__,/_/

*
***

European

Commission
=]

JRC TECHNICAL REPORTS

COIN Tool (beta version)

A quality assurance
Excel-based tool for
developers and users of
composite indicators
and scoreboards

Michaela Saisana
William Becker
Marcos Dominuez-Torreiro

Daniel Vertesy

2017

Competence Centre 8] O &

on COmposite I‘Ndicators I'—'I @‘B
Il

and Scoreboards 0

Joint

Research JRC105377

Centre



This publication is a Technical report by the Joint Research Centre (JRC), the European Commission’s science
and knowledge service. It aims to provide evidence-based scientific support to the European policymaking
process. The scientific output expressed does not imply a policy position of the European Commission. Neither
the European Commission nor any person acting on behalf of the Commission is responsible for the use that
might be made of this publication.

Contact information

Michaela Saisana

Enrico Fermi 2749, 21027, Ispra (VA), Italy
michaela.saisana@jrc.ec.europa.eu

JRC Science Hub
https://ec.europa.eu/jrc

JRC105377

© European Union, 2017

The reuse of the document is authorised, provided the source is acknowledged and the original meaning or
message of the texts are not distorted. The European Commission shall not be held liable for any consequences
stemming from the reuse.

How to cite: Saisana M; Becker W; Dominguez-Torreiro M; Vertesy D. COIN Tool - beta version. A quality
assurance Excel-based tool for developers and users of composite indicators and scoreboards. European
Commission; 2017. JRC105377



Table of contents

ACKNOWIEAGEMENTS ...t ettt 2
FAY 013 o = [ oL PP 3
3 1 o) oY 11 Lot Lo T PP 4
1.1 Ten Step guide for constructing a composite indicator or gaining insights into the
properties of @ SCOrEbOaNrd .. .ciuiiiii i e 4
1.2 COIN Tool — HOW it iS Organized ........ccoviuiieiii i e aeens 7
2 Computation of the composite iINdiCator.....ccoviiiiiiiiii e 8
2.1 Database and conceptual framework (yellow tabs)......cccoviiiiiiiiiiiiiiiiiic e, 8
2.1.1 Organisation of the data ......coooiiiiiii e 8
2.1.2 Conceptual FrameworkK ......oiviiiiiiii e 9
2.2 Treatment of outliers (green tabs) .....ocovriiiiiiii e 10
2.2.1 Original dataset — detection of outliers ........c.ccoiiiiiiiiiiiii 10
2.2.2 WiNSOM ZatiON Luiiriiiii i e 11
2.2.3 BOX-COX transformations......cviiiiii i 12
2.2.4 SCAEEIPIOTS ottt e 13
2.3 Weight adjustments and final ranking (purple tabs) ......cccooiiiiiiiiiiiiiinn, 14
2.3.1 Outlier free dataset - descriptive statistics.......c.cooiiiiiiiii 14
2.3.2 Indicator correlations and prospective weights .........coooviiiiiiiiiin, 14
2.3.3 Adjustment of weights on the basis of upper-level correlations................. 16
2.3.4 Ranking with adjusted weights ..o 17
2.3.5 Heatmap of scores with adjusted weights .......ccooiiiiiiiiiiii 18
3 Scenaria (blUuE tabs ). i e 19
G 70 N Vo o 0 =11 4= o oY o PP 19
3.1.1 Min-max Normalization .......ooviiiiii i 19
3.1.2 Z-score NormMalization . ....oeiiiii i 19
3.2 Aggregation methods and rankings ........ccoviiiiiiiiii 19
3.2.1 Arithmetic and geometric averages ......ccooviiiiiiiiiiiiiiiii e 20
3.2.1.1 Note on arithmetic v. geometric averages.........ccvveviiiiiiiiiiiiiiniinnnnn, 23
3.2.1.2 Note on random Weights......c.ooiiiiiiiiii 23
3.2.1.3 Note on trimmed MEaANS ...ovviiiiiii i areanaanens 23
3.2.2 Median and average FankK.......o.ooeoeeeiiie et 24
3.2.3 BOrda FUIE . ettt e e e 25
3.2.4 Copeland rUl .. u i 26
3.2.4.1 OUutranking MatriX...oooiiiiii e 26
3.2.4.2 Copeland FUIE .. e e 27
G TG T Tl o 1= | = 28
O N AV Z- Y [ol=Te B =T |81l PP 29
4.1 Imputation of MissSing data ........ooeiniiiii e 29
4.2 Shadow impUEation ... e 29
S (=T =] g Lol <= PP 31
List Of tables and figUIeS ....uieiii i e e 34



Acknowledgements
The authors are grateful to Daniela Benavente (consultant) who contributed extensively
to enhance the quality and the functionalities in Excel of the COIN Tool.

Many participants at the JRC Annual Trainings on Composite Indicators and Scoreboards
contributed to improve this tool further with their valuable comments and suggestions.



