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Abstract

The paper provides a comparison of European countries with respect to their healthcare. Two dimensions
were taken into account. The first set of criteria contains the resources provided by the healthcare
sector to the inhabitants, such as the number of practising physicians and the number of hospital
beds per one hundred thousand inhabitants, and the resources provided to the sector by financing
entities, such as health care expenditures. The second dimension reflects the output sphere which
results from the quality of healthcare system performance; this set of criteria includes life expectancy,
the share of people with good or very good perceived health, and the infant mortality rate. Countries
were ranked using the TOPSIS method. Results reveal that resources are crucial to the assessment.
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Introduction

The organization of healthcare systems, its resources and performance vary between
European countries. The provision of best possible healthcare for inhabitants
is still a valid topic. The main goal of the paper is to assess the performance of
healthcare in European countries based on both resources used in the sector and
health status of the population. The paper consists of four parts. In the first one the
background for the study is presented. In the second part we discuss the possibility
to use multiple criteria decision making methods for multidimensional analysis,
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while in the third part one of those methods, the TOPSIS is described. Further, data
and criteria weights are presented. Finally, the last part provides the discussion of
the results.

Background

Health is one of the most important factors taken into account in the quality of life
and well-being. Governments’ spending on healthcare sector is constantly rising and
while it becomes a burden to the society it opens new possibilities to improve quality
of services and eficiency. According to Slottje it had been assumed, that ‘basic needs
such as health and education would be taken care of as a by-product of growth in GNP
(Slottje 1991: 684), however later infant mortality and life expectancy were included
the quality of life assessment. Dasgupta (2000) also uses life expectancy and refers
to the ‘World Development Report' published in 1995 by the World Bank in which
i.a. life expectancy at birth and infant survival rate were taken into account. Zmuk
(2015) applies Health Care Index which is calculated based on the characteristics of
the health system such as health care equipment and staff. In consequence the index
is considered to reflect the overall quality of the health care system in a given country
(Numbeo, n.d.).

Some studies on regional quality of life and living standards also include criteria
connected to the healthcare such as: outpatient healthcare facilities per 10,000
population, doctors per 1,000 population and the number of inhabitants per 1 public
pharmacy (Przybyta 2015) or budget health protection expenditure per capita and
stationary social welfare facilities per 1,000 population (Majka 2015). Dagbrowa (2011)
provides additional examples of inclusion of healthcare dimension based on the
literature study. One of quite recent big studies was conducted by van Zanden et al.
(van Zanden et al. 2014) who measured health status for the period from 1820s to
2000s. Their research in this field was based on life expectancy and height - i.e. the
data that were available (or estimated) for the analysed period and also reflected the
bodily health and nutrition.

The health situation of a given population depends on various resources. Hospital
equipment and access to professional medical staff depend in turn on expenditures
and the higher education system, as well as general socio-economic conditions. EU
countries differ in the way the healthcare systems are financed and organised. The
question as to whether the system influences the performance of the healthcare
model is still valid (Pelone et al. 2008). In the literature, many examples of comparing
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countries based on healthcare sectors and related features can be found. Jaworzynska
(2016) presents a comparison of the health system financing model in Poland and other
countries. Many comparisons of healthcare and its overall or specific performance
that are based on the quantitative data use cluster analysis (Nixon 2000; Miszczynska
2013; Girginer 2013, Pezer 2018; Walczak et al., 2018; Yilmaz Isikhan, Giileg 2018). Data
Envelopment Analysis (DEA) is one of the methods often used for measuring the
efficiency of the healthcare and comparing performance among countries (Grausova,
Huzvar, Strangfeldové 2014; Kujawska 2015; 2018; Kriksciuniene, Sakalauskas 2017).

General comparisons are based upon following criteria: number of beds (Nixon,
2000; Miszczynska 2013; Asandului et al. 2014; Grausova, Huzvar, §trangfeld0ve’1,
2014; Onen, Sayin 2018); number of doctors (Nixon 2000; Miszczyniska 2013;
Asandului et al. 2014; Grausovd, Huzvar, gtrangfeldové 2014; Kujawska 2018; Onen,
Sayin 2018); healthcare expenditure as a percentage of GDP or per capita (Nixon
2000; Miszczynska 2013; Asandului et al. 2014; Grausova, Huzvar, Strangfeldové
2014); perceived health status (Miszczynska 2013); life expectancy at birth (Nixon
2000; Miszczynska 2013; Asandului et al. 2014; Onen, Sayin 2018); infant mortality
rate (Nixon 2000; Asandului et al. 2014; Grausova, Huzvar, §trangfeldové 2014) and
health adjusted life expectancy (Asandului et al. 2014).

