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Abstract In this paper we present a new global evaluation methodology for constructing

composite indicators. Given the limitations in the construction of wellbeing indicators that

include a gender perspective, this paper proposes separate measures for men and women,

using new linear programming models to improve the traditional Data Envelopment

Analysis models. We obtain composite indicators using common weights (which are most

and least favourable) so that the indicators’ values are able to discriminate between all

units and provide a global vision of each one. This approach does not require prior

knowledge of the weights for initial indicators, nor does it require a normalization method.

Thus, the new composite indicator is less subjective than others. For the practical imple-

mentation of this proposal, we use the countries of the European Union as an example.

Keywords Composite indicators � Envelopment data analysis � Linear programming �
Wellbeing measures � Gender

1 Introduction

The use of composite indicators to measure social phenomena has boomed over recent

years across academic, scientific, institutional and political fields. In some cases, these are

simple indicators that reflect a certain aspect of reality, while others are added from a

combination of several variables. They are also very diverse in terms of their methodo-

logical complexity as well as in the degree of their approximating reality.

The inclusion of gender perspectives in the design of wellbeing indicators and even more

in that of public social statistics is an issue that did not begin to draw attention until the mid-

eighties, although at that time still was a symbolic fact (Oakley 1991; Beck 1994). The

Fourth World Conference on Women held in Beijing in 1995 represents a milestone in this

regard (ONU 1995). During this conference, it is highlighted the need to ‘‘collect, compile,
analyse and regularly submit data disaggregated by age, sex and other socioeconomic
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indicators, including the number of dependents, for use in planning and implementing
policies and programs’’ (par. 206B) and ‘‘promote the further development of statistical
methods to improve data that relate to women in economic, social, cultural and political
development’’ (par. 208B).

In response, international agencies such as the World Bank, the Economic Commission

for Latin America and the Caribbean and the United Nations Program for Development

(UNDP) pioneered the creation of gender-sensitive indicators. At the European level, they

have also begun to incorporate this perspective in the Treaties (Amsterdam) and Agree-

ments, as well as their own regulations governing the Structural Funds (1993 and 1999

reforms). The same applies at the national and regional levels within Europe.

The construction of any composite indicator necessitates the availability of data. In the

case of gender indicators, this is a major obstacle; the traditional problems of availability of

any public statistics joins a historical limitation in relation to the gender breakdown of

generated data and, moreover, to the absence of a non-androcentric design of official

statistics at the international level.

Despite some isolated early attempts, the breakdown of the data by sex goes back to the

early 70 s. In 1974, the Eighth World Congress of the International Sociological Associ-

ation (now the Research Committee of Women and Society) created a working group

(Boulding et al. 1976) to analyse and enhance the availability of statistical data on women,

resulting in the first data source ‘‘Handbook of International Data on Women’’. Since then,

improvements in data availability have been apparent, but some problems still impede

gender analysis from a quantitative point of view.

This situation has greatly influenced the development of welfare indicators to incor-

porate gender issues. In broad terms, the work done in this line has given rise to two types

of indicator: simple wellbeing measures disaggregated by gender—so-called gender gap

indexes—and measures of gender-sensitive wellbeing created by adjusting aggregate

measures of wellbeing to account for gender inequalities.

In 1995, the UNDP proposed the main indices used at the international level, which

were the Gender-related Development Index (GDI) and the Gender Empowerment Index

(GEM). However, these indices have not been exempt from criticism, and there have been

several attempts to overcome their major limitations.

The principal objections to these indicators are similar to those made to the Human

Development Index (HDI), which proposed the measurement of welfare from a generic

point of view, by McGillivray (1991), McGillivray and White (1993), Srinivasan (1994),

Ravallion (1997), and others. But there also some differences in the objections (White

1997; Bardhan and Klasen 1999; Klasen 2006; Dijkstra and Hammer 2000; Dijkstra 2002,

2006). In general, these differences are related to:

• The choice of dimensions for measuring inequality and the variables for these

dimensions (aside from areas especially relevant from the perspective of gender).

• How to measure the achievements; the indicator measure not gender inequality itself

but combinations of absolute levels of achievement and the achievements of women.

Moreover, inequality is counted differently for the three variables that comprise the

index.

• The very construction of the index, whose methodology is based on the highly

subjective practice of assigning weights.

Thus, the main gender indices proposed over recent years, which are collected in

Table 1, have been distinguished primarily by their components and to a lesser extent have

been faced with methodological limitations.
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From our point of view, the incorporation of gender mainstreaming implies that

assessing the implications of any planned action is for both women and men and is not just

the mere breakdown by gender, although this is also essential. Furthermore, the devel-

opment of a methodology consistent with the requirements of the object of study is

essential in the construction of composite indicators.

Considering the above, in this work we propose an indicator that is useful from the

standpoint of gender. Aware of the interest in incorporating components that are not

traditionally used in the measurement of wellbeing but are particularly useful from the

perspective of gender, variables such as time on unpaid work or leisure, among others

(Domı́nguez-Serrano 2009), our interest in this work that focuses on developing a meth-

odology to resolve some of the problems arising from the use of weights. There are such

problems for most of the indicators of wellbeing, such as subjectivity in assigning weights,

the influence of the units of measurement used in the initial indicators, etc.

In this paper, we focus on these critical issues with the objective of designing a

methodology for assessing wellbeing from a gender perspective.

We intend to show the status of men and women separately, not basing the measurement

on the quantification of inequalities but trying to obtain a way for measuring that allows a

comparison of the situations of each group. Also, the proposed methodology allows the

definition of the endogenous and objective weights assigned to initial indicators, but the

final result is affected by differences in measurement units. From a methodological point of

view, the proposed methodology is based on an approach called global efficiency (Despotis

2002, 2005) and the procedure proposed by Zhou et al. (2007). The combination of both

allows the definition of linear programming models that provide composite indicators with

a unique and endogenous weighting system, allowing discrimination between all the units

tested, and it provides an overview of the status of each. This new approach will be called

the best-worst global evaluation approach.