Abstract

The COIN Tool provides a practical Excel-based guide to the development of composite
indicators and scoreboards, for policy-makers and researchers alike.

The COIN Tool aims to contribute to a better understanding of key methodological issues
underpinning the development of composite indicators and to an improvement in the
techniques currently used to build them. In particular, it contains a set of technical
guidelines that can help constructors of composite indicators and scoreboards to
improve the quality of their outputs. The COIN Tool is also helpful to users of composite
indicators that wish to get a better understanding of the statistical properties of
composite indicators and scoreboards.

The COIN Tool has been prepared by the Competence Centre on Composite Indicators
and Scoreboards (COIN) at the European Commission’s Joint Research Centre. The COIN
Tool implements many of the suggestions and recommendations provided in the 2008
OECD/JRC ‘Handbook on Constructing Composite Indicators: Methodology and User
Guide’.

Further information on the topics treated in the COIN Tool and on other issues related to
composite indicators and scoreboards can be found in the web page:

https://ec.europa.eu/jrc/en/coin

The COIN Tool starts from the premise that the developers of a composite indicator or
scoreboard have already conducted a thorough literature review on the topic of interest,
namely: definition(s) of the phenomenon, relevant studies, conceptual framework,
methodological concerns.

The features included in the COIN Tool are the following:

calculating descriptive statistics of the data,

spotting and treating potentially problematic indicators that present highly skewed
distributions,

analysing the data correlation structure,

estimating missing data,

normalizing indicators (z-scores, min-max, ranks),

aggregating indicators using (weighted) arithmetic averages, geometric averages,
trimmed mean, median rank, summation of ranks, Borda rule, Copeland rule;
conducting a simplified uncertainty analysis.
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The COIN Tool in its current beta version is being tested by European Commission
officials. The COIN Tool will be formally released in the fall of 2017.


https://ec.europa.eu/jrc/en/coin

1 Introduction

The use of composite indicators and scoreboards for designing and monitoring policies
gained much interest in recent decades. Over 120 documents in the EU law online
platform - EUR-Lex - include a reference to a composite indicator and over 1500
documents refer to a scoreboard of indicators. The first composite indicator from the
Commission dates back to 1987. Today, the Commission services have developed more
than 100 composite indicators and even more scoreboards. Examples are the Europe
2020 Index, the Regional Human Development Index and the Regional Poverty Index of
DG REGIO, the European Innovation Union Scoreboard and the Small Business Act
Principles of DG GROW, the Research Excellence Index and the Innovation Output
Indicator of DG RTD, the Consumer Conditions Index and the Market Performance Index
of DG JUST, the Digital Economy and Society Index of DG CNECT, the Banks' contribution
to EU Single Resolution Fund of DG FISMA, the Index for Risk Management of DG ECHO
and the Cultural and Creative City Monitor of DG JRC.

In a nutshell, composite indicators are built by simplifying a policy concept into a
summary figure by means of a conceptual framework and statistical analysis. Composite
indicators are aggregations of observable indicators that aim to quantify underlying
concepts that are not directly observable, such as competitiveness, freedom of the press
or climate hazards. The resulting figures facilitate cross-country, -region, or -city
comparisons and benchmarking. They help monitoring progress over time and evaluating
ex-ante policy options based on multi-criteria analysis. Scoreboards of indicators have, to
some extent, similar objectives to composite indicators, yet they do not consist of a
mathematical aggregation.

Composite indicators are powerful practical tools that can help policy makers summarize
complex and interdependent phenomena. They provide the big picture, are easy to
interpret, easy to communicate, and attractive for the public. They are also drivers of
behaviour and of change by forcing institutions and governments to question their
standards. On the other hand, caution is needed to avoid situations where composite
indicators may send misleading or partial policy messages because they are poorly
constructed or misinterpreted.

1.1 Ten Step guide for constructing a composite indicator or
gaining insights into the properties of a scoreboard

The table below presents a ‘decalogue’ for the construction of a composite indicator, or
for assessing, inter alia, the statistical associations of the indicators in a scoreboard. The
table which has been rearranged and extended from the information contained in the
2008 OECD/JRC Handbook. These steps have been put in practice in the JRC audits,
conducted upon request of developers of multidimensional measures such as the
INSEAD-WIPO-Cornell Global Innovation Index, UN Multidimensional Poverty Assessment
Tool, the Composite Learning Index, the Environmental Performance Index, the
Corruptions Perceptions Index, and the EU Competitiveness Index Index just to name a
few.