Apart from overall comparisons, some specified fields are also analysed and
compared among countries. Pezer (2018), for example, compares maternity support
policies in the EU, while Kringos et al. (2013) focus on primary care, based on 77
indicators.

Multiple Criteria Decision Making Methods
for Multidimensional Analysis

If objects are to be ranked or compared based on multiple criteria, multidimensional
methods are usually employed. However, methods originating from MCDM (Multiple
Criteria Decision Making) can be used as well, as shown in a number of papers. These
methods are dedicated to, among other things, rank objects (further referred to as
‘alternatives’, in accordance with MCDM terminology), according to a decision-
maker’s preferences. In cases where a single, specified decision-maker does not exist,
weights used in the analysis can be derived based on criteria values. The general rule
is that the most differentiated characteristics among the alternatives should play
the most important role in the comparison, as they convey the most information.
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Similarly, criteria which are strongly correlated should play a less important role,
in order to avoid redundant information. There are a number of weight elicitation
methods. Weights can either be assigned to each criterion based on its statistics
(Diakoulaki et al. 1995), or based only on their relative importance, i.e. the ranking
of criteria can be constructed and specific weights can be elicited further by using
different approaches like Rank Order Centroid (Roszkowska 2013).

Although MCDM methods were created for another purpose, they are used for
multidimensional analysis in various fields. Roszkowska and Filipowicz-Chomko
(2019) indicate the usefulness of MCDM methods as evaluation tools. In the
literature, other examples of such use of MCDM techniques can be found. In some
of those, the weighting is omitted (Baer-Nawrocka, Markiewicz 2010; Ertman 2011);
in such cases it is assumed that all the weights were set equally. Panagiota Digkoglou
and Papathanasiou (2018) use the PROMETHEE (Preference ranking organization
method for enrichment evaluation) method to construct a ranking of the EU countries
according to anenvironmental performance index. The same method is used by
Zhang and Smelev (2019) to evaluate the sustainability of cities. Ardielli (2016) applies
3 different MCDM ranking methods for evaluation of eGovernment development.
Murgante et al. (2017) applied the ELECTRE (ELimination Et Choix Traduisant la
REalité) method to assess sustainability against the risks of earthquakes. Various
MCDM methods are also being used for quality of living and living standard
assessment and comparison (Kuszewski, Sielska 2010; Dinger 2011; Sahin, Yapici
Pehlivan 2017).

Multicriteria methods are also used for the analysis in health sector; however, it
seems that most of their applications are for specific issues, not overall comparisons.
Glaize et al. (2019) provide a detailed overview of their applications in healthcare
decision-making.

TOPSIS

In the paper, the TOPSIS method (Technique for Order Preference by Similarity to
Ideal Solution, Hwang, Yoon 1981) was used to construct rankings. It was chosen due
to its easy interpretation and the relative independence of the additional parameters
which are used in MCDM to describe a decision-maker’s preferences. In the first
step, TOPSIS requires each alternative (in this case — each country) to be assessed
based on all of the criteria. The evaluation of an i-th alternative with respect to a j-th
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criterion is denoted in the formulas below by f(a,). In the second step, the values of
those functions are standardized to compensate for the effect of scale. There are a few
standardization formulas that may be used (Roszkowska 2011). In the paper, we used
a formula by which the standardized values are defined as follows:

fj(ai)

Next, standardized values are weighted. In MCDM, the decision-maker’s
preferences are introduced in this step. In the multidimensional analysis, weights
are supposed to reflect the relative importance of criteria and stem from the data.

The fourth step of ranking requires the construction of two reference points, based
on which a decision is made. The ideal solution, i.e. the hypothetical best alternative, is
defined using the values of criteria for the alternatives taken into account. Therefore,
that point is not chosen arbitrarily but is data-driven. It is defined as:

T+ =(, 15, ..o )

where:

max tij

;7 if high values of j-th criterion are considered better (benefit criterion)

+ —
tj | mint

. if low values of j-th criterion are considered better (cost criterion)

t,denotes value of f(a) weighted using weight w,

Similarly, the negative ideal can be interpreted as the hypothetical worst
alternative. Once again, the choice of the point does not depend on the analyst or
decision-maker; its coordinates stem from the data. The negative ideal is defined as

T~ =(, 55 oo tyy)

where:

mim ’ it high values of j-th criterion are considered better (benefit criterion)
7 =
J ti . . o . .
mf i if low values of j-th criterion are considered better (cost criterion)
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If the problem is not a trivial one, both points mentioned above do not exist in
the dataset but are artificial constructs. It can be seen that the best alternative should
be as close to the ideal solution and/or as distant from the negative ideal solution
as possible. This reasoning follows intuition and makes a foundation for the easy
interpretation of the TOPSIS method.