Table 1 Some alternative indicators to GDI and GEM

Quality of life index Morris (1979)

Synthetic alternative index Mohiuddin (1995)

Gender equality index White (1997)

Inequality index Forsythe et al. (1998)

Improved gender-related development index Bardhan and Klasen (1999)

Relative status of women index Dijkstra and Hanmer (2000)

Improved gender-related development index Ogwang and Abdou (2003)

Standardized gender-related development index Dijkstra (2002)

Gender-related development index 2 Martı́nez and Cairó (2004)

Relative status of women index 2

Gender equality index Social Watch (2000)

Improved and geometric gender-related development index Domı́nguez and Guijarro (2005)

Improved and geometric relative status of women index

Gender gap index World Economic Forum (2006)

Discrimination of women in social institutions index OECD Development Center (2008)

Gender gini index Bérenguer and Verdier-Chouchane (2008)

Disadvantages of women index

Relative disadvantages of women index

Quality of life of women index
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Thus, the paper first shows the methodology for constructing the composite indicators

and secondly shows an example of the procedure that is applied to all 27 countries of the

EU. This illustrates its use, obtaining composite indicators of welfare to independently

analyse the situation of women and men. We then present our conclusions.

2 A New Methodology to Obtain Composite Indicators: The Best-Worst Global
Evaluation Approach

In recent years, alternative methodologies for obtaining composite indicators from an initial

system have been defined (Nardo et al. 2005a). A composite indicator is the mathematical

combination of individual indicators that represent different dimensions of the concept

whose description is the objective of the initial system (Saisana and Tarantola 2002; Nardo

et al. 2005b). These composite indicators provide a multidimensional evaluation of the

analysed concept. The construction of composite indicators involves some stages where the

analyst must make subjective decisions that can affect the results. The selection of indica-

tors, the way of grouping them from a conceptual point of view, the choice of a normalization

method, the indicator weights,… are subjective aspects contributed by the analyst.

The construction of composite indicators has been the object of many critiques based on

the associated subjectivity. In spite of this, composite indicators have been used in practice as

evaluation and analysis instruments to help make decisions. These instruments have many

advantages that have justified their wide utilization. We can emphasize that they constitute

instruments adapted to illustrate and evaluate complex concepts (such as wellbeing or sus-

tainability), facilitating the interpretation of information systems to support decision-makers.

Many methodologies have been advanced for the purpose of constructing composite

indicators that reduce the number of decisions that must be adopted by analysts: that is,

decreasing associated subjectivity (Munda 2005; Zarzoza et al. 2005; Messer et al. 2006;

Vyas and Kumaranayake 2006; González-Laxe and Castillo 2007; Munda and Nardo 2007;

Ramzan et al. 2008). One of these methodologies, called the benefit of the doubt approach,

uses Data Envelopment Analysis (DEA) like an instrument to construct composite indi-

cators (Mahlberg and Obersteiner 2001; Bradbury and Rouse 2002; Cherchye and Kuos-

manen 2002; Cherchye et al. 2003, 2006, 2007; Murias et al. 2007). Our paper follows this

line of research to carry out fixed objectives. The benefit of the doubt approach tries to

solve two fundamental problems in the construction of composite indicators: the depen-

dence of the composite indicator values on the normalization method applied and the lack

of consensus over the treatment of indicator weights.

Linear programming problems that define DEA models of the benefit of the doubt

approach allow us to obtain composite indicators, which fix endogenous indicator weights

for each unit without needing to assign them a priori value. Specifically, weights assigned

to each unit are those that allow us to obtain the greatest composite indicator values,

granting a higher weight to indicators that present a better situation regarding the rest of the

units. This approach is very flexible because is not necessary that all units use the same

weight set (Martı́nez et al. 2005; Murias et al. 2006). Furthermore, this flexibility allows

weight values to be adapted to unit measures of initial indicators; therefore, the application

of a normalization method is not necessary because the composite indicator does not

depend on different units used in the initial system.

Although the benefit of the doubt approach has gained in popularity in recent years, it

presents some limitations that must be considered. First, the flexibility associated with

obtaining weight values can generate extreme results, such as composite indicators based
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on one initial indicator or the assignment of a greater weight to an indicator with secondary

importance. Other extreme results include obtaining weights equal to zero for the most

important indicators or very different weight sets for each unit. Second, linear program-

ming problems can provide composite indicator values equal to many units, so that it is

impossible to discriminate between them. Another limitation is the specific character of the

weights that have been obtained for each unit, given that these weights do not enable the

carrying out of comparative analysis among all units in the same way that a composite

indicator with a weight set common for all units does.

In this context, following the research line of the benefit of the doubt approach, our

objective is to define new linear programming problems that counteract some limitations of

the DEA models that have been used until now. In particular, the objective of the proposed

methodology is to obtain composite indicators using a common and unique weight set so that

its values enable discriminating between all units and provide a global vision of each unit

situation without using exclusively the most favourable evaluation. On the one hand, this

methodology is formulated taking as reference the so-called global efficiency approach
(Despotis 2002, 2005), which allows defining composite indicators with a common set of

weight for all units using DEA models. For that, the global efficiency approach proposes

observing all units from the same point of view, estimating a common set of weights in a

manner such that the resulting composite indicator values are as close as possible to the

benefit of the doubt values. On the other hand, the new methodology is formulated con-

sidering linear programming problems proposed by Zhou et al. (2007). The aim of these

problems is to obtain a composite indicator to provide a consensus global evaluation of each

unit using two sets of weights that are most and least favourable for each unit to be evaluated.

