differences between countries due to thaioseconomic develop-
ment? In order to answer the above questions,ghsitivity analysis was
applied. Uncertainty and sensitivity analysis wesvpusly used to inves-
tigate the correctness of HDI construction by Agand Kovacevic (2011,
pp. 1-65). They conclude that ‘the HDI is a relaljwrobust index with the
most sensitivity exhibited to the choice of weigfis income and educa-
tion component’ (Aguna & Kovacevic, 2011, p. 40ptiNithstanding, they
do not indicate what specific values of weightsutidoe covered to reflect
the real meaning of HDI's components. An attemgfilkohis gap will also
be taken in this article.

The paper is organised into five sections. Seation2 focuses on the
literature review regarding composite indicatord #re problems concern-
ing weighting procedures. The third section degwithe data and method-
ology used in empirical research. The fourth segbieesents the results and
findings sensitivity analysis and re-calculated tnnDevelopment values
based on data from 2018. The final section condludel draws possibili-
ties for further investigations.

Literaturereview

Over the last fifty years, the accelerated growththie interest of imple-
menting composite indicators in researches in uaridisciplines can be
observed. They are consequently applicated to appate such complex
phenomena as, for example, tourism destination etitiyeness (Gomez-
Vega & Picazo-Tadeo, 2019, pp. 281-291), sustagndblelopment (Flo-
ridi et al., 2011, pp. 1440-1447; Pietrzekal., 2017, pp. 190-203), social
inclusion (Giambona & Vassallo, 2014, pp. 269-2%93¢, standard of liv-
ing (Kuc, 2017a, pp. 25-41; Kuc, 2017b, pp. 50-686%joeconomic devel-
opment (Bartkowiak-Bakun, 2017, pp. 417-431; Sdimaska-Ziegert &
Mikulska, 2013, pp. 200-209), informal work (Nikul& Sobiechowska-
Ziegert, 2018, pp. 1127-1246), innovation (Balckr&aPietrzak, 2017a,
pp. 5-18;Zelazny & Pietrucha, 2017, pp. 43-62), quality aftitutions
(Balcerzak & Pietrzak, 2017b, pp. 231-241), coestricompetitiveness
(Kruk & Wasniewska, 2017, pp. 337-352), wellbeing (Beolteal., 2017,
pp. 12-22; Peiro-Palomino & Picazo-Tadeo, 2018,847—-869), agricul-
tural sustainability (Reig-Martineat al., 2011, pp. 561-575), active citi-
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zenship (Hoskin & Mascherini, 2009, pp. 459-488}etinal market dy-
namics (Cherchyeet al., 2007, pp. 749-779), poverty (Weziak-
Bialowolska, 2015, pp. 113-154) and many otherdcBaak & Pietrzak,
2017c, pp. 18-23; Bellidet al., 2011, pp. 1687-1690; Dominiquez-
Serrano & Blancas, 2011, pp. 477-496; Ltyszczard62@p. 169-185;
Mann & Shideler, 2015, pp. 57-84; Mizobuchi, 20pp. 987-1007;
Paakkonen & Seppald, 2014, pp. 2242-2250; &taal., 2018, pp. 463—
479).

It is worth mentioning that Bandura in her work (Bara, 2008, pp. 1-
95) lists 178 indicators that aim to assess caesitgerformance in various
areas of broadly understood socio-economic devetopnsome scientists
harshly call this eager to measure everythinglatost as ‘measure-mania’
(Diefenbach, 2009, p. 900) and synthetic indicesmidelves as ‘mashup
indices’ (Ravallion, 2010, pp. 1-32).

