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Abstract This paper develops an empirical methodology for the construction of a syn-
thetic multi-dimensional cross-country comparison of the performance of governments
around the world in improving the livelihood of their younger population. The devised
“Youth Welfare Index’ is based on the nonparametric Data Envelopment Analysis (DEA)
methodology and allows for cross-country benchmarking and comparison over time. The
value added of the youth index is to produce country-specific rankings and trace perfor-
mance evolution with respect to indicators solely centered on youth, unlike other
development indicators like the Human Development Index (HDI) which bundles many
social and development indicators.

Keywords Youth - Development indicators - Nonparametric indices -
Data envelopment analysis

1 Introduction

The use of social indicators in the world, like the UN’s Human Development Index (HDI)
or the EU’s Social Inclusion indicators has been evolving rapidly in recent years, and they
are coming to play an increasingly important role in monitoring and comparing interna-
tional and national performance and progress towards shared development goals.' Recently
issues related to youth development have taken center stage around the world, as many
developing countries are currently faced with their largest youth cohort in modern history.
Young men and women in these countries are facing increased social exclusion and
marginalization, with rising unemployment rates, higher exposure to health risks and a
precarious educational system. The development of a Youth Welfare Index is therefore
timely and necessary, given the state of exclusion young women and men are facing in the

! See Atkinson et al. (2004) for an extensive discussion of the EU’s social inclusion indicators.
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world. Yet the construction of such an index is a difficult task which requires clear and
agreed upon methodological principles, and the compilation of data specialized in Youth
development in a regular manner.

This paper presents a methodology for the construction of a “Youth Welfare’ composite
index; a methodology for cross-country benchmarking and also comparison over time. This
methodology is inspired by new developments in the field of robust rankings of multi-
dimensional performance (Zaim et al. 2001; Atkinson 2003; Cherchye and Kuosmanen
2004); which was recently applied to social inclusion performance in the EU in Cherchye
et al. (2004). These new developments were largely initiated after dissatisfaction with the
way many social development indicators, especially the United Nations’ Human Devel-
opment Index (HDI), rank countries relative to their performance. In effect, the HDI takes
several dimensions—income, school enrollment and literacy rate, longevity—and com-
bines them into a single figure that measures the degree of development of a given country.
However, there is disagreement about (i) how to normalize the scores for the different
criteria to make them comparable and (ii) how to aggregate the (normalized) scores over
the different criteria. Obviously, changes in normalization and/or aggregation will affect
the country rankings. There was a need therefore for robust rankings, i.e., rankings which
hold for a wide set of normalization and/or aggregation procedures.

Zaim et al. (2001) provide a useful alternative to the HDI with desirable axiomatic
properties. Also, they propose an improvement index, which alleviates difficulties asso-
ciated with comparisons of HDI overtime (the HDI is by construction designed to measure
performance at a point of time rather than being a measure of over-time comparisons). The
approach is known as the economic approach to index number theory and relies on the
assumptions of optimizing behavior. While deriving the achievement index, the authors
heavily rely on the theory of quantity indexes whose axiomatic properties are well
established. The roots of their improvement index on the other hand are well grounded in
the productivity growth literature. The proposed indexes in Zaim et al. (2001) improve
upon the empirical literature on social indicators in two aspects. First, unlike the previous
studies which typically produce a synthetic indicator which aggregates over its constituents
using artificially assigned weights, their approach implicitly recognizes the underlying
production process which transforms inputs into private and social goods. The success of
country “i” in the provision of social goods with respect to another country “j” is eval-
uated by measuring the distance of both countries with respect to a common benchmark,
i.e., a best practice technology in the provision of social and private goods. The best
practice technology is constructed over the observations on inputs, social goods and private
goods, using the now widely known technique of Data Envelopment Analysis (DEA).
Thus, while providing an economic content to social indicators, the authors exploit the
aggregator characteristics of distance function that aggregate over the components with
optimally chosen weights determined by the data. Second, the approach that is based on
axiomatic production theory allows constructing an improvement index, which measures
the success of a particular country in expanding its social goods from 1 year to another.