Combining both, we define the one that we call the best-worst global evaluation approach.

The formulation of this approach is as follows. Consider the case where there are n units

(for example countries, regions, etc.) the aggregated performances of which are to be

evaluated using a composite indicator based on a system of m initial indicators. These

initial indicators are quantified using different measurement units. Regarding indicator

variability direction, there are two types: positive and negative indicators. Here, positive

indicators are those where the greater their values, the better the evaluation will be. The

indicators are negative when they fulfill the opposite condition. Without loss of generality,

we assume that all initial indicators of the system are positive. Let Iij denote the value of

unit i with respect to indicator j.
In this context, it is necessary to estimate common weight sets for all units in the best and

worst possible scenarios and use them to construct a composite indicator with preceding

characteristics. For this, the analyst must carry out the following procedure. In the first

place, all units are analysed in the best possible scenario obtaining the maximum composite

indicator value for each unit (CI�i ). This is the value corresponding to the benefit of the doubt

composite indicator, which is obtained through the following linear programming problem:

CI�
i
¼ max

x�
ij

Pm

j¼1

x�
ij
� Iij

s:t:
Pm

j¼1

x�
ij
� Ihj� 1 8 h 2 1; 2; . . .i. . .; nf g

x�
ij
� 0 8 j 2 1; 2; . . .;mf g

; ð1Þ

where x�
ij

is the benefit of the doubt weight of the indicator j for unit i in the best scenario.

In this way, the maximum composite indicator value for each unit is obtained, fixing a

weight set that is inferred from looking at relative strengths and weaknesses. The method thus
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assigns a greater weight to indicators in which analysed units have a better relative situation.

Furthermore, two more features are added to establish the composite indicator scale

(Cherchye et al. 2007). On one side, a normalization constraint is introduced, stating that no

other unit in the set has a resulting composite indicator greater than one when applying the

optimal weights for the evaluated unit. On the other, a second constraint limits the weights to

be non-negative. In this way, given that the composite indicator is a non-decreasing function

of the initial indicators, its values are bounded for each unit such that 0�CI�i � 1.

After obtaining the benefit of the doubt composite indicator for each unit, the analyst

must estimate common weights across the set of all units in such a way that the resulting

composite indicators are as close as possible to the ideal point defined by previous ones.

Thus, a composite indicator providing a global evaluation (called a global composite

indicator) in the best scenario for all units is obtained. To estimate these common weights,

the following linear programming problem formulated with parameter t is used:

Min t � 1
n �
Pn

i¼1

di þ ð1� tÞ � z

s:t:
Pm

j¼1

x�j Iij þ di ¼ CI�i 8 i 2 1; 2; . . .; nf g

di � z� 0 8 i 2 1; 2; . . .; nf g
x�j � 0 8 j 2 1; 2; . . .;mf g
z� 0

di� 0 8 i 2 1; 2; . . .; nf g

; ð2Þ

where x�j is the common weight of the indicator j in the best scenario for all units.

Model (2) allows estimating common weights using different norms to quantify the

distance between global composite indicators and ideal points obtained previously,

depending on the value of parameter t that has been assigned. In the case that t is equal to

one, the objective function represents the mean deviation between global composite

indicator and benefit of the doubt values for all units, so that the distance is measured using

the L1 norm. If parameter t is equal to zero, the objective function is reduced to the non-

negative variable z and represents the maximal deviation between the above composite

indicators. In this case, the distance between them is measured using the L? norm. Varying

the parameter t among these two extreme values, model (2) allows us to obtain different

sets of common weights, beyond the extreme ones, that minimise the maximal and the

mean deviation.

Using the previous model to estimate the common weights, global composite indicator

values evaluating the situation of each unit i with common weights in the best scenario

(denoted by GCIi*) are obtained to carry out the following procedure. In a first step, the

analyst must solve model (2) repeatedly for discrete values of the parameter t such that

0 B t B 1, obtaining different composite indicator values. A practical way to do this is to

generate a sequence of equidistant values of t, for example, starting with t = 0.01 and with

steps of 0.01 up to 1 (Despotis 2002). Due to the convexity of the proposed problem in

model (2), if the same solution is obtained for two values of parameter t (for example, t1
and t2) then it is available for all values of t � [t1, t2]. In this case, it is not necessary to

solve model (2) for all values of t. In this way, the analyst’s role is reduced to determining

those interval values of parameter t that obtain the same estimation for common weights.

After that, when these intervals are defined, composite indicator values are obtained for

each unit i, using estimated common weights for each value of parameter t (CI*(t)i)

through the following formulation:
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CI�ðtÞi ¼
Xm

j¼1

x�ðtÞj � Iij 8 i 2 f1; 2; . . .; ng;

where x*(t)j is the estimated weight of the indicator j for a concrete value of parameter t.
Finally, the global composite indicator value with common weights in the best scenario

for one unit i, is equal to the mean value of CI*(t)i:

GCI�i ¼

P

t
CI�ðtÞi
nt

; ð3Þ

where nt is the number of parameter t values with different estimations of common

weights.

When all units have been evaluated under the best scenario, the analyst must determine

the global composite indicator for the worst possible scenario using a procedure similar to

the above one. For this, it is first necessary to obtain the composite indicator for each unit

using the worst set of weights (denoted by CI*i). To obtain this composite indicator values,

the following linear programming problem is used:

CI�i ¼ Min
x�ij

Pm

j¼1

x�ij Iij

s:t:
Pm

j¼1

x�ij Ihj� 1 8 h 2 1; 2; . . .; nf g

x�ij� 0 8 j 2 1; 2; . . .;mf g

;

where x*ij represents the worst possible weight that can be assigned in the case of unit i to

indicator j.
In this case, specific weights accorded to each initial indicator for each unit are

endogenously determined considering its relative weaknesses. Specifically, the above

model assigns a greater weight to those indicators in which the evaluated units show a

worse relative situation. The scale for the composite indicators is established, inserting two

additional constraints. The first constraint states that all units in the set have a resulting

composite indicator greater than one when applying the optimal weights for the evaluated

unit. The second constraint limits the weights to non-negative values. In this way, the

composite indicator values have a lower bound such that CI*i C 1.