It should not be surprising that in the vast mé&yoof cases, the synthet-
ic variable is created evading the stage of vagiai@ighing. That, basical-
ly, is tantamount to giving different determinattie same weights, tacitly
assuming that they are equally crucial for the ysel phenomenon. In
some cases, weights are given subjectively by relsess or based on ex-
perts' opinions. Relatively seldom weight estalplisht occurs on the basis
of the factor analysis (Zizka, 2013, pp. 1093-1098)ncipal component
analysis (Perisic, 2015, pp. 29-42), multiple-cielecision analysis (Pie-
trzak & Balcerzak, 2017, pp. 310-318), multidimensil IRT models
(Gnaldi & Del Sarto, 2018, pp. 1139-1156), dataettgyment analysis
(Zhou et al., 2010, pp. 169-181) or regression analysis. S@searchers
(Pietrzak, 2016, pp. 69-86), when analysing spabgcts, decided to give
weight based on spatial autocorrelation, but tbisschot solve the problem
of weighing non-spatial objects.

The usefulness of the sensitivity analysis in thalwation of synthetic
measures has been presented, among others, oramplex Technology
Achievement Index (Saisamtal., 2005, pp. 307-323), the Resource Gov-
ernment Index (Beckest al., 2017, pp. 12-22), the Good Country Index
(Beckeret al., 2017, pp. 12-22), the Water Retention Index kBeet al.,
2017, pp. 12-22), Environmental Performance Indgaidana & Saltelli,
2010, pp. 1-34) or PISA ranking (Dobradiaal., 2015, pp. 41-58). In all
previously mentioned papers, the analysis carrigcog the authors point-
ed to the existence of an erroneous assumptiom @&fgaal weighting of
partial variables.
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Resear ch methodology

As it was mentioned in the introduction sectionrently the Human De-
velopment Index is calculated as a geometric mdathree individual
indices (Zavaleta & Tomkinson (Eds.), 2015, pp.14l)-

HDI = v[health “lequcation * lincome (1)

where:

HDI - the value of the Human Development Index,
Ineaitn — health dimension index,

Logucation — €ducation dimension index,

Iincome — INCOMe dimension index.

Individual dimension indices are calculated acamydio the formulas
presented below:

LE-20

Iheaitn = HE_on? (2
85-20
_ )
[education - 2 ’ (3)

_ In(GND-In(100)
lincome = In(75000)—1In(100)’ )

They are using a geometric mean instead of arificnogte, which al-
lowed to get rid of the flattening of results. Hoxgeg it is still assumed that
health, education and income dimensions are equeldyant from coun-
tries’ socio-economic development. Therefore, dedaweights by belief’
are still valid.

In the case of building synthetic variables for afiyhe objects, the ap-
proach promoted by the Competence Centre on Coteploslicators and
Scoreboards (COIN) may be useful. The approach giesnby COIN’s
members, basing applying the sensitivity analysithé process of compo-
site indicators’ construction is also supported(Bgckeret al., 2016, pp.
1-33; Beckeet al., 2017, pp. 12—-22; Grea al., 2019, pp. 61-94; Paru-
oloetal., 2013, pp. 609-634).

The approach proposed by the researchers mentabhwat is based on
the use of Pearson’s correlation ratio — as a-@irder sensitivity measure
commonly applied in a global sensitivity analyd?aiuoloet al., 2013, pp.
609-634). In that approach, a composite indicataonsidered as an out-
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put variable, and its components are consideredinpsat variables.

A variance-based Pearson’s correlation ratio widnt express the strength

of the dependence between the output and inpuablariaccounting for

possible nonlinearity of dependence (Beodteal., 2016, p. 3). Following

the procedure presented in (Beckeal., 2017, pp. 13-15):

1. The composite indicator is understood as, not rseciyg linear function
of determinants describing the analysed phenomenon:

yi = filxi) + &, (5)

where:

yj — output variable,
x;; — input variables,
& — error term.

