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Course based on:

Joint OECD‐JRC  
handbook.

•5 years of preparation, 

•2 rounds of 
consultation with 
OECD high level 
statistical committee, 

•finally endorsed
March 2008 with one 
abstention
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The objective of composite indicators is to measure multi‐
dimensional concepts (e.g. competitiveness, well‐being, 
environmental sustainability, etc.) which cannot be captured by 
a single indicator. 

Ideally, a composite indicator should be based on:

‐a solid theoretical framework (structure of the phenomenon),

‐a sound process of construction (indicators selection and aggr.)

‐and good quality underlying data. 

Context
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How many of them are around? 

Searching “composite indicators” on 
Scholar Google

3,300March 2009

3,030October 2008

1,900 May 2007 

1,440June 2006

992October 2005
Hits 
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Composite indicators …

• Can summarise complex or multi‐dimensional issues in view of 
supporting decision‐makers.

• Are easier to interpret than trying to find a trend in many separate 
indicators.

• Facilitate the task of ranking countries on complex issues in a
benchmarking exercise. 

Pros
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continues…

• Can assess progress of countries over time

• Add a layer of information within the existing size limit.

• Place issues of country performance and progress at the centre of 
the policy arena. (Advocacy) 

• Facilitate communication with general public (i.e. citizens, media, 
etc.) and promote accountability. (Advocacy)

Pros

Advocacy: a deliberate process to raise issues of concern in order to 
exert some influence in society. It is a tool to propose policy 
solutions, to target political systems because they are not responding 
to people’s needs, etc.
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• Constructing/underpinning narratives for lay or literate 
audiences. 

Find the appropriate index before the index finds you

Pros
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• send misleading policy messages if they are poorly constructed 
or misinterpreted

Cons

Example from FT: 
(study conducted by Allianz Insurance and Dresdner Bank) .
“Russia surprises in sustainability of fiscal and ecological 
development outpacing US, UK and D”. 
Russia on top in 3 financial indicators (public debt, current account, 
net borrowing balance).
Russia at bottom in ecological development indicators.

They built a CI that depends strongly on energy prices.

Comment by Michael Heise: “a thought‐provoking way of looking 
at the issue, although in Russia’s case it’s probably more appropriate 
to look at each indicator separately”
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• May be misused, e.g., to support a desired policy, if the 
construction process is not transparent and lacks sound 
statistical or conceptual principles. 

• The selection of indicators and weights could be the target 
of political challenge. (a CI could exacerbate  disagreement
rather than focus minds) 

• May lead to inappropriate decisions if dimensions of 
performance (that are difficult to measure) are ignored (Type 
III error).

If one dislikes the issue under discussion, s/he will most 
likely invoke one or more of the these limitations.

Cons
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The Alcohol Policy Index
(New York Medical College)

Measure strenghts of 
alchool policies in 
countries

Results

Policy analysis

WHO dataset
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Framework
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Environmental Sustainability Index 
ESI and Environmental Performance 

Index EPI. 

http://epi.yale.edu/Home
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What are the levels of Civic Competence of young 
people in Europe?

84 indicators: 
civic 
knowledge, 
skills, 
attitudes, 
citizenship
values

Results:
Recent democracies perform better on Attitudes towards participation and 

Citizenship values. 
Older and more stable democracies perform better on Social Justice and 

Cognitive tasks on civic knowledge and skills.
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Use: an example, from the 
Economist web edition, 
October 15 2008

Business travel ranking 
(The most and least attractive destinations 
for business travellers)
Distance-learning MBAs
(A ranking of the top distance-learning 
MBA programmes)
Democracy index 
(The world's most and least democractic
countries)
Operational risk ratings 
(Rating the risk of doing business in 150 
markets)
E-readiness  
(The best countries for conducting 
electronic business)
Global house-price indices  
(Tracking house-price inflation around the 
world)
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International university rankings: How reliable are these rankings?

THES World University Rankings

Jiao Tong ranking of World Universities

Bilbao 31.03.09  JRC copyright 2009

The debate will never be settled…

<< […] it is hard to imagine that debate on the use of composite 
indicators will ever be settled […] official statisticians may tend to 
resent composite indicators, whereby a lot of work in data collection 
and editing is “wasted” or “hidden” behind a single number of 
dubious significance. On the other hand, the temptation of 
stakeholders and practitioners to summarise complex and sometime
elusive processes (e.g. sustainability, single market policy, etc.) into 
a single figure to benchmark country performance for policy 
consumption seems likewise irresistible. >>

Saisana M., Saltelli A., Tarantola S. (2005) Uncertainty and Sensitivity analysis 
techniques as tools for the quality assessment of composite indicators, Journal 
of the Royal Statistical Society ‐ A, 168(2), 307‐323.
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Aggregators vs. non‐aggregators …

<<The aggregators believe there are two major reasons that there is value in 
combining indicators in some manner to produce a bottom line. They believe 
that such a summary statistic can indeed capture reality and is meaningful, 
and that stressing the bottom line is extremely useful in garnering media
interest and hence the attention of policy makers. 

The second school, the non‐aggregators, believe one should stop once an 
appropriate set of indicators has been created and not go the further step of 
producing a composite index. Their key objection to aggregation is what 
they see as the arbitrary nature of the weighting process by which the 
variables are combined.>> 

Andrew Sharpe, 2004, “Literature Review of Frameworks for Macro‐
indicators”, report of the Centre for the Study of Living Standards, Ottawa. 
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<<Composite indicators are much like mathematical or 
computational models. As such, their construction owes more 
to the craftsmanship of the modeller than to universally 
accepted scientific rules for encoding. (Rosen, 1991) >>. 

As for models, the value of a CI is its fitness to the intended  
purpose and the acceptance of peers, i.e. its ability to attract 
public to discuss the issue and meeting stakeholders’
requirements.

Last quote from OECD/JRC handbook
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Conclusions

Virtue of CI ‐> their usefulness in policy analysis 

CI developers accused to merge ʺapples and orangesʺ  

Lack of transparency in selection of theoretical framework, weights, 
and aggregation. 

This makes CI, and the policy inference, arbitrary and
vulnerable by stakeholders.

The three pillars of a well‐designed CI are:
1. Solid theoretical framework, 
2. sound methodology and 
3. good quality data.

Methodology should include assessment 
of the robustness 

10



Eustat, Bilbao on 31.03.09

Ten steps to build Composite 
Indicators

Massimiliano Mascherini
massimiliano.mascherini@jrc.it

Statistics Seminar 2009
Bilbao, March 31st 2009

Eustat, Bilbao on 31.03.09

Technical definition: Composite indicators are mathematical 
combinations (or aggregations) of a set of indicators.

A metaphor for a composite indicator…

A composite indicator is similar to a Food Guide that helps 
individuals identify the right quantity and combination of various 
food groups recommended for healthy living.

A composite indicator measures multidimensional concepts 
(e.g. competitiveness, wellbeing, environmental sustainability, 
etc.) which cannot be captured by a single indicator. 
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Composite indicators are increasingly recognized as a 
useful tool for policy making and public communications in 
conveying information on countries’ performance in fields 
such as environment, economy, society, or technological 
development.

The rapid increase of interest on Composite indicators 
is mainly because…

they  are much easier to 
interpret than trying to find 
a common trend in many 
separate indicators.

They have proven to be 
useful in ranking countries 
in benchmarking exercises.

Eustat, Bilbao on 31.03.09

A list of new “Structural Indicators” to be developed by the EC 
(Information Note to the College of ECFIN October 2005) 

• Price convergence between EU Members States 
• Healthy Life Years
• Biodiversity
• Urban population exposure to air pollution by ozone 

and  
• Urban population exposure to air pollution by particles 

(PM10) 
• Consumption of toxic chemicals 
• Generation of hazardous waste 
• Recycling rate of selected materials 
• E-business indicator 

Can you guess how many of these are composite indicators?

ALL OF THEM!

ALL OF THEM!
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Composite indicators. How many of them are around? 

Searching “composite indicators” on Scholar Google

3,300February 2009

3,030October 2008

1,900 May 2007 

1,440June 2006

992October 2005
Scholar Google hits 
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Economist web edition, 
October 15, 2008 Business travel ranking 

(The most and least attractive destinations 
for business travellers)
Distance-learning MBAs
(A ranking of the top distance-learning MBA 
programmes)
Democracy index 
(The world's most and least democractic
countries)
Operational risk ratings 
(Rating the risk of doing business in 150 
markets)
E-readiness  
(The best countries for conducting electronic 
business)
Global house-price indices  
(Tracking house-price inflation around the 
world)
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Another example, about Mauritius, 
Economist October 16  

THE 1.3m people of Mauritius love to prove famous people wrong. On independence from Britain in 1968, pundits such 
as a Nobel prize-winning economist, James Meade, and a novelist, V.S. Naipaul, did not give much of a chance to this tiny, isolated Indian 
Ocean island 1,800km (1,100 miles) off the coast of east Africa. Its people depended on a sugar economy and enjoyed a GDP per person of 

only $200. Yet the island now boasts a GDP per person of $7,000, and very few of its people live in absolute poverty. It 

once again ranks first in the latest annual Mo Ibrahim index, which measures governance in 

Africa. And it bagged 24th spot in the World Bank’s global ranking for ease of doing business—
the only African country in the top 30, ahead of countries such as Germany and France. How does it pull it off? 

Eustat, Bilbao on 31.03.09

<< […] it is hard to imagine that debate on the use of composite 
indicators will ever be settled […] official statisticians may tend to 
resent composite indicators, whereby a lot of work in data 
collection and editing is “wasted” or “hidden” behind a single 
number of dubious significance. 

On the other hand, the temptation of stakeholders and 
practitioners to summarise complex and sometime elusive 
processes (e.g. sustainability, single market policy, etc.) into a 
single figure to benchmark country performance for policy 
consumption seems likewise irresistible. >> [*]

[*] Saisana M., Saltelli A., Tarantola S. (2005)

Composite indicators’ controversy 
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The construction of an index is not straightforward, but involves both 
theoretical and methodological assumptions which need to be 
assessed carefully to avoid results of dubious analytic rigour. 

Step 1. Developing a theoretical framework

Step 2. Selecting indicators

Step 3. Imputation of missing data 

Step 4. Multivariate analysis

Step 5. Normalisation of data

Step 6. Weighting and aggregation

Step 7. Robustness and sensitivity

Step 8. Back to the details (indicators)

Step 9. Association with other variables

Step 10. Presentation and dissemination

The ten recommended steps

http://composite-indicators.jrc.ec.europa.eu/

2 rounds of consultation 
with OECD high level 
statistical committee

Finally endorsed in March 
2008
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JRC/OECD Handbook on composite indicators 
[… and ranking systems]

Why the ten steps?

The three pillars of a well-designed CI:
1. Solid conceptual framework, 
2. good quality data,
3. sound methodology (+ robustness 

assessment)

Composite indicators  between analysis and 
advocacy, Saltelli, 2007, Social Indicators Research, 
81:65-77 

If the 3 conditions are met then CIs
can be used for policy-making

15
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What is badly defined is likely to be badly measured….

Step 1. Developing a Theoretical/conceptual framework

Provides the basis for the selection and combination of variables into 
a meaningful composite indicator under a fitness-for-purpose 
principle (involvement of experts and stakeholders is envisaged at 
this step).

• To get a clear understanding and 
definition of the multidimensional
phenomenon to be measured.
• To structure the various sub-groups
of the phenomenon (if needed).

• To compile a list of selection 
criteria for the underlying 
variables, e.g., input, output, 
process.
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a. SAFETY & 
SECURITY

b. RULE OF LAW, 
TRASPARENCY & 
CORRUPTION

c. PARTICIPATION & 
HUMAN RIGHTS

d. SUSTAINABLE 
ECONOMIC 
OPPORTUNITY

e. HUMAN 
DEVELOPMENT

PI
LL

A
R

S

SU
B

 -P
IL

LA
R

S

a.1 National security – weight 2/3

a.2 Public safety – weight 1/3

5 quantitative indicators
1 qualitative indicator

1 qualitative indicator

b.1 Ratification of norms – weight 1/3

b.2 Judicial independence – weight 1/3

b.3 Corruption – weight 1/3

2 qualitative indicators
1 quantitative indicator

3 quantitative indicators

1 quantitative indicator

c.1 Participation in elections – weight 1/2

c.2 Respect for rights – weight 1/2

4 qualitative indicators

3 qualitative indicators
1 quantitative indicator

d.1 Wealth creation – weight 1/4

d.2 Macroeconomic stability&financial
integrity – weight 1/4

d.3 Arteries of commerce – weight 1/4

d.4 Environmental sensitivity – weight 1/4

2 quantitative indicators

4 quantitative indicators

5 quantitative indicators

1 quantitative indicator -EPI

e.1 Poverty – weight 1/3

e.2 Health & sanitation – weight 1/3

e.3 Educational opportunity – weight 1/3

3 quantitative indicators

11 quantitative indicators

7 quantitative indicators

Step 1. Developing a Theoretical/conceptual framework
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Democracy Intercultural 
Understandings

Human Rights

ACTIVE CITIZENSHIPACTIVE CITIZENSHIP

Unorganized
Help

Religious Org. Sport Org. Cultural Org.Business Org. Teacher Org.Social Org.

Protest HR org. Environmental Org.Trade Union
Org.

9 basic indicators

19 basic indicators

25 basic indicators

11 basic indicators

Political Life Civil Society Communities Values

Eustat, Bilbao on 31.03.09

A composite indicator is above all the sum of its parts…

Step 2. Selecting variables

Should be based on the analytical soundness, measurability, 
country coverage, and relevance of the indicators to the 
phenomenon being measured and relationship to each other. The 
use of proxy variables should be considered when data are scarce
(involvement of experts and stakeholders is envisaged at this step).

• To check the quality of the 
available
indicators.
• To discuss the strengths and
weaknesses of each selected
indicator.

• To create a summary table 
on data characteristics, e.g., 
availability, source, type.

17
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PupilsPupils

Adults

When Different data sources have been considered… the case of the Active Citizenship Composite Indicator

European Social Survey, wave 1 and wave 2. World Values Survey Survey, wave 3 and wave 4.

IEA Civic Education. EUYOUPART 

Global Corruption BaromotherEuropean and member states Parliament sources

Adult Education Survey EU-SILK Eurostat Survey

….many statistical problems suddenly arise making the data incomparable! Among them.:

2002 2004 1999-20041994-1999

1999-2005 2005

2006 2007

1999 2004

Different reference year

Different Country Coverage

Different Target Population

Eustat, Bilbao on 31.03.09

Step 3. Imputation of missing data

It is needed in order to provide a complete dataset (e.g. by means 
of single or multiple imputation).

Dempster and Rubin (1983), “The idea of 
imputation is both seductive and dangerous”

• To estimate missing values.
• To provide a measure of the
reliability of each imputed value, so
as to assess the impact of the
imputation on the composite
indicator results.

• To discuss the presence 
of outliers
in the dataset.

18
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Country a1 a2 a3 a4 a5 a6 b1 b2 b3 b4 b5 b6

AT 0.97 0.78 0.84 0.53 0.72 0.34 0.42 0.18 0.49 0.19 0.85 0.02

BE 0.97 0.72 0.82 0.59 0.86 0.45 0.43 0.18 0.49 0.18 0.87 0.02

BG 0.75 0.31 0.54 0.20 0.61 0.16 0.03 0.01 0.17 0.05 0.44 0.01

CY 0.88 0.47 0.67 0.42 0.69 0.20 0.12 0.07 0.44 0.06 0.54 0.01

CZ 0.95 0.71 0.77 0.40 0.77 0.31 0.22 0.09 0.31 0.08 0.87 0.01

DE 0.95 0.78 0.90 0.61 0.80 0.47 0.52 0.24 0.52 0.19 0.76 0.05

DK 0.97 0.84 0.93 0.80 0.39 0.36 0.33 0.62 0.21 0.93 0.04

EE 0.94 0.62 0.74 0.39 0.78 0.26 0.13 0.07 0.24 0.11 0.93 0.03

EL 0.93 0.60 0.52 0.37 0.72 0.35 0.08 0.06 0.71 0.01

ES 0.94 0.49 0.76 0.49 0.90 0.27 0.16 0.08 0.30 0.11 0.81 0.02

EU27 0.93 0.63 0.80 0.49 0.77 0.34 0.29 0.15 0.41 0.14 0.77 0.03

FI 0.99 0.81 0.97 0.70 0.91 0.47 0.19 0.15 0.53 0.15 0.91 0.03

FR 0.96 0.57 0.82 0.52 0.89 0.35 0.43 0.11 0.76 0.02

E‐biz data for some countries: a few missing values

Eustat, Bilbao on 31.03.09

.

The idea of imputation could be both seductive and dangerous 
…

Almost all datasets contain missing data

Three common approaches to deal with missing data:

•case deletion (removes either country or indicator from the analysis)

•single imputation (e.g. Mean/Median substitution, Regression, etc.) 

•multiple imputation (e.g. Markov Chain Monte Carlo algorithms). 

trying to minimize bias and keep ‘expensive to collect’ data that would 
otherwise be discarded. 

Step 3. Imputation of missing data
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Step 4. Multivariate Analysis

Should be used to study the overall structure of the dataset, assess
its suitability, and guide subsequent methodological choices
(e.g., weighting, aggregation).

• To check the underlying structure of the data along the two 
main dimensions, namely individual indicators and countries 
(by means of suitable multivariate methods, e.g., principal 
components analysis, cluster analysis).
• To identify groups of indicators or groups of countries that 
are statistically “similar” and provide an interpretation of the 
results.
• To compare the statistically determined structure of the 
data set to the theoretical framework and discuss possible 
differences.

Analysing the underlying structure of the data is still an art …

Eustat, Bilbao on 31.03.09

Grouping information on individual indicators

•Is the nested structure of the 
composite indicator well-defined?
•Is the set of available individual 
indicators sufficient/ appropriate to 
describe the phenomenon?

Expert opinion and Multivariate 
statistics

Revision of the 
indicators or 
the structure

Step 4. Multivariate Analysis
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Avoid adding up apples and oranges …

Step 5. Normalisation of data

Should be carried out to render the variables 
comparable. Convert variables expressed in 
different measurement units (e.g. no. of people, 
money per capita, % of total exports) into a 
single (dimensionless) unit

• To select suitable normalisation
procedure(s) that respect both the
theoretical framework and the data
properties.
• To discuss the presence of 
outliers in the dataset as they may 
become unintended benchmarks.

• To make scale 
adjustments, if necessary.
• To transform highly 
skewed indicators, if 
necessary.

Eustat, Bilbao on 31.03.09

Method Equation 
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Pro: simple, indep. to outliers
Cons: levels lost

Pro: no distortion from mean
Cons: outliers

Pro: simple
Cons: outliers

Pro: benchmarking
Cons: max be outliers 

Pro: reduce skewness
Cons: values near to 0 

Pro: indep on slight changes in def. 
Cons: no track slight improvements

Step 5. Normalisation of data
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7. Indicators above or below the mean 
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8. Cyclical indicators (OECD) ( )
( )( )t

qct
t
qct

t
qct

t
qct

qc xExE

xEx
I

−

−
=  

9. Balance of opinions (EC) ( )∑ −−=
eN

e

1t
qc

t
qce

e

t
qc xxsgn

N
100I  
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Pro: simple, no outliers 
Cons: p arbitrary, no absolute levels

Pro: minimize cycles
Cons: penalize irregular indic.

Pro: based  on opinions
Cons: no absolute levels

Pro: no levels but changes
Cons: low levels are equal to high levels

Step 5. Normalisation of data
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Step 6. Weighting and aggregation

Should be done along the lines of the underlying theoretical 
framework.

The relative importance of the indicators is a source of contention …

• To select appropriate 
weighting and aggregation 
procedure(s) that respect 
both the theoretical 
framework and the data 
properties.

• To discuss whether correlation
issues among indicators should be
accounted for.
• To discuss whether compensability
among indicators should be allowed.

22
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No general consensus

A composite cannot be “objective”

Weighting implies a subjective choice

Soundness and transparency

Step 6. Weighting and aggregation

Eustat, Bilbao on 31.03.09

Weights based on statistical models

Factor analysis
Benefit of the doubt
Regression
Unobserved components model

Weights based on opinions

Budget allocation
Public opinion
Analytic hierarchy process
Conjoint analysis
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Aggregation rules:

Linear aggregation
implies full (and constant) compensability 
rewards sub-indicators proportionally to the weights

Geometric mean
entails partial (non constant) compensability 
rewards more those countries with higher scores

The absence of synergy or conflict effects among the indicators is a necessary 
condition to admit either linear or geometric aggregation 

&
weights express trade-offs between indicators

Multi-criteria analysis
different goals are equally legitimate and important (e.g. social, economic 

dimensions), thus a non-compensatory logic

Step 6. Weighting and aggregation
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• When different goals are equally legitimate and important, then a 
non compensatory logic may be necessary. 

• Example: physical, social and economic figures must be 
aggregated. If the analyst decides that an increase in economic 
performance can not compensate a loss in social cohesion or a 
worsening in environmental sustainability, then neither the linear nor 
the geometric aggregation are suitable. 

• Instead, a non-compensatory multicriteria approach will assure 
non compensability by formalizing the idea of finding a compromise
between two or more legitimate goals. 

• + does not reward outliers 
• + different goals are equally legitimate and important 
• + no normalisation is required
• BUT
• - computational cost when the number of countries is high 

Multi-criteria type of aggregation

Step 6. Weighting and aggregation
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Step 7. Robustness and sensitivity

“Cynics say that models can be built to conclude 
anything provided that suitable assumptions are 
fed into them.”

[The Economist, 1998]

“many indices rarely have adequate scientific foundations to support 
precise rankings: […] typical practice is to acknowledge uncertainty 
in the text of the report and then to present a table with unambiguous 
rankings”

[Andrews et al. (2004: 1323)] 

Step 7. Robustness and Sensitivity
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Uncertainty analysis can be used to assess the robustness of composite 
indicators …

Step 7. Robustness and Sensitivity

Should be undertaken to assess the robustness of the composite
indicator in terms of e.g., the mechanism for including or excluding
an indicator, the normalisation scheme, the imputation of missing
data, the choice of weights, the aggregation method.

• To consider a multi-modelling approach to build the composite 
indicator, and if available, alternative conceptual scenarios for the
selection of the underlying indicators.
• To identify all possible sources of uncertainty in the development of 
the composite indicator and accompany the composite scores and 
ranks with uncertainty bounds.
• To conduct sensitivity analysis of the inference (assumptions) and
determine what sources of uncertainty are more influential in the 
scores and/or ranks.
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stakeholder involvement 
Steps in the Development of an Index

Step 1. Developing a theoretical framework

Step 2. Selecting indicators

Step 3. Imputation of missing data

Step 4. Multivariate analysis 

Step 5. Normalisation of data

Step 6. Weighting and aggregation

Step 7. Robustness and sensitivity

Step 8. Links to other variables

Step 9. Back to the details

Step 10. Presentation and dissemination

Sources of 
uncertainty
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Space of alternatives

Including/
excluding variables

Normalisation

...

ImputationWeights

Aggregation

Performance 
index

Italy GreeceSpain

10

20

30

40

50

60

As a result, an uncertainty analysis should naturally include a careful 
mapping of all these uncertainties (/assumptions) onto the space of 

the output (/inferences). 
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Distribution of frequency for 126 different scenarios
for the LLL composite indicator

No variability

No variability

More Variability
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Is needed to reveal the main drivers for an overall good or bad
performance. Transparency is primordial to good analysis and

policymaking.

De-constructing composite indicators can help extend the analysis …

• To profile country performance at the indicator level so as to 
reveal what is driving the composite indicator results.
• To check for correlation and causality (if possible).
• to identify if the composite indicator results are overly dominated 
by few indicators and to explain the relative importance of the sub-
components of the composite indicator.