When the values of CI*i have been obtained, we proceed to the estimation of common

weights in a manner such that the resulting composite indicator is as close as possible to the

anti-ideal point defining the CI*i obtained for each unit. These estimations are solved in this

case using the following linear programming problem with parameter t, whose objective

function allows us to explore different sets of common weights that minimise the maximal

and the mean deviation in both:

Min t � 1
n �
Pn

i¼1

di þ ð1� tÞ � z

s:t:
Pm

j¼1

x�j � Iij � di ¼ CI�i 8 i 2 1; 2; . . .; nf g

di � z� 0 8 i 2 1; 2; . . .; nf g
x�j� 0 8 j 2 1; 2; . . .;mf g
z� 0

di� 0 8 i 2 1; 2; . . .; nf g

;

where x*j is the common weight estimated for indicator j in the worst scenario.
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Using this model, we then identify the interval values of the parameter t obtaining the

same estimation for common weights. Then utilizing obtained estimations, we define the

composite indicator value for each value of parameter t in the worst-case scenario in the

following way:

CI�ðtÞi ¼
Xm

j¼1

x�ðtÞj � Iij 8 i 2 1; 2; . . .; nf g:

Thus, global composite indicator values that evaluate the situation of each unit with

common weights in the worst scenario (denoted like GCI*i) are equal to the mean value of

CI*(t)i:

GCI�i ¼

P

t
CI�ðtÞi
nt

At this point, obtained global composite indicators allow the analysis of the situation of

each unit depending on its position in each scenario, for which the analyst must obtain two

rankings of the unit set using composite indicator values. Given that weights are obtained

endogenously and the reference values used, global composite indicators allow the analysis

of the situation of each unit depending of its relative strengths (in the best scenario) or

weaknesses (in the worst scenario). Thus, the analyst is able to carry out a more realistic

analysis of the situation of each unit, observing its positions in the rankings and position

variation of a scenario relative to others.

Analytical and graphical instruments can be used when the analyst studies differences

between rankings. One analytical instrument is the Spearmann Rho Coefficient. This

coefficient quantifies linear association between the two rankings using the ranges or

ordinal number that each unit presents, so that it can be calculated in the following way:

q ¼ 1�
6 �
Pn

i¼1

RðIS�i Þ � RðIS�iÞ
� �2

n � ðn2 � 1Þ ;

where RðCI�i Þ ¼ range or ordinal number associated to unit i in the best scenario ranking;

R(CI*i) = range or ordinal number associated to unit i in the worst scenario ranking.

When this coefficient has a value close to one, the better and worse ranges of the

compared rankings have a tendency to be paired off. Otherwise, the greater ranges of one

ranking are paired off with the worst ranges of the other or vice versa when the coefficient

is close to -1. Furthermore, the analyst can observe the absolute value of position dif-

ferences on average for each unit to quantify the existing differences between compared

rankings.

In the case of the graphical instrument, the analyst can create a bar graph, in which bars

represent the position of each unit in each ranking. This graphic allows one to easily

visualize the stability or instability grade of the results obtained in each scenario.

Although the above global composite indicators enable one to carry out a more realistic

analysis, it is not always possible to extract general conclusions when the situation of a unit

set is analysed using both rankings simultaneously. This is true above all when the ana-

lysed set is composed of a high number of units. It is easier to comparatively analyse all

units using only one ranking that allows the consideration of strengths and weaknesses. For

this, our objective is to define a consensus composite indicator that provides a global vision

using the information of the global composite indicators that were previously obtained.
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In a first step, given that global composite indicators are measured using a different

scale, we proceed to normalize them using their maximum and minimum values through

the following ratios:

NGCI�I ¼
GCI�i � GCI�min

GCI�max � GCI�min

NGCI�i ¼
GCI�i � GCI�min

GCI�max � GCI�min

In this way, a normalized value close to one indicates that the unit is better placed in the

corresponding scenario. Otherwise, if the normalized value is near to zero it represents a

worse situation for the unit.

When global composite indicator values have been normalized, the Consensus Global

Composite Indicator (CGCIi) for each unit is obtained using the following combination:

CGCIi ¼ k � GCI�i � GCI�min

GCI�max � GCI�min

þ ð1� kÞ � GCI�i � GCI�min

GCI�max � GCI�min

con 0� k� 1:

This combination allows the obtaining of composite indicators in a manner such that a

normalization method is not required. In this way, this composite indicator is less sub-

jective and is constructed using common weights that allow discriminating among all

analysed units, providing a global vision of the situation of each unit. For all these reasons,

the consensus global composite indicator enables the fixed objectives in this paper.

Now that this new methodology of obtaining composite indicators has been defined, in

the following section we apply it to illustrate how it should be used.

3 The Best-Worst Global Evaluation Approach: An Application

3.1 The Model

After defining the model from a theoretical point of view, this section describes its

practical application in the context of wellbeing indicators, considering gender as a specific

issue.

Regarding gender indicators, there has in recent years been a tendency to analyse

women and men in separate ways, as is reflected in the literature (Klasen 2006; Dijkstra

2006; Berenguer and Verdier-Chouchane 2008) and in the forums (2nd Global Forum on

Gender Statistics, held in Ghana in January 2009). Thus, the first of the empirical issues in

the proposal we have made was to develop an index for men and another for women, thus

capturing the peculiarities of each segment in isolation and to avoid possible deviations

from the aggregation of groups with specific features and distinct characteristics.