2. Pearson's correlation ratio is used to measurafluence of each input
variable, assuming that all other input variablesfexed:

in(EXNi(ylxi))
Si=— o (6)

where:

x..; — the input of variables’ vector containing all iadles except the;,
Ey_,(y|x;) — the main effect ofx;,

3. Estimation of main effects based on full-Bayesiaus§sian processes.

4. The estimated main effect of each input variabledé&zomposed to
represent correlated and uncorrelated part:

S, =Sf+ S8,

decomposition is also performed using Bayesian Sangrocesses.
5. Optimal weights are calculated as:

. s & 2
Wope = argmin,, ¥, (8; = 5;(w))", (7)
where:

S} — target normalised correlation ratio,
S; —normalised correlation ratio.
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6. Calculating Re-scaled Human Development Index asveighted
geometric using optimal weights,
7. Assessment of conformity of HDI and re-scaled Haxking using the
Kendall-tau correlation coefficient.
The above-presented set of tools used will allowafwswering the fol-
lowing research question: Does the ‘new’ versiorH&fl, keeping equal
weights, fully reflect the actual significance nflividual components?

Results

Based on data retrieved from the United Nationsdlmment Programme
concerning individual factors shaping HDI in 20it&)as been investigated
whether each HDI's three pillars share equal ingue or maybe its
meaning resulting from the variance is entirelywame The procedure pre-
sented in the previous section was implementetl talgulations. The data
set include statistics concerning 189 countries.

As it was mentioned before, the Human Developmeaiéx is currently
calculated as a geometric mean of three sub-indies HDI's creators
assumed that all components are equivalent. Refetd the terminology
contained in the previous chapter, HDI will be dexdoas an output varia-
ble and health, education and income indices ag wgriables.

Taking into consideration the relations presente#figure 2, one can
observe that both output (HDI) and input variables/e a negatively
skewed distribution, which means that in the cdsall@nalysed variables
more than 50% countries have higher values tharatlkeeage. Analysing
the same figure, it can be observed that the nudsist liner relation be-
tween output variable (HDI) and input variablesnghe case of GNI in-
dex. Therefore, leading to a kind of premise thatihdicated variable will
have a potentially more significant impact on tlhipat variable. Table 2 is
also worth paying attention to, and it can be naked in the case of each
pair of variables there is a strong, statisticalynificant, positive correla-
tion. Is should be emphasised that HDI has thengast correlation with
GNI, although the coefficient is only slightly highthan in the case of
education index. Nevertheless, the most crucigestd this analysis is to
set up correctly first-order indices. The resulisluded in Table 3 were
obtained using ‘tgp’ R package, and they presemtetstimated values of
the correlated and uncorrelated main effect of eapht variable onto an
output variable. One should have in mind that, ediog to the intention of
the creators, the impact of each variable shouléves; wheras it is not.
As it was expected from the analysis of the previdata, the Income Index
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has the strongest influence on the HDI, while tlecation one shows the
weakest impact. It is, therefore, clear that themo justification for giving
them equal weight.

The lack of equality was, therefore, the premigetifging to establish
adequate weights using a simplex search methodN€&hder-Mead method
was used as this one does not require the priovledge of trends in the
analysed process. A comparison of original andnupéd weights is in-
cluded in Table 4. It is somewhat not surprisingt ths a result of the opti-
misation procedure, the highest weight was obtaindgbe case of income
index, while the lowest in the case of educatiafein

The change in weighting system caused that thecaled Human
Development Index has better discrimination feauf@mpare Table 1
and Table 5) without changing the countries’ omlgrsignificantly (see
Table 6 and Figure 3) and maintaining correlat@rel among sub-indicies
and re-scaled HDI (see Table 7). The original Harisiderably flattens the
differences in socio-economic development betwdsn danalysed 189
countries. Thus, HDI values used as the explanatanable in other
analyses, due to the low variability, may contréblittle to the study. Re-
scaled HDI, which, largely maintains the originahks, provide greater
diversity and asymmetry of the composite indicatdues.

The Kendall's tau correlation coefficient, based lboth rankings,
reached the value of 0.969, which proves the higmpatibility of
ordering. Among all the analysed countries, theaye difference between
the position in HDI ranking and re-scaled HDI idyoh.68, while 54 out of
189 countries have precisely the same positioroth bankings. The most
significant differences were observed for Kuwait gaces), Ukraine,
Equatorial Guinea and Eritrea (7 places), and Rdlatkey and Maledives
(5 places).