Step 8. Back to the details (indicators)
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Step 8. Back to the details (indicators)

Civic Society vs Community Life
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Step 9. Association with other variables

Should be made to correlate the composite indicator (or its 
dimensions) with existing (simple or composite) indicators as well 
as to identify linkages through regressions.

Composite indicators can be linked to other variables and measures

• To correlate the composite indicator with other relevant 
measures, taking into consideration the results of sensitivity 
analysis.
• To develop data-driven narratives based on the results.
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The Active Citizenship Composite Indicator and…
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Corruption 

Perceptions Index 
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Survival/Self-expression values

Adjusted R-squared = 0.64

ACCI and Survival/Self-expression values

Combining the score of the Active 
Citizenship Composite indicators with 
the Survival/Self-expression values 
dimension a consistent positive 
correlation is found. In fact a 
correlation coefficient equal to 0.81
was found which correspond to a Adj. 
R-squared equal to 0.64.
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Step 10. Presentation and dissemination

Should receive proper attention, given that the visualization can
influence (or help to enhance) interpretability

A well-designed graph can speak louder than words …

• To identify a coherent set of presentational tools for the targeted
audience.
• To select the visualisation technique which communicates the 
most information.
• To present the composite indicator results in a clear and accurate
manner.
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ACTIVE CITIZENSHIP COMPOSITE INDICATORSACTIVE CITIZENSHIP COMPOSITE INDICATORS
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Traffic lights to monitor progress

Human Development Index 

Eustat, Bilbao on 31.03.09

Why the ten steps?

To combat lack of transparency in many published composites: 
selection of theoretical framework, weights, and aggregation, which  
makes CI, and the policy inference, arbitrary and vulnerable by 
stakeholders.

The three pillars of a well‐designed CI are:
1. Solid theoretical framework, 
2. sound methodology and 
3. good quality data.

Methodology should include assessment of 
the robustness 

The absence of a rigorous procedure for constructing composites 
should not refrain us to propose guidelines for the developer.

Transparency and coherence should guide the entire process, 
from the framing of the problem to the interpretation of results.
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Composite indicators:
The challenge of a robust 

theoretical framework 

Stefano Tarantola

stefano.tarantola@jrc.it

Statistics Seminar 2009

Bilbao, March 31st 2009
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What is the conceptual framework?

• It is a sentence that defines the structure and the main 
characteristics of the phenomenon that we wish to 
measure through a set of indicators, and the context 
in which we work (very often a policy context).

• Example of summary innovation index (European 
Commission) 
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An example: Framework for innovation (EC 2005)

• Innovation is the process leading to the adoption and diffusion
of new technologies, aimed at creating new processes, 
products and services. Adoption represents the final stage of 
an invention; diffusion focuses on the supply of new goods and 
services to the consumer. 

• In this context, innovation is the mean to achieve 
competitiveness in the framework of the revised Lisbon agenda 
(it is a policy context).
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Framework for innovation (2)

• The conceptual framework (the choice of the 
conceptual groups and the selection of the indicators) 
has been conceived in consultation with a panel of 
experts from different Member States: the GSO = 
Group of Senior Officials

33



Bilbao 31.03.09  JRC copyright 2009

Framework for innovation (3)

• The Summary Innovation Index is composed of two 
main groups, innovation input (to reflect adoption) and 
innovation output (to reflect diffusion). 

• The relevant elements of innovation input are 
captured by three sub-domains: 

Bilbao 31.03.09  JRC copyright 2009

Framework for innovation (4)

• The relevant elements of innovation input are 
captured by three sub-domains:

– Innovation drivers, to measure the structural conditions required for 
innovation potential

– Knowledge creation, to measure the investments on human factors 
and on R&D activities, considered as the key elements for a successful 
knowledge-based economy 

– Innovation & entrepreneurship, to measure the efforts towards 
innovation at the microeconomic level 
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Framework for innovation (5)

• The relevant elements of innovation output are 
captured by two sub-domains :

– Application, to measure the performance, expressed in terms of 
labour and business activities, and their value added in innovative 
sectors 

– Intellectual property, to measure the achieved results in terms of 
successful know how, especially referred to high-tech sectors.
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• The selection of the indicators to populate the domains is 
based on five criteria:

- Policy relevance, with the aim of identifying indicators that are meaningful for
decisional processes and reflective of the political orientations (i.e. Lisbon 
objectives);
- Redundancy: when 2 indicators are found to be redundant, which means that 
they give the same information, it is recommended to select only one.
- First comer privilege: when two indicators are redundant, it is recommended to 
select the one that was already included in the previous scoreboard.
- Correlation: when 2 indicators are highly correlated and convey strong political 
messages, they can be both included in the final list.
- Availability: indicators which prove to be available for a large number of 
countries, and which can be extracted from regularly updated databases are 
recommended.

Framework for innovation (6)
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Revised conceptual Framework for innovation (2008)

• “Re-thinking the European Innovation Scoreboard”
(September 2008), INNO METRICS

• Main event: workshop on “Improving the EIS 
methodology” (June 2008) with 40 stakeholders 

• To discuss challenges for measuring innovation 
performance and to present a revised list of 
dimensions and indicators (for 2008-2010).
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Revised conceptual Framework for innovation (2008)

• Not only input and output but also process indicators
• EIS 2007 has 50% more input indicators than outputs (EIS 

should measure output form the innovation process)
• EIS 2007 is too biased towards high-tech innovation. Include 

broader non-technological or non-R&D innovation, socio-
economic conditions and the financing of innovation activities.

• For some indicators, higher score does not always mean the 
better. Ex: share of firms receiving public funding for 
innovation.
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Revised conceptual Framework for innovation (2008)

• The following principles were applied in considering 
possibilities for improvement.

– SIMPLICITY: keep the number of indicators limited and do not 
undergo unnecessary manipulations.

– TRANSPARENCY: all results should be easily recalculated, 
based on a detailed explanation of the methodology

– CONTINUITY: with previous years is required; results of EIS 
2008-2010 can be compared with those of EIS 2000-2007
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Revised conceptual Framework for innovation (2008)

• ENABLERS: captures the main drivers of innovation 
that are external to the firm:
1. Human resources – the availability of high skilled and 

educated people is one of the most important innovation 
drivers

2. Finance and support – the availability of finance for 
innovation projects and the support of governments for 
innovation activities are important drivers of innovation
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Revised conceptual Framework for innovation (2008)

• FIRM ACTIVITIES: captures innovation efforts that 
firms undertake 
1. Firm investments – investment needed to generate new 

products or processes as well as for introducing marketing 
and organisational innovations

2. Linkages & entrepreneurship – captures the related 
collaboration efforts among innovating firms and also the 
public sector.

3. Throughputs – captures intellectual property rights 
generated as a throughput in the innovation process 
(trademarks patents and designs)
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Revised conceptual Framework for innovation (2008)

• OUTPUTS: captures the outputs of firms 
activities
1. Innovators – success of innovation by firms that 

have introduced innovations onto the market or 
within their organisations

2. Economic effects – captures the economic success 
of innovation in employment, exports and sales.
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Thirteen are the same

Seven new indicators

Nine revised ones
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Learning to Do
Learning to Do refers to the acquisition of applied skills. It can encompass technical and hands‐
on skills and knowledge, and is closely tied to occupational success. 

Learning to Live Together
Learning to Live Together involves developing values of respect and concern for others, 
fostering social and inter‐personal skills, and an appreciation of the diversity of Canadians. This 
area of learning contributes to a cohesive society. 

Learning to Be[*] 
Learning to Be refers to the learning that helps develop the whole person―mind, body and 
spirit. This aspect concerns personal discovery, self‐knowledge, creativity and achieving a 
healthy balance in life. 

[*] Pillars from Jacques Delors’ Task Force: UNESCOʹs International Commission on Education 
for the Twenty‐first Century.

Another example: The Composite Learning 
Index (Canadian Council on Learning)

Learning to Know 
Learning to Know involves developing the foundation of skills and 
knowledge needed to function in the world. This includes literacy, 
numeracy, general knowledge and critical thinking. 
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Another example: E‐business readiness of European enterprises 
(developed by European Commission)

Definition: Capability of a company to engage in electronic transactions 
with the objective of increasing business competitiveness.

Aim: evaluation of a composite indicator to monitor country progress in 
the implementation of the i2010 initiative...
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From Step 1 of the Handbook. 
Developing a solid theoretical framework

What is badly defined is likely to be badly measured …

The challenges are:
• To integrate a broad set of (probably conflicting) points of view
• And reduce the complexity in a measurable form
• To have a community of peers (individuals, regions, countries) 

willing to accept the theoretical framework.
• Example: non‐measurable issues (eg sustainability) need to be 

replaced by intermediate objectives whose achievement can be 
observed and measured.
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Step 1. Developing a solid theoretical framework

After Step 1. the developer should have…
• A clear understanding and definition of the multidimensional phenomenon to be 
measured. 
• A nested structure of the various sub‐groups of the phenomenon. 
• A list of selection criteria for the underlying indicators, e.g., input, process, output. 
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Multivariate Analysis, Imputation 
and Normalization

Massimiliano Mascherini
massimiliano.mascherini@jrc.it

Statistics Seminar 2009
Bilbao, April 1st 2009
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Multivariate Analysis
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Step 1. Developing a theoretical framework

Step 2. Selecting indicators

Index construction- Steps

Step 4. Imputation of missing data

Step 5. Normalisation of data

Step 6. Weighting and aggregation

Step 7. Robustness and sensitivity

Step 8. Association with other variables

Step 9. Back to the details (indicators)

Step 10. Presentation and dissemination

Step 3. Multivariate analysis
Analysing the underlying 
structure of the data is still 
an art …
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Multivariate analysis

Correlation analysis: 

Identify statistical dimensions in data set

Eliminate highly correlated indicators

Rapid increase in the number of composite indicators developed 

Unfortunately, indicators are sometimes selected in an arbitrary 
manner with little attention paid to the interrelationships between 
them. This can lead to indices which overwhelm, confuse and 
mislead decision-makers and the general public.

An ‘indicator rich but information poor’ environment 
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Depending on one school of thought, one may see a high 
correlation among sub-indicators as something to correct for, 
e.g. by making the weights inversely proportional to the strength 
of the overall correlation for a given sub-indicator, or not.

e.g. Index of Relative Intensity of Regional Problems in the EU (Commission of the European 
Communities, 1984). 

Multivariate analysis

For instance, practitioners of multicriteria decision analysis 
would instead tend to consider the existence of correlations as a 
feature of the problem, not to be corrected for, as correlated 
sub-indicators may indeed reflect non-compensable different 
features of the problem.

e.g. A car’s speed and beauty are likely correlated with one another, but this does not imply 
that we are willing to trade speed for design.
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The information inherent in a dataset of sub-indicators that measure 
the performance of several countries can be studied along two 
dimensions, not independently from each other:

Sub-Indicators Countries

• Is the set of available sub-indicators 
sufficient and appropriate to describe the 
unknown phenomenon?

• Is the nested structure of the Composite 
Indicator well defines?

Experts’ opinion Statistical Techniques

Grouping countries in terms 
of similarities

Revision of the 
indicators or the 
structure
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Statistical Techniques applied 
along the sub-indicators 
dimensions…

Principal Components 
and Factor Analysis

Cronbach coefficient 
alpha (c-alpha)

Statistical Techniques applied 
along the Countries 
dimensions…

Cluster Analysis
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Principal Component and Factor Analysis

•Two main applications of principal component and factor analysis: 

to reduce the number of 
variables we are interested 
in analysing.

to detect or confirm structure 
in the relationships between 
variables

- To find or confirm a common 
factor that is reflected on 
several variables.

- To validate a scale or index 
(by showing that it reflects a 
common factor).

- To select a subset of variables 
from a larger set (based on which 
variables have the highest 
correlations with some common 
characteristic).
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Examples…

Eustat, Bilbao on 31.03.09
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Eustat, Bilbao on 31.03.09
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Eustat, Bilbao on 31.03.09
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Eustat, Bilbao on 31.03.09
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Eustat, Bilbao on 31.03.09

50



Eustat, Bilbao on 31.03.09

ACTIVE CITIZENSHIPACTIVE CITIZENSHIP

Protest HR org. Environmental Org.Trade Union
Org.

9 indicators

19 basic indicators

Political Life Civil Society Communities Values

25 indicators 11 indicators
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Protest HR org. Environmental Org.Trade Union
Org.

Civil Society

Are the dimension structures statistically justified?

Yes!!

Rotated Component Matrix(a)
 

Component 
  1 2 3 4 5 
Worked in another organisation or association last 12 months .530 -.151 -.227 .028 -.087 
Signed petition last 12 months .654 -.025 -.030 -.174 -.025 
Taken part in lawful public demonstration last 12 months .562 -.028 -.058 .159 -.161 
Boycotted certain products last 12 months .629 .033 .037 -.308 .027 
Bought product for political/ethical/environment reason last 12 
months .603 -.014 -.001 -.421 .070 

Humanitarian organisation etc., last 12 months: member -.138 .055 .576 .294 -.062 
Humanitarian organisation etc., last 12 months: participated -.094 .014 .743 .002 .151 
Humanitarian organisation etc., last 12 months: donated money -.066 .091 .335 .631 -.100 
Humanitarian organisation etc., last 12 months: voluntary work -.058 .021 .767 .002 .080 
Environmental/peace/animal organisation, last 12 months: member 

-.107 .033 .025 .475 .419 

Environmental/peace/animal organisation, last 12 months: 
participated -.135 .019 .082 .075 .727 

Environmental/peace/animal organisation, last 12 months: donated 
money -.002 .027 -.005 .715 .259 

Environment/peace/animal organisation, last 12 months: voluntary 
work -.047 .024 .067 .061 .736 

Trade union, last 12 months: member -.188 .549 -.023 .215 -.136 
Trade union, last 12 months: participated -.074 .730 .045 -.006 .036 
Trade union, last 12 months: donated money .038 .661 -.004 .052 .048 
Trade union, last 12 months: voluntary work -.053 .658 .075 -.076 .068 
Contacted politician or government official last 12 months .499 -.102 -.106 .096 -.087 

 

The four sub-dimensions 
proposed by the 
theoretical framework 
were confirmed by the 
Factor Analysis.

Moreover and additional 
component (Passive 
Participation) was 
identified.

Passive Participation(Eigenvalues >1)
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A way to investigate the degree of the correlations among a set of 
variables is to use the Cronbach Coefficient Alpha, c-alpha, 
(Cronbach, 1951). 

The c-alpha is the most common estimate of internal consistency of 
items in a model or survey – Reliability/Item Analysis.

It assesses how well a set of items (in our terminology sub-
indicators) measures a single unidimensional object (e.g. attitude, 
phenomenon etc.).

Cronbach Coefficient Alpha
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C-alpha measures the portion of total variability of the sample of sub-
indicators due to the correlation of indicators.

If no correlation exists and sub-indicators are independent then c-alpha 
is equal to zero, while if sub-indicators are perfectly correlated the c-
alpha is equal to one.

C-alpha is not a statistical test but a coefficient of reliability based on 
the correlations between sub-indicators: a high C-alpha means that 
sub-indicators considered measure well the latent phenomenon.
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An issue is how large the c-alpha must be. Nunnally (1978) 
suggests 0.7 as an acceptable reliability threshold. Yet, some 
authors use 0.75 or 0.80 as cut-off value, while others are as 
lenient as 0.60. In general this varies by discipline.
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An interesting exercise is to determine how the c-alpha 
varies with the deletion of each sub-indicator at a time.

If the reliability coefficient increases after deleting a sub-indicator from 
the scale, one can assume that the sub-indicator is not correlated 
highly with other sub-indicators in the scale.
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Deleted sub-indicator                                   Correlation        Alpha Cronbach

PATENTS 0.261 0.704

ROYALTIES 0.527 0.645

INTERNET 0.566 0.636

EXPORTS -0.108 0.774

TELEPHONES 0.701 0.603

ELECTRICITY 0.614                           0.624

SCHOOLING 0.451 0.662

ENROLMENT 0.249 0.706

If EXPORTS were to be deleted from the set then the value of standardized 
coefficient alpha will increase from the current 0.70 to 0.77. Note that the same 
sub-indicator has the lowest variable-total correlation value (-0.108). This 
indicates that EXPORTS is not measuring the same construct as the rest of the 
sub-indicators are measuring.

Eustat, Bilbao on 31.03.09

Grouping information on countries

Cluster analysis: group information on countries based on their similarity 
on different individual indicators. 

Cluster analysis serves as: 
• a purely statistical method of aggregation of the indicators, 
• a diagnostic tool for exploring the impact of the methodological choices 
made during the construction phase of the composite indicator, 
• a method of disseminating information on the composite indicator without 
losing that on the dimensions of the individual indicators, and 
• a method for selecting groups of countries to impute missing data with a 
view to decreasing the variance of the imputed values.
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 Country clusters for TAI individual indicators

Linkage Distance
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Note: Standardised data. Type: Hierarchical, single linkage, squared Euclidean distances. 

 

Cluster Analysis

10 clusters

Technology Achievement Index 2001
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Canada
Australia
Norway
New Zealand

Finland
USA
Sweden
Netherlands

Group 3 (dynamic adopters)Group 2 (potential leaders)
Group1 (leaders)

France
Israel
Spain
Italy
Czech Rep.
Hungary
Slovenia

Japan
Korea
UK
Singapore
Germany
Ireland
Belgium
Austria

Cluster analysis:

• main difference between the leaders 
and the potential leaders is on Receipts 
&  Exports. 
• the dynamic adopters are lagging 
behind the potential leaders due to their 
lower performance on Internet, 
Electricity & Schooling. They are, 
however, performing better on Exports. 
•Two of the sub-indicators, i.e. Patents & 
Enrolment, are not useful in 
distinguishing between these 3 groups
(cluster means are very close). 

e.g. Technology 
Achievement Index 2001

55



Eustat, Bilbao on 31.03.09

Eustat, Bilbao on 31.03.09

56



Eustat, Bilbao on 31.03.09

After Step 3, the constructor should have…
• Checked the underlying structure of the data along various 
dimensions, i.e., sub-indicators, countries.
• Applied the suitable multivariate methodology, e.g., PCA, FA, 
cluster analysis.
• Identified sub-groups of indicators or groups of countries that are 
statistically “similar”.
• …

Multivariate analysis
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Imputation of missing 
data
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Step 1. Developing a theoretical framework

Step 2. Selecting indicators

Step 3. Multivariate analysis

Step 5. Normalisation of data

Step 6. Weighting and aggregation

Step 7. Robustness and sensitivity

Step 8. Association with other variables

Step 9. Back to the details (indicators)

Step 10. Presentation and dissemination

Index construction- Steps

Step 4. Imputation of missing data
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Step 4. Imputation of missing data

Missing data are present in almost all composite indicators

Dealing with missing data (2 generic approaches):

The idea of imputation could be both seductive and dangerous …

Single Imputation Multiple Imputation

Mean/Median/Mode substitution, 
Regression Imputation, 
Expectation-Maximisation Imputation

Markov Chain Monte Carlo 
algorithm
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Implicit modelling. The focus is on an algorithm, with implicit 
underlying assumptions which need to be verified in terms of 
whether they are reasonable and fit for the issue under 
consideration. The danger of this type of modelling of missing data 
is the tendency to consider the resulting data set as complete, 
forgetting that an imputation has been carried out. Implicit modelling
includes:

1- Hot deck imputation. Filling in blanks cells with individual data, 
drawn from “similar” responding units. For example, missing values 
for individual income may be replaced with the income of another
respondent with similar characteristics, e.g. age, sex, race, place of
residence, family relationships, job, etc.
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2 -Substitution. Replacing non-responding units with unselected 
units in the sample. For example, if a household cannot be 
contacted, then a previously non-selected household in the same 
housing block is selected.

3- Cold deck imputation. Replacing the missing value with a 
value from an external source, e.g. from a previous realisation of 
the same survey.
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Explicit modelling. The predictive distribution is based on a formal 
statistical model where the assumptions are made explicitly, as in 
the following:

Unconditional mean/median/mode imputation. The sample mean 
(median, mode) of the recorded values for the given individual 
indicator replaces the missing values.

Regression imputation. Missing values are substituted by the 
predicted values obtained from regression. The dependent variable 
of the regression is the individual indicator hosting the missing 
value, and the regressor(s) is (are) the individual indicator(s), 
showing a strong relationship with the dependent variable, i.e. 
usually a high degree of correlation.
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Expectation Maximisation (EM) imputation. This model focuses on 
the interdependence between model parameters and the missing 
values. The missing values are substituted by estimates obtained
through an iterative process. First, the missing values are predicted 
based on initial estimates of the model parameter values. These 
predictions are then used to update the parameter values, and the 
process is repeated. The sequence of parameters converges to 
maximum-likelihood estimates, and the time to convergence depends 
on the proportion of missing data and the flatness of the likelihood 
function.

If simplicity is its main appeal, an important limitation of the single 
imputation method is its systematic underestimation of the variance 
of the estimates. Therefore, this method does not fully assess the 
implications of imputation or the robustness of the composite index 
derived from the imputed data set.
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ponmlihgfedcba
p
1Indicator

41122422323313332Finland7

111222222221321Denmark6

Identification of the  donor trough a distance such as maximum deviation 

Inference should account for the imputation uncertainty => sensitivity

Example: selection of the donor 1    if hot deck applied
1.3 if mean value used

Does it 
make a 
difference?

Hot deck imputation

Example
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Multiple imputation (MI) is a general approach that does not require 
a specification of parameterized likelihood for all data. The 
imputation of missing data is performed with a random process that 
reflects uncertainty. Imputation is done N times, to create N 
“complete” datasets. The parameters of interest are estimated on 
each data set, together with their standard errors. Average (mean or 
median) estimates are combined using the N sets and between-and 
within-imputation variance is calculated.
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Any “proper” imputation method can be used in multiple imputation. 
For example, regression imputation could be used repeatedly, 
drawing N values of the regression parameters using the variance
matrix of estimated coefficients. However, one of the most general 
models is the Markov Chain Monte Carlo (MCMC) method. MCMC 
is a sequence of random variables in which the distribution of the 
actual element depends on the value of the previous one. It 
assumes that data are drawn from a multivariate normal distribution 
and requires MAR or MCAR assumptions.
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The Multiple Imputation method imputes several values (N) for each 
missing value (from the predictive distribution of the missing data), to 
represent the uncertainty about which values to impute.

The N versions of completed data sets are analysed by standard 
complete data methods and the results combined using simple rules 
to yield single combined estimates (e.g. MSE, regression 
coefficients), standard errors and p-values, which formally incorporate 
missing data uncertainty. The pooling of the results of the analyses 
performed on the multiple imputed data sets implies that the resulting 
point estimates are averaged over the N completed sample points,
and the resulting standard errors and pvalues are adjusted according 
to the variance of the corresponding N completed sample point 
estimates.

Thus, the “between-imputation variance” provides a measure of the 
extra inferential uncertainty due to missing data which is not reflected 
in single imputation).
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Normalization

Eustat, Bilbao on 31.03.09

Step 1. Developing a theoretical framework

Step 2. Selecting indicators

Step 3. Multivariate analysis

Step 4. Imputation of missing data

Index construction- Steps

Step 6. Weighting and aggregation

Step 7. Robustness and sensitivity

Step 8. Association with other variables

Step 9. Back to the details (indicators)

Step 10. Presentation and dissemination

Step 5. Normalisation of data
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• Scope: to bring indicators to the same
measurement unit
– Indicators can be originally incommensurate or (patents

granted per population in thousands and high-tech 
exports as % of total exports)

– Can be commensurate yet expressed in different units
(temperature in Celsius or Kelvin or Fahrenheit)

Purpose of normalisation

Normalization
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Several methods exist

Ranking Standardization

Rescaling

Distance to 
reference country

Above or below 
the mean

Etc.

