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Pension Systems Similarity Assessment:
An Application of Kendall’s W to statistical
multivariate analysis

Edyta Marcinkiewicz'

The study aims at empirical verification of the quality of pension system clustering based on two
dimensions: the extent of involvement of the state in the pension system and the level of volun-
tariness. To answer the question of whether these two dimensions actually determine the division
into homogeneous groups that constitute pension regimes, Kendall's W concordance coefficient is
employed. It is typically used in Delphi studies as an indicator of expert consensus, but it has been
shown that the concept of concordance can also be applied to statistical multivariate analysis to
measure intra-group similarity. This empirical research comprises 30 OECD countries grouped into
three pension regimes. It employs the classical chi-square test as well as the permutation test of
the coefficient of concordance previously applied to empirical problems in biology. Additionally,
this study proposes a new permutation procedure that allows for verifying the quality of clustering

Kendall’s W, concordance, cluster analysis, pension regimes, pension systems

ABSTRACT

from a different perspective.
KEY WORDS:
JEL Classification: H53,H55,J32,C12

'Lodz University of Technology - Department of Management, Poland

Introduction

The last two decades have seen significant changes in
many pension systems. Substantial pension reform
has been implemented in many countries around the
world. These changes arise mainly from the deteriorat-
ing demographic situation of societies, namely, popu-
lation aging. Due to these reforms, current pension
systems have become increasingly hybridized. Simple
distinctions from the past are no longer applicable.
There are many facets and parameters that determine
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the final shape of a pension system, such as defined
benefit vs. defined contribution, pay-as-you-go vs.
funded, voluntary vs. mandatory, publicly managed
vs. privately managed, with extensive pension privi-
leges vs. without privileges, etc. The search for the op-
timal combination of these factors is the main driver
for pension reforms. However, this optimal system
depends to a large extent on local conditions, such as
demographics, politics, and history. That is why there
is no single pension system that is optimal for all coun-
tries. One of the challenges of pension economics is
the comparative analysis of social policy models that
comprise pension regimes, mainly in order to study
their outcomes in terms of providing adequacy or
efficiency. In the face of a variety of solutions imple-
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mented in different pension systems, one can only try
to arrange them into similar groups that form models
clearly distinguishable from each other. In this context,
pension system resemblance can be studied.

The notion of a pension regime originates from
welfare state regimes (Furniss & Tilton, 1977; Titmuss,
1974). The most popular typology of pension regimes
was developed by Esping-Andersen (1990). It was the
first one to function not only as a theoretical concept
but was also based on empirical observation. Nonethe-
less, as stated by many authors (see Soede & Vrooman,
2008), it fails the empirical verification. Different ty-
pologies of pension regimes have also been proposed
by Rhodes and Natali (2003) and later by Soede and
Vrooman (2008). The present study refers directly
to the classification of pension models developed by
Marcinkiewicz and Chybalski (2017) and can be per-
ceived as an extension of their research. They propose
a new typology of pension system regimes based only
on two opposites: voluntary vs. mandatory systems
and the involvement of the state vs. the market. These
dimensions are assumed to comprise the main factors
that allow one to distinguish among pension systems.
The aforementioned study empirically identifies three
groups of contemporary pension systems in terms of
these differentiating criteria and provides theoreti-
cal foundations for such a division. The present work
aims at the empirical verification of the quality of
this pension system clustering in order to answer the
question of whether these two dimensions actually
determine the division into homogeneous groups. It
employs Kendall's W concordance coefficient (Kendall
& Babington Smith, 1939), which is typically used in
Delphi studies as a measure of expert consensus (Von
der Gracht, 2012). However, as justified in subsequent
sections, it can be useful when evaluating the homoge-
neity in the groups of different objects described by a
multiple of variables, i.e., in the statistical multivariate
analysis. For such purposes, the concordance coeffi-
cient has already been adopted in the biological sci-
ences. For example, in community ecology, Legendre
(2005) uses Kendall's W to identify groups of signifi-
cantly associated species. Similarly, Buchholz, Hannig
and Schirmel (2013) adopt it to carabid species cluster-
ing. In medical applications, Baumgartner, Somorjai,
Summers and Richter (1999) employ it to assess intra-
group homogeneity of clusters of voxels in functional
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magnetic resonance imaging. Stausberg, Halim and
Farber (2011) apply the coefficient of concordance to
validate whether several indicator sets compete with
one another for the assessment of effectiveness and
safety of hospitals.