The distance between each alternative and reference points can be measured
in any metric, but it seems that Euclidean distance is most commonly used. It also
provides more intuitive interpretation. Therefore, the final evaluation of alternatives
is based on the relative distance, defined as:

d,(a;
DP(ai): - P(’)+
d, (a,- )+ d; (az-)
where
2
z 2
d; (a;) = Z(tlj - tJ‘) denotes the distance of alternative a; from the negative ideal and
le , 2
df (ai) = Z(tu - t;“) denotes the distance of alternative a; from the ideal.
j=1

The intuition behind that formula is that the optimal solution should
simultaneously be as close to the ideal solution and as distant from the negative ideal
solution as possible.

Because of the uncomplicated calculations and straightforward interpretation, the
TOPSIS method is one of the MCDM methods most often used for multidimensional
analysis, usually for comparisons among countries (see e.g. Baer-Nawrocka,
Markiewicz 2010; Ertman 2011; Balcerzak, Pietrzak 2016; Eyiiboglu 2016; Masca 2017)
or smaller territorial units (cf. Roszkowska, Karwowska 2014; Demirel, Tiiziin 2016;
Matel, Marcinkiewicz 2017; Roznerski, Brudniak 2019; Stecyk 2019). It is also used
in specific applications in the health sector (Sheykholeslami et al. 2015; Radenovic,
Veselinovi¢ 2017; Hosseini et al. 2019).

Criteria and Data

In the analysis, two sets of criteria are used, which are further referred to as input
and output criteria. Data on the following categories have been collected from the
Eurostat database (https://ec.europa.eu/eurostat):
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— Output criteria:

o Healthy life years at age 65 — females (hyf)

« Healthy life years at age 65 — males (hym)

« Life expectancy at age 65 — females (lef)

« Life expectancy at age 65 — males (lem)

+ Healthy life years in absolute value at birth - females (hyfb)

« Healthy life years in absolute value at birth — males (hymb)

« Life expectancy in absolute value at birth - females (lefb)

o Life expectancy in absolute value at birth — males (lemb)

« Share of people with good or very good perceived health (good)

« Infant mortality rate (infmort)

- Input criteria

o Practising dentists per hundred thousand inhabitants (dent)

o Practising physicians per hundred thousand inhabitants (doctors)

« Hospital beds per hundred thousand inhabitants (beds)

o Health care expenditure (million euro) per hundred thousand inhabitants
(money)

» Computed Tomography Scanners in hospitals per hundred thousand inhabitants
(ED)

» Magnetic Resonance Imaging Units in hospitals per hundred thousand
inhabitants (E2)

« Gamma cameras in hospitals per hundred thousand inhabitants (E3).

All the criteria except for infant mortality rate (infmort) were considered to be
benefit criteria, for which higher values are considered better. Infmort was considered
to be a cost criterion.

Although the criteria presented above are divided into output units, which
describe the health status of the population (hyf - infmort), and input criteria (dent
- E3) we do not use DEA, because one of the assumptions for this method is that
decision making units (in this case countries) are homogeneous (Gajdzik 2015). It is
doubtful if this condition is satisfied in the face of different healthcare systems, needs
and backgrounds in the analysed countries.

In the analysis, we focused on the period 2013-2016 and the following countries:
Belgium, Bulgaria, Czechia, Denmark, Germany, Estonia, Ireland, Greece, Spain,
France, Croatia, Italy, Cyprus, Latvia, Lithuania, Luxembourg, Hungary, Malta,
Netherlands, Austria, Poland, Portugal, Romania, Slovenia, Slovakia, Finland,
Sweden, United Kingdom, Iceland, Liechtenstein, Norway and Switzerland.
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Four rankings were constructed. The first ranking, further denoted by R1, was
based only on the output criteria (hyf, hym, lef, lem, hyfb, hymb, lefb, lemb, good and
infmort), which reflect the overall health care performance and efficiency. Rankings
were constructed for 2013-2016. Cases in which data were missing were relatively
rare (comprising less than 5% of observations). If an individual value was missing in
a time series, it was replaced by the mean of values from the previous and following
years. In cases where the first or last values in the series were missing, EU means for
each criterion in the given year were used instead.