Different methods of normalization

Different Ranking
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Select the proper method

• Whether hard or soft data 
are available

• Whether exceptional
behaviour needs to be
rewarded/penalised

• Whether info on absolute
levels matters

• Whether benchmarking
against a reference country 
is requested

• Whether variance in the 
indicators needs to be
accounted for

Take into account 
properties of data

Objectives of the 
composite indicator

Normalization
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Select the proper method
• For example in presence of extreme values we should

prefer normalisation methods that are based on 
standard deviation or distance from the mean

• Special care in the choice of the normalisation when the 
composite indicator needs to be comparable over time

Normalization
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Eustat, Bilbao on 31.03.09
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Normalization Methods: Ranking across countries

• Simplest method
• Independence on outliers
• Loss of information on absolute levels (impossible to 

draw any conclusion about difference in performance)

Normalization
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• An indicator with extreme values will have a greater effect on the composite 
indicator

• This can be desirable if the intention is to reward exceptional behaviour (e.g. if 
an extremely good result in few indicators is thought to be better than a lot of 
average scores)

• Important to assure that extreme values are not outliers

Normalization Methods: Standardization (Z-score)

Normalization
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For time-dependent studies, in order to assess country 
performance across years, the average across 
countries      and the standard deviation across 
countries       are calculated for a reference year, 
usually the initial time point,  t0 .

0t
cqcx =

0t
cqc=σ
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• All normalised indicators have identical range (0;1)
• Example: innovation scoreboard (-0.5; 0.5)
• Extreme values could be unreliable outliers (distortion effect)
• Indicators lying within an interval with very  small range, this latter is 

widened applying re-scaling,thus increasing intrinsically the weight of that 
indicator

• Example: e-business readiness index

Normalization Methods: Rescaling (MinMax)

Normalization
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The expression

is sometimes used in time-dependent studies. However, if

the normalised indicator would be larger than 1.
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where the minimum and maximum for each indicator are calculated 
across countries and time, in order to take into account the 
evolution of indicators. The normalized indicators,    , have values 
between 0 and 1.
However, this transformation is not stable when data for a new time 
point become available. This implies an adjustment of the analysis 
period T, which may in turn affect the minimum and the maximum 
for some individual indicators and hence the values of     . To 
maintain comparability between the existing and the new data, the 
composite indicator for the existing data must be re-calculated.

t
qcI

t
qcI

Another variant of the Min-Max method for time dependent series is
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A different approach is to consider the country itself as the reference 
country and calculate the distance in terms of the initial time point 
as:

This approach is used in Concern About Environmental Problems 
(Parker, 1991) for measuring the concern of the public in relation to 
certain environmental problems in three countries (Italy, France and
the UK) and in the European Union.
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An alternative distance for the normalisation could be:

which is essentially same as above. Instead of being centred on 
1, it is centred on 0. In the same way, the reference country can 
be the average country, the group leader, or an external 
benchmark.
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The threshold p builds a neutral region around the mean, where the 
transformed indicator is zero. This reduces the sharp discontinuity, 
from -1 to +1, which exists across the mean value to two minor 
discontinuities, from -1 to 0 and from 0 to +1, across the thresholds. 
A larger number of thresholds could be created at different 
distances from the mean value, which might overlap with the 
categorical scales.
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For time-dependent studies to assess country 
performance over time, the average across countries      

would be calculated for a reference year (usually 
the initial time point t0 ). An indicator that moved from 
significantly below the mean to significantly above the 
threshold in the consecutive year would have a positive 
effect on the composite.

0t
cqcx =
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Examples of the above normalisation methods are shown using the 
TAI data. The data are sensitive to the choice of the transformation 
and this might cause problems in terms of loss of the interval level of 
the information, sensitivity to outliers, arbitrary choice of categorical 
scores and sensitivity to weighting.
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Weighting and Aggregation
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Weighting and 
Aggregation
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Step 1. Developing a theoretical framework

Step 2. Selecting indicators

Step 3. Multivariate analysis

Step 4. Imputation of missing data

Step 5. Normalization of data

Index construction- Steps

Step 7. Robustness and sensitivity

Step 8. Association with other variables

Step 9. Back to the details (indicators)

Step 10. Presentation and dissemination

Step 6. Weighting and aggregation

Eustat, Bilbao on 01.04.09

No agreed 
methodology exists 
to weight individual 

indicators

Weighting (and aggregation)
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Weight restrictions

Foster and Sen « On Economic Inequality »:
« While the possibility of arriving at a unique set of weights is rather
unlikely, that uniqueness is not really necessary to make agreed
judgments in many situations, and may indeed not even be required
for a complete ordering »

Eustat, Bilbao on 01.04.09
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Weights based on Principal Component Analysis
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Practically….

The first step in FA is to check the correlation structure of the data, as 
explained in the section on multivariate analysis. If the correlation 
between the indicators is weak, then it is unlikely that they share 
common factors.

The second step is the identification of a certain number of latent 
factors (fewer than the number of individual indicators) representing 
the data. Each factor depends on a set of coefficients (loadings), 
each coefficient measuring the correlation between the individual 
indicator and the latent factor. Principal components analysis is 
usually used to extract factors (Manly, 199423). For a factor analysis 
only a subset of principal components is retained (m), i.e. those that 
account for the largest amount of the variance.
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Standard practice is to choose factors that: (i) have associated
eigenvalues larger than one; (ii) contribute individually to the 
explanation of overall variance by more than 10%; and (iii) 
contribute cumulatively to the explanation of the overall variance by 
more than 60%.

With the reduced data set in
TAI (23 countries) the factors 
with Eigenvalues close to unity 
are the first four, as summarized 
in
Table 16. Individually they 
explain more than 10% of the 
total variance and overall they 
count for about
the 87% of variance.
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The third step deals with the rotation of factors. The rotation (usually 
the varimax rotation) is used to minimise the number of individual 
indicators that have a high loading on the same factor. The idea
behind transforming the factorial axes is to obtain a “simpler 
structure” of the factors (ideally a structure in which each indicator is 
loaded exclusively on one of the retained factors).
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The last step deals with the construction of the weights from the 
matrix of factor loadings after rotation, given that the square of 
factor loadings represents the proportion of the total unit variance 
of the indicator which is explained by the factor.

The approach used by Nicoletti et al., (2000) is that of
grouping the individual indicators with the highest factors loadings 
into intermediate composite indicators.
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With the TAI data set there are four intermediate composites. The 
first includes Internet (with a weight of 0.24), electricity (weight 0.25) 
and schooling (weight 0.29). Likewise the second intermediate is 
formed by patents and exports (worth 0.67 and 0.23 respectively), the 
third only by universityuniversity (0.77) and the fourth by royalties and 
telephones (weighted with 0.49 and 0.26).
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The four intermediate composites are aggregated by assigning a 
weight to each one of them equal to the proportion of the explained 
variance in the data set:

0.38 for the first (0.38 = 2.64/(2.64+1.39+1.19+1.76)), 0.20 for the 
second, 0.17 for the third and 0.25 for the fourth

So the final weights for each basic indicator are the normalized
value using this structure
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For example, the PC weight for Internet is 
equal to 0.11….

- The squared factor loading of internet is 0.24

- The sum of squared factor loadings of factor 1 is 0.78

- The normalized SFL value of Internet is 0.307

- The PC weight of Internet is equal to the normalized SFL 
value times the normalized proportion of explained variance 
of the component.

11.038.0*307.0 ==InternetPCweight
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Data Envelopment Analysis (DEA) employs linear programming 
tools to estimate an efficiency frontier that would be used as a 
benchmark to measure the relative performance of countries. This
requires construction of a benchmark (the frontier) and the 
measurement of the distance between countries in a multi-
dimensional framework. 

The following assumptions are made for the benchmark:

(i) positive weights – the higher the value of a given individual 
indicator, the better for the corresponding country;

(ii) non-discrimination of countries which are the best in any single 
dimension (individual indicator), thus ranking them equally, 
and;

(iii) a linear combination of the best performers is feasible, i.e. 
convexity of the frontier.

Weights based on Data Envelopment Analysis
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The distance of each country with 
respect to the benchmark is 
determined by the location of the
country and its position relative to the 
frontier.

Indicator 1

Indicator 2

a

b

c

d

d’

0

four countries and
two base indicators

Countries (a, b, c, d) are ranked according to the score of the 
indicators. The line connecting countries a, b and c constitutes the 
performance frontier and the benchmark for country d which lies 
beyond the frontier. 

The countries supporting the frontier are classified as the best 
performing, while country d is the worst performing.
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The application of DEA to the field of composite indicators is known 
as the “benefit of the doubt” approach (BOD) and was originally 
proposed to evaluate macroeconomic performance (Melyn & 
Moesen, 1991). In the BOD approach, the composite indicator is 
defined as the ratio of a country’s actual performance to its 
benchmark performance:

where     is the normalised (with the max-min method) score of qth
individual indicator (q=1,…,Q) for country c (c=1,…M) and wqc the 
corresponding weight. Then is the score of an hypothetical 
country that maximises the overall performance, given the unknown 
set of weights w

qcI

*
qcI
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Notice that:

(i) weights are country specific: different sets of weights may
lead to choose different countries as far as there is no country
having the highest score in all sub-indicators;

(ii) the benchmark would in general be country-dependent, so no 
unique benchmark would exist (unless, as before, a country is 
better-off in all sub-indicators), 

(iii) sub-indicators must be comparable, i.e. have the same unit of 
measurement.
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In fact we need the specification of the set of weights for each
country. The optimal set of weights – if such exists – guarantees the 
best position for the associated country vis-à-vis all other countries 
in the sample.

With any other weighting profile, the relative position of that country 
would be worse. Optimal weights are obtained by solving the 
following constrained optimisation:

subject to non-negativity constraints on weights.

The resulting composite index will range between zero (worst possible 
performance) and 1 (the benchmark).
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The result of the BOD approach applied to the TAI example. 
Weights are given in the first eight columns, while the last column 
contains the composite indicator values. Finland, the United States 
and Sweden have a composite indicator value of one, i.e. they have 
the top score in the ranking.
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Advantages of DEA

Embedded concern for (MS’) diversity: no other weighting
scheme yields higher composite indicator value (political
acceptance)
Principle is easy to communicate

Since we are not sure about the right weights, we look for 
« benefit of the doubt » weights (such that your overall
relative performance index is as high as possible)
If ANOTHER country gets a higher overall score, 
using YOUR weighting scheme, we regard that
country as outperforming you. 
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Multiple regression models can handle a large number of 
indicators. 

input indicators (e.g. related to various policy actions) output 
indicator (e.g. target)

The regression model could: 
a. quantify the relative effect of each policy action on the output
b. be used for forecasting purposes

In a more general case of multiple output indicators, canonical 
correlation analysis (generalization of multiple regression) could 
be applied. 

However, in any case, there is always the uncertainty that the 
relations, captured by the regression model for a given range of
inputs and output, may not be valid for different ranges. 

Weights based on Regression 
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Phases:
1. Selection of experts for the valuation;
2. Allocation of budget to the sub-indicators;
3. Calculation of the weights;
4. Iteration of the budget allocation until convergence is reached (optional).

Essential to bring together experts that have a wide spectrum of knowledge, 
experience and concerns proper weighting system 

Example: A case study in which 400 German experts in 1991 were asked to 
allocate a budget to several environmental indicators related to an air 
pollution problem showed very consistent results, in spite of the fact that the 
experts came from opposing social spheres like the industrial sector and the 
environmental sector (Jesinghaus in: Moldan and Billharz, 1997). 

Weights based on Budget Allocation
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Advantages:
• Participatory technique
Limitations:
• Design of the survey - choice of experts (number, background)
• Circular thinking
• Up to 8-10 indicators
• Not transferable from one area to another

Weights based on Budget Allocation

Eustat, Bilbao on 01.04.09

Expert 1Expert 1
Royalties Internet Technology 

exports
Telephones ElectricityPatents Schooling 

years
University 
Students

5 5 5 20 10 5 20 30

5 5 5 20 10 5 20 30Total

allocate 
100 points

Weights based on Budget Allocation

14



Eustat, Bilbao on 01.04.09

Expert 2Expert 2
Royalties Internet Technology 

exports
Telephones ElectricityPatents Schooling 

years
University 
Students

15 15 10 15 10 5 20 10

5 5 5 20 10 5 20 3020 20 15 35 20 10 40 40
Based on an internal JRC survey of 21 experts...

0.110 0.107 0.109

0.181

0.098

0.063

0.148

0.184

0.000

0.050

0.100

0.150

0.200

0.250

0.300

0.350

Patents Royalties Internet hosts Tech exports Telephones Electricity schooling University
students 

allocate 
100 points

Total
0.110 0.107 0.109

0.181

0.098

0.063

0.148

0.184

0.000

0.050

0.100

0.150

0.200

0.250

0.300

0.350

Patents Royalties Internet hosts Tech exports Telephones Electricity schooling University
students 

Weights based on Budget Allocation
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In order to permit to experts to elicit their judgement regarding the 
weights to assign to each basic indicator of ACCI, on February 2007
we distributed a questionnaire that asked to experts to consider
factors that contribute at different levels to the composite indicators.

Being the aim of the questionnaire the elicitation of weights for the 
Active Citizenship Composite Indicator, the questionnaire was 
deliberately model-centric, not permitting discussion regarding 
alternative structure than that one proposed by JRC, (Hoskins et al. 
2006.)

Example: the Active Citizenship Composite Indicator
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The overall questionnaire was composed by 6 questions. 

A question also investigated about the area of expertise of the 
respondent:

A question asked to experts to discriminate among the different ways to 
participate to formal organizations:

Four questions required a numerical  evaluation of the importance of 
every factors within the domains of the structure of the ACCI:

PoliticalPolitical Civil SocietyCivil Society Community LifeCommunity Life ValuesValues

MembershipMembership Donating MoneyDonating Money ParticipationParticipation Voluntary WorkVoluntary Work

Educational ResearcherEducational Researcher

SociologistSociologist

Political ScientistPolitical Scientist

Policy MakerPolicy Maker
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The questionnaire was designed to follow the Badget Allocation
approach in the experts elicitation process. For each questions, experts 
were given  a total budget of 100 points to be distributed across the 
different items, thus revealing their preferences for greater expenditure. 

The budget allocation approach cannot readily be applied if there are 
too many items and it has been argued that the approach is optimal for 
a maximum number of 10 items per question, (Bootomoley et al., 2000)

In our case, for each question  the number of items is far less than 10, 
so the budget allocation approach can provide unbiased estimations.
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The survey was distributed to experts in two wave: 

On February 1st , 2007, during the Active Citizenship Network 
Meeting in Bruxelles, the questionnaire was distributed directly to 
the group of experts participating at the meeting.

The questionnaire was also sent by email to a second group of 
experts on Febraury 11th. The second group of experts was 
composed by the participants to the Active Citizenship 
Conference held in Ispra on September 2006. 

The survey was officially closed on Febraury 22nd. 

Reminders have been sent to the participants by email to both groups. 
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A total number of 27 experts agreed to participate to the survey. 

They represented the 45% of the total number of experts contacted. 

In most cases the reasons of the declination were in the basis of 
not accepting the CRELL model or  not recognizing the survey as 
an useful tool for the elicitation of experts knowledge. 

Because some of the experts shared the participation in Active 
Citizenship network  meetings and conferences or some have 
written papers together, we make no claim that the responses we 
have received are “independent” in the sense that they have been 
not influenced by each other’s view. 
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A total number of 27 experts agreed to participate to the survey. 

They represented the 45% of the total number of experts contacted. 

In most cases the reasons of the declination were in the basis of 
not accepting the CRELL model or  not recognizing the survey as 
an useful tool for the elicitation of experts knowledge. 

However, because our objective is to sample the range of current 
expert opinion, and it is the nature of expert communities to engage 
in such consultation, we do not view this as a problem. We also 
remind that we are not sampling from a distribution describing true 
values. The judgment of one of the outline may be correct, and 
those who share a consensus view may be wrong. 
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All of the survey responses we received were completed with a 
level of detail that clearly indicated that experts who decided to 
participate had taken the task seriously.

Judging from the written comments and other indications of effort, 
many respondents found not easy to answer to the questionnaire so 
probably many respondents devoted more than the five minutes we 
estimated to completing the survey.
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48.15%

25.93%

18.52%

7.407%

EducationResearch PolicyMaker
PoliticalScientist Sociologist

Distribution of the participants by area of expertize

The distribution clearly shows a predominance of Educational Reserchers
and Policy Makers respect to Political scientists and Sociologists. 

AREA OF EXPERTISE

This peculiar distribution of 
participants means that the wights
obtained by the survey can be 
considered  more Educational 
Researchers/Policy Makers than 
Sociologists/Political Scientists-
oriented. 

Existing not a reference population in 
this field from which is possible to 
extract a representative “true”
sample we do not consider this 
aspect as critical for the computation 
of experts weights

Eustat, Bilbao on 01.04.09

“A first Active Citizenship Composite Indicator has been prepared by CRELL based on four pillar: 
Political Life, Civil Society, Community Participation, Values. Please allocate 100 points 
indicating our view of the importance of each pillar”

MOVING TO QUESTION 1….
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Question1 - First Level Domains

Q1-PoliticalLife Q1-CivilSociety
Q1-Community Q1-Values.

401025.0025.0025.81Values

35521.8725,0022.58Community

401125.0025.0025.81Civil Society

6613.0425.0025.0025.81Political Life

MaxMinMedian
Old 
Weight

New 
WeightVariable

“A first Active Citizenship Composite Indicator has been prepared by CRELL based on four pillar: 
Political Life, Civil Society, Community Participation, Values. Please allocate 100 points 
indicating our view of the importance of each pillar”

The new weights distribution is not far from 
the equal weights distribution adopted in 
the original  computation of ACCI 

the community participation pillar is 
penalized by the experts that consider this 
pillar the less important of the four 
domains. The same weight is assigned to 
the other three domains

MOVING TO QUESTION 1….
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Question2 - Being Active for an Organization

Q2-Voluntary Q2-Participation
Q2-Membership Q2-Donating Money

33010.0025.0011.38Donating Money

501017.8525.0020.32Membership

50130.0025.0034.15Participation

501030.0025.0034.15Voluntary Work

MaxMinMedian
Old 
Weights

New 
WeightsVariable

MOVING TO QUESTION 2….
“In general, when talking about Being Active for an Organization, the following four different dimensions 
have been considered: Membership, Donated Money, Participation, Voluntary Work.. Please allocate 
a total amount of 100  points showing your view on the importance of each indicator.”

The analysis of the results of the 
questionnaire show that the distribution of the 
elicited weights is quite far from the equal 
weights distribution proposed for the first 
version of the ACCI.  
In particular the Voluntary Work and the 
Participation in the organization activities are 
awarded by the experts.  The passive forms of 
“Being Active”, identified in membership and 
“donating money”, are in other hands 
penalized by  experts.
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MOVING TO QUESTION 5….
“Moving into the domain of Community Participation, the following seven potential indicators have been 
identified. Please allocate 100 points showing your view on the importance of each indicator
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Question5 - Participation in Community Life

Q5-Unorganized Q5-Religious
Q5-Business Q5-Sport
Q5-Cultural Q5-Social
Q5-Teacher

319.091814.2818.85Teacher/Parents Org.

37.831019.3514.2820.26Social Org.

4011514.2815.71Cultural Org.

2011014.2810.47Sport Org.

16.1230814.288.38Business Org.

16.1201014.2810.47Religious Org.

325.0015.1514.2815.86Unroganized Help

MaxMinMedian
Old 
Weights

New 
WeightsVariable

MOVING TO QUESTION 5….

The analysis of the weight distributions 
show that the “Unorganized Help”, 
“Participation in Cultural organization”, 
“Participation in Social Organization”
and “Participation in Teacher/Parents 
organization” are the components that 
are awarded by the experts. 
On other hands, the Participation in 
Religious, Business and Sport 
Organization are strongly penalized by 
participants. 
The most important component is the 
Participation in Social Organization
and the component considered as less 
important is the Participation in 
Businesso Organization. 
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Weights based on Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) - proposed by Thomas Saaty
in the 1970s - is a widely used technique for multi-attribute decision 
making (Saaty, 1987). It enables the decomposition of a problem into 
hierarchy and assures that both qualitative and quantitative aspects 
of a problem are incorporated in the evaluation process, during 
which opinions are systematically extracted by means of pairwise
comparisons.

The compensatory feature of the method implies that each weights
obtained is a trade-offs, i.e. it indicates how much a group of 
interviewed actors, on average, is willing to forego a given variable 
in exchange for another variable (for example, in TAI example, how 
much “patents” can be exchanged for University enrolment).

Eustat, Bilbao on 01.04.09

Weights obtained with the AHP are not importance coefficients, i.e. 
they do not indicate the degree of relevance each alternative has in 
explaining the phenomenon captured by the composite. This 
feature has generated many misunderstanding in the literature of
composite indicators that often used AHP weights as importance 
coefficients (see Ülengin et al. 2001).

The core of AHP is an ordinal pairwise comparison of attributes. For a 
given objective, the comparisons are made between pairs of 
individual indicators, asking which of the two is the more important, 
and by how much.