The contribution of this study to the current lit-
erature is twofold. First, it applies Kendall's W to
the problems of multivariate analyses in the field of
economics, namely, to the empirical verification of
pension regime typology. The main advantage of the
application of Kendall’s W in cluster analysis is that
the coeflicient is scaled to a certain interval and is
comparable across different groups, contrary to the
commonly used measures of intra-group (dis)simi-
larity. Second, this paper proposes a new application
of the permutation test, which can be considered as
complementary to the approach previously suggested
by Legrande (2005). This study employs a dataset
concerning various variables used in the classifica-
tion of 30 pension systems developed by Marcinkie-
wicz and Chybalski (2017). The variables reflect two
dimensions: the extent of the involvement of the state
in the pension system and the level of voluntariness.
Whereas the abovementioned study consists of theo-
retical and empirical identification of groups of simi-
lar pension systems forming pension regimes, this
paper aims to assess the quality of this division. The
statistical framework proves that the theoretical dis-
tinction into three pension regimes has counterparts

in current pension system models.

Method

In statistical multivariate analysis, particularly in clus-
ter analysis, there are several measures used to express
separation or homogeneity of a single cluster (see Han-
sen & Jaumard, 1997). However, they are applied in
the course of finding clusters as criteria of modifying
subsets or terminating the procedure. They are based
on dissimilarities and rely mainly on distance metrics.
They are also not interpretable. As such, they are not
suitable for comparisons of the divisions of different
categories of objects. On this basis, one can only con-
clude that the previous division across the same set of
objects was better or worse that the next division. In
fact, surprisingly little attention in the existing litera-
ture on statistical multivariate analysis is paid to the
assessment of the quality of clustering. Of the very
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few measures that enable identifying the level of intra-
group resemblance, one can distinguish the intra-class
correlation coefficient ICC (Koch, 1982). However, it
is designed to reveal correlation mainly in data sets
where the measurements are not assigned to certain
units (objects). In the absence of appropriate measures
of intra-group similarity in the case of multivariate
analyses, the concept of concordance can be applied.
As presented in Elzinga, Wang, Lin and Kumar (2011),
the concept of concordance appears in at least three
contexts: in voting and decision making, which is the
first and basic application, in group attitude assess-
ment, and in statistics. The research presented in this
study addresses the third of the aforementioned appli-
cations using the most known index of concordance
for m>2 rankings, namely, Kendall's W. Originally,
it was developed to measure the consensus level in a
group of experts in terms of their choices or prefer-
ences. The formula for Kendall’s W is as follows:
Z":(Rj _m("2+1))z

N (&)

where n denotes the number of ranked items, m de-
notes the number of experts (raters) and R]. is the sum
of ranks obtained by the j-th item from all the raters.

In the numerator of the ratio given in formula
(1), there is a sum of squared deviations of R from
the mean value of R computed for all the items. The
denominator comprises the maximal sum of squared
deviations, i.e., attainable only in the case of full
consensus among raters, when m series of ranks are
identical. Consequently, when the actual dispersion of
ranks reaches its maximum and W equals 1, this indi-
cates full agreement. When raters strongly disagree,
and the sums of their ranks are randomly (equally)
distributed among items, then the dispersion of sum
of ranks will be equal to zero, and as a result, W will
take the zero value.

However, when the ranks are tied (i.e., when at least
one rater gives the same rank for at least two items),
formula (1) needs to be adjusted using the correction
factor:

g
T=Z(t,§—zk) 2
k=1

www.ce.vizja.pl

where ¢, is the number of tied ranks in each k of g
groups of ties observed over m ratings. Kendall’s W is
then obtained from the formula:

i(R/ _m(n+1))2
W= 71'1:‘ 2
2 3

Em (n"—n)—mT
The data set for Kendall's W calculations is typically
given in the table form, such as that presented in Table
1. The table is filled with the ranks given by each i-th
(i=1, ..., m) rater for each j-th (j = 1,..., n) item. The
concordance coefficient obtained from such data set
reflects the level of agreement, which can be defined as
the similarity in raters’ (experts’) views.