The second aspect to consider was the choice of components or initial indicators that

would make up the composite indicator. As mentioned in Sect. 2, this is a controversial

issue, as there is no consensus on the variables regarding what may be more appropriate for

capturing all the features needed to measure wellbeing (McGillivray 1991; Kelley 1991;

Anand and Sen 1992; Ravallion 1997). Where the concept is complex and has no clearly

defined boundaries, so is its measurement. For this work, therefore, the primary objective

of which is to provide a novel method of analysis, we chose those components for which

there is a greater consensus on an international level: health status, educational level and

standards of living because they are considered to be the main dimensions on Human

Development (UNDP 1990; Neumayer 2001; Bardhan and Klansen 1999; etc.). However,

this paper will be complemented by future works that take into account a possible

expansion of the areas to be considered.
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The variables used were: life expectancy at birth, combined gross enrolment rate in

primary, secondary and tertiary education and estimated earned income,1 as proposed by

the UN definition of the HDI. The statistical source used for the development of the

database was the UNDP Report 2007–2008, and the data refer to 2005.

Finally, with respect to the sample, countries of the EU were selected as the sample set;

the EU is a set of areas that have their own characteristics despite the integration of a

common area.

The goal of the work is, by following these guidelines, to construct a different consensus

global composite indicator for both men and women. Thus, using the methodology, we

analyse the wellbeing of each group separately.

3.2 Results

The first case to consider is that of men for the stage which has been described as ‘‘the

best’’. So, applying to the 27 selected countries the models (1), (2) and (3) in successive

phases, we obtain the results shown in Table 2.

Although the whole set of countries can be compared using GCI�i , ten of them could not

be compared using the model (1), due to the fact that they presented the same uniform

score of CI�i . This indicates that the proposed methodology provides a higher discrimi-

natory power and solves the problem of equality in the efficiency of the traditional DEA

models.

Table 2 also shows the different intervals of the parameter t (0 B t B 1) for which it has

the same estimation of the same common weights, so that each country gets the value of

the indicator.

Apart from possible problems arising from the quality of the initial components, the

composite indicator obtained provides a useful instrument that synthesizes the information

provided by each of the variables, overcoming constraints on subjectivity in assigning

weights to them. Following the same methodology, Table 3 shows the situation regarding

the second scenario considered: ‘‘the worst’’. It reflects both the possible values of the

composite indicator based on the values assigned to the parameter t and the value of the

global index. This allows the establishment of a new ranking based on GCI*i.

Given the manner in which weights are assigned to each scenario, the respective global

evaluation indicators allow an overall assessment of each country according to its strengths

or weaknesses. Although these measures would allow a more realistic analysis, it is

complicated to consider multiple orders simultaneously; thus, it is interesting to use a

single indicator to agree on both scenarios. Based on the overall summary of each scenario,

to avoid the differences due to the scales, the indicators have been standardized according

to their maximum and minimum values. With regard to the value of k, if decision-makers

or analysts have no particular preference, k = 0.5 seems to be a fairly neutral choice (Zhou

et al. 2007). The values of the consensus global composite indicator for males are shown in

Table 4.

The best ranking positions correspond to two types of situations. On the one hand, we

find those countries that show high values for all variables considered, such as the Neth-

erlands. Moreover, we find countries like Sweden, Spain or Greece whose good position in

1 Due to the scarcity of data on income disaggregated by sex, it is an estimate of the income received by
men and women from data on non-agricultural wages for women and men, the percentage of women and
men in the economically active population, the total male and female population and GDP per capita (see the
technical note in UNDP Report 2007–2008).
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the ranking is due not only to the good values of each of its components but also to proper

balance between them.

On the other hand, countries such as those in Eastern Europe (Estonia, Latvia, Lithuania

or Romania) occupy the lowest ranks, mainly due to lower values in their health and

standard of living components, although educational indicators are not as low for these

countries.

To show the stability and the possible influence of the parameter k on these results, we

obtain the value of a consensus global composite indicator repeatedly for discrete values of

the parameter k such that 0 B k B 1. A practical way to make this is to generate a

sequence of equidistant values in the interval [0,1] starting with k = 0 and with steps of

0.01 up to 1.

Thus, the position of each country in the ranking corresponding to each indicator is

shown in Fig. 1.

Table 2 Development composite indicator for men (best scenario)