The preference is expressed on a semantic scale of 1 to 9. A 
preference of 1 indicates equality between two individual indicators, 
while a preference of 9 indicates that the individual indicator is 9 
times more important than the other one.
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USING PAIRWISE COMPARISONS, THE 
RELATIVE IMPORTANCE

OF ONE CRITERION OVER ANOTHER 
CAN BE EXPRESSED

1 EQUAL  3 MODERATE   5  STRONG   7  VERY STRONG  9 EXTREME

1 2 3 4 5 6 7 8 9
Patents vs. x Royalties x

x Patents vs. Internet x
x Patents vs. Technology exports x
x Patents vs. Telephones x
x Patents vs. Electricity x

Patents vs. x Schooling years x
Patents vs. x University Students x

x Royalties vs. Internet x
Royalties vs. x Technology exports x

x Royalties vs. Telephones x
x Royalties vs. Electricity x

Royalties vs. x Schooling years x
Royalties vs. x University Students x
Internet vs. x Technology exports x

x Internet vs. Telephones x
x Internet vs. Electricity x

Internet vs. x Schooling years x
Internet vs. x University Students x

x Technology exports vs. Telephones x
x Technology exports vs. Electricity x

Technology exports vs. x Schooling years x
Technology exports vs. x University Students x

x Telephones vs. Electricity x
Telephones vs. x Schooling years x
Telephones vs. x University Students x
Electricity vs. x Schooling years x
Electricity vs. x University Students x

x Schooling years vs. University Students x

Which Indicator Do You Feel Is More Important? To What Degree?
Questionnaire

Weights based on Analytic Hierarchy Process
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Weights based on Analytic Hierarchy Process

1 2 3 4 5 6 7 8 9
Patents vs. x Royalties x

x Patents vs. Internet x
x Patents vs. Technology exports x
x Patents vs. Telephones x
x Patents vs. Electricity x

Patents vs. x Schooling years x
Patents vs. x University Students x

x Royalties vs. Internet x
Royalties vs. x Technology exports x

x Royalties vs. Telephones x
x Royalties vs. Electricity x

Royalties vs. x Schooling years x
Royalties vs. x University Students x
Internet vs. x Technology exports x

x Internet vs. Telephones x
x Internet vs. Electricity x

Internet vs. x Schooling years x
Internet vs. x University Students x

x Technology exports vs. Telephones x
x Technology exports vs. Electricity x

Technology exports vs. x Schooling years x
Technology exports vs. x University Students x

x Telephones vs. Electricity x
Telephones vs. x Schooling years x
Telephones vs. x University Students x
Electricity vs. x Schooling years x
Electricity vs. x University Students x

x Schooling years vs. University Students x

Which Indicator Do You Feel Is More Important? To What Degree?
Questionnaire
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USING PAIRWISE COMPARISONS, THE 
RELATIVE IMPORTANCE

OF ONE CRITERION OVER ANOTHER 
CAN BE EXPRESSED

1 EQUAL  3 MODERATE   5  STRONG   7  VERY STRONG  9 EXTREME

1 2 3 4 5 6 7 8 9
Patents vs. 1 Royalties 1

1 Patents vs. Internet 1
1 Patents vs. Technology exports 1
1 Patents vs. Telephones 1
1 Patents vs. Electricity 1

Patents vs. 1 Schooling years 1
Patents vs. 1 University Students 1

1 Royalties vs. Internet 1
Royalties vs. 1 Technology exports 1

1 Royalties vs. Telephones 1
1 Royalties vs. Electricity 1

Royalties vs. 1 Schooling years 1
Royalties vs. 1 University Students 1
Internet vs. 1 Technology exports 1

1 Internet vs. Telephones 1
1 Internet vs. Electricity 1

Internet vs. 1 Schooling years 1
Internet vs. 1 University Students 1

1 Technology exports vs. Telephones 1
1 Technology exports vs. Electricity 1

Technology exports vs. 1 Schooling years 1
Technology exports vs. 1 University Students 1

1 Telephones vs. Electricity 1
Telephones vs. 1 Schooling years 1
Telephones vs. 1 University Students 1
Electricity vs. 1 Schooling years 1
Electricity vs. 1 University Students 1

1 Schooling years vs. University Students 1

Which Indicator Do You Feel Is More Important? To What Degree?
Questionnaire

Patents Royalties Internet Tech.Exports Telephones Electricity Schooling University St.
Patents 1 1/3 5 4 3 9 1/6 1/8
Royalties 3 1 3 1/4 5 9 1/3 1/4
Internet 1/5 1/3 1 1/6 2 2 1/7 1/6
Tech.Exports 1/4 4 6 1 5 9 1/4 1/5
Telephones 1/3 1/5 1/2 1/5 1 7 1/9 1/9
Electricity 1/9 1/9 1/2 1/9 1/7 1 1/9 1/9
Schooling 6 3 7 4 9 9 1 2
University St. 8 4 6 5 9 9 1/2 1

Patents Royalties Internet Tech.Exports Telephones Electricity Schooling University St.
Patents 1 1/3 5 4 3 9 1/6 1/8
Royalties 3 1 3 1/4 5 9 1/3 1/4
Internet 1/5 1/3 1 1/6 2 2 1/7 1/6
Tech.Exports 1/4 4 6 1 5 9 1/4 1/5
Telephones 1/3 1/5 1/2 1/5 1 7 1/9 1/9
Electricity 1/9 1/9 1/2 1/9 1/7 1 1/9 1/9
Schooling 6 3 7 4 9 9 1 2
University St. 8 4 6 5 9 9 1/2 1

Weights based on Analytic Hierarchy Process
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USING PAIRWISE COMPARISONS, THE 
RELATIVE IMPORTANCE

OF ONE CRITERION OVER ANOTHER 
CAN BE EXPRESSED

1 EQUAL  3 MODERATE   5  STRONG   7  VERY STRONG  9 EXTREME

1 2 3 4 5 6 7 8 9
Patents vs. x Royalties x

x Patents vs. Internet x
x Patents vs. Technology exports x
x Patents vs. Telephones x
x Patents vs. Electricity x

Patents vs. x Schooling years x
Patents vs. x University Students x

x Royalties vs. Internet x
Royalties vs. x Technology exports x

x Royalties vs. Telephones x
x Royalties vs. Electricity x

Royalties vs. x Schooling years x
Royalties vs. x University Students x
Internet vs. x Technology exports x

x Internet vs. Telephones x
x Internet vs. Electricity x

Internet vs. x Schooling years x
Internet vs. x University Students x

x Technology exports vs. Telephones x
x Technology exports vs. Electricity x

Technology exports vs. x Schooling years x
Technology exports vs. x University Students x

x Telephones vs. Electricity x
Telephones vs. x Schooling years x
Telephones vs. x University Students x
Electricity vs. x Schooling years x
Electricity vs. x University Students x

x Schooling years vs. University Students x

Which Indicator Do You Feel Is More Important? To What Degree?
Questionnaire

Patents Royalties Internet Tech.Exports Telephones Electricity Schooling University St.
Patents 1 1/3 5 4 3 9 1/6 1/8
Royalties 3 1 3 1/4 5 9 1/3 1/4
Internet 1/5 1/3 1 1/6 2 2 1/7 1/6
Tech.Exports 1/4 4 6 1 5 9 1/4 1/5
Telephones 1/3 1/5 1/2 1/5 1 7 1/9 1/9
Electricity 1/9 1/9 1/2 1/9 1/7 1 1/9 1/9
Schooling 6 3 7 4 9 9 1 2
University St. 8 4 6 5 9 9 1/2 1

solve for the solve for the 
EigenvectorEigenvector

Patents 0.109
Royalties 0.103
Internet hosts 0.029
Tech exports 0.117
Telephones 0.030
Electricity 0.014
Schooling 0.301
University st. 0.297

WeightsWeights

Inconsistency
17.4 % 

Inconsistency
17.4 % 

Weights based on Analytic Hierarchy Process

The relative weights of the individual indicators are 
calculated using an eigenvector. This method makes it 
possible to check the consistency of the comparison matrix 
through the calculation of the eigenvalues.
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USING PAIRWISE COMPARISONS, THE 
RELATIVE IMPORTANCE

OF ONE CRITERION OVER ANOTHER 
CAN BE EXPRESSED

1 EQUAL  3 MODERATE   5  STRONG   7  VERY STRONG  9 EXTREME

1 2 3 4 5 6 7 8 9
Patents vs. x Royalties x

x Patents vs. Internet x
x Patents vs. Technology exports x
x Patents vs. Telephones x
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Patents vs. x Schooling years x
Patents vs. x University Students x

x Royalties vs. Internet x
Royalties vs. x Technology exports x

x Royalties vs. Telephones x
x Royalties vs. Electricity x

Royalties vs. x Schooling years x
Royalties vs. x University Students x
Internet vs. x Technology exports x

x Internet vs. Telephones x
x Internet vs. Electricity x

Internet vs. x Schooling years x
Internet vs. x University Students x

x Technology exports vs. Telephones x
x Technology exports vs. Electricity x

Technology exports vs. x Schooling years x
Technology exports vs. x University Students x

x Telephones vs. Electricity x
Telephones vs. x Schooling years x
Telephones vs. x University Students x
Electricity vs. x Schooling years x
Electricity vs. x University Students x

x Schooling years vs. University Students x

Which Indicator Do You Feel Is More Important? To What Degree?
Questionnaire

Patents Royalties Internet Tech.Exports Telephones Electricity Schooling University St.
Patents 1 1/3 5 4 3 9 1/6 1/8
Royalties 3 1 3 1/4 5 9 1/3 1/4
Internet 1/5 1/3 1 1/6 2 2 1/7 1/6
Tech.Exports 1/4 4 6 1 5 9 1/4 1/5
Telephones 1/3 1/5 1/2 1/5 1 7 1/9 1/9
Electricity 1/9 1/9 1/2 1/9 1/7 1 1/9 1/9
Schooling 6 3 7 4 9 9 1 2
University St. 8 4 6 5 9 9 1/2 1

solve for the solve for the 
EigenvectorEigenvector

Patents 0.109
Royalties 0.103
Internet hosts 0.029
Tech exports 0.117
Telephones 0.030
Electricity 0.014
Schooling 0.301
University st. 0.297

WeightsWeights

Inconsistency
17.4 % 

Inconsistency
17.4 % 

Weights based on Analytic Hierarchy Process

People's beliefs, however, are not always consistent. For 
example, if one person claims that A is much more 
important than B, B slightly more important than C, and C 
slightly more important than A, his/her judgment is 
inconsistent and the results are less trustworthy. 
Inconsistency, however, is part of human nature but it is 
needed to measure it.
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Based on an internal JRC  survey of 18 
experts...
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Inconsistencies range from 1.1 % Inconsistencies range from 1.1 % -- 45.5%   45.5%   

(desired < 10(desired < 10--20 %)20 %)

Weights based on Analytic Hierarchy Process
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Advantages: 

• Participatory technique

• Tolerates inconsistency (part of human thinking)

• Pairwise comparisons can be easily handled by human mind

Limitations:

• More time consuming than budget allocation

(N.(N-1)/2 pairs for comparison)

• Design of the survey - choice of experts (number, background)

• Recommended for less than 10 indicators

• Not transferable from one area to another
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Weights based on Analytic Hierarchy Process
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Budget Allocation
Analytic Hierarchy Process

Weights based on BAL & AHP

Budget allocation provides weights that are closer to the average than 
Analytic Hierarchy Process
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Weights based on Analytic Hierarchy Process

Merely asking respondents how much importance they attach to an 
individual indicator is unlikely to yield effective “willingness to pay”
valuations. These can be inferred by using conjoint analysis (CA)
from respondents’ rankings of alternative scenarios (Hair et al., 1995)

Conjoint analysis is a decompositional multivariate data analysis 
technique frequently used in marketing (McDaniel & Gates, 1998) and 
consumer research (Green & Srinivasan, 1978). If AHP derives the 
“worth” of an alternative, summing up the “worth” of the individual 
indicators, CA does the opposite, i.e. it disaggregates preferences

Eustat, Bilbao on 01.04.09

This method asks for an evaluation (a preference) of a set of 
alternative scenarios. A scenario might be a given set of values for 
the individual indicators. The preference is then decomposed by 
relating the single components (the known values of individual 
indicators of that scenario) to the evaluation.

Although this methodology uses statistical analysis to treat the data, it 
relies on the opinion of people (e.g. experts, politicians, citizens), who 
are asked to choose which set of individual indicators they prefer, 
each person being presented with a different selection of sets to 
evaluate.
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The absolute value (or level) of individual indicators could be varied 
both within the selection of sets presented to the same individual and 
across individuals. A preference function would be estimated using 
the information emerging from the different scenarios. A probability of 
the preference could therefore be estimated as a function of the
levels of the individual indicators defining the alternative
scenarios:

After estimating this probability (often using discrete choice models), 
the derivatives with respect to the individual indicators of the
preference function can be used as weights to aggregate the 
individual indicators in a composite index:
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The idea is to calculate the total differential of the function P at the 
point of indifference between alternative states of nature.

Solving for the individual indicator q, the marginal rate of substitution 
of is obtained.qcI

For example, compensability might not be desirable 
when dealing with environmental issues.

Therefore  (thus the weight) indicates a trade-off – how the 
preference changes with the change of indicator. This implies 
compensability among indicators, i.e. the possibility of offsetting a 
deficit in some dimension with an outstanding performance in another. 
This is an important feature of this method, and should be carefully 
evaluated vis-à-vis the objectives of the overall analysis. 

qcI
P
∂

∂
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The weights for the TAI example are calculated using different 
weighting methods – equal weighting (EW), factor analysis (FA), 
budget allocation (BAP) and analytical hierarchy process (AHP)

The diversity in the weights resulting from applying different 
methods is notable.

Comparing the Performance of different weights
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The role of the variability 
in the weights and their 
influence on the value of 
the composite are 
discussed in the section 
on sensitivity analysis.

Different Weights,
Different Ranking
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Weighting and 
Aggregation

Eustat, Bilbao on 01.04.09

Aggregation rules:

Linear aggregation 
implies full (and constant) compensability 
rewards sub-indicators proportionally to the weights

Geometric mean 
entails partial (non constant) compensability 
rewards more those countries with higher scores

The absence of synergy or conflict effects among the indicators is a necessary 
condition to admit either linear or geometric aggregation 
&
weights express trade-offs between indicators

Multi-criteria analysis
different goals are equally legitimate and important (e.g. social, economic 

dimensions), thus a non-compensatory logic

Step 6. (Weighting and) aggregation
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• the simplest method 
• based on ordinal information & independent to 

outliers BUT loses the absolute value information.

• uses nominal scores
• threshold value p arbitrarily chosen 
• Simple & unaffected by outliers BUT loses interval 

level information. 

• By far the most widespread method 
• entails restrictions on the nature of indicators & 

weights
• implies full (and constant) compensability 
• rewards indicators proportionally to the weights
• requires normalisation
• weights are trade offs not importance coefficients

∑
=

=
Q

1q
qcc RankCI

∑
= ⎥

⎥
⎦

⎤

⎢
⎢
⎣

⎡
+−⋅=

Q

1q EUq

qc
c )p1(

I
I

sgnCI

∑ =
=

Q

1q qcqc IwCI

1w
q q =∑ and 1w0 q ≤≤

Additive aggregation

summation of ranks

number of indicators that are above 
and below some benchmark

summation of weighted and 
normalized indicators
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Example: Human Poverty Index 2001

HPI = [1/3 (P1
a + P2 

a + P3
a )]1/a ; a = 3

P1 = Probability at birth of not surviving to age 40 

P2 = Adult illiteracy rate 

P3= Unweighted average of population without sustainable access to
an  improved water source and children under weight for age

The ‘cubing’ i.e. a=3 ensures greater weight for the  
component with acute deprivation

Additive aggregation
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Restrictions and assumptions

• Indicators need to be mutually preferentially independent (i.e. every subset of these 
indicators is preferentially independent of its complementary set of indicators) very 
strong condition from both the operational  and epistemological points of view. 

• Compensability among the indicators is always assumed complete substitutability 
among the various indicators 
E.g. in a sustainability index, economic growth can always substitute any environmental 
destruction or inside e.g., the environmental dimension, clean air can compensate for a 
loss of potable water. From a descriptive point of view, such a complete 
compensability is often not desirable

• Weights have the meaning of trade-off ratio. Yet, in all constructions of a composite 
indicator, weights are used as importance coefficients, as a consequence, a theoretical 
inconsistency exists.

• Synergy or conflict - Preferential independence implies that the trade-off ratio between 
two indicators is independent of the values of the n-2 other indicators

Additive aggregation - Linear
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Example 

A hypothetical composite: inequality, environmental degradation, GDP per capita 
and unemployment

Country A: 21, 1, 1, 1  6
Country B: 6, 6, 6, 6  6

Obviously the two countries would represent very different social conditions that 
would not be reflected in the composite.

Additive aggregation - Linear
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Geometric aggregation

A hypothetical composite: inequality, environmental degradation,
GDP per capita and unemployment

Country A: 21, 1, 1, 1  2.14
Country B: 6, 6, 6, 6  6

• Countries with low scores in some indicators would prefer a linear 
rather than a geometric aggregation (the simple example above 
shows why). 
• Yet, the marginal utility from an increase in low absolute score 
would be much higher than in a high absolute score under geometric 
aggregation

Country A: 21, 2, 1, 1  2.54 19% increase in the score
Country B: 6, 7, 6, 6  6.23 4% increase in the score

•The lesson is that a country should be more interested in 
increasing those sectors/activities/alternatives with the lowest
score in order to have the highest chance to improve its position in 
the ranking if the aggregation is geometric rather than linear 
(Zimmermann and Zysno, 1983).
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The absence of synergy or conflict effects

among the indicators & weights express trade-
offs between indicators are necessary 
conditions to admit 

either linear or geometric aggregation 
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When different goals are equally legitimate and important, then a non 
compensatory logic may be necessary. 

Example: physical, social and economic figures must be aggregated. If the 
analyst decides that an increase in economic performance can not
compensate a loss in social cohesion or a worsening in environmental 
sustainability, then neither the linear nor the geometric aggregation are 
suitable. 

Instead, a non-compensatory multicriteria approach will assure non 
compensability by formalizing the idea of finding a compromise between 
two or more legitimate goals. 

+ does not reward outliers 
+ different goals are equally legitimate and important 
+ no normalisation is required

BUT
- computational cost when the number of countries is high 

Multi-criteria type of aggregation

Eustat, Bilbao on 01.04.09
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Aggregation methods: 

Multicriteria-based approach 

Stefano Tarantola

stefano.tarantola@jrc.it

Statistics Seminar 2009

Bilbao, April 1st 2009
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This lecture is 

based on:  
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1. Aggregation procedures derived from 

multicriteria analysis

2. Borda and Condorcet rules

3. The proposed ranking procedure

Outline

Bilbao 1.04.09  JRC copyright 2009

‘Indicators’ equivalent to ‘Criteria’. 
‘Countries’ equivalent to ‘Alternatives’.

Example of problem set‐up:

805.30.350.0820,000C

.166.1660.333.166.166weights

5213.20.70.1045,000B

409.20.40.1525,000A

Crime rateIncome 
disparity

Solid 
waste

Unemployme
nt rate

GDP

Analogies between CI and 
multi‐criteria analysis

In a multi‐criteria problem, there is no solution optimising 
simultaneously all the criteria (the ideal solution) and therefore 
compromise solutions have to be found.
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Characteristics of the dataset
• Intensity of preference (for quantitative indicator scores)
• Number of indicators in favour of a given country
• Weight attached to each indicator
• Performance of each country with respect to each other country

This information can be combined by means of
different aggregation conventions.               An example 

805.30.350.0820,000C

.166.1660.333.166.166weights

5213.20.70.1045,000B

409.20.40.1525,000A

Crime rateIncome 
disparity

Solid 
waste

Unemployme
nt rate

GDP

Analogies between CI and 
multi‐criteria analysis
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Example
(rearranged from Moulin, 1988, p. 228)

Objective: find the best 
performing country

The simplest possibility is to 
apply the plurality rule:
the winner is the country 
which is more often ranked 
in the first place 
Country a wins.

BUT a has also the strongest 
opposition since 13 
indicators put it in last 
position!

aadd4th position
dcbc3rd position
bdcb2nd position
cbaa1st position
6753# of indicators

This paradox was the starting point for 
Borda’s and Condorcet’s research
around 1770. The plurality rule is still 
the most common electoral system in 
the 21st century!!! 
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One main lesson can be learned from the plurality 
rule paradox:

Good ranking procedures should consider the 
whole ranking of countries and not the first position 
only.

Borda and Condorcet propose a solution 
to the plurality rule paradox …

The plurality rule paradox

Bilbao 1.04.09  JRC copyright 2009

The method of Borda

800134th

610503rd

75902nd

06781st

dcbaRank

Frequency matrix

Jean‐Charles de Borda

aadd4th position
dcbc3rd position
bdcb2nd position
cbaa1st position
6753# of indicators
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Borda solution: 
b c a d

Now: country b is the 
best, not a (as in the 
case of the plurality 
rule) 

0800134th

1610503rd

275902nd

306781st

ScoresdcbaRank

Frequency matrix8 3 24
5 9 2 7 3 44
10 5 2 6 3 38
6 7 2 20

a
b
c
d

= × =
= + × + × =
= + × + × =
= + × =

Borda score:

Popular in US to attribute sport prizes

Crucial 
assumption

The method of Borda

Bilbao 1.04.09  JRC copyright 2009

0 8 8 8
13 0 10 21
13 11 0 14
13 0 7 0

a b c d
a
b
c
d

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

Out‐ranking matrix

(concordance indices)

Jean‐Antoine‐Nicolas de Caritat,
Marqui de Condorcet

How many times a better than b?
No  scores/points used.
Constant sum property : 13+8=21

The method of Condorcet

aadd4th position
dcbc3rd position
bdcb2nd position
cbaa1st position
6753# of indicators
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• Pairs with concordance index >= 50% 
of indicators (i.e. majority threshold = 
11) are selected:

bPa, 
bPd, 
cPa, 
cPb, 
cPd, 
dPa. 

0 8 8 8
13 0 10 21
13 11 0 14
13 0 7 0

a b c d
a
b
c
d

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

Condorcet solution: c  b d a

The best country wins most of the 
pair comparisons.

A bit more complex than Borda’s.

The method of Condorcet
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Which approach should one prefer?

Both Borda and Condorcet methods solve the plurality 
rule paradox. However, the solutions offered are 
different (and it is not a special case). 

Borda solution:        b  c  a  d
Condorcet solution: c  b  d  a

In the framework of CIs, can we choose between Borda 
and Condorcet on some theoretical and/or practical 
grounds?

We should examine the two approaches carefully  and 
choose the one we consider more appropriate.
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abcac3rd
baacb2nd
ccbba1st

81021723Number of 
indicators

0 33 25
27 0 42
35 18 0

a b c
a
b
c

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦

Outranking matrix

majority threshold =31 :

aPb ,
bPc ,
cPa .

It’s a cycle. Nobody wins. Big limitation

Limitations of Condorcet method
An example with 60 indicators
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From this example we might conclude that the Borda 
rule (or any scoring rule) is more effective since a 
country is always selected while Condorcet 
sometimes leads to irreducible indecision.

It seems appropriate to know more about the properties 
of the Borda rule. Let us see …

So, is Borda’s better?
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Fishburn Example (1984) on Borda Rule
(7 indicators 4 alternatives)

032204th
122033rd
220322nd
303221st

PointsdcbaRank

Le us remove d from the analysis. What happens? 

13, 12, 11, 6a b c d= = = =Borda score:

a  b c  d
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02033rd

10322nd

23221st

PointscbaRank

032204th

122033rd

220322nd

303221st

Point
s

dcbaRank
Frequency Matrix without d

Unfortunately, Borda rule is dependent on irrelevant 
alternatives and preference reversals can happen with 
an alarming frequency!!!

a  b c  d

Now:  b  a,c … i.e. a reversal !

a=6, b=7,c=6 

Fishburn Example (1984) on Borda Rule
(7 indicators 4 alternatives)
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a  b c  d

becomes

b  a,c

A different team has won the championship!

Bilbao 1.04.09  JRC copyright 2009

Condorcet’s is non‐compensatory
Weights are meaningful as importance coefficients
It is useful to rank countries

Borda’s is compensatory
Weights are meaningful as trade‐offs
It produces scores for the countries

The two approaches
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The aggregation of several criteria implies taking a 
position on the fundamental issue of compensability. 
Do we desire it or not? 

Compensability refers to the existence of trade‐offs, i.e. 
the possibility of offsetting a disadvantage on some 
criteria by an advantage on another criterion. 

E.g. in a composite indicator of environmental 
sustainability a compensatory logic (using equal 
weighting) would imply that one is willing to accept, 
let’s say, 10% more CO2 emissions in exchange of a 10% 
increase in GDP.

There are instances where compensation is not desired
use Condorcet.

The issue of compensability
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Focus on Condorcet’s

Condorcet was aware of the issue of cycles. 

Various rules proposed to solve cycles. The most 
complete axiomatization is explained in the example 
that we have already treated:

The classic aggregation rules are compensatory. If we
want to treat the problem with a non‐compensatory
approach, we choose Condorcet’s rule.

44



Bilbao 1.04.09  JRC copyright 2009

The suggested ranking procedure

We also know that:
bPa =27, 
cPb =18,
aPc =25.
Let us also use these 
numbers 

Out‐ranking matrix
(60 criteria 3 alternatives)

majority threshold =31.
aPb =33 ,
bPc =42,
cPa =35.
It’s a cycle.0 33 25

27 0 42
35 18 0

a b c
a
b
c

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦

76bca
80abc
94cab
86bac
104acb
100cba

abc = aPb+bPc+aPc =
33+42+25=100
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805.30.350.0820,000C

.166.1660.333.166.166weights

5213.20.70.1045,000B

409.20.40.1525,000A

Country

Crime rateIncome 
dispar.

Solid 
wastes

Unemp. 
Rate

GDP

A

B

C

A           B            C

0       0.666 0.333

0.333 0          0.333

0.666    0.666          0

The ranking procedure for indicators
(with non equal weights)

AB = 0.333+0.166+0.166=0.666

BA = 0.166+0.166=0.333

AC = 0.166+0.166=0.333

CA = 0.166+0.333+0.166=0.666

BC = 0.166+0.166=0.333

CB = 0.166+0.333+0.166=0.666

Out‐ranking matrix
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A

B

C

A           B            C

0       0.666 0.333

0.333       0          0.333

0.666    0.666          0

ABC = 0.666 + 0.333 + 0.333 = 1.333

BCA = 0.333 + 0.666 + 0.333 = 1.333

CAB = 0.666 + 0.666 + 0.666 = 2

ACB = 0.333 + 0.666 + 0.666 = 1.666

BAC = 0.333 + 0.333 + 0.333 = 1

CBA = 0.666 + 0.333 + 0.666 = 1.666

805.30.350.0820,000C

.166.1660.333.166.166weights

5213.20.70.1045,000B

409.20.40.1525,000A

Country

Crime rateIncome 
dispar.