Discussion

The HDI concept has been the subject of criticisroesthe very beginning,
mainly due to the limitation of socio-economic deyenent to three di-
mensions of equal importance. As it was mentiomedhe introduction,
some researchers argue that the HDI is redundengifg no new infor-
mation.

This study uses the sensitivity analysis to chéekstability of HDI re-
sults from 2018. The results presented in the papeiconsistent with the
research by Mazoucét al. (2016, pp. 5-18) confirming that ‘finding di-
rectly negates the base of the calculation of ldex where all dimensions
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are supposed to be equal'. It turns out that tlengh in the methodology
for calculating HDI (from arithmetic to geometricean), did not affect the
treatment of individual indicators by their actumdportance. Sensitivity
analysis is a remedy to this problem.

Conclusions

The analysis conducted in this paper indicated ¢oatal weights in HDI
construction are not the optimal solution. It seetierefore, that the
Ravallion’s statement that HDI is a ‘mashup indisxhot groundless. The
article proposes adjusted weights that bettertiths the influence of each
factor on the final counties’ ranking due to ths@cio-economic develop-
ment. Additionally, the re-scaled HDI has bettescdiminatory properties
than its original version while maintaining statatly significant compati-
bility with the original ranks. The presented paisesinother example of the
usefulness of applying sensitivity analysis in doastruction of composite
indicators. The main disadvantage of the presemietthod is its high de-
gree of complexity and the necessity to recalaudptiveights each time.
The recalculation is needed as the final set ofiatds sensitive to the var-
iance of variables. It seems, however, that thésjisstified effort because it
allows for obtaining robust results, and helps toié the most common
defect in the use of composite indicators, i.eitainess of weights.

The conducted analysis is the starting point forstacting an author’s
measure of the standard of living at the regioael, in which the weights
of individual measures will reflect their actuajsificance.

References

Aguna, C. G., & Kovacevic, M. (2011). Uncertaintydasensitivity analysis of the
human development indelduman Development Research Paper, 47.

Balcerzak, A. P., & Pietrzak, M. B. (2017a). Digitaconomy in Visegrad
countries. multiple-criteria decision analysis egional level in the years 2012
and 2015Journal of Competitiveness, 9(2). doi: 10.7441/joc.2017.02.01.

Balcerzak, A. P., & Pietrzak, M. B. (2017b). Humdevelopment and quality of
institutions in highly developed countries. In M. Bilgin, H. Danis, E. Demir,
& U. Can (Eds.). Financial environment and business development.
Proceedings of the 16th Eurasia Business and Economics Society. Springer
International Publishing. doi: 10.1007/978-3-31339-5 18.

433



Equilibrium. Quarterly Journal of Economics and Economic Palicy, 14(3), 425—440

Balcerzak, A. P., & Pietrzak, M. B. (2017c). TOPSI8h generalized distance
measure gdm in assessing poverty and social egolusi regional level in
Visegrad countries. In P. Prazdk (Ed35th international conference
mathematical methods in economics MME 2017 conference proceedings.
Hradec Kralové: University of Hradec Kralové.

Bandura, R. (2008Measuring country performance and state behavior: a survey
of composite indices. New York: Office of Development StudiesUnited Natso
Development Programme.

Bartkowiak-Bakun, N. (2017). The diversity of somionomic development of
rural areas in Poland in the western borderlandthadproblem of post-state
farm localities.Oeconomia Copernicana, 8(3). doi: 10.24136/0c.v8i3.26.

Becker, W., Saisana, M., Paruolo, P., & Vandecéstde (2017). Weights and
importance in composite indicators: closing the.daglogical Indicators, 80.
doi: 10.1016/j.ecolind.2017.03.056.

Becker, W., Paolo, P., E., Saisana, M., & Saltefi, (2016). Weights and
importance in composite indicatarmind the gap. In R. Ghanem, D. Higdon &
H. Owhadi (Eds.). Handbook of uncertainty quantification. Springer
International Publishing. doi: 10.1007/978-3-312439-6_40-1.