Country CI�i CI*(t)i GCI�i

0–0.44 0.45–0.55 0.560 0.570 0.58–0.59 0.6–1

Austria 1.000 0.972 0.966 0.980 0.980 0.980 0.980 0.976

Belgium 1.000 0.968 0.957 0.970 0.970 0.973 0.980 0.969

Bulgary 0.890 0.854 0.874 0.880 0.880 0.887 0.890 0.878

Cyprus 0.980 0.944 0.968 0.980 0.980 0.977 0.960 0.967

Czeck Republic 0.930 0.908 0.918 0.930 0.930 0.930 0.920 0.923

Denmark 1.000 0.971 0.954 0.960 0.960 0.971 0.990 0.968

Estonia 0.870 0.828 0.827 0.840 0.840 0.842 0.850 0.837

Finland 0.990 0.969 0.955 0.970 0.970 0.972 0.980 0.968

France 0.990 0.974 0.968 0.980 0.980 0.983 0.990 0.978

Germany 0.980 0.963 0.962 0.970 0.970 0.976 0.970 0.970

Greece 0.990 0.972 0.969 0.980 0.980 0.985 0.990 0.980

Hungary 0.890 0.866 0.869 0.880 0.880 0.883 0.890 0.877

Ireland 1.000 0.975 0.960 0.970 0.970 0.976 0.990 0.974

Italy 1.000 0.975 0.975 0.990 0.990 0.988 0.980 0.982

Latvia 0.860 0.832 0.840 0.850 0.850 0.853 0.860 0.847

Lithuania 0.880 0.842 0.845 0.850 0.850 0.860 0.870 0.854

Luxemburg 1.000 0.952 0.952 0.960 0.960 0.964 0.960 0.958

Malta 0.980 0.949 0.970 0.980 0.980 0.981 0.970 0.971

Netherlands 1.000 0.986 0.971 0.980 0.980 0.988 1.000 0.985

Poland 0.910 0.882 0.897 0.910 0.910 0.910 0.910 0.902

Portugal 0.950 0.932 0.941 0.950 0.950 0.954 0.950 0.947

Romania 0.870 0.836 0.864 0.870 0.870 0.874 0.870 0.864

Slovakia 0.900 0.869 0.888 0.900 0.900 0.899 0.890 0.890

Slovenia 0.950 0.928 0.930 0.940 0.940 0.944 0.950 0.938

Spain 1.000 0.981 0.975 0.990 0.990 0.990 1.000 0.986

Sweden 1.000 0.987 0.989 1.000 1.000 1.003 1.000 0.997

United Kingdom 1.000 0.973 0.969 0.980 0.980 0.982 0.980 0.977
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Most countries maintain their position while the parameter value varies. The countries

that show greater volatility are Italy and Sweden, which improve their position, and

Denmark, for which this has a negative effect. The higher the parameter value, the less

weight the global worse-case indicators have. In this case, the weighting of the education

variable is higher so that the positions of those countries with a high enrolment rate are

negatively affected. By contrast, the weight of the global indicator for the best scenario

increases with k. In this scenario, the life expectancy variable is the main strength of the

countries whose positions improve.

Following the same procedure as for men, we get the consensus global composite indi-

cator for women (Tables 5 and 6). The values obtained for k = 0.5 are shown in Table 7.

The countries that occupy the top positions in the female case are France and Spain.

Both countries have above-average values in the three components and are leaders in life

expectancy, which also receives the highest weighting in both scenarios. The last positions

Table 3 Development composite indicator for men (worst scenario)

Country CI*i CI*(t)i GCI*i

0–0.51 0.52–0.54 0.55–0.64 0.65–0.66 0.67–1

Austria 1.139 1.164 1.152 1.139 1.139 1.139 1.147

Belgium 1.14 1.176 1.159 1.14 1.14 1.14 1.151

Bulgary 1.012 1.051 1.041 1.029 1.03 1.029 1.036

Cyprus 1.026 1.081 1.088 1.098 1.099 1.098 1.093

Czech Republic 1.069 1.079 1.074 1.069 1.069 1.069 1.072

Denmark 1.152 1.204 1.18 1.152 1.152 1.152 1.168

Estonia 1 1.045 1.024 0.999 1 0.999 1.013

Finland 1.15 1.198 1.176 1.15 1.15 1.15 1.165

France 1.149 1.183 1.167 1.149 1.149 1.149 1.159

Germany 1.127 1.143 1.135 1.127 1.127 1.127 1.132

Greece 1.159 1.201 1.182 1.159 1.159 1.159 1.172

Hungary 1.037 1.072 1.055 1.037 1.037 1.037 1.048

Ireland 1.154 1.202 1.18 1.154 1.155 1.154 1.169

Italy 1.138 1.152 1.145 1.138 1.138 1.138 1.142

Latvia 1.001 1.035 1.019 1.002 1.002 1.002 1.012

Lithuania 1.009 1.062 1.042 1.018 1.018 1.018 1.032

Luxemburg 1.106 1.113 1.109 1.106 1.106 1.106 1.108

Malta 1.08 1.106 1.108 1.113 1.113 1.113 1.111

Netherlands 1.168 1.215 1.193 1.168 1.168 1.168 1.182

Poland 1.056 1.077 1.067 1.056 1.056 1.053 1.062

Portugal 1.105 1.124 1.114 1.105 1.105 1.105 1.11

Romania 1 1.002 1 0.999 1 0.999 1

Slovakia 1.026 1.03 1.028 1.027 1.027 1.027 1.028

Slovenia 1.103 1.134 1.12 1.103 1.103 1.103 1.113

Spain 1.159 1.193 1.177 1.159 1.159 1.159 1.17

Sweden 1.16 1.178 1.169 1.16 1.16 1.16 1.165

United Kindom 1.138 1.159 1.149 1.138 1.139 1.138 1.145
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are again filled by countries in Eastern Europe (Romania, Bulgaria, Hungary, Estonia,

Slovakia, Latvia and Lithuania) which had the lowest levels, even among women, in the

components of the composite indicator.

Studying the stability, the results show less variation in the case of women than of men,

as we can see in Fig. 2.

Thus, countries remain at approximately the same position in the higher and lower

ranks. Denmark is the only country that changes significantly (six positions); the rest do not

change their rankings by more than three positions. Denmark presents disparate positions

in the initial components, making it fall in the rankings while the value of the parameter k
increases. If we focused on the health component, it would occupy 18th place in the

ranking. If we prioritised the educational variable, it would occupy the first place and if we

prioritised income, second. The weight of education and income variables increases in the

best scenario, which is more relevant with increasing k. This makes the country gradually

improve its position in the rankings.

On the contrary, as in the case of men, the countries with little or no change in their

positions were mainly those with a more balanced distribution among their components.