Solid 
wastes

Unemp. 
Rate

GDP

The ranking procedure for indicators
(with non equal weights)

Out‐ranking matrix
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The Computational problem

The only drawback of this aggregation method is the 
difficulty in computing it when the number of 
alternatives (the countries) grows. 

With only 10 countries  10! = 3,628,800 permutations 
(instead of 3!=6 of the example)

To solve this problem we have developed suitable 
algorithms (see references)

The ranking procedure for indicators
(with non equal weights)
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Practical examples on 

Sensitivity analysis
Stefano Tarantola

stefano.tarantola@jrc.it

Statistics Seminar 2009

Bilbao, April 1st 2009
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Outline

• Composite indicators and mathematical models

• Craftmanship of model building

• Robustness and sensitivity analyses

• Examples using e‐business and summary innovation 
index
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Composite indicators as models …

Model Output

Composite 
indicator∑

=

⋅
k

i
ii wx

1

( )∏
=

k

i

k
iixw

1

/1

),( ii wxf

AggregationNormalisation

Z-scores

Re-scaling

Above/below 
mean

Distance to 
ref. country

Theoretical
Framework

+
Indicators
Selection

Analysts,
Expert 
groups,
Policy 
makers

Weights

Equal weights, based on statistical models (PCA, 
regression, unobserved components),
participatory approaches (budget allocation, AHP)

X1

X2

Xk

Data sets
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… and the critique of models (Rosen)

Building a model (encoding) is the result of a 
craftsmanship

N

Natural 
system

F

Formal 
system

Decoding  

EntailmentEntailment

Encoding

The modeller tries to encode the real system into a 
formal system
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• As a result, the model of the system will reflect not 
only the characteristics of the real system but also the 
choices made by the scientists on how they observe 
reality

• Same holds for developers of composite indicators, 
with the additional complexity that they have to cope 
with multi‐disciplinary views (experts, analysts, 
policy‐makers, etc.)

• The formalization of the system generates an image 
that is valid only under a certain set of assumptions

• The encoding process depends on the different 
perceived realities from different modellers
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• Let’s take the example of sustainability
• Defining sustainability within a multi‐dimensional 

framework entails  merging  multi‐disciplinary points 
of view

• All equally legitimate opinions of what sustainability 
is and how should be measured

• Conflicts may appear at multi‐scale level: change in 
scale may produce contradictory implications

• Conflicts about sustainability at national level may 
disappear at local level where other aspects prevail.

• Need to consider all plausible alternatives
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“I propose a form of organized sensitivity 
analysis in which a neighborhood of 
alternative assumptions is selected and the 
corresponding interval of inferences is 
identified. 

Need for robustness analysis

Edward Leamer, 
Economist at UCLA
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Conclusions are judged to be sturdy only if the 
neighborhood of assumptions is wide enough to be 
credible and the corresponding interval of inferences is 
narrow enough to be useful.”

Need for robustness analysis
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Robustness and Sensitivity analysis: 
for what?

3. to identify combinations of weights that favor one country 
with respect to another

1. to capture the plurality of the debate around component indicators,
weights and aggregation methods (i.e. acknowledge the opinions of 
all the stakeholders). 

2. to identify robustly groups of countries with similar performance
and countries which undoubtedly outperform others. 
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Space of alternatives

Including/
excluding variables

Normalisation

...

ImputationWeights

Aggregation

Performance 
index

Italy GreeceSpain

10

20

30

40

50

60

Uncertainty analysis can be used to assess the robustness of 
composite indicators … (step 7)
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• Example of e‐business readiness

Bilbao 01.04.09  JRC copyright 2009

E‐business readiness: Capability of a company to engage in 
electronic transactions with the objective of increasing 
business competitiveness.

Aim: evaluation of a composite indicator to monitor 
country progress in the implementation of the i2010 
initiative...

Data: 2006 Eurostat Enterprise survey for 27 EU countries

Weighting: participatory method (Budget allocation) 
involving experts

Aggregation:Linear

53



Bilbao 01.04.09  JRC copyright 2009

a1 - % of firms that use Internet
a2 - % of firms that have web/home page
a3 - % of firms using ≥ 2 security facilities
a4 - % of employees using computer
a5 - % of firms with broadband connection
a6 - % of firms with LAN

b1 - % of firms purchasing products/serv. via Internet
b2 - % of firms receiving orders via Internet
b3 - % of firms with IT linked with other internal IT
b4 - % of firms with IT linked with external IT
b5 - % of firms using Internet for banking
b6 - % of firms selling products via Internet

E-business readiness 
composite indicator

Adoption of ICT Use of ICT
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Adoption and Use of ICT across EU 27

Levels for past three years  
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Adoption vs Use by Member states

Bilbao 01.04.09  JRC copyright 2009

Adoption vs Use by firm sector

Probability density estimates (using normal kernel functions) for the industry sectors

Construction (sec F)

Wholesale and retail 
trade (sec G)

Provision of short-
stay accommodation 
(sec H)

Motion picture, video, 
radio and television 
activities 
(sec O)

Transport, storage 
and communication 

(sec I)

Real estate, Renting 
and Business 
activities (sec K)

Manufacturing 
(sec D)

All sectors

0.15

0.20

0.25

0.30

0.35

0.40

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95

ICT Adoption

IC
T 

U
se
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There might be different opinions among stakeholders

Why linear aggregation and not geometric aggregation?

If yes, why multiple imputation?

Why budget allocation and not equal weighting?

Why this indicator and not that one?

Why imputation? I am against

Alternative assumptions:
Robustness analysis
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Space of alternatives

imputation weighting

normalisation

Theoretical frameworksaggregation

Indicator sets

Robustness assessment (scheme)

Performance 
index

CountriesJP USEU

10

20

30

40

50

60
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Use of ICT – imputation

9 missing values

IndicatorsCountries
b1 b2 b3 b4 b5 b6

BE 40.8 17.5 50.1 13.8 82.2 1.20
CZ 19.0 10.6 73.9 1.22
DK 28.0 25.2 35.8 10.5 84.7 3.8
DE 47.0 17.6 38.4 13.9 66.7 2.6
EE 31.6 8.0 27.7 4.9 86.0
EL 13.9 5.7 39.1 9.0 62.1 1.2
ES 3.2 2.4 13.5 5.0 79.6 0.3
IE 33.0 18.6 28.7 13.8 67.1 1.7
IT 38.7 23.2 65.5 0.3
CY 14.2 5.2 34.8 14.9 44.9 1.4
LT 13.1 4.9 19.3 6.6 69.9 0.3
HU 14.3 6.3 33.9 5.2 45.5 0.8
NL 21.5 16.9 58.9 20.5 63.7 2.5
AT 21.8 11.6 32.8 14.8 79.1 1.3
PL 9.1 4.4 15.5 10.4 55.0 0.4
PT 8.0 6.2 33.1 24.0 55.8 0.6
SI 16.7 14.9 20.5 6.2 86.6 0.7
SK 2.8 6.2 21.2 7.1 57.3 0.5
FI 18.6 17.3 60.7 16.0 84.2 3.2
SE 38.4 20.5 24.9 8.9 80.8 4.0
UK 49.5 26.6 11.3 8.5
BG 4.0 2.7 6.0 2.1 25.8 0.4
RO 49.8 36.3 22.8 0.0
NO 27.0 12.6 30.4 12.0 66.4 4.2
LU 33.9 10.6 14.9 4.01 66.1 0.36
LV 1.23 0.63 14.9 4.01 66.1 0.36

EU25 26.7 13.5 29.6 13.1 68.3 1.43
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Indicators Countries 
b1 b2 b3 b4 b5 b6 

BE 40.8 17.5 50.1 13.8 82.2 1.20 
CZ 19.0 10.6 31.1 10.7 73.9 1.22 
DK 28.0 25.2 35.8 10.5 84.7 3.8 
DE 47.0 17.6 38.4 13.9 66.7 2.6 
EE 31.6 8.0 27.7 4.9 86.0 0.4 
EL 13.9 5.7 39.1 9.0 62.1 1.2 
ES 3.2 2.4 13.5 5.0 79.6 0.3 
IE 33.0 18.6 28.7 13.8 67.1 1.7 
IT 21.7 9.78 38.7 23.2 65.5 0.3 
CY 14.2 5.2 34.8 14.9 44.9 1.4 
LT 13.1 4.9 19.3 6.6 69.9 0.3 
HU 14.3 6.3 33.9 5.2 45.5 0.8 
NL 21.5 16.9 58.9 20.5 63.7 2.5 
AT 21.8 11.6 32.8 14.8 79.1 1.3 
PL 9.1 4.4 15.5 10.4 55.0 0.4 
PT 8.0 6.2 33.1 24.0 55.8 0.6 
SI 16.7 14.9 20.5 6.2 86.6 0.7 
SK 2.8 6.2 21.2 7.1 57.3 0.5 
FI 18.6 17.3 60.7 16.0 84.2 3.2 
SE 38.4 20.5 24.9 8.9 80.8 4.0 
UK 49.5 26.6 11.3 8.5 71.7 1.08 
BG 4.0 2.7 6.0 2.1 25.8 0.4 
RO 10.2 3.03 49.8 36.3 22.8 0.0 
NO 27.0 12.6 30.4 12.0 66.4 4.2 
LU 33.9 10.6 14.9 4.01 66.1 0.36 
LV 1.23 0.63 14.9 4.01 66.1 0.36 

EU25 26.7 13.5 29.6 13.1 68.3 1.43 

Use of ICT – imputation

50th percentile

MCMC
method
produces 
confidence 
bounds
for imputed 
data
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Expert ...Expert ...

Ind_2 Ind_3 Ind_4 Ind_5 Ind_6Ind_1 Ind_7 Ind_8

allocate 
100 points

5 5 5 20 10 5 20 30 100Expert 1Expert 1

15 15 10 15 10 5 20 10 100Expert 2Expert 2

10 10 15 15 10 5 20 15 100Expert 3Expert 3

Weighting scheme used

Paris, 2003
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Adoption vs Use by Member states
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Cluster 1

Uncertainty analysis: top‐performing countries

Cluster 1

Bilbao 01.04.09  JRC copyright 2009

Cluster 2

Uncertainty analysis: second cluster

Cluster 2
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Cluster 3

Uncertainty analysis: third cluster

Cluster 3
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Cluster 4

Uncertainty analysis: laggards

Cluster 4
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Propagation of uncertainty in imputation 
and in weighting schemes

Use of ICT: uncertainty analysis

0

5

10

15

20

25

30

Belgium 
Finland

Germany

Netherlands
Denmark

Sweden Italy

United Kingdom
Ireland

Luxembourg
Austria

Norway
Estonia

Roman ia

Czech Republic
Slovenia

Portuga l
Greece 

Cyprus
Hungary

Lithuania
Spa in

Poland
Slovakia

Latvia
Bulgaria

Source 2005: F. Pennoni, S. Tarantola, A. Latvala
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Use of ICT: sensitivity analysis

Data 
83%

Weights
17%

Source 2005: F. Pennoni, S. Tarantola, A. Latvala
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• Summary Innovation Index

Bilbao 01.04.09  JRC copyright 2009

33 countries: EU‐27, US, JP,CH, IS, NO, TR

Theoretical framework

Innovation drivers, to measure the structural conditions 
required for innovation potential

Innovation & entrepreneurship, to measure the efforts 
towards innovation at the microeconomic level

Knowledge creation, to measure the investments on human 
factors and on R&D activities, considered as the key elements 
for a successful knowledge-based economy

Input 
Indicator

Innovation Drivers Knowledge CreationInnovation & 
Enterpreneurship

A theoretical framework 
consisting of 5 groups 
was discussed and 
agreed.
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Application, to measure the performance, expressed in terms 
of labour and business activities, and their value added in 
innovative sectors

Intellectual property, to measure the achieved results in 
terms of successful know how, especially referred to high-
tech sectors

33 countries: EU‐27, US, JP,CH, IS, NO, TR

Output Indicator

Application Intellectual Property

Theoretical framework
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• A set of 53 indicators measuring different aspects of 
technological innovation were analyzed using Principal 
Component Analysis within each group. An interpretation of 
the meaning of the components was given.

• On the basis of this analysis, a reduced list of 26 indicators 
divided in 5 groups was produced (16 input indicators and 10 
output indicators)

• Members of GSO (an expert group) were invited to comment 
on the suitability of the indicators (some indicators were 
proposed to be moved between groups or replaced by others), 
a revised list of 26 was finally produced by DG ENTR.
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Final list of 26 indicators for EIS 2005-2007
 INPUT – Innovation drivers 
B1-1 1.1 S&E graduates (‰ of population aged 20-29) 
B1-2 1.2 Population with tertiary education (% of population aged 25-64) 
B1-3-2 4.4 Internet access - Level of Internet access of Households 
B3-1 1.3 Participation in life-long learning (% of population aged 25-64) 

B1-4 
Youth education attainment level (% of population aged 20-24 having completed at least upper 
secondary education) 

  
 INPUT – Knowledge creation 
B2-1 2.1 Public R&D expenditures (% of GDP) 
B2-2 2.2 Business R&D expenditures (% of GDP) 
B3-12 Share of medium-high-tech and high-tech R&D (% of manufacturing R&D expenditures) 
B2-5 Business R&D expenditures financed by government sector 
B2-6 University R&D expenditures financed by business sector 
  
 INPUT - Innovation & Entrepreneurship 
B3-2 3.1 SMEs innovating in-house (% of SMEs) 
B3-3 3.2 Innovative SMEs co-operating with others (% of SMEs) 
B3-4 3.3 Innovation expenditures (% of turnover) 
B2-4 4.2 Early-stage venture capital (% of GDP) 
B3-6 4.5 ICT expenditures (% of GDP) 
B3-5 3.4 SMEs using non-technological change (% of SMEs) 

 
 
 

 OUTPUT - Application 
B4-2 1.5 Employment in high-tech services (% of total workforce) 
B4-5 High-tech exports - Exports of high technology products as a share of total exports 
B4-3-1 4.3.1 Sales of new-to-market products (% of turnover) 
B4-3-2 4.3.2 Sales of new-to-firm not new-to-market products (% of turnover) 
B4-1 1.4 Employment in medium-high and high-tech manufacturing (% of total workforce) 

 
 
 

 OUTPUT - Intellectual property 
B5-3 2.4.1 EPO patents registration per million population 
B5-4 2.4.2 USPTO patents registration per million population 
B5-7 Triadic patent families per million population 
B5-5 Number of domestic community trademarks registration per million population 
B5-6 Number of domestic industrial designs registration per million population 
 

Bilbao 01.04.09  JRC copyright 2009

• The selection of the indicators to populate the domains is 
based on five criteria:

- Policy relevance, with the aim of identifying indicators that are meaningful for
decisional processes and reflective of the political orientations (i.e. Lisbon 
objectives);
- Redundancy: when 2 indicators are found to be redundant, which means that 
they give the same information, it is recommended to select only one.
- First comer privilege: when two indicators are redundant, it is recommended to 
select the one that was already included in the previous scoreboard.
- Correlation: when 2 indicators are highly correlated and convey strong political 
messages, they can be both included in the final list.
- Availability: indicators which prove to be available for a large number of 
countries, and which can be extracted from regularly updated databases are 
recommended.
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133 missing values out of 858

• Imputation based on multivariate regression

vs.

• Use of previous available year

Treatment of missing values

Bilbao 01.04.09  JRC copyright 2009

Normalization

Some indicators are expressed as % of GDP (eg R&D expenditures)  
range (0;100)

Other indicators (eg number of patents granted) are unbounded 
(can be very skewed)

Most common methods tested:

Z‐scores 
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Weighting schemes

• Budget allocation method through the consultation of 11 
external experts (Group of Senior Officials);

• Equal weightingwhere all indicators receive the same 
weight;

• Factor analysismethod where weights are obtained 
correcting for correlated indicators;

• Benefit of the doubtmethod where for each country the best 
set of weights is maximizing the innovation index for that 
country.
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• A robustness analysis of the composite indicators was carried 
out based on 300 simulations using all combinations of 
imputation approaches, normalization methods, different 
weighting schemes.

∑ =
=

Q

1q qcqc IwCI
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Country groupings

Country groupings appear to be stable across different alternatives.

Source 2005: M.Sajeva, D.Gatelli, S.Tarantola, H.Hollanders

INPUT OUTPUT Budget allocation 
(BDG) 

Equal weights 
(EQW) 

Factor Analysis 
(FAC) 

Benefit of the Doubt 
(BOD) 

+++ +++ FI SE FI SE FI SE FI SE 
++ ++ CH DE DK JP US CH DE DK JP US CH DE DK JP US CH DE DK JP US 
+ + AT BE FR NL UK AT BE FR NL UK AT BE FR NL UK AT BE FR LU NL UK 
- + CZ ES IE IT LU PT IE IT LU IE IT LU IE IT MT 
-- - MT CZ ES HU MT PT SK CZ ES HU MT PT SK CZ ES HU PT SI SK 
+/- -/-- EE IS NO SI SK EE IS NO SI EE IS NO SI IS NO 
-- -- BG CY EL HU LT LV PL 

RO TR 
BG CY EL LT LV PL RO 

TR 
BG CY EL LT LV PL RO 

TR 
BG CY EE EL LT LV PL 

RO TR 

 

Bilbao 01.04.09  JRC copyright 2009

Conclusions

For the sake of simplicity  DG ENTR adopted the following 
methodology:

•No imputation for missing data (take data from last year 
available)

•Normalization based on rescaling

•Equal weights to keep the weighting scheme as simple as 
possible
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SAMO 2008 Summer School - Venice
SAMO 2007 Symposium − Budapest 
SAMO 2006 Summer School − Venice 
SAMO 2005 Training Course − Ispra
SAMO 2004 Summer School − Venice 
SAMO 2004 Symposium − Santa Fe 
SAMO 2002 Summer School − Venice 
SAMO 2001 Symposium − Madrid 
SAMO 1999 Summer School − Venice 
SAMO 1998 Symposium − Venice 
SAMO 1995 Symposium − Belgirate (I) 

SAMO 2010 Symposium
Bocconi University Milan
June, 2010

http://sensitivity-analysis.jrc.ec.europa.eu
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Good Practices:

The Active Citizenship Composite 
Indicator

Massimiliano Mascherini
massimiliano.mascherini@jrc.it

Statistics Seminar 2009
Bilbao, April 1st 2009

Eustat, Bilbao on 01.04.09

Aims of the Presentation:
• To propose a composite indicator to measure Active Citizenship 

in Europe
• To explore the relationship between Active Citizenship and other 

soci0-economics indicators.
• To provide a characterization of Active-Citizenship in Europe 

through a multilevel model
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Definition of Active 
Citizenship

Eustat, Bilbao on 01.04.09

Active Citizenship is a term used within European policy makers to 
denote particulars form of participation which should be promoted 
within Europe in order to ensure…. 

the continuation of participatory 
and representative democracy

to reduce the gap between citizens 
and governing institutions

to enhance social cohesion
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Monitoring active citizenship in Europe

Why?

• Should not judge society on 
economic performance 
alone - ‘A Warmer Europe’

• Decreasing trends in levels 
of participation
– voting
– volunteering 
– community participation

Eustat, Bilbao on 01.04.09

EXTREMISM

FEAR OF 
GLOBALISATION

MIGRATION/
RACISM

SOCIAL 
EXCLUSION

APATHY/ RESENTMENT
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Active citizenship for democracy

The Network
• European Commission
• Council of Europe
• 20+ key experts from 

several European 
Universities

• International surveys key 
experts
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The concept of Active Citizenship has been defined in a number 
of different ways and is interdisciplinary in nature crossing the 
boundaries of social science, including education, sociology, 
psychology, political science, civil society and community 
development research.

The terminology related to Active Citizenship is shared with the 
notion of citizenship, civil society, community, social capital and 
social cohesion.

…the problem of the Active Citizenship definition
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Active citizenship
“Participation in civil society, community 
and/or political life characterized by 
mutual respect and non-violence and in 
accordance with human rights and 
democracy.”

(Hoskins, 2006)
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The active citizenship is understood in a very 
broadest sense of the worlds “participation”…

Participatory democracy 
through civil society actions

Representative 
democracy (voting)

Social and participatory activities 
in the every day life of the 
communities
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How to measure Active 
Citizenship?

The long walk towards the Active Citizenship Composite Indicator….

Eustat, Bilbao on 01.04.09

There are a number of steps to 
be followed in constructing a 
composite indicator. We discuss 
them below using excerpts from: 
Tools for Composite Indicators 
Building. 

theoretical framework 
data selection 
multivariate analysis 
imputation of missing data 
normalisation 
weighting 
aggregation 
sensitivity analysis 
link to other measures 
visualisation 

Composite indicators are generally used to summarise a number of
underlying individual indicators or variables.
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“[…] it is hard to imagine that debate on the use of composite 
indicators will ever be settled […] official statisticians may tend to 
resent composite indicators, whereby a lot of work in data 
collection and editing is “wasted” or “hidden” behind a single 
number of dubious significance. On the other hand, the 
temptation of stakeholders and practitioners to summarise 
complex and sometime elusive processes (e.g. sustainability, 
single market policy, etc.) into a single figure to benchmark 
country performance for policy consumption seems likewise 
irresistible.”

Andrea Saltelli, DG JRC

Toward a Composite indicator…

Eustat, Bilbao on 01.04.09

Active CitizenshipActive Citizenship

Political DomainPolitical DomainSocial DomainSocial Domain

Problems to be faced in order build a composite indicator to evaluate Active Citizenship:

Basic Indicators came out from different 
data sources

Each domain is organized in many subdomains, 
subcategories using a huge number of basic 
indicators

The work of the network: The Theoretical Framework
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Knowledge Skills

Attitudes

ValuesIdentity

Social
Participation

Cultural
Participation

Economical
Participation

Abs and Abs and VeldhuisVeldhuis

Critical
reflection

Problem
solving

Working 
With others

Intercultural
competencies

Historical
knowledgeEuropean 

Diversity

Autonomy and
Independence

Cultural
Appreciation

Responsability

Openess to
involvement

Gender
equity

Fairness and
equityValuing 

involvement
Openess
to Change

Community
ParticipationParticipation

In school life

Keep 
informed

Employability

Corruption

Ethical consumption

Organic

Sense of 
National Identity

Sense of 
Global Identity

Sense of 
European Identity

Sense of 
Community Identity

Cultural
Activities

Multicultural
Exchange

Voluntary
Groups

Thinking to the Social Pillar, its complexity can be here resumed…
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The original list of 220 indicators were extracted from different sources of data…

European Social Survey, wave 1 and wave 2.
World Values Survey Survey, wave 3 and wave 4.

IEA Civic Education.
EUYOUPART 

Global Corruption Baromother

Adult Education Survey
EU-SILK Eurostat Survey

European and member states Parliament sources

Many of these sources are public and free for download, (i.e. ESS, WVS, GCB),

Some other are not, or results are not yet ready, making some data not available.
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Organization of data

The long walk towards the Active Citizenship Composite Indicator/2….

Eustat, Bilbao on 01.04.09

CIVITASCIVITAS

A Statistical Information System on Active Citizenship
A Microsoft Access© application built with the cooperation of the Department of Statistics 

of the University of Florence

Efficient information retrieval

• User Friendly Interface.
• Queries operation on different 
metadata aspects: indicators search, 
countries availability, clustered domains, 
link with original surveys.

Easy and direct access to data

In order to facilitate the researcher work, 
the database will gather all the public 
data needed to build the Active 
Citizenship indicators.