The alternative approach presented here allows one
to measure how a group of objects is similar (consent)
in terms of the variables that the objects are charac-
terized with. In other words, the variables or features
describing particular objects in a group are ranked by
each object (see Table 2).

The idea of ranking variables may seem confusing;
however, the analogous concept applies to the Pear-
son’s correlation coefficient often used in multivari-
ate analysis. It is typically employed as a measure of
correlation between two variables, but it can also be
computed with respect to two objects described by a
set of variables, and as such, it serves as a similarity
measure. However, the advantage of Kendall's W over
the Pearson correlation coefficient is that it can evalu-
ate similarity among more than two objects. Moreover,
because it is based on ranks, it is also applicable when
the relationship is nonlinear. As noted by Elzinga et
al. (2011), in statistics, the concept of concordance is
useful to know how much large values of one random
variable X correspond to large values of another ran-
dom variable Y.

Baumgartner et al. (1999) noted that Kendall's W
may be regarded as a cluster validity index. In this
case, the concordance coefficient can be adopted to
measure similarity in a group of objects in terms of all
the variables used to form the cluster. However, it can
also be used when only some of the variables are taken
into account. Then, it allows for identifying the sub-
sets of variables (features) that contribute the most or
the least to intra-group homogeneity. Finally, one can
evaluate the similarity of objects quite apart from dif-
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Table 1. Data set presentation for the standard Kendall's W application

Items
1 2 n
1
4 2
2
]
-3
m
Sum of ranks (Rj)
Table 2. Data set presentation for the Kendall's W application in multivariate analysis
Variables
1 2 n
1
2 2
@
=
(]
m
Sum of ranks (Rj)

ferentiating variables, e.g., after forming the clusters of
pension regimes, their homogeneity can be assessed in
terms of adequacy, efficiency, and sustainability.

The standard procedure for testing Kendall's W con-
cordance coefficient involves chi-square statistics:
2 =mn-)w (4)
The null hypothesis states that the raters produce in-
dependent rankings of the items, i.e., the rating series
are not related with each other. As shown by Legendre
and Lapointe (2004), there is a close similarity between
Friedman’s two-way analysis of variance without repli-
cation by ranks and Kendall’s W, as the only difference
is the formulation of the null hypothesis. The statistics
given by formula (4) are asymptotically distributed like

chi-square, with (n-1) degrees of freedom.

CONTEMPORARY ECONOMICS

A study by Legrande (2005) employs resampling as

a very useful solution when verifying the hypothesis

that the rankings are independent. He proposes the

following procedure of the permutation test:

1. Transform quantitative data into ranks (tied ranks
if necessary).

2. Compute Kendall's W coefficient, which will serve
as a reference statistic (W, zf).

3. Permute all rankings at random, independently
from rater to rater, and compute Kendall’s W.

4. Repeat step 3 numerous times and develop a distri-
bution of the W statistics under permutation.

5. Calculate a p-value as the proportion of W that are
larger or equal to W, and compare it to the selected
significance level.

The test described above verifies the same null hypothe-

sis as the test with chi-square statistics given by formula

DOI: 10.5709/ce.1897-9254.244
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(4). With respect to the data presentation in Table 2, per-
mutations apply to the values of the variables assigned
to the i-th object. They are randomly mixed numerous
times independently for each object. In this manner, the
test verifies the null hypothesis that the objects are not
similar in terms of a given set of variables.