This short ten-step guide stresses the importance of conducting an internal coherence
assessment prior to the uncertainty and sensitivity analysis, so as to further refine and
eventually correct the composite indicator structure. Expert opinion is needed in this
phase in order to assess the results of the statistical analysis. Second, it stresses that
there is a trade-off between multidimensionality and robustness in a composite indicator.
One could have a very robust yet mono-dimensional index or a very volatile yet multi-
dimensional one. This does not imply that the first index is better than the second one.
In fact, this table suggests treating robustness analysis NOT as an attribute of a
composite indicator but of the inference which the composite indicator has been called


https://ec.europa.eu/jrc/publication/multidimensional-poverty-assessment-tool-mpat-robustness-issues-and-critical-assessment
https://ec.europa.eu/jrc/publication/multidimensional-poverty-assessment-tool-mpat-robustness-issues-and-critical-assessment
https://ec.europa.eu/jrc/publication/2007-composite-learning-index-robustness-issues-and-critical-assessment-19216
https://ec.europa.eu/jrc/publication/eur-scientific-and-technical-research-reports/environmental-performance-index-2014-jrc-analysis-and-recommendations
https://ec.europa.eu/jrc/publication/corruption-perceptions-index-2012-statistical-assessment

upon to support. Third, it highlights the iterative nature of the ten steps, which although
presented consecutively in the OECD/JRC Handbook, the benefit to the developer is in
the iterative nature of the steps.

Table 1. Ten Step Guide for Developing Composite Indicators and Scoreboards

Step 1. 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
important).

v' Clear understanding and definition of the multidimensional phenomenon to be measured.
v' Discuss the added-value of the composite indicator.
v" Nested structure of the various sub-groups of the phenomenon (if relevant).

List of selection criteria for the underlying variables, e.g., input, output, process.

Step 2. Data selection

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
important).

Quality assessment of the available indicators.

Discuss strengths and weaknesses of each selected indicator.

Summary table on data characteristics, e.g., availability (across country, time), source,
type (hard, soft or input, output, process), descriptive statistics (mean, median, skewness,
kurtosis, min, max, variance, histogram).

ANANEN

Step 3. Data treatment
consists of imputing missing data, (eventually) treating outliers and/or making scale adjustments.

v/ Confidence interval for each imputed value that allows assessing the impact of imputation
on the composite indicator results.

v Discuss and treat outliers, so as to avoid that they become unintended benchmarks (e.g.,
by applying Box-Cox transformations such square roots, logarithms, and other).

v'  Make scale adjustments, if necessary (e.g., taking logarithms of some indicators, so that
differences at the lower levels matter more).

(back to step 2)

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).

v" Assess the statistical and conceptual coherence in the structure of the dataset (e.g., by
principal component analysis and correlation analysis).

v Identify peer groups of countries based on the individual indicators and other auxiliary
variables (e.g., by cluster analysis).

(back to Step 1)



https://ec.europa.eu/jrc/publication/handbook-constructing-composite-indicators-methodology-and-user-guide

Step 5. Normalisation
should be carried out to render the variables comparable.

v' Make directional adjustment, so that higher values correspond to better performance in all
indicators (or vice versa).

v'  Select a suitable normalisation method (e.g., min-max, z-scores, and distance to best
performer) that respects the conceptual framework and the data properties.

Step 6. Weighting and aggregation
should be done along the lines of the theoretical/conceptual framework

v" Discuss whether compensability among indicators should be allowed and up to which level
of aggregation.

v" Discuss whether correlation among indicators should be taken into account during the
assignment of weights.

v' Select a suitable weighting and aggregation method that respect the conceptual
framework and the data properties. Popular weighting methods include equal weights,
factor analysis derived weights, expert opinion, and data envelopment analysis. Popular
aggregation methods include arithmetic average, geometric average, Borda, Copeland.

Internal coherence assessment (intermediate step). This step is briefly listed under step 9 in
the Handbook but not thoroughly discussed. This assessment needs to be undertaken prior to the
uncertainty and sensitivity analysis, so as to further refine the composite indicator structure (upon
consultation with experts on the issue).

v" Assess whether dominance problems are present, namely the composite indicator results
are overly dominated by a small number of indicators and quantify the relative importance
of the underlying components (e.g., by global sensitivity analysis, correlation ratios).

v' Assess eventual “noise” added to the final composite indicator results by non-influential
indicators.

v' Assess the direction of impact of indicators and sub-dimensions, namely whether all
components point to the same direction as the composite indicator (sign of correlation) and
explain trade-offs.

v' Assess whether certain indicators are statistically grouped under different dimensions than
conceptualised and whether certain dimensions should be merged or split.

v/ Assess eventual bias introduced in the index (e.g., due to population size, population
density)

(back to Step 1 and Step 2)

Step 7. Uncertainty and sensitivity analysis

should be undertaken to assess the robustness of the composite indicator scores/ranks to the
underlying assumptions and to identify which assumptions are more crucial in determining the final
classification. Important to note the trade-off between multidimensionality and robustness in a
composite indicator, given that a mono-dimensional index is likely to be more robust than a multi-
dimensional one. This does not imply that the first index is better than the second one. In fact,
robustness analysis should NOT be treated as an attribute of the composite indicator but of the
inference which the composite indicator has been called upon to support.