Bellido, H., Gimenez-Nadal, J., & Ortega, R. (20IMlpasuring satisfaction of the
unemployed: a composite indicator and policy imgdins.Applied Economics
Letters, 18(17). doi: 10.1080/13504851.2011.558475.

Cherchye, L., Lovell, C. A. K., & Mosen, W. (200Qne market, one number?
A composite indicator assessment of EU internalketadynamics European
Economic Review, 51(3). doi: 10.1016/j.euroecorev.2006.03.011.

Despotis, D. (2005). A reassessment of the humaeladiement index via data
envelopment analysislournal of Operational Research Society, 56(8). doi:
10.1057/palgrave.jors.2601927.

Diefenbach, T. (2009). New public management inlipigector organizations: the
dark side of managerialistic 'enlightenmeRtiblic Administration, 87(4). doi:
10.1111/j.1467-9299.2009.01766.x.

Dobrota, M., Jeremic, V., Bulajic, M., & RadojiciZ. (2015). Uncertainty and
sensitivity analyses of PISA efficiency: distana@séd analysis approadicta
Polytechnica Hungarica, 12(3). doi: 10.12700/APH.12.3.2015.3.3.

Dominiquez-Serrano, M., & Blancas, F. (2011). A denwellbeing composite
indicator: the best-worst global evaluation apphoa&ocial Indicators
Research, 102(3). doi: 10.1007/s11205-010-9687-3.

Floridi, M., Pagni, S., & Falorni, S. (2011). Anegkise in composite indicators
construction: assessing the sustainability of dtaliregions. Ecological
Economics, 70(8). doi: 10.1016/j.ecolecon.2011.03.003.

Giambona, F., & Vassallo, E. (2014). Composite dathr of social inclusion for
European countriessocial Indicators Research, 116(1). doi: 10.1007/s11205-
013-0274-2.

Gnaldi, M., & Del Sarto, S. (2018). Variable weimgigt via multidimensional IRT
models in composite indicators constructidBocial Indicators Research,
136(3). doi: 10.1007/s11205-016-1500-5.

434



Equilibrium. Quarterly Journal of Economics and Economic Palicy, 14(3), 425—440

Gomez-Vega, M., & Picazo-Tadeo, A. J. (2019). Ragkiworld tourist
destinations with a composite indicator of compeditess: to weigh or not to
weigh?Tourism Management, 72. doi: 10.1016/j.tourman.2018.11.006.

Greco, S., Ishizaka, A., Tasiou, M., & Torrisi, 2019). On the methodological
framework of composite indices: a review of theues of weighting,
aggregation, and robustneSecial Indicators Research, 141(1). doi: 10.1007/
$11205-017-1832-9.

Hoskin, B., & Mascherini, M. (2009). Measuring aeticitizenship through the
development of a composite indicat&ocial Indicators Research, 90(3). doi:
10.1007/s11205-008-9271-2.

Kruk, H., & Waniewska, A. (2017). Application of the Perkal methtor
assessing competitiveness of the countries of @enaind Eastern Europe.
Oeconomia Copernicaca, 8(3). doi: 10.24136/0c.v8i3.21.

Kuc, M. (2017a). Social convergence in Nordic coest at regional level.
Equilibrium. Quarterly Journal of Economics and Economic Palicy, 12(1). doi:
10.24136/eq.v12il1.2.

Kuc, M. (2017b). Is the regional divergence thecerifor the international
convergence? The case of Visegrad Gralgornal of Competitiveness, 9(4).
doi: 10.7441/joc.2017.04.04.

tyszczarz, B. (2016). Public-private mix and penfance of health care system in
CEE and CIS countrieeconomia Copernicaca, 7(2). doi: 10.12775/0OeC.
2016.011.

Mann, J., & Shideler, D. (2015). Measuring Schurapah activity using
a composite indicatorJournal of Entrepreneurship and Public Policy, 4(1).
doi: 10.1108/JEPP-07-2013-0029.

Mazouch P., Vitavska K., & Stnaek T. (2016). Tovgatlde unnecessity of human
development index: the case of sensitivity analy&aistika, 96(4).