This study presents a complementary test based
on resampling that can be applied with respect to the
problems that involve validation of clustering. It can
also be considered as a permutation test. The previous
test involves variable permutations in a fixed set of m
objects, whereas in this test, the labels of objects (be-
longing to the group and not belonging to the group)
are permuted. This consists of sampling, without re-
placement, a set of m objects out of a set of k objects
(k>m). The procedure is analogous to the test present-
ed by Legrande (2005). The steps are as follows:

1. Transform quantitative data corresponding to the k
objects into ranks (tied ranks if necessary).

2. Compute Kendall's W coefficient for a preselected
set of m objects as a reference statistic (W, Zf).

3. Extract randomly from the available set of k objects
a subset of m objects and compute Kendall’s W.

4. Repeat step 3 numerous times and develop a distri-
bution of the W statistics under permutation.

5. Calculate a p-value as the proportion of W that are

larger or equal to W/

~and compare it to the selected

significance level.

This test is useful in clustering validation, especially in
the case when two or more clusters are formed out of
the given set of objects. It can also serve as a classi-
fier performance assessment tool. The p-value is then
a proportion of clusters that are characterized by the
same or greater intra-group similarity than the origi-
nal set of objects. The null hypothesis states that the
given set of objects is randomly selected.

The first permutation test applies to the assessment
of the similarity of objects within a preselected group,
without reference to other possibilities of grouping.
The second test applies strictly to the assessment of the
accuracy of clustering — not the absolute (objective) ac-
curacy but the relative one. Hypothetically, as a result
of clustering, it is likely to obtain a group of dissimilar
objects extracted from a larger set, but this group can
still be the most homogenous compared to other pos-
sible combinations. That is why these two tests should
be considered as complementary. Whereas the first test

www.ce.vizja.pl

corresponds to the question of whether the objects in a
given group are similar, the second refers to the ques-
tion of if there are better (more homogenous) groups
of objects. To distinguish between these two types of
tests in further empirical analysis, the first one shall
be called the absolute permutation test and the second
one the relative permutation test.

Empirical Research

This study is based on the empirical results of Mar-
cinkiewicz and Chybalski (2017). Using statistical
methods, such as cluster analysis, correlation analysis,
and ANOVA, they distinguish three groups of pen-
sion systems that form three pension regimes. The
criteria serving for this differentiation are based on
the two dimensions that can be expressed as two pairs
of opposite notions: public vs. private and mandatory
vs. voluntary. Table 3 presents the list of the variables
(extracted from the OECD database) they used in the
empirical research. The same set of variables is em-
ployed in this study to validate the intra-group pension
system homogeneity. The data apply to 2011 and 2012.

Table 4 presents the data set used in cluster analy-
sis. Three clusters of pension systems currently func-
tioning in OECD countries were distinguished. The
first group includes the following countries: Canada,
United Kingdom, United States, Ireland, Czech Re-
public, and New Zealand. They form the cluster with
a significant share of voluntary pensions in the sys-
tem. The second group comprises pension systems in
Australia, Denmark, Iceland, Netherlands, Sweden,
Switzerland, Slovak Republic, Estonia, Israel, and Po-
land. This cluster covers the regime of the significant
mandatory participation in private schemes. The last
group is the most numerous and consists of the coun-
tries with pension systems classified to the mandatory
public regime: Austria, Belgium, Finland, France, Ger-
many, Greece, Hungary, Italy, Luxembourg, Norway,
Portugal, Slovenia, Spain, and Turkey. All the figures
presented in Table 4 represent the shares (rates), and
all of them are in the range 0-1, so the data included
in the further analysis are not adjusted in any way (e.g.,
standardized).

The classification into the three regimes is made
for a particular moment in time, as it employs data
from 2011 or 2012. Because the systems in many
countries undergo reforms, the composition of the

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Table 3. Description of variables

Variable

Description

X1

X2

X3

X4

X5

X6

X7

X8

X9

X10

X1

X12

Ratio between the expenditure on old-age pension provisions from the mandatory public schemes and
total expenditure on old-age pensions (public and private mandatory and voluntary private). This measures
the share of mandatory and publicly managed schemes in the entire pension system;

Ratio between the expenditure on old-age pension provisions from the mandatory private schemes and
total expenditure on old-age pensions (public and private mandatory and voluntary private). This measures
the share of mandatory and privately managed schemes in the entire pension system;

Ratio between the expenditure on old-age pension provisions from the voluntary private schemes and total
expenditure on old-age pensions (public and private mandatory and voluntary private). This measures the
share of privately managed voluntary schemes in the entire pension system;