Consider different methodological paths to build the index, and if available, different
conceptual frameworks.

Identify the sources of uncertainty underlying in the development of the composite
indicator and provide the composite scores/ranks with confidence intervals.

Explain why certain countries notably improve or deteriorate their relative position given
the assumptions.

Conduct sensitivity analysis to show what sources of uncertainty are more influential in
determining the scores/ranks.
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Step 8. Relation to other indicators

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

v' Correlate the composite indicator with relevant measurable phenomena and explain
similarities or differences.

v"  Develop data-driven narratives on the results.

v' Perform causality tests (if time series data are available).

Step 9. Decomposition into the underlying indicators
should be carried out to reveal drivers for good/bad performance.

v’ Profile country performance at the indicator level to reveal strengths and limitations.
v' Perform causality tests (if time series data are available).

Step 10. Visualisation of the results
should receive proper attention given that it can influence (or help to enhance) interpretability.

v Identify suitable presentational tools for the targeted audience.

v' Select the visualisation technique which communicates the most information without hiding
vital information.

v" Present the results in a clear, easy to grasp and accurate manner.

(}) Rearranged and notably extended from OECD/JRC, 2008 Handbook ‘Handbook on Constructing Composite
Indicators: Methodology and User Guide'.

Source: JRC, 2017.

1.2 COIN Tool - How it is organized
The COIN Tool (beta version) is organised around three sections:

The first section “"Computation of the composite indicator” guides the user through the
different steps needed in order to:

L create the database and the conceptual framework (yellow tabs),
L how to go about treating the outliers (green tabs), and

L how to “statistically” adjust the weights in order to obtain coherence between
an indicator’s importance and how it actually affects the ranking.

The second section “Scenaria” (blue tabs) guides the user through the normalisation and
aggregation phases in constructing a composite indicator.

Finally, the third section “Advanced features” (gold tabs) currently includes insightful
illustrations on the “no imputation” choice and how it is equivalent to a sort of “shadow
imputation”.

Many more features and functionalities will be available in the COIN Tool when officially
released in the fall of 2017.




2 Computation of the composite indicator

2.1 Database and conceptual framework (yellow tabs)

2.1.1 Organisation of the data

The dataset underpinning a scoreboard or a composite indicator should be copy-pasted in
the tab “Database”. The user should:

e Organise the data in units (rows) x indicators (columns), grouping the indicators
according to the conceptual framework.

Indicate all dimensions pertaining to each indicator.

Report relative weights assigned to each indicator and dimension, the COIN tool
does not require weights to add up to one.

Report the desired direction for each indicator (good = 1, bad = -1). Dimensions
are all assumed to have positive direction (the higher the score, the better).

Report the indicator and unit names.

Report missing values as “n/a”.

Figure 1. '‘Database’ tab

Weight 1 1 1 1 1 1 1
Direction 1 1 1 1 1 1 1
Index Index Index Index Index Index Index Index
Sub-index =il =il =il =il =il =il zi.l
Fillar p.01 p.01 p.01 p.01 p.01 p.01 p.01
Sub-pillar sp.01 sp.01 sp.01 sp.02 sp.02 sp.02 =p.03
Indicator name  (Political Government Press Regulatory Ruleoflaw Costof Ezze of
stability and effectivenes freedom quality redundancy startinga
sbzenceof = [lack of} dismizzal Business
violence/ter [distance to
rorism frontier)
Unitname  Unit/Indicator ind. 01 ind.02 ind.03 ind.04 ind.05 ind.0& ind.O7
CHE unit.001 13 19 9.9 16 18 10.1 860
SWE unit.002 13 2.0 932 18 13 144 926
GBR Lnit.003 0.4 15 16.8 16 17 8.4 28.4
NLD Unit.004 11 18 5.5 1.3@ 27 89.1
UsA unit.005 05 14 18.2 15 16 8.0 89.3
FIN Lnit.006 14 22 6.4 18 2.0 10.1 93.2
HKG unit.007 1.0 17 26.2 13 15 8.0 95.8
5GP unit.008 12 22 434 18 17 3.0 95.3
DINK unit.009 11 232 7.1 13 13 2.0 924
IRL Lnit.010 10 14 10.1 16 18 2.0 927
CAN unit.011 1.0 18 127 17 1.8 10.0 93.1
LUK unit.012 13 17 67 19 18 217 8360
ISL unit.013 12 16 85 10 17 10.1 91.1
ISR unit.014 [1.3) 12 33.0 13 1.0 27.4 88.2
DEU unit.015 0.9 15 10.2 15 16 21.6 82.2
NOR unit.016 13 18 6.5 14 19 87 91.1
NZL unit.017 13 18 2.4 13 13 2.0 100.0
KOR unit 18 0.2 1.2 24.5 10 1.0 27.4 89.9
Ik M Database . Framework - Original .~ Winsorization Box-Cox .~ Scatterplots

Source: JRC, 2017.