MetadataMetadata DataData

In order to do not sink in this big amount of information, we built….
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CIVITAS
Technically speaking, CIVITAS is 
simple a Statistical Information 
System  built using the Entity/Relation 
model.

These meta-information are stored in five different tables linked in 
using a primary key.

For each indicator of the list, information on 
country coverage, target population, survey, 
question code, variable name, the availability of 
the data etc.… are gathered in the database. 
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CIVITAS
In order to improve the usability of the 
database, user-friendly interface were 
created.

For example, it is possible to extract all the indicators belonging to 
the European Social Survey, showing also the correspondent 
variable name in the original SPSS data file. This option is quite 
useful for the first steps of the analysis when research could spend 
many hours in searching and selecting variables

By using the user-friendly interfaces, al the 
information about indicators can be easily 
extracted. 

78



Eustat, Bilbao on 01.04.09

PupilsPupils

Adults

When Different data sources have been considered…

European Social Survey, wave 1 and wave 2. World Values Survey Survey, wave 3 and wave 4.

IEA Civic Education. EUYOUPART 

Global Corruption BaromotherEuropean and member states Parliament sources

Adult Education Survey EU-SILK Eurostat Survey

….many statistical problems suddenly arise making the data incomparable! Among them.:

2002 2004 1999-20041994-1999

1999-2005 2005

2006 2007

1999 2004

Different reference year

Different Country Coverage

Different Target Population
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Merging observation from different database (and do it in the correct 
way) is a big statistical challenge!

Data fusion techniques merge data sets of different survey samples 
by means of statistical matching on the basis of common variables.

Recently some techniques have been developed in order to merge 
observation coming from different database

Database A Database B

Common 

variable
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As a result, a virtual sample of complete, but artificial natureartificial nature is 
generated. Because being completely unobserved, the missing 
information of an individual in one sample is imputed using the 
observed data values of some individual which is found to be most 
similar in the other sample.

The correlation between variables not jointly observed, can only
be estimated by means of the matched file.

Database A Database B
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Considering that the new database will be just a mere approximation
of the real sample and due to the different target population in the 
proposed list of indicators...

The choice of the source was driven by many different factors:

• Indicators availability

• Country Coverage

• Data Quality

• Year 

We decided to do not use this technique but addressing to data 
coming  out just from one source.
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After considered these factors we choose to use the European Social 
Survey (www.europeansocialsurvey.org) which ran a specify module 
on citizenship in 2002.

This data is more up-to-date then that which is available from alternative 
sources such as the World Values Survey and IEA’s CIVED, which is 
currently only available from 1999.

The European Social Survey (ESS) aimed to be representative of all 
residents among the population aged 15 years and above in each 
participating country.

Eustat, Bilbao on 01.04.09

The size and the quality of the sample make the country coverage of 
Europe in the ESS data reasonably good, with 19 European 
countries, including 18 EU member states, providing good quality of 
data

The ESS data has not yet been used to monitor the European 
Community’s Education and Training 2010 programme, but the 
survey is really well done and, of course, highly respected within 
academia for the quality of its data and could thus be used for this 
purpose in the future.
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The total number of European countries that participated in the 
European Social Survey in 2002 was 21.

List of Countries

Austria

Italy

Belgium

Luxembourg

Germany

Netherlands

Denmark

Norway

Spain

Poland

Finland

Portugal

France

Sweden

United Kingdom

Slovenia

Greece

Ireland

Hungary

Czech Republic

Switzerland

These 2 countries have been 
excluded from the analysis 
because they did not participate 
to the ESS Citizen Module
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The set of basic 
indicators

The long walk towards the Active Citizenship Composite Indicator/3….

82



Eustat, Bilbao on 01.04.09

A total number of 64 indicators composed the Active Citizenship 
Composite Indicators

The European Social Survey data were integrated with 
European and National parliament data

Indicators have been organized in four different domains:

Participation in Political Life: refers to the sphere of the state and 
conventional representative democracy such as participation in voting, 
representation of women in the national parliament and regular party 
work. (9 Indicators)

Eustat, Bilbao on 01.04.09

Participation in Civil Society: refers in this index to political 
nongovernmental action. Civil Society has been described as “referring 
to the arena of uncoerced collective action around shared interests, 
purposes and values’ (Centre for Civil Society 2006). This dimension is 
based on 18 indicators with the subdimensions of protest, human rights 
organisations, environmental organisations and trade union 
organisations

Participation in Community Life: refers to activities that are less 
overtly political and more orientated towards the community -
‘communityminded’or ‘community-spirited’ activities. This dimension is 
based on 25 indicators and is divided into seven sub-dimensions: 
unorganised help, religious organisations, business organisations, 
sport organisations, cultural organisations, social organisations, 
parent-teacher organisations
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Dimension of Values: is a combination of indicators on 
democracy and human rights, the foundation for active 
citizenship practices, and can be found in the definition of 
active citizenship. Intercultural understanding was also added 
because, in the context of a culturally diverse Europe with 
increasing levels of migration, intercultural understanding is 
one of the key competences of active citizenship. A total 
number of 11 indicators constitutes the Values dimension.
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Democracy Intercultural 
Understandings

Human Rights

ACTIVE CITIZENSHIPACTIVE CITIZENSHIP

Unorganized
Help

Religious Org. Sport Org. Cultural Org.Business Org. Teacher Org.Social Org.

Protest HR org. Environmental Org.Trade Union
Org.

9 basic indicators

19 basic indicators

25 basic indicators

11 basic indicators

Political Life Civil Society Communities Values
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The Construction of 
the Composite 

Indicator
The long walk towards the Active Citizenship Composite Indicator/4….

Eustat, Bilbao on 01.04.09

In the most simple case, a composite indicator Yc for a given 
country c is a linear weighted sum of  k normalized sub-indicators
Ic,i with i=1,..,k, c=1,..,p with weights wi

A composite indicator is “a mathematical combination of individual 
indicators that represent different dimensions of a concept whose 
description is the objective of the analysis.”, (OECD, 2003)
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10 ≤≤ iw

where 
and 

for all i=1,..k, and c=1,..,p.
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Although  several other less widespread aggregation techniques have 
been proposed in the literature, from a mathematical point of view, 
here a composite indicator entails a weighted linear aggregation 
rule applied to a set of variables.

Focusing on the structure of the Active Citizenship Composite 
Indicator described in the previous slide, the situation is here slightly 
different. 
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Democracy Intercultural 
Understandings

Human RightsDemocracy Intercultural 
Understandings

Human Rights

ACTIVE CITIZENSHIPACTIVE CITIZENSHIP

Unorganized
Help

Religious Org. Sport Org. Cultural Org.Business Org. Teacher Org.Social Org.Unorganized
Help

Religious Org. Sport Org. Cultural Org.Business Org. Teacher Org.Social Org.

Protest HR org. Environmental Org.Trade Union
Org.

Protest HR org. Environmental Org.Trade Union
Org.

Political Life Civil Society Communities ValuesPolitical Life Civil Society Communities Values

Due to the described structure the composite indicator is given as a 
weighted sum of the indices computed for the  four dimensions Di
(Political Life, Civil Society,  Communities, Values):

∑=
=

4

1i icic DwY

∑=
=

4

1
1

i iw 10 ≤≤ iwwhere and for all i=1,..4, and c=1,..,p.
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Democracy Intercultural 
Understandings

Human RightsDemocracy Intercultural 
Understandings

Human Rights

ACTIVE CITIZENSHIPACTIVE CITIZENSHIP

Unorganized
Help

Religious Org. Sport Org. Cultural Org.Business Org. Teacher Org.Social Org.Unorganized
Help

Religious Org. Sport Org. Cultural Org.Business Org. Teacher Org.Social Org.

Protest HR org. Environmental Org.Trade Union
Org.

Protest HR org. Environmental Org.Trade Union
Org.

Political Life Civil Society Communities ValuesPolitical Life Civil Society Communities Values

Then, each dimension index, Di, is computed as a linear weighted 
aggregation of the sub-dimension indices SDij. with weights wj*

∑ =
=

k

j cijjic SDwD
1 ,

*
,
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Finally, each sub-dimension 
index SDj is a linear weighted 
sum of the h normalized sub-
indicators Ic,ijh with weights w#

h

Democracy Intercultural 
Understandings

Human RightsDemocracy Intercultural 
Understandings

Human Rights

ACTIVE CITIZENSHIPACTIVE CITIZENSHIP

Unorganized
Help

Religious Org. Sport Org. Cultural Org.Business Org. Teacher Org.Social Org.Unorganized
Help

Religious Org. Sport Org. Cultural Org.Business Org. Teacher Org.Social Org.

Protest HR org. Environmental Org.Trade Union
Org.

Protest HR org. Environmental Org.Trade Union
Org.

Political Life Civil Society Communities ValuesPolitical Life Civil Society Communities Values

∑ =
=

s

h cijhhijc IwSD
1 ,

#
,

By the aggregation of the different equation in one, we obtain the 
general form for the Active Citizenship Composite indicator:

∑ ∑ ∑= = =
=

4

1 1 1
#*

i

k

j

s

h ijhchjic
i ij

ij
IwwwY
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After having defined the structure, the construction and the 
evaluation of the composite indicator consists of several steps:

• Evaluation of data and structure quality

• Standardization of basic Indicators

• Adoption of a weighting schema

• Computation of the Active Citizenship Composite Indicators

• Robustness Analysis of the obtained results

In the next few slides all this points will be deeply analyzed

Eustat, Bilbao on 01.04.09

Being  the 64 basic indicators expressed on different scales, a 
standardization process is needed before the data for the different 
indicators can be aggregated. 

The standardization technique that will be here applied is the Min-
Max approach. For q indicators each indicator will be 
standardized based on the following rule

1000
)(min)(max

)(min
⋅

−

−
=

qccqcc

qccqc
qc xx

xx
I

Using this method, all the indicators have been rescaled and the
standardized values will lie between 0 (laggard xqc=minc(xq)) and 1000 
(leader,  xqc=minc(xq)). Other techniques will be applied in order to test 
the robustness of the obtained result.
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Before proceeding to the computation of the Active Citizenship 
Composite Indicator, the statistical validity of the proposed 
structure was tested using the Factor Analysis technique.

Factor Analysis (FA) can be used to group the information contained 
in the indicators. The aim is to explore whether the different 
dimensions of the phenomenon are statistically well balanced in the 
composite indicator.

if the statistical dimensions do not coincide with the theoretical 
dimensions of the dataset, then a revision of the set of the indicators 
might need to be considered.
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Protest HR org. Environmental Org.Trade Union
Org.

Civil Society

Rotated Component Matrix(a)
 

Component 
  1 2 3 4 5 
Worked in another organisation or association last 12 months .530 -.151 -.227 .028 -.087 
Signed petition last 12 months .654 -.025 -.030 -.174 -.025 
Taken part in lawful public demonstration last 12 months .562 -.028 -.058 .159 -.161 
Boycotted certain products last 12 months .629 .033 .037 -.308 .027 
Bought product for political/ethical/environment reason last 12 
months .603 -.014 -.001 -.421 .070 

Humanitarian organisation etc., last 12 months: member -.138 .055 .576 .294 -.062 
Humanitarian organisation etc., last 12 months: participated -.094 .014 .743 .002 .151 
Humanitarian organisation etc., last 12 months: donated money -.066 .091 .335 .631 -.100 
Humanitarian organisation etc., last 12 months: voluntary work -.058 .021 .767 .002 .080 
Environmental/peace/animal organisation, last 12 months: member 

-.107 .033 .025 .475 .419 

Environmental/peace/animal organisation, last 12 months: 
participated -.135 .019 .082 .075 .727 

Environmental/peace/animal organisation, last 12 months: donated 
money -.002 .027 -.005 .715 .259 

Environment/peace/animal organisation, last 12 months: voluntary 
work -.047 .024 .067 .061 .736 

Trade union, last 12 months: member -.188 .549 -.023 .215 -.136 
Trade union, last 12 months: participated -.074 .730 .045 -.006 .036 
Trade union, last 12 months: donated money .038 .661 -.004 .052 .048 
Trade union, last 12 months: voluntary work -.053 .658 .075 -.076 .068 
Contacted politician or government official last 12 months .499 -.102 -.106 .096 -.087 

 

The four sub-dimensions 
proposed by the theoretical 
framework were identified by the 
Factor Analysis.
Moreover and additional 
component (Passive 
Participation) was identified.

Passive Participation(Eigenvalues >1)
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Are the pillar structures statistically justified?/2

The seven  sub-dimensions proposed 
by the theoretical framework were 
identified by the Factor Analysis.

Some problems arise with 
“Unorganized help” dimension 
that is encompassed in the 
“Passive Participation” domain, 

Unorganized
Help

Religious Org. Sport Org. Cultural Org.Business Org. Teacher Org.Social Org.

Communities

 
1 2 3 4 5 6 7

Help others not counting work/voluntary organisations, how often
-0.105 -0.038 -0.05 -0.076 -0.069 -0.037 -0.388

Religious/church organisation, last 12 months: member
0.653 0.005 0.017 0.018 -0.01 0.028 0.308

Religious/church organisation, last 12 months: participated
0.782 0.058 0.058 0.034 0.043 0.025 0.03

Religious/church organisation, last 12 months: donated money
0.765 0.057 0.064 0.056 0.082 0.052 -0.067

Religious/church organisation, last 12 months: voluntary work
0.73 0.082 0.076 0.01 0.055 0.018 -0.004

Sports/outdoor activity club, last 12 months: member
-0.002 0.004 0.041 0.659 0.007 0.017 0.409

Sports/outdoor activity club, last 12 months: participated
0.034 0.063 0.078 0.748 0.058 0.037 0.117

Sports/outdoor activity club, last 12 months: donated money
0.089 0.079 0.165 0.628 0.066 0.122 -0.258

Sports/outdoor activity club, last 12 months: voluntary work
0.012 0.061 0.107 0.731 0.069 0.04 0.014

Cultural /hobby activity organisation, last 12 months: member
0.019 0.055 0.658 0.037 0.009 0.032 0.431

Cultural/hobby activity organisation, last 12 months: participated
0.062 0.093 0.707 0.13 0.085 0.048 0.129

Cultural/hobby activity organisation, last 12 months: donated 
money 0.109 0.085 0.674 0.113 0.078 0.103 -0.231
Cultural/hobby activity organisation, last 12 months: voluntary work

0.053 0.103 0.751 0.099 0.059 0.031 0
Business/profession/farmers organisation, last 12 months: member

0.019 -0.006 0.024 0.035 0.05 0.653 0.285
Business/profession/farmers organisation, last 12 months: 
participated 0.024 0.036 0.061 0.064 0.072 0.753 0.049
Business/profession/farmer organisation, last 12 months: donated 
money 0.055 0.011 0.05 0.051 0.04 0.682 -0.119
Business/profession/farmer organisation last 12 months: voluntary 
work 0.017 0.04 0.04 0.026 0.049 0.678 -0.046
Social club etc., last 12 months: member 0.005 0.662 0.054 -0.012 -0.022 0 0.377
Social club etc., last 12 months: participated 0.044 0.758 0.087 0.067 0.04 0.017 0.103
Social club etc., last 12 months: donated money

0.098 0.673 0.062 0.066 0.057 0.048 -0.215
Social club etc., last 12 months: voluntary work

0.065 0.736 0.113 0.072 0.071 0.028 -0.034
Science/education/teacher organisation, last 12 months: member

0.007 -0.006 0.04 0.019 0.649 0.064 0.337
Science/education/teacher organisation, last 12 months: 
participated 0.038 0.04 0.059 0.062 0.739 0.061 0.095
Science/education/teacher organisation, last 12 months: donated 
money 0.088 0.049 0.044 0.04 0.628 0.058 -0.189
Science/education/teacher organisation, last 12 months: voluntary 
work 0.039 0.06 0.072 0.066 0.746 0.044 -0.001

Component
(Eigenvalues >1)
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-.108.697.103To be a good citizen: how important to be active in politics

-.075.690.066Good citizen: how important to be active in voluntary organisations

.138.550.071To be a good citizen: how important to form independent opinion

.103.591-.154To be a good citizen: how important to always obey laws/regulations

.059.707.058To be a good citizen: how important to vote in elections

.044.046.822Immigrants make country worse or better place to live

.123.042.799Country's cultural life undermined or enriched by immigrants

-.066.048-.729Allow many/few immigrants of different race/ethnic group from majority

.909.047.134Law against promoting racial or ethnic hatred good/bad for a country

.906.047.148Law against ethnic discrimination in workplace good/bad for a country

-.078-.085-.538Immigrants should be given same rights as everyone else

321

Component

Democracy Intercultural 
Understandings

Human Rights

Values
The three sub-dimensions proposed by 
the theoretical framework were identified 
by the Factor Analysis.

Some problems arise with an 
indicator that is included in a 
different dimension. 

(Eigenvalues >1)

90



Eustat, Bilbao on 01.04.09

After the standardization process, data were transformed to ensure that 
for every indicator a higher score would point to a better performance of 
the country.

Based on the Active Citizenship CI structure an equal weights scheme 
was applied within each dimension and each sub-dimension. 

This scheme assigns to each indicator of each level the same weight. 
So all indicators within a sub-dimension were assigned the same 
weight.
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Due to the structure with different numbers of indicators for the different 
sub-dimensions, the basic indicators will not have an equal weight. 

The assignment of equal weights to pillar avoids to rewards pillars with 
a lot of indicators (e.g. communities participation) versus pillars with 
less (e.g. participation in political life). 

This means that the four domains (participation in political life, 
participation in civil society, participation in communities and 
values) have the same weights for calculating the active 
citizenship composite indicator as well as their sub-domains.
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Results
The long walk towards the Active Citizenship Composite Indicator/5….
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ACTIVE CITIZENSHIP COMPOSITE INDICATORSACTIVE CITIZENSHIP COMPOSITE INDICATORS

Active Citizenship Index

Rank Points Country
1 766 Norway
2 755 Sweden
3 641 Denmark
4 632 Austria
5 559 Ireland
6 557 Belgium
7 555 Netherlands
8 543 Luxemburg
9 533 Germany
10 483 United Kingdom
11 452 Finland
12 371 France
13 347 Slovenia
14 298 Spain
15 266 Portugal
16 260 Italy
17 226 Poland
18 205 Greece
19 171 Hungary
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Political Life DomainPolitical Life Domain

Political Life

Rank Points Country
1 764 Austria
2 746 Norway
3 662 Belgium
4 615 Sweden
5 514 Denmark
6 498 Luxemburg
7 478 Germany
8 438 Ireland
9 418 Netherlands
10 336 Greece
11 321 Finland
12 319 Spain
13 299 Slovenia
14 270 Italy
15 234 United Kingdom
16 229 France
17 204 Portugal
18 141 Hungary
19 127 Poland
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Civil Society DomainCivil Society Domain

Civil Society

Rank Points Country
1 792 Norway
2 778 Sweden
3 753 Denmark
4 654 Belgium
5 641 Austria
6 556 Netherlands
7 521 United Kingdom
8 514 Germany
9 490 France
10 483 Ireland
11 480 Luxemburg
12 457 Finland
13 277 Slovenia
14 245 Spain
15 227 Italy
16 79 Portugal
17 55 Greece
18 47 Hungary
19 26 Poland
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Communities DomainCommunities Domain

Communities

Rank Points Country
1 774 Norway
2 748 Netherlands
3 741 Sweden
4 739 United Kingdom
5 706 Belgium
6 676 Ireland
7 666 Denmark
8 635 Germany
9 611 Austria
10 438 Slovenia
11 393 Luxemburg
12 391 France
13 289 Finland
14 191 Spain
15 182 Hungary
16 134 Portugal
17 96 Greece
18 94 Italy
19 47 Poland
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Values DomainValues Domain

Values

Rank Points Country
1 888 Sweden
2 802 Luxemburg
3 752 Norway
4 744 Finland
5 705 Poland
6 647 Portugal
7 641 Ireland
8 634 Denmark
9 515 Austria
10 506 Germany
11 500 Netherlands
12 449 Italy
13 439 Spain
14 439 United Kingdom
15 375 Slovenia
16 374 France
17 333 Greece
18 314 Hungary
19 208 Belgium
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Leaders

Laggards

The cluster analysis show a similar result…
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The analysis of the correlation ratio between the pairs of dimensions 
shows that countries with high scores in one dimension tend to have 
high scores in the other dimension. 

1.000Political Life

0.2461.000Values

0.7050.1491.000Communities

0.8100.3140.8971.000Civil Society

0.8590.4790.8930.9601.000
Active 

Citizenship 
(ACCI)

Political 
LifeValuesCommunitiesCivil 

Society

Active 
Citizenship 

(ACCI)

Is Active Citizenship a package?

95



Eustat, Bilbao on 01.04.09

It is important to note that the correlations are carried out at the 
country level, meaning that we are able to discover relationships 
and associations between country scores and not between 
individual scores.

For example, a strong correlation between participation in community 
and participation in civil society means that countries that have high 
participation on community activities, present also high participation 
in civil society. It does not mean that individuals that participate in 
civil society also participate in community activities. 
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Robustness Analysis
The long walk towards the Active Citizenship Composite Indicator/6….
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Every aggregate measure or ranking system involves subjective 
judgments such as the selection of indicators, the choice of 
aggregation model, and the weights and the standardization 
approach applied to the indicators. 

Because the quality of a ranking system depends on the soundness
of its assumptions, good practice requires evaluating confidence in 
the system and assessing the uncertainties associated with its 
development process.

The robustness analysis can determine whether the main 
results change substantially when those assumptions are varied 
over a reasonable range of possibilities
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The validity of the Active Citizenship ranking is assessed by evaluating 
how sensitive it is to the assumptions that have been made about its 
structure and the aggregation of the 63 individual indicators.
The sensitivity analysis is undertaken with respect to four main sources 
of uncertainty: 

• Standardization approach

• Weighting Schema

• Structure

• Aggregation Procedure

MinMax vs Z-score

equal weighting, Factor Analysis and 
Benefit of the Doubt

Proposed structure vs No Structure 

Linear aggregation vs NonLinear/NonCompensatory Multicriteria
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NCMCFA within dimension, EW for 

the dimensions
Z-scorePreservedS11

NCMCEW for indicators within 
dimension

Z-scorePreservedS10
NCMC EW for all indicatorsZ-scoreNot PreservedS9

AdditiveBoD weights within 
dimension, EW for the 
dimensions

NonePreservedS8

Additive BoD weights for all 
indicators

NoneNot PreservedS7

AdditiveFA weights within 
dimension, EW for the 
dimensions

MinMaxPreservedS6

AdditiveFA weights within 
dimension, EW for the 
dimensions

Z-scorePreservedS5

Additive EW for indicators within 
dimension

MinMaxPreservedS4

Additive EW for indicators within 
dimension

Z-scorePreservedS3
AdditiveEW for all indicatorsMinMaxNot PreservedS2
Additive EW for all indicatorsZ-scoreNot PreservedS1

AggregationWeightingNormalisationDimension 
Structure

Scenario

In total 12 different scenarios have been analyzed..
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1101000101118Greece

-2-2-2-1000-10-1-117Poland

0111100111116Italy

0-1-1-1-100-1-1-1-115Portugal

1000000000014Spain

-1000000000013Slovenia

0010000000012France

11-11000000011Finland

-1-11-1200002210United Kingdom

2210-11000009Germany

-1-1-22-1-1001-2-28Luxembourg

-1-10-11000-1117Netherlands

111111111116Belgium

-1-1-1-2-2-1-1-1-1-2-25Ireland

000001100004Austria

00000-1-100003Denmark

111110101012Sweden

-1-1-1-1-10-10-10-11Norway

S11S10S9S8S7S6S5S4S3S2S1Active 
Citizenship 

the overall ranking is not sensitive to any of the four major 
methodological choices made to develop the composite ranking

Worst case: ranking is shifted of two positions
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The computation of the 
composite indicator using 
experts’ elicited weights 
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When computing a composite indicators, the use of the Expert 
Judgement Elicitation technique to compute the weights distributions 
elicited by experts are strongly suggested in the literature (Nardo et al, 
2004,2007)

Even if Expert Judgement Elicitation can not be considered as a
substitute for definitive scientific research, it can however provide a 
more systematic representation of the diversity of expert 
judgement that is typically provided in every experts meeting

The use of weights elicited by experts can permit the 
computation of the Active Citizenship Composite Indicator with a
Bayesian flavour.