Mcgillivray, M. (1991). The human development indeyet another redundant
composite development indicatdiorld Development, 19(10). doi: 10.1016/
0305-750X(91)90088-Y.

Mizobuchi, H. (2014). Measuring world better lifeofitier; a composite indicator
for OECD better life indexSocial Indicators Research, 118(3). doi: 10.1007/s
11205-013-0457-x.

Neumayer, E. (2001). The human development inded anstainability -
a constructive proposaEcological Economics, 39(1). doi: 10.1016/S0921-
8009(01)00201-4.

Nikulin, D., & Sobiechowska-Ziegert, A. (2018). émfnal work in Poland -
aregional approach. Papers in Regional Science, 97(4). doi:
10.1111/pirs.12306.

Paakkénen, J., & Seppala, T. T. (2014). Using caitpdndicators to evaluate the
efficiency of health care systedyplied Economics, 46(19). doi: 10.1080/0003
6846.2014.899675.

Paruolo, P., Saisana, M., & Saltelli, A. (2013).tiRg and rankings: voodoo or
science?ournal of Royal Satistical Society Series A - Satistics in Society, 3.
doi: 10.1111/j.1467-985X.2012.01059.x.

435



Equilibrium. Quarterly Journal of Economics and Economic Palicy, 14(3), 425—440

Peiro-Palomino, J., & Picazo-Tadeo, A. J. (2018:0D: one or many? Ranking
countries with a composite well-being indicatSocial Indicators Research,
139(3). doi: 10.1007/s11205-017-1747-5.

Perisic, A. (2015). Data-driven weights and restits in the construction of
composite indicator<Croatian Operational Research Review, 6(1). doi: 10.17
535/crorr.2015.0003.

Pietrzak, M. B., & Balcerzak, A. P. (2017). Econondevelopment of Polish
voivodeships in the years 2010-2014. applicationtadfonomic measure of
development with entropy weights. In M. Pap& S. Smiech (Eds.)The 11th
professor Aleksander Zelias international conference on modelling and
forecasting of socio-economic phenomena. Conference proceedings. Cracow:
Foundation of the Cracow University of Economics.

Pietrzak, M. B., Balcerzak, A. P., Gajdos, A., &idt, £. (2017). Entrepreneurial
environment at regional level: the case of Polistthptowards sustainable
socio-economic developmertintrepreneurship and Sustainability 1ssues, 5(2).
doi: 10.9770/jesi.2017.5.2(2).

Pietrzak, M. B. (2016). The problem of the inclusiof spatial dependence within
the TOPSIS methodMontenegrin Journal of Economics, 12(3). doi: 10.14254/
1800-5845.2016/12-3/5.

Ravallion, M. (2010). Mashup indices of developmétlicy Research Working
Paper Series. The World Bank, 5432. doi: 10.1596/1813-9450-5432.

Reig-Martinez, E., Gomez-Limon, J., & Picazo-Tad&oJ. (2011). Ranking farms
with a composite indicator of sustainabiligricultural Economics, 42(5).

Sagar, A., & Najam, A. (1998). The human developiniedex: a critical review.
Ecological Economics, 25(3). doi: 10.1111/j.1574-0862.2011.00536.x.

Saisana, M., & Saltelli, A. (2010). Uncertainty asehsitivity analysis of the 2010
environmental performance index. Retrieved fronpsittec.europa.eu/jrc/en/
publication/eur-scientific-and-technical-researeparts/uncertainty-and-sensiti
vity-analysis-2010-environmental-performance-in@&6.12.2018).

Saisana, M., Saltelli, A., & Tarantola, S. (200®)ncertainty and sensitivity
analysis as tools for the quality assessment ofposite indicatorsJournal of
the Royal Statistical Society, 168(2). doi: 10.1111/j.1467-985X.2005.00350.x.

Sobiechowska-Ziegert, A., & Mikulska, A. (2013). dire of the level of socio-
economic development in provinceQuantitative Methods in Economics,
14(2).