The COIN tool supports the following structure:

e a maximum of 250 units (e.g. countries, universities, etc.), coded unit.001 to
unit.250;

e a maximum of 99 indicators, coded ind.01 to ind.99;

o four dimension levels:

a maximum of 33 sub-pillars, coded sp.01 to sp.33;

a maximum of 11 pillars, coded p.01 to p.11;

a maximum of three sub-indices, coded si.1 to si.3; and
one final index, coded index.

O O O O

Notes (1) For composite indicators with less than four dimension levels, the user should
assign all dimensions to one supra-dimension (example, a framework with 10 sub-
pillars, 3 pillars, no sub-index, one index, becomes sp.01 to sp.10, p.01 to p.03,
si.1, index (si.1 and index results will be identical). Adding the “intermediary”
level si.1 is crucial for all features to function.

(2) Cells in light blue need to be filled in with the index data (or left blank).

(3) Excel assigns a value of 0 to blank cells, it is therefore crucial to double check
for blanks that could be taken as zero values in original data sources.

2.1.2 Conceptual Framework
The COIN tool “automatically” summarizes the information provided by the user in the
tab “"Database” into the tab “Framework” in the white cells.

Figure 2. ‘Framework’ tab

Conceptual framework

Potential Your conceptual framework
ftem Code Dimension/indicator | Supra-dimension | Weight | Direction |Name of dimension/indicator
Index index | 1 index Global Innovation Index
Sub-indices sl 2 si.l Index 1 1 Innovation Input Sub-Index
si.2 3 si.2 Index 1 1 Innvotation Qutput Sub-Index
si.3 - - - -
Fillars p.01 4 p.01 si.l 1 1 Institutions

5 p.02 si.l 1 1 Human capital and research
& p.03 si.l 1 1 Infrastructure
7 p.04 5.2 1 1 Market sophistication

Sub-pillars a2 =p.01 p.01 1 1 Political environment
9 sp.02 p.01 1 1 Regulatory environment
10 =p.03 p.01 1 1 Business environment
11 =p.04 p.02 1 1 Education
12 =p.05 p.02 1 1 Tertiary education
13 =p.06& p.02 1 1 Research and dEVE|DEmEI’|t R&Di
14 =p.07 p.03 1 1 Information and communication technologies (ICT)
15 =p.08 p.03 1 1 General infrastructure
16 sp.09 p.03 1 1 Ecological sustainability
17 =p.10 p.04 1 1 Credit

] Database  Framework  Original ~ Winsorization — Box-Cox  Scatterplots 4|

Source: JRC, 2017.



In this tab, the user should:

e Report the desired relative weights assigned to each dimension within its respective
supra-dimension (cells in blue); the COIN tool does not require weights to add up to
one (summing to one is done “automatically” within the COIN tool).

e Report the names of dimensions.

Notes (1) The direction of each dimension is assumed to be one (i.e. the higher the
score, the better). If it is not the case, then the COIN tool will not function
properly.

2.2 Treatment of outliers (green tabs)

2.2.1 Original dataset - detection of outliers

The COIN tool extracts the information provided in the tab “Database” and performs a
series of computations and conditional formatting:

e The COIN tool detects zero values, missing data, and negative values.

e For each indicator, it calculates descriptive statistics: missing values, min, max,
mean, standard deviation, skewness, kurtosis, median and first and third quartile.

e For each unit, it calculates the indicator coverage.

Indicators with potential outliers are detected by checking their third and fourth
moments, i.e. absolute skewness > 2 AND kurtosis > 3.5 (the COIN tool includes an
option to change these values). The COIN tool also detects potential outliers on the basis
of the interquartile range, but this is for reference only.

Indicators with outliers should be treated either by winsorization or by transformation of
the indicator.