Due to missing data, in order to compare rankings based on input criteria to other
orderings, the rest of the analysis was performed for a shorter period (2014-2016)
and on a smaller set of countries (Belgium, Bulgaria, Germany, Estonia, France,
Croatia, Italy, Cyprus, Latvia, Lithuania, Luxembourg, Netherlands, Austria, Poland,
Romania and Switzerland). After that change, the rate of missing data was very low
(5 cases). In those few cases, the means of values from the previous and following
years were used. Rankings R2-R4 were built based on this smaller dataset.

The second ranking (further denoted by R2) was built based on a set of output
criteria (hyf - infmort). The third ranking (R3) was built using the whole set of criteria
(both input and output criteria). The last, fourth ranking (R4) used only input criteria,
i.e. dent, doctors, beds, money, El, E2, and E3.

Criteria Weights

In the absence of the decision-maker, the alternatives need to be compared based on
their differences and similarities, not subjective preferences. Weights were assigned
to criteria based on the information each criterion provides. Criteria that do not
contribute towards differences between alternatives are given lower weights. In
the hypothetical case of zero differences between the alternatives, with respect to
a given criterion, the alternatives would be considered equal based on that criterion.
Therefore, such a criterion contributes no information and can be omitted in the
ranking process (cf. Deng et al. 2000; Rao 2013; Wang, Luo 2010; Xu 2004). Similarly,
if a criterion is not correlated with other criteria, the information it transmits can be
considered unique and its removal may have a great impact on the ranking. Therefore,
the criterion in question should be assigned a relatively higher weight.

The weighting procedure is as follows. Firstly, characteristics that were the most
differentiated among the alternatives were ascribed higher weights:
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S

Vv, = —

fi
where: s, denotes standard deviation of criterion i, f; denotes the arithmetic mean of
criterioniandi=1, ..., N.

Secondly, those characteristics that were highly correlated with the other were
assigned lower weights, to avoid repeated information:

N P
2 j=1 |7 j|

wi =
l Zliv=1 Z?’=1 |Tpij|

where: r?, denotes a correlation coefficient of criteria i and j.

The final formula according to which the weights have been calculated is the following:

The procedure, similar to the CRITIC method (Criteria Importance Through Inter-
criteria Correlation) proposed by Diakoulaki et al. (1995) and the CCSD method
(Correlation Coefficient and Standard Deviation Integrated Approach) proposed by
Wang and Luo (2010) comes from Sielska (2010).

Results

Output criteria ranking R1is based on criteria hyf - infmort which reflect the health
quality in the population. The criteria weights differed each year, but the changes
were rather small, as shown in Figure 1. ‘Max-min’ denotes the difference between
the maximum and minimum weight. The highest importance overall was assigned
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to infant mortality rate (infmort), while the lowest was given to life expectancy in
absolute value at birth for females (lefb). Healthy life years at age 65 for females (hyf)
and males (hym) and the share of people with good or very good perceived health
(good) were considered to be relatively important in the assessment.

Figure 1. Summary of weights for rankings R1
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Source: The author’s elaboration based on Eurostat data.

The whole R1 ranking is presented in Table 1. ‘Max-min’ in all the following
tables denotes the difference between the maximum and minimum rank. The highest
position was not stable; changes at the top of the ranking could be seen. Despite this,
we can comment on the overall results. Firstly, the median rank was the highest in
the case of Iceland, Norway and Sweden. In the case of those countries, rankings are
rather stable, with the difference between highest and lowest ranking being no greater
than 2. The quality of health is also high in Finland, Spain, Cyprus and Slovenia.
On the other hand, there are countries which achieved low rankings each year.
This group includes Bulgaria, Slovakia, Romania and Malta. Their positions (except
Malta’s) are very stable. Poland was ranked on average at 24" position. It is worth
noticing that this position was rather stable, as the difference between maximum and
minimum ranking was equal to 3.