2 Empirical Methodology for the Static ‘Youth Welfare Index’

A satisfactory Youth Welfare Index would allow having a synthetic multi-dimensional
cross-country comparison of the performance of governments around the world in
improving the livelihood of their younger population. Yet at least two constraints make this
endeavor difficult: first, data availability on youth-related fields in countries around the
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world is a major issue. If one were to estimate the cost of youth exclusion, he/she would
have to gather a vast array of variables; and if one of them is missing then the country has
to be dropped out of the full analysis. Second some researchers or policymakers might
argue that one field is more important than the other, and therefore might require an extra
weight assigned to it. Assigning random weights to each field of youth exclusion is not
accurate, and one would therefore want a methodology that unequally weights the different
youth inclusion objectives, with the weight of each objective being determined by the
priority that is given to it. Data Envelopment Analysis (DEA) appears particularly well
suited to obtain such an outcome. It allows for a full comparison among countries on the
basis of their relative performance. The empirical methodology to construct the Youth
Welfare Index builds on recent innovative uses of DEA in Cherchye and Kuosmanen
(2004) to estimate the aggregate costs of youth exclusion, and compute estimates across
Middle East countries.

Data Envelopment Analysis (DEA) uses piecewise linear programming to calculate the
best-practice frontier for a sample of decision-making units (DMUs). This technology
frontier also envelopes the less efficient units, with the distance between these units’
positions and the calculated frontier providing an indicator of their relative inefficiency.
DEA models can be input or output oriented. Input-oriented models typically seek to
answer the following question: “By how much can input usage be proportionally reduced
without changing the output quantities produced?” On the other hand, output-oriented
models deal with the question: “By how much can output levels be proportionally
expanded without modifying the input quantities used?” DEA has been mainly used to
evaluate the relative efficiency of productive firms, yet recently its use has been expanded
to cover the measurement of efficiency in hospitals, universities, political campaigns and
human development.

In the context of cross-country comparison of the costs of youth exclusion, we model
countries as decision-making units producing a set of ‘outputs’ linked to youth exclusion
by using a set of ‘inputs’ linked to investments in human capital.

The theoretical model underlying the estimation procedure, which is based on the
axiomatic approach to modeling the production technology, is shortly discussed below.
More details on this methodology can be found in Fire et al. (1994). Let x € RY denote a
vector of inputs and y € R the resulting output vector. Assume that there are k =
1,..., K countries so that the data is given by (x*, y¥), k =1,..., K. There are, among
others, two equivalent ways to express the type of reference technology to be evaluated:
the Input Requirement Set L(y), which shows all the combinations of inputs that can be
used to produce the output vector y; and the Output Possibility Set P(x), which shows all
the combinations of outputs that can be produced by the input vector x. Only P(x) is
considered in this present exposition.

The Farrell Output-Oriented Measure of Technical Efficiency is formally defined by:
Fo(x, y) = max{6 : Oy € P(x)} where P(x) is the output possibility set. Inefficient coun-
tries have output efficiency scores greater than one, and efficient countries have scores
equal to one. Therefore, a country is technically output efficient if: Fy(x, y) = 1. Other-
wise, the country is technically output inefficient. For example, a country with a score of
1.40 could increase its output by 40% if it were operating on the best practice frontier.

In the context of youth welfare and exclusion, we seek to model the ‘production’ of
human capital by countries using a set of inputs. The question we seek to answer is: “If a
country is using a given set of resources, by how much can it reduce youth exclusion
compared to the ‘best practice’ technology in reducing youth exclusion?” The DEA
programming model helps to construct such a frontier, and assign a score for each country
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indicating how far it lies from this hypothetical benchmark. Since youth exclusion carries a
set of undesirable outcomes, the output and input sets have to be modified in a way to
capture the optimization problem of minimizing a set of undesirable outputs given a set of
inputs. This is done by inverting the maximization problem into an input-oriented DEA
model, by simply substituting undesirable outputs for inputs to minimize and writing fixed
inputs as outputs (the mirror procedure of the one exposed above).

The individual country scores obtained under this methodology would allow situating
this country relative to the best-practice frontier in reducing youth exclusion. Yet a central
issue remains in the choice and number of youth exclusion variables to include in the
construction of this score (since inputs can be more or less constant). The idea here is that
we can include many variables, even if they are in different units or measure different
things. The advantage of the non-parametric DEA approach is that it is very flexible with
regards to multi-output and multi-input treatments. Data availability will be therefore the
main constraint researchers will face when constructing a broad index, as the more vari-
ables are included the less likely all countries will be represented in the sample.

3 Empirical Methodology for the Dynamic ‘Youth Welfare Improvement Index’

The dynamic ‘Youth Welfare Improvement Index’ is an extension of the static Youth
Index, by using the widely known technique of the Malmquist index. This index is based
on the same concept of distance functions, and is also computed with DEA. In this section
we present the Malmquist productivity index between periods ¢ and ¢ + 1. Let x represent
the input vector, x' = (x’l, cey xfn), and y' represent the output vector y' = (y’l7 ey y;), in
time period t =1,2,..., T. The Malmquist productivity index between periods ¢ and
(t + 1) can be defined as

D) o 1
Dt(yH—l7 xt+1) X DH—](yH—l’ xt+1)

1+1 t+1 t r\ __
Mt,r+l(y y X >y7x)_

where D represents the inverse of the distance function introduced by Caves et al. (1982),
computed with Data Envelopment Analysis.