United Nations Development Programme (2019). Hundawmelopment index
(HDI). Retrieved from http://hdr.undp.org/en/cortftoman-development-
index-hdi (15.01.2019).

Weziak-Bialowolska, D. (2015). Poverty in the raggoof the European Union -
measurement with a composite indicatéontemporary Economics, 9(2). doi:
10.5709/ce.1897-9254.163.

Yang, F., Kao, R., & Chen, Y. (2018). A common weigpproach to construct
composite indicators: the evaluation of fourteenemging markets.Social
Indicators Research, 137(2). doi: 10.1007/s11205-017-1603-7.

436



Equilibrium. Quarterly Journal of Economics and Economic Palicy, 14(3), 425—440

Zavaleta, D., & Tomkinson, J. (Eds.) (2019yaining material for producing
National Human Development Reports. New York: UNDP Human
Development Report Office.

Zelazny, R., & Pietrucha, J. (2017). Measuring iratin and institution: the
creative economy indexzquilibrium. Quarterly Journal of Economics and
Economic Policy, 12(1). doi: 10.24136/eq.v12il1.3.

Zhou, P., Ang, B. W., & Zhou, D. Q. (2010). Weiglitgi and aggregation in
composite indicator construction: a multiplicativaptimization approach.
Social Indicators Research, 96(1). doi: 10.1007/s11205-009-9472-3.

Zizka, M. (2013). Construction of composite indarabased on factor analysis. In
Proceedings of 31st international conference mathematical methods in
economics 2013. Part Il. Jihlava: The College of Polytechnics Jihlava.

Acknowledgements

The research presented in the article is finangeearch grant MINIATURA 2,
2018/02/X/HS4/00082 National Science Centre Poland.

437



Annex

Table 1. Human Development Index — basic statistics

Mean Median CV* Skewness
All countries 0.709 0.735 0.215 -0,379
EU countries 0.884 0.884 0.042 -0.267

*Coefficient of variation.

Source: author’s study based on data from the Uittions Development Programme.

Table 2. Correlation between all variables used in the itigaton

Ihea]th Ieducatim Iincome HDI
I health 1.000 0.825 0.815 0.902
| education 0.825 1.000 0.838 0.945
lincome 0.815 0.838 1.000 0.957
HDI 0.902 0.945 0.957 1.000

Source: author’s study based on data from the Uittions Development Programme.

Table 3. Estimated values of main effects using linear ddpane modelling

S; St Si
I heaith 0.388 0.274 0.114
| education 0.208 0.130 0.078
lincome 0.537 0.172 0.365

Source: authors own study based on data from thiedJNations Development Programme.

Table 4. Original and optimised weights

I health I education I income

Original 0.333 0.333 0.333
Optimised 0.323 0.292 0.384

Source: author’s study based on data from the Umtations Development Programme.

Table 5. Re-scaledHuman Development Index — basic statistics

Mean M edian CVv Skewness
All countries 0.252 0.120 1.265 1.492
EU countries 0.682 0.642 0.364 0.262

Source: author’s study based on data from the Umtations Development Programme.



Table 6. The best and the worst 5 countries according to &l re-scaled HDI

Top5 Bottom 5
HDI Norway, Switzerland, Australia, Burundi, Chad, South Sudan, Central
Ireland, Germany African Republic, Niger
Re-scaled HDI Norway, Switzerland, Australia, Niger, Eritrea, Burkina Faso, Chad,
Germany, Ireland Sierra Leone

Source: author’s study based on data from the Uittions Development Programme.

Table 7. Correlation between sub-indices and re-scaled HDI

I health I education I income

Re-scaled HDI 0.908 0.945 0.958

Source: author’s study based on data from the Uittions Development Programme.

Figure 1. Indicators and dimensions of the Human Developrivedex
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Source: Zavaleta and Tomkinson (Eds.) (2015, p. 5).



Figure 2. Scatterplots and histograms for variables usebérirtvestigation
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Figure 3. The relation between HDI and re-scaled HDI ranks
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