Ratio between the estimated net pension replacement rate from the public pension system (for the person
entering labor market in 2012 and earning an average wage) and the sum of the estimated net pension
replacement rates from the public, mandatory private and voluntary pension system. This measures the
contribution of mandatory public pension system in ensuring the income adequacy;

Ratio between the estimated net pension replacement rate from the mandatory private pension system (for
the person entering labour market in 2012 and earning an average wage) and the sum of the estimated net
pension replacement rates from the public, mandatory private and voluntary pension system. This measures
the contribution of mandatory private pension system in ensuring the income adequacy;

Ratio between the estimated net pension replacement rate from the voluntary private pension system (for
the person entering labor market in 2012 and earning an average wage) and the sum of the estimated net
pension replacement rates from the public, mandatory private and voluntary pension system. This measures
the contribution of voluntary pension system in ensuring the income adequacy;

Coverage of mandatory private pension schemes by the type of plan, expressed as a percentage of the
working age population (15-64 years);

Coverage of voluntary private pension schemes by the type of plan, expressed as a percentage of the
working age population (15-64 years), calculated as the maximum of two values: coverage of voluntary
occupational schemes and coverage of voluntary personal schemes;

The rate of public mandatory pension contribution (if does not exist, X9=0);

Percentage contribution of all components of the first tier of the pension system to weighted average
pension wealth. This measures the share of public minimum pension provision in the whole retirement
income package in the mandatory system;

Percentage contribution of public ER or public DC provision from the second tier of the pension system
to weighted average pension wealth. This measures the share of public ER or DC provision in the whole
retirement income package in the mandatory system;

Percentage contribution of private DB or private DC provision from the second tier of the pension system
to weighted average pension wealth. This measures the share of private pension provision in the whole
retirement package in the mandatory system.

Note: Only X7, X8 and X9 variables are directly provided by the OECD, the remaining variables are transformed into ratios from
the original data.

Source: Adapted from“A new proposal of pension regimes typology: Empirical analysis of the OECD countries”by E. Marcinkiewicz
and F. Chybalski (2017). Retrieved from Journal of Economic Policy Reform, http://dx.doi.org/10.1080/17487870.2016.1276454
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Table 4. Pension system characteristics

Variables
Group Country

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X111  X12

Canada 055 000 045 054 000 046 000 033 010 050 050 000
United Kingdom 054 006 040 049 000 051 000 030 000 088 012 000

I United States 057 000 043 050 000 050 000 042 010 000 100 000
Ireland 085 000 015 046 000 054 000 031 000 100 000 000
Czech Republic 094 006 000 053 000 047 000 062 028 018 082 000
New Zealand 100 000 000 074 000 026 000 064 000 100 000 000
Australia 067 005 028 026 074 000 068 020 000 039 000 061
Denmark 064 000 036 039 061 000 084 024 000 045 000 055
Iceland 046 000 054 009 091 000 08 042 000 015 000 085
Netherlands 059 000 041 033 067 000 08 028 018 037 000 063

I Sweden 078 000 022 061 039 000 100 027 018 003 053 044
Switzerland 060 040 000 058 042 000 070 000 010 000 065 035
Slovak Republic 094 001 004 057 043 000 044 000 018 000 058 042
Estonia 100 000 000 052 048 000 069 000 022 029 028 042
Israel 100 000 000 030 070 000 082 000 007 034 000 066
Poland 100 000 000 050 050 000 056 001 020 000 051 049
Austria 094 000 006 100 000 000 000 020 023 000 100 000
Belgium 08 000 012 073 000 027 000 045 016 002 098 000
Finland 098 000 002 100 000 000 074 019 023 001 100 000
France 099 000 001 100 000 000 000 016 017 000 100 000
Germany 091 000 009 072 000 028 000 056 020 000 1.00 000
Greece 098 000 002 100 000 000 000 000 020 045 055 000