Figure 3. ‘Original’ tab

ORIGINAL DATASET DESCRIPTIVE STATISTICS
Humber of indicators: 38 Missing values (%] 0% 0% 2% 0% 0% 0% 0% 0% 0% 13% 16% 8% a% 10% 8% 14% 10% 2% 16%
Humber of units: 50 Missing values (] [ [ 1 0 [ [ [ 0 [ 3 H 4 4 5 4 7 5 1 H
- check values of zero 0.0 Min 130 058 638 020 046 800 6650 2460 5650 182 1575 1185 373.09 652 1053 1143 025 024 4741
- check negative values 0.3 Max 138 2.25 73.07 193 1396 3386  100.00 98.30 98.90 896 45.24 1367 576.84 2187 10311 36.66 4141 4054 130123
- check missing data nfa Mean 071 112 2093 109 109 1457 87.42 65.02 7869 5.29 25.26 1553 487.08 1185 60.56 2175 892 403 4517.21
Standard deviation 055 070 1337 059 067 736 741 2381 1085 148 566 180 4280 310 1978 636 1077 650 3057.32
Criteria for absolute skewness: 2| Absolute skevmess>2 142 062 170 044 056 089 103 008 003 018 112 014 068 0% 051 oz 191 0EEl  oes
Criteria for kurtosis: 2.5 Kurtosis> 3.5 281 0.20 4.22 0.85 0.82 0.44 117 -1.51 0.88 0.21 274 011 0.28 141 074 0.29 201 2212 0.12
1
Indicators with outliers 1
First quartile 052 069 1017 066 067 800 8323 43.23 7023 437 2184 1426 47522 571 5830 165 181 144 2030.56
Median 085 120 1824 110 112 1138 8885 6130 7900 512 2439 1562 49604 1132 6215 2051 430 219 4436.83
Third quartile 112 167 26.16 180 189 2002 92.15 87.78 86.90 630 28.09 1669 512.77 1273 7181 25.23 1158 400 626840
Interquartile range factor: ‘ Value A 066 -126 2181 -123 -138  -16.06 6538 4588 36.88 051 933 935 40012 1867 19.09 202 1772 -3.67 -6445.13
ValuesB 230 3.62 58.14 348 374 4405 11000 176.88 12035 10.16 40.60 2156 587.86 2177 107.12 4333 3111 311 1474410
Weight 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Direction 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sub-index il si.l sil sil si.l sil il si.1 il si.l sil il si.l sil il si.l =il si.l i1
Pillar pO1  pOl  pOl pOl Ol p01  p0l  pOl  pO1  pO2  p02  p02 02 p02 p02 pO2  pO2  pO2
Sub-pillar sp01 sp0l sp01 sp02 sp02 sp02 sp03  sp03  sp03  sp04  sp04  sp04  sp04  spO4  sp05  spO5  sp05  spdS
Minimum in \dicator coverage: 65% ai Palitical < Governm Press free Regulato: Rule of |2 Cost of re Ease of st Ease of re Ease of p: Expenditt Public ex) School lifi Assessme Pupil-tea: Tertiary e Graduate Tertiary it Gross ter Re:
Coverage Unit name Unit/In ind.01 ind.02 ind.03 ind.04  ind.05 ind.06 ind.07  ind.08 ind.08  ind.10 ind.11 ind.12 ind.13 ind.14 ind.15 ind.16 ind.17 ind.18 i
94.7% CHE 13 13 99 16 18 101 260 50.8 270 48 276 157 517.0 nfa 548 158 15.4 25
57.4% SWE  unit002 13 20 9.2 18 15 144 926 734 788 68 314 160 4955 37 738 254 &5 2.5 7807
57.4% GBR  unit.003 0.4 15 168 16 17 84 824 933 @74 51 257 167 5000 183 587 224 157 0.6 63634
94.7% NLD unit. 004 11 18 65 18 18 37 231 94.1 234 nfa 2680 170 518.8 137 654 140 43 13 39023
92.1% USA unit.005 os 14 182 15 16 20 898 865 76.2 nfa 218 168 496.4 138 9438 155 34 0.2 nfa
100.0% FIN unit.006 14 2.2 64 18 20 101 932 951 853 63 296 163 5435 36 937 318 46 2.3 106558
89.5% HKG  unit.007 10 17 262 13 15 80 958 862 963 28 185 158 5455 178 604 347 33 7.3 32934
84.2% SGP unit.008 12 2.2 43.4 18 17 8.0 35.9 96.8 35.0 30 nfs nf= 543.2 14.9 n/a nfa 202 nfa 71880
97.4% DNK unit.009 11 22 71 19 13 20 924 923 390.0 81 348 132 499.2 nfa 744 19.3 75 16 98612
92.1% IRL unit.010 10 14 10.1 16 18 20 92.7 92.8 935 7.1 nfa 187 496.9 nfa 66.2 232 70 6.7 47487
4r Database . Framework | Original -~ Winsorzation ~ Box-Cox  Scatterplots 4 (a0

Source: JRC, 2017.
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Notes (1) It is recommended to require at least 65 percent indicator coverage per unit
and dimension (this requirement can be relaxed or stricter depending on the
degree of correlation between indicators within a dimension).

(2) Excel assigns a value of 0 to blank cells, it is therefore crucial to double check
for blanks that could be taken as zero values in original data sources.

2.2.2 Winsorization

This tab helps the user to treat indicators with skewness > 2 AND kurtosis > 3.5 AND
less than 5 outliers by winsorization.