Table 4 Men consensus global
composite indicator

Country NGCIi* NGCI*i CGCIi Ranking

Austria 0.8685 0.8048 0.8367 11

Belgium 0.8265 0.8298 0.8282 12

Bulgary 0.2556 0.1963 0.2260 23

Cyprus 0.8128 0.5087 0.6607 16

Czech Republic 0.5365 0.3950 0.4658 19

Denmark 0.8212 0.9205 0.8709 7

Estonia 0.0000 0.0725 0.0362 27

Finland 0.8235 0.9046 0.8641 8

France 0.8839 0.8752 0.8795 6

Germany 0.8324 0.7231 0.7778 13

Greece 0.8949 0.9455 0.9202 4

Hungary 0.2515 0.2599 0.2557 21

Ireland 0.8560 0.9273 0.8917 5

Italy 0.9096 0.7799 0.8447 9

Latvia 0.0618 0.0646 0.0632 26

Lithuania 0.1069 0.1735 0.1402 24

Luxemburg 0.7604 0.5915 0.6759 15

Malta 0.8400 0.6063 0.7231 14

Netherlands 0.9273 1.0000 0.9636 1

Poland 0.4052 0.3416 0.3734 20

Portugal 0.6886 0.6050 0.6468 17

Romania 0.1698 0.0000 0.0849 25

Slovakia 0.3301 0.1510 0.2405 22

Slovenia 0.6335 0.6186 0.6261 18

Spain 0.9318 0.9308 0.9313 3

Sweden 1.0000 0.9070 0.9535 2

United Kingdom 0.8800 0.7946 0.8373 10
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The results are related to previous findings (Malberg and Obersteiner 2001; PNUD

2007–2008). The new measure is comparable and highly correlated with the HDI, espe-

cially in men case. This is consistent with some previous analysis that the authors has

carried out. The HDI, as other indicators, measures the wellbeing for both sexes, without

distinction between men and women. However, when the characteristics of men and

women are studied separately, in many cases, the male results are closer to the results

obtained with general indicators than the women ones. This indicates that they reflect the

underlying androcentric perspective in defining the very concept of wellbeing, which

ignores variables which are significantly important in women situation (Domı́nguez-Ser-

rano 2009).

There are some countries which position in the ranking is different from the one

obtained with HDI. That is the case, for example, of Greece (men ranking) or Ireland

(women ranking) that get a better position with the proposed composite indicator. The

superiority of the new measure is based on the fact that the weights assumed for the

component indicators, as a result of an optimization process, are less arbitrary and

Table 5 Development compos-
ite indicator for women (best
scenario)

Country CIi* CI*(t)i GCIi*

0–0.16 0.17–0.79 0.8–1

Austria 0.980 0.974 0.981 0.977 0.977

Belgium 0.977 0.977 0.986 0.972 0.978

Bulgary 0.911 0.889 0.895 0.908 0.898

Cyprus 0.972 0.949 0.954 0.969 0.957

Czech Republic 0.943 0.927 0.934 0.940 0.934

Denmark 1.000 0.977 0.986 0.952 0.972

Estonia 0.940 0.917 0.926 0.913 0.919

Finland 1.000 0.993 1.000 0.975 0.990

France 1.000 1.000 1.000 0.995 1.000

Germany 0.976 0.967 0.973 0.972 0.971

Greece 0.977 0.967 0.976 0.962 0.968

Hungary 0.919 0.915 0.923 0.915 0.918

Ireland 0.981 0.972 0.981 0.962 0.972

Italy 0.992 0.984 0.992 0.989 0.988

Latvia 0.935 0.919 0.928 0.919 0.922

Lithuania 0.941 0.928 0.936 0.927 0.930

Luxemburg 0.971 0.959 0.965 0.968 0.964

Malta 0.967 0.944 0.950 0.964 0.953

Netherlands 0.979 0.978 0.986 0.968 0.977

Poland 0.947 0.934 0.942 0.944 0.940

Portugal 0.965 0.957 0.965 0.962 0.961

Romania 0.902 0.879 0.885 0.899 0.888

Slovakia 0.933 0.912 0.918 0.930 0.920

Slovenia 0.972 0.967 0.976 0.964 0.969

Spain 1.000 0.999 1.000 0.996 1.000

Sweden 1.000 0.997 1.000 0.983 0.995

United Kingdom 0.976 0.974 0.982 0.965 0.974
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contestable than the ones assumed in other indexes which weights are based on subjective

decisions.

This is a good feature in order to use it as evaluation and analysis instrument to help

make political decisions, i.e., resource allocation or benchmarking practices. Depending on

the objective, the policy-maker would be interested in using a weaker or stronger criterion

to determine the ranking. Thus, the parameter k may be amended to obtain the global

consensus composite indicator prioritizing the strengths or weaknesses.

4 Conclusions

In this paper we study wellbeing measurements with a gender perspective. In this field,

composite indicators have been widely accepted as a multidimensional measure and a

useful tool for performance monitoring, policy analysis, benchmarking, etc. to counteract

Table 6 Development composite indicator for women (worst scenario)