Il Hungary 100 000 000 100 000 000 001 020 034 000 100 000
[taly 091 007 002 100 000 000 000 008 033 000 1.00 000
Luxembourg 094 000 006 100 000 000 000 003 016 022 078 000
Norway 091 000 009 072 011 018 068 023 000 001 088 011
Portugal 097 000 003 100 000 000 000 005 000 003 097 000
Slovenia 100 000 000 100 000 000 000 000 024 006 094 000
Spain 100 000 000 100 000 000 000 016 028 000 100 000
Turkey 100 000 000 1.00 000 000 001 005 020 001 099 000

Source: Adapted from"A new proposal of pension regimes typology: Empirical analysis of the OECD countries"by E. Marcinkiewicz

and F. Chybalski (2017). Retrieved from Journal of Economic Policy Reform, http://dx.doi.org/10.1080/17487870.2016.1276454
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Table 5. Pension systems intra-group similarity assessment

Edyta Marcinkiewicz

Pension 1 test abs. perm. rel. perm.
system m n w(w,_) test test
group x>-Stat p-value p-value p-value

| 6 12 0.74 4852 0.0000 0.0000 0.0327

[ 10 12 0.69 76.13 0.0000 0.0000 0.0066

I 14 12 0.79 122.06 0.0000 0.0000 0.0000

Table 6. Pension system intra-group similarity assessment (factors: public mandatory, private mandatory, voluntary)

) Pension abs. perm. rel. perm.
::::tazlse;s system m W(W_, test test
group x>-Stat p-value p-value p-value
X1,.X4, I 6 0.75 1345 0.0038 0.0008 0.1363
X9X11 Il 10 073 21.80 0.0001 0.0000 0.0575
M1l 14 0.69 2897 0.0000 0.0000 0.0530
X2,X5, I 6 033 6.00 0.1116 0.2486 04086
X7.X12 Il 10 0.83 24.76 0.0000 0.0000 0.0000
Il 14 0.18 7.36 0.0612 0.0588 0.7511
X3,X6,X8 | 6 0.36 433 0.1146 0.1435 0.3031
Il 10 045 9.00 00111 0.0058 0.0640
I11 14 0.54 15.04 0.0005 0.0002 0.0022

groups may change over time. However, this study
attempts to verify the validity of the concept that the
main axes for grouping pension systems into similar
clusters are the level of voluntariness and the level of
involvement of the public sector. To achieve this goal,
the Kendall’s coefficient of concordance was calcu-
lated and the corresponding statistical tests were run:
the classical test with the chi-square statistics given
by formula (4), as well as two kinds of permutation
tests (referring to absolute and relative similarity as-
sessment). The number of random assignments in all
permutation tests was 10,000.

CONTEMPORARY ECONOMICS

According to the procedure for determining the
concordance coeflicient, the values characterizing
particular pension systems were transformed into
rankings. The results of the calculations are shown in
Table 5. The most homogeneous group is the third
group, as the W equals 0.79, which indicates a high
level of concordance. However, the other two groups
are very concordant as well. The obtained chi-square
statistics also confirm that the rankings are related.
This is in line with the results of the absolute permu-
tation test, which verifies the same null hypothesis.
The p-values computed for the relative permutation

DOI: 10.5709/ce.1897-9254.244
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Figure 1. Rank distribution across variables

tests indicate that all three groups of pension systems
are not randomly selected.

As previously stated, Kendall’s coefficient of concor-
dance can also be applied to make comparisons among
different sets of variables in order to assess which factor
has the greatest contribution to the overall homogene-
ity of a group. Therefore, the next stage of the research
was to estimate the concordance within three pension
regimes, but only with respect to the certain factors.
The first factor is reflected by variables X1, X4, X9, and
X11. It represents the publicly managed mandatory
schemes. The second factor is described by variables
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X2, X5, X7, and X12, which represents the significance
of the mandatory and private parts of a pension sys-
tem. Finally, the third factor comprises variables X3,
X6, and X8, which reflect the level of voluntariness in
a pension system.