It can provide a clear indication of the nature and the extent of 
agreement within the scientific community and also allow 
conclusions to be drawn about how important the range of expert 
opinions is to the overall debate 
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In order to permit to experts to elicit their judgement regarding the 
weights to assign to each basic indicator of ACCI, on February 2007
we distributed a questionnaire that asked to experts to consider
factors that contribute at different levels to the composite indicators.

Being the aim of the questionnaire the elicitation of weights for the 
Active Citizenship Composite Indicator, the questionnaire was 
deliberately model-centric, not permitting discussion regarding 
alternative structure than that one proposed by JRC, (Hoskins et al. 
2006.)

Eustat, Bilbao on 01.04.09

The overall questionnaire was composed by 6 questions. 

A question also investigated about the area of expertise of the 
respondent:

A question asked to experts to discriminate among the different ways to 
participate to formal organizations:

Four questions required a numerical  evaluation of the importance of 
every factors within the domains of the structure of the ACCI:

PoliticalPolitical Civil SocietyCivil Society Community LifeCommunity Life ValuesValues

MembershipMembership Donating MoneyDonating Money ParticipationParticipation Voluntary WorkVoluntary Work

Educational ResearcherEducational Researcher

SociologistSociologist

Political ScientistPolitical Scientist

Policy MakerPolicy Maker
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The questionnaire was designed to follow the Badget Allocation
approach in the experts elicitation process. For each questions, experts 
were given  a total budget of 100 points to be distributed across the 
different items, thus revealing their preferences for greater expenditure. 

The budget allocation approach cannot readily be applied if there are 
too many items and it has been argued that the approach is optimal for 
a maximum number of 10 items per question, (Bootomoley et al., 2000)

In our case, for each question  the number of items is far less than 10, 
so the budget allocation approach can provide unbiased estimations.
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The survey was distributed to experts in two wave: 

On February 1st , 2007, during the Active Citizenship Network 
Meeting in Bruxelles, the questionnaire was distributed directly to 
the group of experts participating at the meeting.

The questionnaire was also sent by email to a second group of 
experts on Febraury 11th. The second group of experts was 
composed by the participants to the Active Citizenship 
Conference held in Ispra on September 2006. 

The survey was officially closed on Febraury 22nd. 

Reminders have been sent to the participants by email to both groups. 
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A total number of 27 experts agreed to participate to the survey. 

They represented the 45% of the total number of experts contacted. 

In most cases the reasons of the declination were in the basis of 
not accepting the CRELL model or  not recognizing the survey as 
an useful tool for the elicitation of experts knowledge. 

Because some of the experts shared the participation in Active 
Citizenship network  meetings and conferences or some have 
written papers together, we make no claim that the responses we 
have received are “independent” in the sense that they have been 
not influenced by each other’s view. 
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A total number of 27 experts agreed to participate to the survey. 

They represented the 45% of the total number of experts contacted. 

In most cases the reasons of the declination were in the basis of 
not accepting the CRELL model or  not recognizing the survey as 
an useful tool for the elicitation of experts knowledge. 

However, because our objective is to sample the range of current 
expert opinion, and it is the nature of expert communities to engage 
in such consultation, we do not view this as a problem. We also 
remind that we are not sampling from a distribution describing true 
values. The judgment of one of the outline may be correct, and 
those who share a consensus view may be wrong. 
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All of the survey responses we received were completed with a 
level of detail that clearly indicated that experts who decided to 
participate had taken the task seriously.

Judging from the written comments and other indications of effort, 
many respondents found not easy to answer to the questionnaire so 
probably many respondents devoted more than the five minutes we 
estimated to completing the survey.

Eustat, Bilbao on 01.04.09

48.15%

25.93%

18.52%

7.407%

EducationResearch PolicyMaker
PoliticalScientist Sociologist

Distribution of the participants by area of expertize

The distribution clearly shows a predominance of Educational Reserchers
and Policy Makers respect to Political scientists and Sociologists. 

AREA OF EXPERTISE

This peculiar distribution of 
participants means that the wights
obtained by the survey can be 
considered  more Educational 
Researchers/Policy Makers than 
Sociologists/Political Scientists-
oriented. 

Existing not a reference population in 
this field from which is possible to 
extract a representative “true”
sample we do not consider this 
aspect as critical for the computation 
of experts weights
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“A first Active Citizenship Composite Indicator has been prepared by CRELL based on four pillar: 
Political Life, Civil Society, Community Participation, Values. Please allocate 100 points 
indicating our view of the importance of each pillar”

MOVING TO QUESTION 1….
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Note: the dashed red line indicates the equal weight distribution

Question1 - First Level Domains

Q1-PoliticalLife Q1-CivilSociety
Q1-Community Q1-Values.

401025.0025.0025.81Values

35521.8725,0022.58Community

401125.0025.0025.81Civil Society

6613.0425.0025.0025.81Political Life

MaxMinMedian
Old 
Weight

New 
WeightVariable

“A first Active Citizenship Composite Indicator has been prepared by CRELL based on four pillar: 
Political Life, Civil Society, Community Participation, Values. Please allocate 100 points 
indicating our view of the importance of each pillar”

The new weights distribution is not far from 
the equal weights distribution adopted in 
the original  computation of ACCI 

the community participation pillar is 
penalized by the experts that consider this 
pillar the less important of the four 
domains. The same weight is assigned to 
the other three domains

MOVING TO QUESTION 1….
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Note: the dashed red line indicates the equal weight distribution

Question2 - Being Active for an Organization

Q2-Voluntary Q2-Participation
Q2-Membership Q2-Donating Money

33010.0025.0011.38Donating Money

501017.8525.0020.32Membership

50130.0025.0034.15Participation

501030.0025.0034.15Voluntary Work

MaxMinMedian
Old 
Weights

New 
WeightsVariable

MOVING TO QUESTION 2….
“In general, when talking about Being Active for an Organization, the following four different dimensions 
have been considered: Membership, Donated Money, Participation, Voluntary Work.. Please allocate 
a total amount of 100  points showing your view on the importance of each indicator.”

The analysis of the results of the 
questionnaire show that the distribution of the 
elicited weights is quite far from the equal 
weights distribution proposed for the first 
version of the ACCI.  
In particular the Voluntary Work and the 
Participation in the organization activities are 
awarded by the experts.  The passive forms of 
“Being Active”, identified in membership and 
“donating money”, are in other hands 
penalized by  experts.
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MOVING TO QUESTION 5….
“Moving into the domain of Community Participation, the following seven potential indicators have been 
identified. Please allocate 100 points showing your view on the importance of each indicator
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Note: the dashed red line indicates the equal weight distribution

Question5 - Participation in Community Life

Q5-Unorganized Q5-Religious
Q5-Business Q5-Sport
Q5-Cultural Q5-Social
Q5-Teacher

319.091814.2818.85Teacher/Parents Org.

37.831019.3514.2820.26Social Org.

4011514.2815.71Cultural Org.

2011014.2810.47Sport Org.

16.1230814.288.38Business Org.

16.1201014.2810.47Religious Org.

325.0015.1514.2815.86Unroganized Help

MaxMinMedian
Old 
Weights

New 
WeightsVariable

MOVING TO QUESTION 5….

The analysis of the weight distributions 
show that the “Unorganized Help”, 
“Participation in Cultural organization”, 
“Participation in Social Organization”
and “Participation in Teacher/Parents 
organization” are the components that 
are awarded by the experts. 
On other hands, the Participation in 
Religious, Business and Sport 
Organization are strongly penalized by 
participants. 
The most important component is the 
Participation in Social Organization
and the component considered as less 
important is the Participation in 
Businesso Organization. 
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The weights proposed by the experts strongly varies among  the 
different dimensions of the composite indicators and they  provide a 
different picture respect to the equal weights approach adopted in 
Hoskins et al, 2006. 

The combination of the different weights provides the new 
weights of the basic indicators and their aggregation will give a new 
version of the Active Citizenship Composite Indicator.

The new computation of the Composite Indicator.

The composite Indicator was computed once for each expert. 
Then a Montecarlo simulation was performed in order to combine 
the weights of different experts.
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Following Saltelli et al, 2005 a total number of 2.354.000 
simulations were performed.

For each simulation the set of weighs included varies from a 
minimum of 3 and a maximum of 14.

The median of the distribution of the weights was taken as new 
weights of the active citizenship composite indicator. Nevertheless a 
confidence interval (5%-95%) was reported in order to better 
understand the variability of the distribution.  
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The Ranking!
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11200000000Hungary19

-1-1-101110100Poland18

00-10-1-1-10-100Greece17

10000110000Portugal16

12222222222Slovenia15

-2-1-1-1-1-2-2-1-1-1-1Italy14

0-1-1-1-1-1-1-1-1-1-1Spain13

00100000000France12

00203111133
United 
Kingdom11

00-20-1-1-1-1-1-1-1Finland10

33322333322Ireland9

110-1-20-1-1-1-1-1Germany8

-1-10-11000-111Netherlands7

-3-3-40-3-3-2-2-1-4-4Luxembourg6

11111221111Austria5

-1-1-1-1-1-1-1-1-1-1-1Belgium4

00000-1-10000Denmark3

00000101010Norway2

00000-10-10-10Sweden1

S
11

S
10

S
9

S
8

S
7

S
6

S
5

S
4

S
3

S
2

S
1Active  Citizenship

New Leader!

There is a clearer the 
geographical effect!

Anglo-Saxons 
are penalized!

Eustat, Bilbao on 01.04.09

Correlation with other 
indicators 
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In order better to understand the phenomenon of active citizenship 
the relationship between the Active Citizenship Composite Indicator 
(ACCI) and other social and economic indicators was explored.

A comparison was made with:

• Corruption Perceptions index (CPI),

• GDP per capita,

• Human Development Index (HDI),

Eustat, Bilbao on 01.04.09

The Transparency International Corruption Perceptions Index
assesses 163 countries in terms of the degree to which corruption is 
perceived to exist among public officials and politicians.

The correlation between the Corruption Perceptions Index scores 
and the ACCI scores is high (0.840), particularly in the relationship 
with the dimension of Civil Society and then with the dimension of 
Community Life.

0.604 0.432 0.763 0.862 0.840 
Corruption 

Perceptions Index 

Political 
Life 

Values 
domain 

Community 
domain 

Civil society 
domain 

Active 
Citizenship 
(ACCI) 
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The correlation with GDP per capita (measured in PPP US Dollars) is 
also high (0.79) and even higher when considering the connection to 
the dimension of Civil Society (0.83); it is still high for Community Life 
participation (0.75). However, the correlation is quite low when
compared to the dimension of Values (0.30).

0.65 0.30 0.75 0.83 0.79 
GDP per capita (PPP 

US$ 2002) 

Political 
Life 

Values 
domain 

Community 
domain 

Civil 
society 
domain 

Active 
Citizenship 
(ACCI) 
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The Human Development Index (HDI) can be thought of as a measure 
of well-being as well as a measure of the impact of economic policies 
on quality of life.
The index was developed in 1990 and has been used since 1993 by 
the United Nations Development Programme in its annual Human 
Development Report

A high and significant correlation is recorded between the HDI and the 
ACCI (0.79) and with two of its dimensions: Civil Society (0.84) and 
Community Life (0.71).

0.68 0.30 0.71 0.84 0.79 

Human 
development 
index 2002 

Political 
Life 

Values 
domain 

Community 
domain 

Civil 
society 
domain 

Active 
Citizenship 
(ACCI) 
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Multilevel Modelling 
Who is the active citizen?

Eustat, Bilbao on 01.04.09

Moving from the hypothesis  that the countries context influences the individual 
behaviors in being an active citizens, the use of a multilevel model permits to study 
the individual behavior of citizens taking into account the cultural differences due 
to the countries characteristics. 

In order to provide a full characterization of active citizen and to find the main 
drivers of the Active Citizenship in Europe we deepen the analysis at the 
individual level through the application of a multilevel model.

Country Level Variables Individual Level Variables
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Country Specific Variables:

GDP pro Capita GINI Index Religious Heterogeneity Democratic Tradition

At the country level, the level of active citizenship increases in countries with:

- An higher level of GDP pro capita

- A more equal distribution of income

- A more heterogeneous religious climax

- A longstanding democratic tradition

Characteristics of the countries with an higher level of Active Citizenship

Eustat, Bilbao on 01.04.09

Individual Specific Variables:
Who is the active citizen?

Socio-demographic variables Behavioral variables 

- Age, 
- Gender, 
- Education
- Domicile
- Income
- Main Activity

-Time Spent in Watching TV 
and reading Newspaper

- Religiosity and 
attendance of religious services

- Life Long Learning
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Who is the active citizen?

-

-An individual 48-64 years old, with an  high 
income and living in the countryside. 

-He/She has a high educational attainment 
but still performing Life Long learning 
activities. 

- This person considers religion very important for his/her life and 
usually attends religious services.

- He/She does not watch too much TV and is eager in reading 
newspaper

Eustat, Bilbao on 01.04.09

Who is the NON-active citizen?

-He/she is a 20-25 years old  who lives 
in a big city. 

-He/She has a low educational 
attainment and do not perform any Life 
Long learning activities. 

- He/she is part of the job market but has a low income.

-This person do not attend any religious services apart special occasion and has 
a not clear idea about the role of religion in his/her life
.
-He/She usually spends many hours watching TV everyday but does not read any 
newspapers.
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Back to Details, Link with other 
variables and presentation of the 

results

Massimiliano Mascherini
massimiliano.mascherini@jrc.it

Statistics Seminar 2009
Bilbao, April 2nd 2009
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Is needed to reveal the main drivers for an overall good or bad
performance. Transparency is primordial to good analysis and

policymaking.

De-constructing composite indicators can help extend the analysis …

• To profile country performance at the indicator level so as to 
reveal what is driving the composite indicator results.
• To check for correlation and causality (if possible).
• to identify if the composite indicator results are overly dominated 
by few indicators and to explain the relative importance of the sub-
components of the composite indicator.

Step 8. Back to the details (indicators)
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Civic Society vs Community Life
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Life Long Learning Composite Indicator

Rank  Points Country 
1 808 Sweden 
2 801 Denmark 
3 703 Luxemburg 
4 692 France 
5 621 Netherlands 
6 551 Czech Republic 
7 539 Belgium 
8 488 Austria 
9 472 United Kingdom 
10 429 Malta 
11 405 Germany 
12 382 Slovakia 
13 356 Spain 
14 317 Cyprus 
15 296 Estonia 
16 282 Hungary 
17 228 Portugal 
18 175 Poland 
19 131 Lithuania 
20 113 Romania 
21 74 Latvia 
22 69 Bulgaria 
23 37 Greece 

Focusing on the Czech republic performance….
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Performance of Czech Republic
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This good performance is driven by a top performance in the basic 
indicators of “Percentage of employees (all enterprises) participating in 
CVT courses both for male and female, and that of “Percentage of 
enterprises providing CVT courses” where the 7th position is achieved. 
On other hands, a bad performance is recorded for the indicators of 
“Participation of the adult population aged 25-64 participating in 
education and training (over the four weeks prior to the survey)” both for 
male and female 
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The Knowledge 
Economy Index
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Performance of EU25 in the 7 pillars (with UA included)

Eustat, Bilbao on 02.04.09

Performance of EU25 in 
all the indicators
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Step 9. Association with other variables

Should be made to correlate the composite indicator (or its 
dimensions) with existing (simple or composite) indicators as well 
as to identify linkages through regressions.

Composite indicators can be linked to other variables and measures

• To correlate the composite indicator with other relevant 
measures, taking into consideration the results of sensitivity 
analysis.
• To develop data-driven narratives based on the results.
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In order better to understand the phenomenon of active citizenship 
the relationship between the Active Citizenship Composite Indicator 
(ACCI) and other social and economic indicators was explored.

A comparison was made with:

• Corruption Perceptions index (CPI),

• GDP per capita,

• Human Development Index (HDI),

• Social Cohesion Index (SCI), 

•Global Gender Gap Index,

• Inglehart-Welzel Cultural Map of the World

Eustat, Bilbao on 02.04.09

The Transparency International Corruption Perceptions Index
assesses 163 countries in terms of the degree to which corruption is 
perceived to exist among public officials and politicians.

The correlation between the Corruption Perceptions Index scores 
and the ACCI scores is high (0.840), particularly in the relationship 
with the dimension of Civil Society and then with the dimension of 
Community Life. 

0.604 0.432 0.763 0.862 0.840 
Corruption 

Perceptions Index 

Political 
Life 

Values 
domain 

Community 
domain 

Civil society 
domain 

Active 
Citizenship 
(ACCI) 

The more the societies are active, the less  are corrupted
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The correlation with GDP per capita (measured in PPP US Dollars) is 
also high (0.79) and even higher when considering the connection to 
the dimension of Civil Society (0.83); it is still high for Community Life 
participation (0.75). However, the correlation is quite low when
compared to the dimension of Values (0.30).

0.65 0.30 0.75 0.83 0.79 
GDP per capita (PPP 

US$ 2002) 

Political 
Life 

Values 
domain 

Community 
domain 

Civil 
society 
domain 

Active 
Citizenship 
(ACCI) 
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The Inglehart-Welzel Cultural Map of the World reflects the fact that a large 
number of basic values measured with the World Values Survey are closely 
correlated. 

Inglehart and Welzel identified two major dimensions that dominate the 
picture: (1) Traditional/ Secular-rational and (2) Survival/Self-expression 
values. 

the Traditional/Secular-rational
values dimension reflects the contrast 
between societies in which religion is 
very important and those in which it is 
not. 

The Survival versus Self expression 
values dimension has been described in 
terms of the knowledge society this is when 
countries stop needing to worry to a large 
extent about security and economic survival 
and as a consequence then the citizens are 
able to concern themselves with well-being 
and quality of life. 
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Adjusted R-squared = 0.64

ACCI and Survival/Self-expression values

Combining the score of the 
Active Citizenship Composite 
indicators with the 
Survival/Self-expression
values dimension a consistent 
positive correlation is found. 
In fact a correlation coefficient 
equal to 0.81 was found which 
correspond to a Adj. R-squared 
equal to 0.64.

So far, countries with higher values of active citizenship are that which are more 
shifted towards self-expressions/post  materialistic values (wellbeing, gender 
equality and human rights) 
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Adjusted R-squared = 0.22

ACCI and Traditional/Secular-rational values

The comparison between the 
ACCI and the 
Traditional/Secular-rational 
dimension shown a low positive 
correlation is assessed. In fact 
a correlation coefficient equal to 
0.47 is found, which correspond 
to an R-squared equal to 0.22. 

The series is broke down by the low performance of Poland, Portugal and Ireland 
which achieve a lower performance in the Traditional/Secular-Rational Dimension 
than expected 

9



Eustat, Bilbao on 02.04.09

Step 10. Presentation and dissemination

Should receive proper attention, given that the visualization can
influence (or help to enhance) interpretability

A well-designed graph can speak louder than words …

• To identify a coherent set of presentational tools for the targeted
audience.
• To select the visualisation technique which communicates the 
most information.
• To present the composite indicator results in a clear and accurate
manner.

Eustat, Bilbao on 02.04.09

• Composite indicators must be able to communicate the 
picture to decision-makers and users quickly, 
transparently and accurately.

• Visual tools should be able to highlight country pitfalls by 
providing warning signals or viceversa

• be aware of which tools to employ in order to display the 
message properly

• Each visual tool has its own pros and cons
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Tabular format

Eustat, Bilbao on 02.04.09

Tabular format

•Not particularly visually appealing
•The approach could be adapted to show targeted 
information for sets of countries grouped, for example, 
by location, GDP, etc.
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Bar charts

Eustat, Bilbao on 02.04.09

Bar charts (2)

•The top bar indicates the average performance of all 
countries 
•It enables the reader to identify how a country is 
performing with regards to the average.
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Bar charts (3)
•Each sub-indicator can be displayed with a bar chart. 
•Colors can make the graph more appealing and highlight 
countries performing well or bad (or showing either 
growth or slow down) 

•The top bar could be a 
target to be reached by 
countries
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Line charts

Comparative price levels EU15 = 100
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Line charts (2)

•Used to show performance across time.
•Performance can be displayed using:

•absolute levels;
•absolute growths (in % points with respect to the 
previous year or more years); 
•indexed levels and 
•indexed growths.
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Line charts (3)

•‘indexed’ means that the values of the indicator are 
linearly transformed so that their indexed value at a given 
year is 100
•Example: the price level index is indexed each year wrt
EU15
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Line charts (4)
•Internal Market Index 2004
•Countries indexed at 100 in 1994
•No matter what is the relative level of the countries in 
1994.

•This index measures
their relative progress 
since 1994

Eustat, Bilbao on 02.04.09

Line charts (5)

•Targets for levels
can be
superimposed to
each indicator and 
also to the 
composite 
indicator
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Traffic lights

UK government on sustainable development

To monitor progress with time

Eustat, Bilbao on 02.04.09

Country rankings
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Country rankings (2)
• Quick and easy 
• Difficulty: there might be a different number of 
countries in two different years
• Info on difference in performance between
country is lost

Eustat, Bilbao on 02.04.09

Model of sustainability
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Model of sustainability (2)

• It is a scoreboard to assess the sustainability of projects, processes
or products

• All the indicators are displayed simultaneously
• Performance of indicators against best and worst cases (greens and 

reds)
• Transparent methodology

of aggregation
• Limitation: snapshot at 

a given point in time
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Dashboard

• Free software
• Highly communicative format
• Using your own dataset you can visualise levels, 

growths, correlations,and rankings for countries, 
regions, continents

• You can see what happens by changing one or more 
weights arbitrarily

• You can do uncertainty analysis
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It provides Maps!

Eustat, Bilbao on 02.04.09

Dashboard (2)

• What are specific strengths and weaknesses of my continent/my 
country
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Dashboard (3)

• What is the situation of my country compared to others

Eustat, Bilbao on 02.04.09

Dashboard (4)

• How are certain indicators linked to each other

20
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Good Practices:

The Flexicurity Project

Massimiliano Mascherini
massimiliano.mascherini@jrc.it

Statistics Seminar 2009
Bilbao, April 2nd 2009
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European labour markets are faced with major challenges, such as 
increasing competition, accelerating changes in the international 
division of labour; demographic changes including a rapidly ageing 
labour force, migration flows and the increasing pace of 
technological change.

In this context, EU institutions call for policies to improve the 
adaptability of the workforce and enterprises (flexibility). In addition to 
more flexible labour markets it is also necessary to enhance 
employment security, i.e. the 'flexicurity' concept 
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The cooperation between DG EMPL/D1 and DG JRC/G09 is aimed to 
develop a set of composite indicators on several important 
dimensions of the Flexicurity concept.  

The final aim of the project is to develop a tool to monitor and 
explore the situation in Europe every year by a proper update of the 
data (as for example the European Innovation Scoreboard produced
at JRC).

In this view, composite indicators are very useful because 
they measure multidimensional concepts (e.g. competitiveness, 
wellbeing, environmental sustainability, etc.) which cannot be capt
ured by a single indicator. 
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Composite indicators are increasingly recognized as a useful tool for 
policy making and public communications in conveying information on 
countries’ performance in fields such as environment, economy, 
society, or technological development.

The rapid increase of interest on Composite indicators is mainly
because…

They  are much easier to 
interpret than trying to find 
a common trend in many 
separate indicators.