M is the geometric mean of two ratios of input inverse distance functions. The first ratio
represents the period + Malmquist index; it gives a measure of productivity change from
period ¢ to period (¢ + 1) using period ¢ technology as a benchmark. The second ratio is the
period (¢t + 1) Malmquist index and gives a measure of productivity change from period ¢
to period (r + 1) using period (f + 1) technology as a benchmark. M > 1 means that
period (r + 1) productivity is greater than period ¢ productivity, whilst M < 1 means
productivity decline and M = 1 corresponds to stagnation.

M is a local index; its value can vary across observations and between different adjacent
time periods. Thus, some countries may exhibit an increase and others may exhibit a
decrease in technical efficiency relative to reducing youth exclusion, and this can change
over time. This feature allows considerable flexibility in explaining the observed pattern of
productivity change, both across countries and over time.

The estimation of the dynamic ‘Youth Welfare Improvement Index’ is closely linked to
having a comprehensive set of ‘output’ and ‘input’ variables to model the reduction in
youth exclusion technology; however the necessity to have several time periods imposes a
balanced data condition on the sample to be used.
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4 Empirical Estimation with Selected Indicators

In this section a simulation is undertaken for the two indicators developed above. Com-
prehensive cross-country data linked to youth exclusion is available only for three fields:
youth unemployment, school dropouts and adolescent fertility rates. We consider these
three fields as the (negative) outputs that countries which to minimize. For inputs, we use
gross cumulative fixed capital formation as a share of GDP as a proxy for a country’s
overall economic investment level; the youth labor force participation rate as a proxy for a
country’s youth labor input; and public education and health total expenditures as a share
of GDP as proxies for public investment in human capital. We seek to capture through
these inputs the macroeconomic factors that closely affect youth exclusion, as we don’t
have specific data by country on investments in youth-linked initiatives. Moreover, to
estimate the evolution of the cross-country costs of youth exclusion over time, we need
data on all of these variables to be available for most countries in several time periods.
Data from the World Development Indicators, the IMF’s Global Financial Statistics and
the Penn World Tables allowed to recover a homogeneous sample of 59 countries grouped
in two time periods each spanning 2 years: 2000-2002 and 2003-2005. The ON FRONT®
software designed by Fire and Grosskopf (2000) is used to obtain the non-parametric
results derived in this section.

Table 1 below shows the empirical results for both time periods, indicating for each
country its rank relative to the best practice frontier in reducing youth exclusion, the
change in its rank from period to the next, and the Youth Welfare Improvement Index
(YWII) value for each country. For example, Saudi Arabia was ranked 39 in the first
period, and dropped to rank 57 in the second time period among 59 countries, thus loosing
18 places. Its YWII dropped by —5% during the same time period.

Figure 1 below shows the correlation between the devised Youth Index (YI) for the
countries included in the sample and the Human Development Indicator (HDI), by cor-
relating the ranking of countries in the two indices. Countries on the 45° line have the same
rank under both indices. The correlation shows that both indices are generally related, i.e.
they tend to rank countries in a consistent manner. This is due to the fact that the HDI
contains many elements of the YI. Yet some countries may perform better under the HDI
than the YI, or the reverse. Notice in Fig. 1 that Saudi Arabia achieves a better rank under
the HDI than the YI, while Iran has a lower rank under the HDI than the YI. Countries can
therefore be performing better in their overall economic, social and environmental
development; yet be in a situation where youth development is still problematic.

5 Conclusion

The value added of the youth index presented in this paper is to produce country-specific
rankings and trace performance evolution with respect to indicators solely centered on
youth, unlike other development indicators like the HDI which bundles many social and
development indicators together. This paper has shown that the production of a youth
exclusion index should be done using a nonparametric methodology, which allows for the
compilation of various exclusion variables into the index through statistical rather than
subjective weights. This paper has also shown that Data Envelopment Analysis (DEA), by
constructing a nonparametric benchmark frontier using ‘output’ and ‘inputs’ of youth
exclusion ‘technology’, can be used to obtain a timely and informative youth exclusion
index, by offering the following advantages: (1) DEA provides an indication of the

@ Springer



356 J. M. Chaaban

Table 1 Non-parametric ranking of countries according to performance in youth inclusion and comparison
with HDI ranking