Table 6 presents the calculations of Kendall’s W for
each pension regime with respect to the distinguished
sets of variables. The results obtained for the first set of
variables show that all three pension regimes are char-
acterized by a high level of intra-group homogeneity.
However, regarding the second factor, namely, man-
datory and private schemes, there is a concordance
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Table 7. Pension system intra-group similarity assessment (perspectives: beneficiaries, contributors)

Pension ) abs. perm. rel. perm.
:;:f::':s system m n ww,) 1" test test test

group x>-Stat p-value p-value p-value
X1,X2,X3 I 6 3 0.85 10.17 0.0062 0.0018 0.7273

[ 10 3 0.75 15.08 0.0005 0.0000 0.8985

I 14 3 0.90 2508 0.0000 0.0000 02078
X4X5X6X7, | 6 9 0.68 32.76 0.0001 0.0000 0.0334
X8X9.X10, I 10 9 0.66 52.89 0.0000 0.0000 0.0036
X11,X12 I 14 9 0.77 86.78 0.0000 0.0000 0.0000

only in the second pension regime, which includes the
countries with significant mandatory participation in
private schemes. Kendall's W is relatively small for the
other two groups of countries. Still, these results can
be misleading. When comparing the values of vari-
ables X2, X5, X7, and X12 in the first and third cluster
(Table 4), it is clear that these groups are homogenous
as well. The reason why the Kendall's W indicates a
lack of concordance is the fact that the figures from the
columns consist of many zeroes. In such a case, there
are many equal ranks (ties), which results in a small
sum of squared deviations of R, from the mean value
of R]. in the numerator of the ratio given in formula (3).
This effect is visible when the distribution of respective
ranks is plotted on the graph. Figure 1 presents how
the ranks are spread across variables X2, X5, X7, and
X12 in all three groups.

As for the third factor, namely, the level of volun-
tariness, expressed by variables X3, X6, and X8, the
less concordant are the countries from the first group.
Compared to the latter two regimes, they are charac-
terized by the high significance of voluntary pension
schemes. However, it is not a homogenous group. The
intra-group similarity is relatively higher in the second
and third cluster, but the mean values of X3, X6, and
X8 in these groups indicate that this factor plays a mi-
nor role in differentiating the pension systems.

With respect to all three sets of variables represent-
ing different factors characterizing pension regimes,
there are a few discrepancies between the results of the
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relative permutation tests and the results of the other
two tests. This implies that in these cases, the groups of
pension systems are highly concordant, but in a differ-
ent composition they could have been even more con-
cordant. When separately considering different features
of pension systems, such as public mandatory, private
mandatory and voluntary, one can argue that the first
group of pension systems is characterized by the small-
est intra-group similarity. Moreover, there are many
other combinations of countries that would constitute
more homogenous groups, which is indicated by high p-
values of the relative permutation tests. However, when
all the factors are taken into account simultaneously, the
results imply that the first group as well as the second
and the third are concordant, as presented in Table 5.
When analyzing the entire set of variables, one can
notice that they can be divided according to two per-
spectives: beneficiaries of the pension systems and con-
tributors to the pension systems. The variables X1-X3
are associated with the expenditure on old-age pension
provisions, so they are seen from the pensioners’ per-
spective. Conversely, the variables X4-X12 are defined
with respect to the working generation and their direct
participation in the pension system. The results present-
ed in Table 7 show that all three groups of pension re-
gimes are highly homogeneous with regard to the com-
ponents of the pension provision (variables X1-X3). In
fact, as indicated by the results of the relative permu-
tation tests, all the studied countries are quite similar
in terms of the proportion between variables X1, X2
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and X3: there are numerous random combinations of
countries characterized by very high values of Kendall’s
concordance coeflicient. This is clearly seen when com-
paring the figures from Table 4. In a great majority of
countries from all three clusters, the pattern remains the
same: the higher pension expenditure comes from the
public mandatory schemes, the intermediate in terms of
the share is pension provision from the voluntary pri-
vate schemes, and the smallest expenditures come from
the private mandatory schemes. The homogeneity with
respect to the variables representing contributors to the
system is smaller in all three groups of pension systems;
however, it is large enough to support the conclusion
about the substantial intra-group similarity.