Country CI*i CI*(t)i GCI*i

0–0.43 0.44–0.5 0.51–0.52 0.53–0.67 0.68–1

Austria 1.087 1.105 1.09 1.087 1.087 1.087 1.091

Belgium 1.082 1.112 1.087 1.082 1.082 1.082 1.089

Bulgary 1 1.013 1.011 1.01 1.01 1.01 1.011

Cyprus 1 1.059 1.075 1.077 1.078 1.078 1.073

Czech Republic 1.046 1.05 1.047 1.046 1.046 1.046 1.047

Denmark 1.059 1.119 1.07 1.059 1.059 1.059 1.073

Estonia 1.015 1.064 1.024 1.015 1.015 1.015 1.027

Finland 1.084 1.134 1.093 1.084 1.084 1.084 1.096

France 1.107 1.137 1.112 1.107 1.107 1.107 1.114

Germany 1.082 1.086 1.083 1.081 1.082 1.082 1.083

Greece 1.07 1.112 1.077 1.07 1.07 1.07 1.08

Hungary 1.018 1.051 1.024 1.018 1.018 1.018 1.026

Ireland 1.07 1.115 1.078 1.07 1.07 1.07 1.08

Italy 1.1 1.116 1.103 1.1 1.1 1.1 1.104

Latvia 1.022 1.064 1.03 1.022 1.022 1.022 1.032

Lithuania 1.031 1.072 1.039 1.031 1.031 1.031 1.041

Luxemburg 1.076 1.076 1.077 1.076 1.076 1.076 1.076

Malta 1.031 1.063 1.071 1.072 1.072 1.072 1.07

Netherlands 1.076 1.11 1.082 1.076 1.076 1.076 1.084

Poland 1.05 1.071 1.054 1.05 1.05 1.05 1.055

Portugal 1.07 1.092 1.074 1.07 1.07 1.07 1.075

Romania 1 1 1 0.999 1 1 1

Slovakia 1.015 1.03 1.033 1.034 1.034 1.034 1.033

Slovenia 1.072 1.109 1.079 1.072 1.072 1.072 1.081

Spain 1.108 1.143 1.114 1.108 1.108 1.108 1.116

Sweden 1.093 1.129 1.1 1.093 1.093 1.093 1.102

United Kingdom 1.074 1.103 1.079 1.074 1.074 1.074 1.081
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limitations of the wellbeing composite indicator from a gender perspective, we have

defined a new composite indicator that shows and evaluates women’s and men’s situations

separately. Thus, our objective is to analyse and compare the situation of each one without

measuring disparities in a direct way.

To construct this composite indicator, in this paper we have proposed a linear pro-

gramming problem that defines the best-worst global evaluation approach. This method-

ology is a combination of the global efficiency approach (Despotis 2002, 2005) and the

linear programming problems proposed by Zhou et al. (2007).

The proposed methodology yields composite indicators using a common and unique

weight set such that its values enable the discrimination between units and provide a global

vision of each one without using only the most favourable evaluation. By contrast, the

proposed approach uses two sets of common weights that are the most and the least

favourable for the units. Compared with previous studies, on the one hand, this approach

does not require prior knowledge of the weights for initial indicators, which can be gen-

erated endogenously by solving linear programming models. On the other hand, a nor-

malization method is not required to obtain the composite indicator. Thus, the obtained

composite indicator is less subjective than others. Also, this new approach aids in

improving the discriminating power of traditional DEA models, so that all units are fully

ranked.

The main advantages of this approach is, compared with traditional DEA models, that

composite indicators based on common weights are more comparable with those obtained

by international organizations using equal weights. Furthermore, the global composite

indicators are additional instruments that allow the analysis of each unit’s situation

depending on its relative strengths (in the best-case scenario) or weaknesses (in the worst-

case scenario). Thus, the analyst is able to carry out a more realistic analysis of the

situation of each unit by observing its positions in the rankings and the variation of the

position in both scenarios.
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The proposed approach has been applied to developing composite indicators for

modelling wellbeing with a gender perspective in the case of EU member countries. For all

of them, we have obtained a consensus global composite indicator using the same com-

ponents of the HDI indicator. The descriptive analysis of the results offers a guide for how

this new methodology must be applied in practice, establishing the role of the analyst in

each case. Also, we have defined a graphical instrument to analyse the stability of values of

the composite indicator. This instrument can be used to identify unstable countries and,

using weight sets, to determine the causes of this situation.

Nevertheless, as we have pointed out above, it is necessary to work on some issues

related to the measure proposed. In further papers we will focus on new wellbeing com-

ponents in the initial indicator system in order to obtain a multidimensional evaluation. On

the other hand, the best-worst global evaluation approach should be refined to simplify the

formulation of the global consensus composite indicator. Also, new tools that help to

interpret the composite indicator values would be defined. Thus, a review of the literature

shows that most studies present a theoretical definition of the composite indicator, but do

Table 7 women consensus glo-
bal composite indicator

Country NGCI�i NGCI*i CGCIi Ranking

Austria 0.7852 0.7855 0.7854 6

Belgium 0.7954 0.7632 0.7793 7

Bulgary 0.0879 0.0968 0.0923 26

Cyprus 0.6105 0.6317 0.6211 17

Czech Republic 0.4048 0.4039 0.4043 20

Denmark 0.7375 0.6319 0.6847 14

Estonia 0.2731 0.2339 0.2535 24

Finland 0.8940 0.8266 0.8603 5

France 1.0000 0.9788 0.9894 2

Germany 0.7276 0.7110 0.7193 10

Greece 0.7042 0.6869 0.6955 13

Hungary 0.2641 0.2242 0.2442 25

Ireland 0.7360 0.6922 0.7141 11

Italy 0.8811 0.8935 0.8873 4

Latvia 0.3009 0.2775 0.2892 22

Lithuania 0.3737 0.3530 0.3634 21

Luxemburg 0.6683 0.6574 0.6628 15

Malta 0.5689 0.6042 0.5866 18

Netherlands 0.7840 0.7253 0.7546 8

Poland 0.4585 0.4728 0.4657 19

Portugal 0.6431 0.6452 0.6442 16

Romania 0.0000 0.0000 0.0000 27

Slovakia 0.2797 0.2859 0.2828 23

Slovenia 0.7117 0.6981 0.7049 12

Spain 0.9899 1.0000 0.9950 1

Sweden 0.9410 0.8760 0.9085 3

United Kingdom 0.7553 0.6932 0.7243 9
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not use it. In recent decades, there has been an increasing interest in the scientific aspects of

developing indicators, however, the integration of these indicators into actual policy-

making is only beginning to be addressed. It will thus be a need for further empirical

studies so as to cover this gap.
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