Winsorizing implies transforming the statistical series by limiting its extreme values (at
the upper, lower or both ends) by assigning them the next best value. The method is
usually used in the presence of few outlier values (roughly 5 percent of units).

e For problematic indicators detected in the tab “"OD”, the COIN tool winsorizes 1 to 5
outlier values; the process stops at the level where absolute skewness and kurtosis
enter into the required ranges.

e When winsorization is not effective in dealing with outliers, the COIN tool reports
the indicator as being a candidate for Box-Cox transformation.

Figure 4. ‘Winsorization’ tab

WINSORIZATION

ORIGINAL DATASET Presence of outliers 1 1 1
Skevmess (LARGE v. SMALL values] oK LARGE ok oK oK oK oK oK oK LARGE LARGE oK oK
Max number of winsarized values [up ta 5]
1 Winsarization level nene  transform nane none nene nene none nene none  transform  transform nene nene
2 Winsorization level nene  transform nane none nene nene none nene nene 2 2 nene nene
3 Winsarization level nens ] nane nons nene nene nons nens nene 3 nene nene
a Winsorization level none 4 none none none none none none none 4 4 none none
5 Winsarization level none 5 none none none none none none none 5 5 none none
& Winsorization level nene & nane none nene nene none nene nene 3 5 nene nene
1 Large or small 1 5 256327 23445
2 Large or small 2 122 256327 234459
3 Large orsmall 3 122 208135 183178
2 Large or small 4 73 124621 157953
B Large or small 5 73 162462 156718
& Large or small & 7.2 159908 154738
Winsorized datapaints 2 1 1
Winsorization valua 122 256327 234455

Candidates for Box-Cox
WINSORIZED DATASET
Absolute skewness>2 191 1.80 0.64 0.53 012 0.82 0.02 0.06 021 158 1.42 054 1.95

Kurtosis»3.5 30 295 0.12 053 -137 010 091 -1.00 -1.10 252 1.89 -0.38) 894

Abs skew s 2 & kurt» 3.5

Unit/Indicator ind.17 ind.18 ind.19 ind.20 ind.21 ind.22 ind.23 ind.24 ind.25 ind.26 ind.27 ind.28 ind.29 ind
CHE unit.001 15.4 25 6057.4 29 8.8 8.8 78 0.7 0.3 8049.7 80746 38 218
SWE unit.002 69 25 7807.0 3.8 66.1 8.5 7.2 0.8 0.7 16246.2 14359.8 38 18.2
GBR unit.003 157 0.6 63634 18 3.0 8.5 7.1 10 0.9 5307.4 55233 EL} 127
NLD unit.004 43 12 33022 20 70.4 8.3 66 10 10 £7238 7012.1 a0 16.3
usa unit.005 34 0.2 nfa 28 b= 7.5 54 10 0.8 137976 13156.2 38 16.2
FIN unit.0D6 45 23 10655.8 EXS 55.0 7.7 5.8 0.9 0.7 137213 15795.3 a1 203
HKG unit.007 66 7.3 32934 0.8 83.3 9.2 8.2 nfa nfa 54165 5923.3 a1 233
5GP unit.008 202 nfa 7188.0 21 55.0 8.4 7.1 10 0.9 8330.3 8306.3 41 229
DNK unit.008 75 16 5261.2 21 £2.0 8.4 63 03 08 £293.7 £062.4 a0 17.2

» M WIEEENETGEW Database . Framework < Original | Winsorization < Box-Cox  Scatterplots Rebak[ K]

Source: JRC, 2017.
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2.2.3 Box-cox transformations

This tab helps the user to treat indicators with skewness > 2 AND kurtosis > 3.5 AND six
or more outliers by a Box-Cox transformation, which transforms the whole series of
values in a non-linear way.

Figure 5. '‘Box-Cox’ tab

BOX-COX TRANSFORMATIONS
Indicators with outliers
Name
Type of transformation
Absolute skewness = 2 r
Kurtosis>3.5 i v
Abs skew >2 & hurt > 3.5 u r
" oana” s s #N/A Min
TN T ana” #N/a Max
Median u r
LN SQRT ___ LNMED Diraction
ind.03 ind.03LN ind.OSSQRT!d‘DE LNMED.I Unit/indicator
T T #NJA #NJA CHE unit.001
Toaa” ewa” #na” #N/A SWE unit. 002
aja” e’ ana” #N/A GBR unit.002
e e’ anfa” #N/A NLD unit.004
s aga” ana #N/A USA unit.005
snfa” o oaNga” #na” #N/A FIN unit.008
e’ e’ ana” #N/A HKG unit.007
anja” e’ anfa” #N/A SGP unit.008
" e s’ #N/A DNK unit.009
s s ana” #N/A IRL unit.010
e e’ ana” #N/A CAN unit.011
anja” e’ anfa” #N/A LUK unit.012
" e s’ #N/A ISL unit.013
s s ana” #N/A ISR unit.014
aja” s #na” #N/A DEU unit. 015
aja” e’ ana” #N/A NOR unit.016
e e’ anfa” #N/A NZL unit.017
s aga” ana #N/A KOR unit.018
snfa” o oaNga” #na” #NJA AUS unit.013
e’ e’ ana” #N/a FRA unit.020
anja” e’ anfa” #N/A BEL unit.021
" e s’ #N/a IPN unit.022

v W [VETENCGEWY Database . Framework < Original ~ Winsorization | Box-Cox . €

Source: JRC, 2017.