Discussion and Conclusion

The implications of this study can be considered in two
areas: first, in reference to the pension regimes typol-
ogy, and second, regarding the methodological prob-
lem of the assessment of clustering quality. This study
proves that the concept of pension regime typology
based on the extent of involvement of the state and the
market as well as the role of voluntary schemes in a pen-
sion system is consistent with the empirically distin-
guished groups of pension systems operating in OECD
countries. This consistency is assessed by the level of
intra-group similarity. Pension regime typology can
have a significant practical value for social policy when
indicating the best directions for pension reforms, but
only when such typology properly captures the main
dimensions of pension systems. This study proves the
accuracy of the typology by Marcinkiewicz and Chy-
balski (2017), which is quite novel and conceptually
different from older typologies. Thus, it confirms that
this classification can be further used in the compara-
tive studies of social policy outcomes such as pension
system adequacy or efficiency. The other implication of
this study is of a methodological nature. It presents the
original implementation of a new tool for assessing the
quality of clustering. It has been demonstrated that the
concept of concordance can be used for this purpose as
a measure reflecting the similarity of the examined ob-
jects. The method employed in the empirical research is
based on the Kendall's W concordance coefficient. Un-
like the typical similarity measures used in the statisti-
cal multivariate analysis, it allows for the measurement

of intra-group similarity when the group consists of
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more than two elements. However, as in every measure,
there are some limitations. First, it is based on ranks,
which means the loss of information that results from
the data transformation into the ordinal scale in the
case of variables expressed at an interval or ratio scale.
It does not distinguish whether the differences between
the levels of the variables, which determine the ranking,
are relevant or irrelevant in terms of the similarity of
the evaluated objects. However, the analysis based on
ranks is also applicable when the studied relationships
are non-linear. The issue of many ties is also important,
as this can influence the results of the analysis despite
the presence of a correction factor in the formula de-
scribing Kendall's W. In the presented study, some of
the calculated coefficients of concordance were very
low because there were many columns of zeroes, and
hence the ranks were equal. Another interesting prob-
lem that draws little attention in the existing literature
is the issue of data adjustment for the purpose of con-
cordance analysis. Transformations of raw data, such
as standardization or scaling at the 0-1 interval, are
a common practice in many procedures of statistical
multivariate analysis; however, they seemed to be un-
necessary in this study, as all the variables were already
expressed as rates and as such were comparable to some
extent. Nevertheless, data adjustment can seriously af-
fect the results of concordance analysis.

In this study, the concordance is identified with
intra-group similarity or homogeneity. However, it
should be clearly stated that the term similarity ap-
plies to the proportions or shape and not to the same
absolute level. It is a correlation-based similarity. As a
result, in the case of a set of identical objects, the con-
cept of concordance has no application; it can lead to
false conclusions.

The results obtained during the course of the study
reveal that the level of voluntariness and the extent
of involvement of the state in the pension system are
the dimensions that form the basis for distinguishing
among different social policy models with respect to
old-age pensions. The empirical research presented in
this paper confirms that these two facets determine
division into separate pension regimes. As it has been
demonstrated, the level of concordance, which is iden-
tified with intra-group similarity, is high; thus, the
quality of the division into pension regimes was proved.
The additional conclusions can be formulated after de-
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composition of the entire set of variables into subsets
representing different features of pension systems. For
example, when we consider only the degree of involve-
ment of the state (i.e., the variables representing public
and mandatory character), it turns out that the group
of countries that represent pension regimes with the
dominant role of the state is the best match in terms
of intra-group similarity. The same applies to the coun-
tries representing the regime with the significant role
of the market (with the substantial involvement of the
private and mandatory pension schemes). The coun-
tries that constitute this group are the most consistent
with respect to this feature. Only in the case of coun-
tries with a major role of voluntary pension schemes
is the intra-group similarity not identified. This means,
however, that in these countries, there is a considerable
variation in this respect. Analysis of row data shows
that compared to other regimes, they are still the group
where voluntary forms of old-age provision are of great
importance. However, one should keep in mind that
the ultimate validity of any pension regime’s typology
is verified through its usefulness, as it should be formed
in such a way as to capture the common patterns within
the grouped systems, especially those that enable fur-
ther pension system improvements.
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