CTRY YWII Rank Rank Change Rank Rank % %
2000-2002 2003-2005 in rank HDI 2002 HDI 2005 Reducl Reduc2
Denmark 1.98 3 1 2 13 13 0 0
Iceland 2.08 5 2 3 2 2 0 0
Japan 4.5 7 3 4 7 7 0 0
Mexico 0.97 9 4 5 31 31 0 0
Netherlands 319 12 5 7 10 10 0 0
Switzerland 293 18 6 12 9 9 0 0
United Kingdom 1.75 19 7 12 16 16 0 0
Sweden 281 23 8 15 5 5 1 0
Ireland 221 30 9 21 4 6 0
Norway 229 13 10 3 1 0 1
Slovenia 4.64 40 11 29 22 22 13 4
New Zealand 212 27 12 15 18 18 3 6
United States 1.36 20 13 7 8 8 10
India 132 37 14 23 56 56 12 11
Australia 2.4 2 15 —13 3 3 0 21
Canada 263 25 16 9 3 22
Mongolia 1.34 10 17 -7 52 52 0 27
Belgium 321 28 18 10 12 12 5 27
Italy 401 24 19 5 15 15 2 34
Bolivia 1.03 52 20 32 51 51 25 35
France 3.07 4 21 —-17 14 14 0 36
Finland 2.54 26 22 4 11 11 36
Germany 202 33 23 10 19 19 38
Estonia 1.69 22 24 -2 28 28 39
Nicaragua 1.1 45 25 20 50 50 18 39
Portugal 1.7 15 26 —11 23 23 41
Kazakhstan 1.72 44 27 17 41 41 18 41
Hungary 1.7 42 28 14 24 24 16 43
Iran 228 41 29 12 46 46 14 44
Spain 278 17 30 —13 17 17 0 45
Greece 351 36 31 5 21 21 11 49
El Salvador 1.04 53 32 21 48 48 29 49
Israel 2.29 6 33 -27 20 20 0 50
Morocco 143 50 34 16 54 54 20 53
Pakistan 1.21 56 35 21 57 57 33 54
Ecuador .11 34 36 -2 43 43 8 55
Turkey 1.55 54 37 17 45 45 30 58
Ukraine 1.75 57 38 19 39 39 33 59
Chile 1.27 59 39 20 27 27 38 59
Lebanon 1.53 8 40 -32 40 40 61
Brazil 096 31 41 —10 36 36 7 61
Lithuania 1.9 46 42 4 29 29 19 61
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Table 1 continued

CTRY YWII Rank Rank Change Rank Rank % %

2000-2002 2003-2005 in rank HDI 2002 HDI 2005 Reducl Reduc2
Romania 1.53 58 43 15 35 35 35 62
Argentina 1.21 1 44 —43 25 25 0 63
Croatia 2.68 32 45 —13 30 30 7 63
Jamaica 091 35 46 —11 49 49 9 64
Georgia 176 55 47 8 47 47 32 64
Peru 1.04 51 48 3 42 42 20 66
Poland 233 14 49 =35 26 26 0 67
Mauritius 1.52 47 50 -3 59 60 19 67
Yemen 079 21 51 =30 58 59 0 68
Trinidad 1.39 49 52 -3 33 33 19 69
Philippines 1.36 48 53 =5 44 44 19 72
Panama 095 38 54 —16 34 34 13 73
Bulgaria 1.41 43 55 —12 32 32 18 73
Colombia 1.15 29 56 -27 37 37 5 74
Saudi Arabia 095 39 57 —18 38 38 13 75
Namibia 1.26 11 58 —47 55 55 0 77
South Africa 083 16 59 —43 53 53 0 87
Fig. 1 Correlation between 70

rankings under the youth index
(YD) and the human development
indicator (HDI) in 2005

HDI rank

0 : : :
0 20 40 60 80
Yl rank

required efforts a country should make to reach the ‘best-practice frontier’ for reducing
youth exclusion; (2) DEA provides ranking for countries in a given period and evolution
from period to period; (3) the method is easy to implement. Yet the DEA methodology also
imposes several constraints which should be highlighted: (1) Heavy data requirements: the
index requires matching ‘outputs’ with ‘inputs’ for a balanced sample of countries, this
sample remaining stable throughout the time periods; (2) Data limitations mean that the
index cannot be constructed on a yearly basis; (3) Matching ‘outputs’ with ‘inputs’ would
potentially exclude variables from this index (like perception-based variables).
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As a comparison with the HDI, the youth index eventually will contain some sub-
components of the HDI, and therefore rankings for a given year are close for the two
indices. However policies affecting these two indices differ greatly, and therefore the
evolution of rankings might differ over time. It is equally likely that some countries which
score better in youth-related policies fail in other development indicators, and the opposite
also applies.
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