Table 1. Rankings of countries based on output criteria (R1)

Country Year | o013 2014 2015 2016 Medianrank Max-min
Belgium 12 1 11 14 115 3
Bulgaria 31 31 31 31 310 0
Czechia 7 9 10 13 9.5 6
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Country Year | o013 2014 2015 2016 Medianrank Max-min
Denmark 9 15 14 12 13.0 6
Germany 17 22 6 15 16.0 16
Estonia 1 20 18 1 14.5 9
Ireland 13 6 9 9 9.0 7
Greece 22 23 23 26 23.0 4
Spain 6 10 7 8 7.5 4
France 16 13 17 20 16.5 7
Croatia 24 29 25 27 26.0 5
Italy 15 16 15 10 15.0 6
Cyprus 4 5 12 6 5.5 8
Latvia 26 27 28 24 26.5 4
Lithuania 23 26 26 28 26.0 5
Luxembourg 18 4 8 22 13.0 18
Hungary 27 28 24 25 26.0 4
Malta 30 24 27 30 28.5 6
Netherlands 21 14 13 17 15.5 8
Austria 10 17 16 16 16.0 7
Poland 25 25 22 23 24.0 3
Portugal 8 21 19 18 18.5 13
Romania 32 32 32 32 32.0 0
Slovenia 14 8 5 5 6.5 9
Slovakia 28 30 29 29 29.0 2
Finland 5 7 4 4 4.5 3
Sweden 3 1 3 3.0 2
Eﬂgﬁ)m 19 18 20 21 19.5 3
Iceland 1 2 1 1 L0 1
Liechtenstein 29 12 30 7 20.5 23
Norway 2 3 2 2 2.0 1
Switzerland 20 19 21 19 19.5 2

Source: The author’s elaboration based on Eurostat data.

A summary of weights for ranking R2 (second ranking based on output criteria)

is presented in Figure 2. Overall, the most important criterion in the analysis is infant

mortality (infmort). Healthy life years at age 65 for females (hyf) and males (hym) and

the share of people with good or very good perceived health (good) were also assigned
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relatively high weights. Other criteria had negligible impact. It should also be noted
that the criteria weights were relatively stable. The differences between the highest and
lowest weights are no greater than 0.05. The only exception is the infmort criterion,
where the difference is greater though still not big, compared to the median weight.

Figure 2. Summary of weights for rankings R2
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Source: The author’s elaboration based on Eurostat data.

Several observations can be made based on the R2 rankings for 2014-2016,
presented in Table 2. Germany and Luxembourg have the least stable positions,
while the most stable rankings were achieved by Bulgaria and Romania. The last two
countries were ranked lowest with medians of 15 and 16, respectively. In 2014, the
best quality of healthcare performance ecould be found in Cyprus, Luxembourg and
Italy. In the following year, Germany, Belgium and Luxembourg were ranked in the
first 3 positions. In the last year of the analysis, 2016, the top 3 positions were those
of Cyprus, Italy and Belgium. Poland was systematically assessed as characterized
by a rather low quality of healthcare performance (ranked at 12 in 2014, and 11 in
2015-2016).

Table 2. Rankings of countries based on the output criteria (R2)

Country e 2014 2015 2016 Medianrank Max-min
Belgium 5 D) 3 3 3
Bulgaria 15 15 15 5 5
Germany 9 1 4 1 s
Estonia 8 10 >
France 6 5 >
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Country Year | o014 2015 2016 Medianrank | Max-min
Croatia 14 13 13 13 1
Ttaly 3 7 2 3 5
Cyprus 1 6 1 1 5
Latvia 13 14 12 13 2
Lithuania 1 12 14 12 3
Luxembourg 2 3 10 3 8
Netherlands 7 4 3
Austria 4 8 8 8 4
Poland 12 1 1 1 1
Romania 16 16 16 16 0
Switzerland 10 9 6 9 4

Source: Own elaboration based on Eurostat data.

In the next step, criteria which reflect the resources of healthcare sector have been
added and rankings based on both input and output criteria (R3) were constructed.
According to Figure 3, shown below, the most important criteria used for the R3
ranking were input criteria, mainly health care expenditures (money) and gamma
cameras in hospitals (E3). Infant mortality (infmort), the number of practising
dentists (dent) and doctors (doctors), the number of beds (beds) and other equipment
(Computed Tomography Scanners - EI, and Magnetic Resonance Imaging Units —
E2) were also considered to be important. Output criteria, connected to the results of
healthcare performance, such as life expectancy, were assigned lower weights.