They have proven to be 
useful in ranking countries 
in benchmarking exercises.
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The construction of an index is not straightforward, but involves both theoretical 
and methodological assumptions which need to be assessed carefully to avoid results 
of dubious analytic rigour. 

•Step 1. Developing a theoretical framework

•Step 2. Selecting indicators

•Step 3. Multivariate analysis

•Step 4. Imputation of missing data

•Step 5. Normalisation of data

•Step 6. Weighting and aggregation

•Step 7. Robustness and sensitivity

•Step 8. Links to other indicators

•Step 9. Back to the details

•Step 10. Presentation and dissemination

The Construction check list
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Flexicurity 
Set of Composite 

Indicators

Dimension 1
Flexibility and reliable contractual 

arrangements

Dimension 2
Modern Social 

Security systems

Dimension 3
Effective Active Labour 

Market Policies (ALMPs)

Dimension 4
Comprehensive Life Long Learning

In the EMPL-JRC project, following the Commission communication 
adopted on 27/06/07, (see COM(2007) 359), the concept of Flexicurity 
has been dived in four components:

The aim of the project is to develop a composite indicator for each 
dimension of the Flexicurity concept identified by the communication.
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Dimension 
Comprehensive Life 

Long Learning

Sub-Dimension 1
Percentage of firms providing 

CVT

Sub-Dimension 2
Participation  in CVT

Sub-Dimension 3
Investments in CVT

Sub-Dimension 4
LifeLong Learning

The first deliverable of the project was the composite indicator on Comprehensive 
Life Long Learning, completed on September 2008 (JRC-EUR23516EN). 

In this context, from a theoretical point of view,  the dimension of 
Comprehensive LifeLong Learning was organized in four subdimensions:
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Based on the recommendations formulated within the LIME group and the 
suggestions provided in the compendium of indicators compiled by the Employment 
Committee, a set of 9 indicators has been selected for the construction of the Life 
Long Learning Composite Indicator based on the following data sources:

Labour Force Survey  
(LFS)

Continuing Vocational Training 3
(CVTs)

Being the LFS and the CVTS two institutional data sources the 
overall quality of the data is good and satisfactory

5 indicators were already included in the list of indicators 
selected by LIME and EMCO indicators lists
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Sub-Dimension 1
Percentage of firms providing 

CVT

- Percentage of enterprises providing CVT courses.

Sub-Dimension 2
Participation  in CVT

- Percentage of employees participating in CVT courses  - Male.

- Percentage of employees participating in CVT courses  - Female.

- Hours in CVT courses per employee.

Data source: CVTS

Data source: CVTS

Data source: CVTS

Data source: CVTS

Also in LIME and EMCO indicators list

Also in LIME and EMCO indicators list
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Sub-Dimension 3
Investment in CVT

- Cost of CVT courses as % of total labour cost
Data source: CVTS Also in LIME and EMCO indicators list

- Cost of CVT courses per employee - Corrected Direct Cost
Data source: CVTS

- Cost of CVT courses per employee - Labour Cost of Participants
Data source: CVTS

Sub-Dimension 4
LifeLong Learning

- Participation of the adult population aged 25-64 participating in 
education and training; Male and Female

Data source: LFS Also in LIME and EMCO indicators list
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Time Coverage 2005
the indicators extracted from Labour Force Survey are available from 2000 to 
2006 but CVTs data only refer to 2005 as not all indicators were monitored in
the previous survey carried out in 1999.

Geographical Coverage 23 member states
The two indicators extracted from the Eurostat’Labour Force Survey cover 
all Member States, while the CVTS covers 23 Member States at the time of 
the data extraction.

Missing country: Italy, Ireland, Slovenia and Finland

12Eustat, Bilbao on 02.04.09    

Correlation

The correlation is a major issue on the construction of composite indicator. The 
mechanical application of correlation analysis is not sufficient to identify 
redundant indicators; and researchers tend to agree that two indicators can be 
considered as redundant when they are highly correlated and their meaning is 
similar.
The case of the Lifelong Learning Composite Indicator is peculiar because some 
indicators are strongly correlated with each other despite having very 
different meaning, indicating in this way a common pattern of all the indicators 
involved in the phenomena.

  3_06 3_42_M 3_42_F 3_71 3_54 61_1 61_2 61_3 part_2~m part_2~f 
cvts3_06 1          
cvts3_42_M 0,70 1         
cvts3_42_F 0,74 0,94 1        
cvts3_71 0,69 0,93 0,92 1       
cvts3_54 0,60 0,56 0,64 0,71 1      
cvts3_61_1 0,81 0,50 0,62 0,60 0,75 1     
cvts3_61_2 0,84 0,60 0,70 0,74 0,69 0,88 1    
cvts3_61_3 0,70 0,71 0,78 0,85 0,57 0,74 0,85 1   
part_2564_m 0,76 0,39 0,50 0,45 0,44 0,64 0,70 0,56 1  
part_2564_f 0,69 0,29 0,41 0,33 0,36 0,56 0,58 0,44 0,98 1 

Correlation vs redundancy
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Methodological Assumption

The structure of the composite indicator:

All the indicators are considered 
at the same level, without the 
inclusion of different dimensions

 Life Long Learning

cvts3_06 

cvts3_42_M 

cvts3_42_F 

cvts3_71 cvts3_54 cvts3_61_1 

cvts3_61_3  

part_25-64_M 

part_25-64_F 

The aggregation rule:

∑=
=

n

i icic IwY
1

Where w are the weights, I the basic 
indicators, c the country index and n the 
total number of indicators. 

Linear
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The standardization scheme: Min Max 1000
)(min)(max

)(min
⋅

−

−
=

qccqcc

qccqc
qc xx

xx
I

Using this method, all indicators have been rescaled and the standardized 
values lie between 0 (laggard) and 1000 (leader). 

The weighting scheme:

All the indicators were assigned the same weights (100). Then, following 
the LIME standards, indicators referred to gender (Male and Female) were 
given the weight of 50. All the weights have been then rescaled to sum 1. 

Then, during the sensitivity analysis phase, all these assumptions will be 
varied in order to test the robustness of the composite indicator
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Nordic Countries as Denmark and 
Sweden achieve the top of the 
league, followed by France, 
Luxembourg and the Netherlands.

Then, Czech Republic over-
performs the rest of Eastern 
Europe achieving an overall good 
performance, followed by Belgium, 
Austria and United Kingdom

the Germany  performance is 
lower than the rest of Central 
Europe, on other hands Spain 
perform better than the rest of the 
Mediterranean countries

Then, Easter Europe and Southern 
European countries closed the 
ranking. 

Czech
Republic

Slovakia

France

Germany

Luxemburg

Austria

Greece

Hungary

Poland

Portugal
Spain

Netherlands

Sweden

Belgium

United
Kingdom

Malta

Lithuania

Latvia

Estonia

Romania

Bulgaria

Denmark

Cyprus

critical  
serious  

very bad  
bad  

average  
fair  

good  
very good  
excellent  
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The validity of the LLL scoring and respective ranking is assessed by evaluating 
how sensitive it is to the assumptions that have been made for the construction 
of the composite indicator. 

Standardization Weighting Scheme

Aggregation Rule Inclusion/Exclusion of Basic 
Indicators

The essential point of the methodology used for the uncertainty analysis is based 
on computer simulations. 

Sensitivity Analysis and Robustness assessment

These sources of uncertainty exist and their combined effect on country rankings 
needs to be tested, for this reason we tried to tackle all possible sources of 
uncertainty which arise from:
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Space of alternatives

Structure Inclusion of indicators

...

StandardizationWeights

Aggregation

Robustness assessment (scheme)

Italy GreeceSpain

10

20

30

40

50

60

Multi modeling principle: We don’t trust one model to make inference, so we use 
more models

More organized way to test robustness:

Simultaneously changing all uncertain factors… Performance 
index
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Standardization

Z-score

Min-Max
Ranking

Aggregation

Linear

Geometrical

No Aggregation

Weighting Scheme

Equal Weights
PCA Weights
Predetermined set
DEA Weights

Inclusion/exclusion 
of basic indicators

The four sources of uncertainty are turned into 4 input factors with uniform 
probabilities across the different alternatives, i.e. different approaches and 
methods, then all possible combinations of input factors are run, delivering in 
total 126 simulations with corresponding set of indicators values and country 
rankings.
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Frequency lower than 15% composite indicator
Frequency between 15% and 30% median
Frequency between 30% and 50% mode of the distribution
Frequency higher than 50%

Italic
orange

  bold

Based on the sensitivity analysis, the composite indicator appears very robust and stable
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Performance of Sweden
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The Sweden top performance is 
achieved with an excellent 
performance in all the indicators.
In particular Sweden achieve the 
top performance in the 
“Participation of the adult 
population aged 25-64 
participating in education and 
training” both for males and 
females. 

Rank 1 2 3 
Frequency N 102 24 0 
Frequency % 80.95 19.05 0.00 

The performance of Sweden is very robust as 
confirmed in the sensitivity analysis. Sweden 
reaches the top of the ranking in 102 out of 126 
simulations, which corresponds to the 81% of 
the total frequencies. 
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Performance of Czech Republic
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Czech Republic is ranked in the 
6th position of the overall ranking 
of the Life Long Learning 
Composite indicator. 
This good performance is driven 
by a top performance in the basic
indicators of “Percentage of 
employees (all enterprises) 
participating in CVT courses”, and
a very good performance in that o
“Percentage of enterprises 
providing CVT courses”

Rank 4 5 6 7 8 9 
Frequency N 1 13 35 37.00 27 13 
Frequency % 0.79 10.32 27.78 29.37 21.43 10.32 

The performance of Czech Republic in the uncertainty analysis is not very robust and 
is one of the countries showing a consistent variability in ranking.  
The rank varies from the 4th to the 9th position even if the frequencies are concentrated

among position 6th and 8th.
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Effective Active Labour Market Policies Composite Indicator

These indicators have been taken from an unique data sources: the 
Eurostat’s Labour Market Policies database and listed in the 
Compendium of indicator of the Employment Committee. 

Services refer to labour market interventions where the main activity of 
participants is job-search related and where participation usually does 
not result in a change of labour market status.

Measures refer to labour market interventions where the main activity of 
participants is other than job-search related and where participation 
usually results in a change in labour market status.

Supports refer to interventions that provide financial assistance, directly 
or indirectly, to individuals for labour market reasons or which 
compensate individuals for disadvantage caused by labour market 
circumstances.
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Table1: List of basic indicators used for the  AMLPs Composite Inidcator
Indicators and Dimensions Short name Source

Expenditure as percentage of GDP
LMP expenditure by type of action_Labour market 
services

XTGDP1 EUROSTAT_LMP

LMP expenditure by type of action_Training XTGDP2 EUROSTAT_LMP

LMP expenditure by type of action_Employment 
incentives

XTGDP4 EUROSTAT_LMP

LMP expenditure by type of action_Supported 
employment and rehabilitation

XTGDP5 EUROSTAT_LMP

LMP expenditure by type of action_Direct job 
creation

XTGDP6 EUROSTAT_LMP

LMP expenditure by type of action_Start-up 
incentives

XTGDP7 EUROSTAT_LMP

Spending per participant in millions euros
Spending per participant_Training spending2 EUROSTAT_LMP

Spending per participant_Employment incentives spending4 EUROSTAT_LMP

Spending per participant_Direct job creation spending6 EUROSTAT_LMP
Activation/Support
LMP services (cat 1) LMP_s EUROSTAT_LMP

LMP measures (cat 2-7) LMP_m EUROSTAT_LMP

Total regular activation tot ra EUROSTAT_LMP
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The time coverage of the AMLPs Composite indicator goes from 2004 to 2006.

The geographical coverage counts 23 
member states for 2005 and 2006 years 
and 21 member states for 2004. As shown 
in table 2, there are some Member States 
having some  missing indicators. In order to 
fill the missing data  we decided to do not 
consider in the analysis Member States with 
less than 6/12 indicators. An exception is 
recorded for Malta because it is completely 
missing for 2004 and 2005 and for Denmark 
because it is completely missing for 2005 
and 2006: those two Member States are not 
in the analysis at all.

2004 2005 2006
AT (12/12) (12/12) (12/12)
BE (12/12) (12/12) (12/12)
BG (9/12) (12/12) (12/12)
CY (0/12) (0/12) (7/12)
CZ (12/12) (12/12) (12/12)
DE (12/12) (12/12) (12/12)
DK (11/12) (0/12) (0/12)
EE (9/12) (9/12) (10/12)
ES (11/12) (10/12) (10/12)
FI (12/12) (12/12) (12/12)
FR (12/12) (12/12) (12/12)
GR (6/12) (6/12) (2/12)
HU (11/12) (11/12) (11/12)
IE (11/12) (11/12) (11/12)
IT (10/12) (10/12) (9/12)
LT (11/12) (10/12) (11/12)
LU (10/12) (10/12) (11/12)
LV (10/12) (11/12) (11/12)
MT (0/12) (0/12) (8/12)
NL (11/12) (9/12) (9/12)
PL (3/12) (11/12) (12/12)
PT (12/12) (12/12) (12/12)
RO (8/12) (11/12) (11/12)
SE (8/12) (10/12) (10/12)
SI (0/12) (11/12) (11/12)
SK (12/12) (12/12) (12/12)
UK (12/12) (11/12) (11/12)

Table 2:Geographical coverage 
with indicators availability per 
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The direction of the indicator has been assumed to be positive for all the 
indicators, i.e. the higher the score recorded, the better is the performance.

Table 3: Correlation matrix for 2004
2004 XTGDP1 XTGDP2 XTGDP4 XTGDP5 XTGDP6XTGDP7 sp2 sp4 sp6 LMP_sLMP_mtot_ra

XTGDP1 1
XTGDP2 0.29 1
XTGDP4 -0.07 0.52 1
XTGDP5 0.72 0.30 0.17 1
XTGDP6 0.28 0.18 0.03 0.22 1
XTGDP7 0.16 0.36 0.12 0.02 0.10 1
sp2 0.27 0.39 0.28 0.10 0.02 0.50 1
sp4 0.08 0.32 0.43 0.07 -0.06 0.13 0.81 1
sp6 0.58 0.54 0.33 0.51 0.23 0.13 0.48 0.60 1
LMP_s 0.93 0.40 0.11 0.61 0.30 0.26 0.46 0.25 0.65 1
LMP_m 0.65 0.62 0.54 0.79 0.39 0.22 0.43 0.36 0.72 0.76 1
tot_ra 0.25 0.47 0.66 0.44 0.40 0.14 0.24 0.35 0.63 0.36 0.75 1

Table 3 presents the correlation matrix for 2004. A very high correlation between LMP_s and 
XTGDP1 is recorded because both indicators measure the expenditure in services so the higher is 
the expenditure as share of GDP in labour market services the higher is the LMP expenditure per 
person wanting to work: we have been kept both in the analysis because the meaning is different.
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Table 4: Correlation matrix for 2005
2005 XTGDP1 XTGDP2 XTGDP4 XTGDP5 XTGDP6XTGDP7 sp2 sp4 sp6 LMP_sLMP_mtot_ra

XTGDP1 1
XTGDP2 0.32 1
XTGDP4 0.17 0.46 1
XTGDP5 0.75 0.53 0.50 1
XTGDP6 0.00 -0.15 0.38 0.20 1
XTGDP7 0.63 -0.05 -0.45 0.31 -0.21 1
sp2 0.23 0.96 0.52 0.49 -0.22 -0.20 1
sp4 0.69 0.61 0.24 0.91 -0.03 0.52 0.52 1.00
sp6 0.28 0.74 0.30 0.47 0.04 -0.21 0.80 0.40 1
LMP_s 0.76 0.35 0.44 0.79 0.12 0.36 0.31 0.65 0.35 1
LMP_m 0.46 0.60 0.85 0.78 0.37 -0.13 0.63 0.57 0.57 0.77 1
tot_ra 0.53 0.33 0.77 0.48 0.40 -0.09 0.37 0.23 0.30 0.46 0.71 1

Table 5: Correlation matrix for 2006
2006 XTGDP1 XTGDP2 XTGDP4 XTGDP5 XTGDP6XTGDP7 sp2 sp4 sp6 LMP_sLMP_mtot_ra

XTGDP1 1
XTGDP2 0.23 1
XTGDP4 0.03 0.42 1
XTGDP5 0.60 0.14 0.29 1
XTGDP6 -0.02 0.07 -0.06 -0.09 1
XTGDP7 0.60 0.24 0.08 0.37 -0.04 1
sp2 0.56 0.43 0.39 0.46 -0.01 0.52 1
sp4 0.21 0.60 0.55 0.07 0.02 0.06 0.69 1.00
sp6 0.23 0.55 0.29 0.01 0.16 0.04 0.61 0.85 1
LMP_s 0.83 0.11 0.17 0.63 -0.05 0.56 0.73 0.34 0.33 1
LMP_m 0.23 0.35 0.51 0.32 0.13 0.16 0.77 0.70 0.68 0.59 1
tot_ra 0.18 0.31 0.59 0.16 0.20 0.33 0.38 0.39 0.37 0.42 0.70 1
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The structure of the ALMP composite indicator 

 

Active Labour 
Market Policies
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The imputation of data 

we used a regression imputation; we impute the missing values through the complete 
variable in the dataset. The effect of the imputation is tested in the uncertainty 
analysis step.

The aggregation rule 

we used a simple linear aggregation rule where the basic indicators are aggregated 
using the following formula:

∑=
=

n

i ic
t

ic
t IwY

1
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The standardization scheme 

The basic standardization technique that will be applied is the Min-Max approach 
adapted for a 3 years time-coverege. For q indicators each indicator will be 
standardized based on the following rule

1000
)(min)(max

)(min
2006200420062004

20062004
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qcqc
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qc
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xx
xx
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The weighting scheme 

The weighting scheme adopted for the construction of the AMLPs Composite 
Indicator is the equal weight (EW), it means that all variables are given the same 
weight.
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Rank Score Country
1 583 SE
2 483 NL
3 478 IE
4 471 DE
5 435 BE
6 379 FR
7 360 FI
8 336 LU
9 300 AT
10 262 ES
11 262 UK
12 230 IT
13 183 PT
14 181 RO
15 135 BG
16 100 HU
17 82 CZ
18 55 LT
19 53 SK
20 47 EE
21 41 LV
. . PL
. . SI

Table 6: Country ranking of 
the AMLP Composite 
Indicator for 2004

2004
Rank Score Country

1 501 NL
2 459 IE
3 453 SE
4 406 BE
5 389 DE
6 367 LU
7 348 FI
8 327 FR
9 301 UK

10 294 AT
11 265 IT
12 233 PT
13 170 ES
14 131 PL
15 125 SI
16 120 SK
17 117 BG
18 104 HU
19 82 CZ
20 77 EE
21 63 LV
22 56 LT
23 41 RO

Table 7: Country ranking of 
the AMLP Composite 
Indicator for 2005

2005
Rank Score Country

1 549 NL
2 530 SE
3 508 LU
4 489 IE
5 413 BE
6 394 DE
7 361 FI
8 345 FR
9 315 AT
10 311 ES
11 253 UK
12 209 PT
13 185 IT
14 143 SI
15 141 PL
16 111 SK
17 108 BG
18 103 HU
19 87 LT
20 85 CZ
21 76 LV
22 74 EE
23 41 RO

Table 8: Country ranking of 
the AMLP Composite 
Indicator for 2006

2006

Results 

36



31Eustat, Bilbao on 02.04.09    

  2004 2005 2006 
AT 9 10 9 
BE 5 4 5 
BG 15 17 17 
CZ 17 19 20 
DE 4 5 6 
EE 20 20 22 
ES 10 13 10 
FI 7 7 7 
FR 6 8 8 
HU 16 18 18 
IE 3 2 4 
IT 12 11 13 
LT 18 22 19 
LU 8 6 3 
LV 21 21 21 
NL 2 1 1 
PL   14 15 
PT 13 12 12 
RO 14 23 23 
SE 1 3 2 
SI   15 14 
SK 19 16 16 
UK 11 9 11 

 

Figure 2 : Me mb ers  S tat es  ra nking
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Comparison of the Results
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Standardization

Z-score

Min-Max
Ranking

Aggregation

Linear

Geometrical

No Aggregation

Weighting Scheme

Equal Weights
PCA Weights
Predetermined set
DEA Weights

Inclusion/exclusion 
of basic indicators

The five sources of uncertainty are turned into 5 input factors with uniform 
probabilities across the different alternatives, i.e. different approaches and 
methods, then all possible combinations of input factors are run, delivering in 
total 182 simulations with corresponding set of indicators values and country 
rankings.

Imputation via MCMC
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AT BE BG CZ DE EE ES FI FR HU IE IT LT LU LV NL PT RO SE SK UK
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 179 0 0
2 0 22 0 0 26 0 0 0 0 0 46 0 0 0 0 85 0 0 3 0 0
3 0 52 0 0 40 0 0 0 3 0 70 0 0 0 0 17 0 0 0 0 0
4 0 49 0 0 66 0 0 5 9 0 41 0 0 0 0 12 0 0 0 0 0
5 0 59 0 0 40 0 0 13 26 0 21 0 0 0 0 24 0 0 0 0 0
6 0 0 0 0 10 0 0 16 141 0 4 0 0 1 0 10 0 0 0 0 0
7 0 0 0 0 0 0 0 135 3 0 0 0 0 12 0 31 0 0 0 0 0
8 63 0 0 0 0 0 8 11 0 0 0 0 0 95 0 0 0 0 0 0 5
9 84 0 0 0 0 0 28 2 0 0 0 0 0 53 0 0 0 0 0 0 15

10 29 0 0 0 0 0 93 0 0 0 0 0 0 21 0 0 0 0 0 0 39
11 5 0 0 0 0 0 53 0 0 0 0 69 0 0 0 0 14 0 0 0 42
12 1 0 0 0 0 0 0 0 0 6 0 91 0 0 0 0 39 0 0 0 44
13 0 0 0 0 0 0 0 0 0 17 0 22 0 0 0 0 108 12 0 0 23
14 0 0 7 1 0 0 0 0 0 66 0 0 0 0 0 0 21 74 0 0 13
15 0 0 47 31 0 0 0 0 0 49 0 0 0 0 0 0 0 54 0 0 1
16 0 0 57 59 0 0 0 0 0 44 0 0 0 0 0 0 0 23 0 0 0
17 0 0 71 91 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 0 0
18 0 0 0 0 0 7 0 0 0 0 0 0 118 0 0 0 0 0 0 57 0
19 0 0 0 0 0 47 0 0 0 0 0 0 44 0 28 0 0 0 0 63 0
20 0 0 0 0 0 70 0 0 0 0 0 0 20 0 44 0 0 0 0 49 0
21 0 0 0 0 0 58 0 0 0 0 0 0 0 0 110 0 0 0 0 13 0

For example… 2006!  More variability in Ranking than LLL-CI
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Country Relative Robustness 2004 - 2006

2004 2005 2006
1 98.35 12.08 45.05
2 1.65 8.45 41.21
3 0 6.94 10.44
4 0 2.42 3.30
5 0 2.11 0
6 0 1.51 0
7 0 0.91 0
8 0 0 0
9 0 0 0

10 0 0 0
11 0 0 0
12 0 0 0
13 0 0 0
14 0 0 0
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
19 0 0 0
20 0 0 0
21 0 0 0
22 0 0 0
23 0 0 0

SWEDEN 
2004 2005 2006

1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 1.10
8 4.40 0 4.40
9 15.38 0 22.53

10 51.10 0 50.00
11 29.12 0 21.43
12 0.00 1.10 0.55
13 0 55.49 0
14 0 9.34 0
15 0 6.59 0
16 0 17.03 0
17 0 8.24 0
18 0 2.20 0
19 0 0 0
20 0 0 0
21 0 0 0
22 0 0 0
23 0 0 0

SPAIN

More missing data… More Variability!
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