Figure 3. Summary of weights for rankings R3
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Source: The author’s elaboration based on Eurostat data.
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Table 3 presents the ranking results for 2014-2016. All the positions are very stable;
the greatest difference between the highest and the lowest ranking is 2 (for Bulgaria
and Estonia). Belgium is ranked first each year. Switzerland and Luxembourg were
assigned the second and third position, respectively. Poland is ranked 15", and that
position does not change.

Table 3. Rankings of countries based on the whole set of criteria (R3)

Country Year 2014 2015 2016 Medianrank Max-min
Belgium 1 1 1 1 0
Bulgaria 13 1 1 1 2
Germany 7 6 7 7 1
Estonia 10 12 12 12 2
France 9 9 9 9 0
Croatia 11 10 10 10 1
Italy 8 8 8 8 0
Cyprus 0
Latvia 14 14 14 14 0
Lithuania 12 13 13 13 1
Luxembourg 1
Netherlands 6 7 6 6 1
Austria 5 5 5 5 0
Poland 15 15 15 15 0
Romania 16 16 16 16 0
Switzerland 3 2 2 2 1

Source: The author’s elaboration based on Eurostat data.

The summary of weights used for the construction of the R4 ranking (based
on input criteria only, such as dentists, doctors, hospital beds and equipment) is
presented in Figure 4. The highest importance was assigned to gamma cameras
in hospitals (E3) and health care expenditures (money). Weights assigned to other
criteria were on similar levels.
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Figure 4. Summary of weights for rankings R4
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Source: The author’s elaboration based on Eurostat data.

According to Table 4, which presents the results for 2014-2016, Belgium ranked
first each year. Similarly, stable and high positions were achieved by Switzerland and
Luxembourg. Very stable rankings were assigned to Germany, Bulgaria, Poland,
Croatia, Latvia and Romania, however most of those countries (all apart from
Germany) were ranked low. Poland ranked 15" (second to last) each year.

Table 4. Rankings of countries based on input criteria (R4)

Country Year | 014 2015 2016 Medianrank | Max-min
Belgium 1 1 1 1 0
Bulgaria 1 1 1 1 0
Germany 7 7 7 7 0
Estonia 12 13 13 13 1
France 9 9 8 9 1
Croatia 10 10 10 10 0
Ttaly 8 8 9 8 1
Cyprus 5 4 1
Latvia 14 14 14 14 0
Lithuania 13 12 12 12 1
Luxembourg 2 3 1
Netherlands 4 6 2
Austria 6 5 1
Poland 15 15 15 15 0
Romania 16 16 16 16 0
Switzerland 3 2 2 2 1

Source: The author’s elaboration based on Eurostat data.
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Rankings Comparison

The goal of the final step of the analysis is to compare rankings, based on three
different sets of criteria, and to analyse the changes over time.

Firstly, the evolution of rankings year after year is assessed based on Spearman’s
rank correlation coeflicient (p). The results presented in Table 5 below show that
with the exception of the R1 ranking, in which the values of Spearman’s p fluctuate,
the results become more similar over the years. In general, the values of correlation
coeflicients are high, which reflect a high similarity - the highest in those rankings
which are based on input criteria (R4), and the lowest among rankings built based on
output criteria only (R2). The similarities are also statistically significant.

Table 5. Similarity of rankings in period 2013-2016 measured
by Spearman’s rank correlation coefficient

Ranking R1 R2 R3 R4
Q Q Qa Q
< < < <
Years . g é) E E é E g §
compare g 4 g g 3 g 8 g
& & & & & & & A,
2013-2014 0.7984 | <0.0001 = = -
2013-2015 0.8651 | <0.0001 - - - - - -
2013-2016 0.8314 | <0.0001 - - - - - -
2014-2015 0.8578 | <0.0001 | 0.7794 | 0.0006 0.9794 | <0.0001 | 0.9853 <0.0001
2014-2016 0.8644 | <0.0001 0.7882 | 0.0004 0.9824 <0.0001 | 0.9824 <0.0001
2015-2016 0.8141 [ <0.0001 | 0.8059 | 0.0002 0.9971 <0.0001 | 0.9971 <0.0001

Note: ‘-’ no rankings constructed for at least one of two compared years.

Source: The author’s elaboration based on Eurostat data.

Rankings allow for easier and more intuitive comparisons, though they also entail
some information loss. The relative distance measures which are Dp(ai) calculated in
the TOPSIS procedure can be used for more detailed similarity assessments. Using
those values, we may focus on the final order while also considering the differences
between alternatives (countries). In the study, to compare values of Dp(ai) for different
rankings, the concept of distance was used once again. Each ranking was considered
to be a point from n-dimensional space, where n=32 (in case of R1) or n=16 (for R2-
R4) is the number of countries analysed, and the coordinates are represented by the
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values of the Dp(ai) function. The distance between such points (rankings) was then
measured using the Euclidean metric. The results are presented in Table 6, below. As
is always the case with distance measures, the lower values reflect greater similarity.

Table 6. Euclidean distances between rankings in 2013-2016

Years compa}:::itlll ane Rl R2 R3 R4
2013-2014 0.5212 - = -
2013-2015 0.5268 - - -
2013-2016 0.7172 - = -
2014-2015 0.4914 0.3417 0.1400 0.0994
2014-2016 0.5902 0.4152 0.2292 0.1378
2015-2016 0.5470 0.3107 0.1022 0.0612

Note: ‘" no rankings constructed for at least one of two compared years.

Source: The author’s elaboration based on Eurostat data.

In the output criteria R1ranking, the differences between rankings are fluctuating.
The dissimilarities between the ranking for 2013 and the rankings constructed for
other years are growing with time. The same conclusion can be made regarding
rankings built for 2014. That means that there were changes in the relative quality
of healthcare performance. In the case of R2, the rankings were most similar in
2015-2016. In 2014-2015, the difference was slightly greater. For R3, the evaluations are
becoming more similar with time. In R4, similar evaluations were made for 2014-2015
and 2015-2016. The lowest values of the distance function were found among rankings
based only upon input criteria (R4). That leads one to the conclusion that the relative
situation in this sphere is the least prone to change. This confirms the previous
conclusions, drawn from the values of Spearman’s rank correlation coefficient. In
the second step, rankings built based on different sets of criteria were compared.
Rankings R2-R4 were included.

The results of a comparison based on Spearman’s rank correlation coefficient p
are presented in Table 7. The similarity is definitely the highest between rankings R3
and R4 - that is, those rankings that include input criteria. The similarities between
other pairs or rankings (R2-R3 and R2-R4) are slightly less substantial but still clear.
All Spearman’s rank correlation coeflicients are significant, at a=0.01.
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Table 7. Similaritiesm among rankings R2, R3 and R4,
measured by Spearman’s rank correlation coefficient
Year 2014 2015 2016
Ranking Spearman’s p | p-value | Spearmansp | p-value | Spearmansp | p-value
R2-R3 0.7912 0.0004 0.7647 0.0009 0.7176 0.0024
R2-R4 0.7147 0.0026 0.7500 0.0012 0.6882 0.0042
R3-R4 0.9765 <0.0001 0.9941 <0.0001 0.9941 <0.0001

Source: The author’s elaboration based on Eurostat data.

The values of the distance function presented in Table 8 confirm those results.
It can be seen that in all 3 years the most similar rankings were R3 and R4, that
is rankings built considering input criteria. It leads to the conclusion, that that
determinants of healthcare quality are crucial in countries assessment.

Table 8. Euclidean distances between rankings between
rankings R2, R3 and R4, in given years

Ranking Year 2014 2015 2016

R2-R3 1.4080 1.3857 1.4006
R2-R4 1.6216 1.5350 1.4947
R3-R4 0.2325 0.1703 0.1104

Source: The author’s elaboration based on Eurostat data.

Summary

In the paper, we attempt to assess the situation in healthcare systems, based on
criteria reflecting both the health situation in the population (such as life expectancy
at birth, or the share of inhabitants who perceive their health status as ‘good’), which
reflects healthcare system performance, and the characteristics of resources like
diagnostic equipment and health care expenditures. Based on the TOPSIS method,
four rankings were constructed. The results show that input criteria are crucial in the
assessment. It is also found that the relative situation of countries, with respect to
resources, is the least prone to change. This conclusion may seem surprising, because
the change of inputs may occur at a faster rate than changes in the health situation of
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the population which is considered an output; however, it should be highlighted that
the resources depend on the socio-economic situation and political determinants,
which in most cases evolve slowly.

The results show that countries that were ranked high usually had stable positions,
as well. Poland was systematically assessed as being characterized by rather low
quality of healthcare performance, as well as low resources.

In general, the similarities among rankings in a given field is growing; therefore,
we may conclude that the situation and relative differences between respective

countries are stabilizing.
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