Formulas:

old value ~ lambda if -5 < lambda < 5; and
In (old value) if lambda = 0 and old value > 0

e new value
e new value

Statistical packages check for the lambda value that provides the smallest standard
deviation; but the Box-Cox power transformation is not a guarantee for normality, an
analysis of skewness and kurtosis is still required.

The COIN tool includes three transformations based on Box-Cox:

Formulas:

e LN: In transformation such that new min = 0: new value = In (old value - old min
+1)
e SQRT: square root such that new min = 0: new value = (old value - old min) ~ 0.5
e LNMED: In transformation and normalization such that min = 0, max = 1, median =
0.5:
new value = 0.5 [In [1 + (old value — min) (max + min - 2 sample median) /
((sample median — min) ~ 2)] / In [(max - sample median) / (sample median
- min)] * direction + 0.5 (1 - direction)

12



The third transformation, LNMED, is akin to the following two steps: first, a linear
normalization to the (0, 1) range; and second a non-linear transformation aimed at
bringing the median to 0.5. By bringing the median to 0.5, this normalization procedure
generally solves for potential outliers. Formula in two steps:

e Linear min-max: Y = (old value - min) / (max - min) * direction + 0.5 (1 -
direction)

e Non-linear transformation: Z = In (1 + aY) / In (1 + a), where a is such that Z
(sample median) = 0.5, so that a = (1 - 2 sample median) / sample median » 2

The COIN tool indicates which indicators still present problems, if any, for these an
alternative transformation should be found outside of the COIN tool and copy-pasted in
the corresponding column in the tab "Database".

2.2.4 Scatterplots

The tab “Scatterplots” includes a scroll down menu to visualize each indicator, as well as
its winsorized and transformed versions. This tab helps to evidence the outliers.

Figure 6. 'Scatterplots’ tab

Select indicator for scatterplots in D1 [scroll down menu) I |nd.:lSI_| -
Press F9, followed by CTRL+ ALT + L, followed by F9

ind.18

4

W B G oM oW oB oK
g

= Jriginal

ind.18 - Winsorized

m Original = Treated [not rescaled)

[ Database . Framework . Original ~ Winsorization . Box-Cox | Scatterplots

Source: JRC, 2017.
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2.3 Weight adjustments and final ranking (purple tabs)
2.3.1 Outlier free dataset - descriptive statistics

The tab “OutlierFree” recovers the information from the green tabs and constructs a new
dataset without outliers. This dataset is used for the adjustment made to the framework
itself, i.e. adjustment of weights (including deletion of indicators, i.e. weights of 0).
Descriptive statistics are computed again.

Tabs linking to this dataset are coloured in purple.

Figure 7. ‘OutlierFree’ tab

OUTLIER FREE DATASET

Number of units:
Number of indicators:

Transformation, ifany:
~hone

-WiN

-LN

-SQRT

-LNMED

Formatting of datapoints:
- datapoints treated <> original)

- checkvalues of zera
- check missing data
- check negative values

‘Winsorized Minimum indicator coverage:

ind.18

50
38

Original data
Winsorized data
Box-Cox In

Bax-Cax square raot
In 0-1 median at 0.5

0.0
nf=
0.3

Coverage

DESCRIPTIVE STATISTICS

Missing values
Min

Max

Mean

Standard deviation
Skewness

Kurtasis

-s0
-1.20
138
071
0.55
-1.42
291

-50
£0.58
2.25
112
o.70
062
£0.20

-49
£.38
73.07
2093
13.37
170
4.22

-50
D.48
196

0.67
056
0.62

Absskew > 2 & kurt> 3.5

- Outlier free dataset
- Original dataset
-WIN

-

-SQRT

-LNMED
Transformation, if any

Weight
Direction
Sub-index
Pillar
Sub-pillar
Indicator name
Unit/Indicator

1
1

sid
p.01
sp.01

1
1

sil
p.01
sp.01

1
1

sid
p.01
sp.01

1
1

sid
p.01
sp.02

Political stabil Government & Press freedom Regulatory qu

ind.01

ind.02

ind.03

ind.04

1
1

sid
p.01
sp.02

i Rule of law

ind.05

94.7% CHE
97.4% SWE
97.4% GBR
94.7% NLD
92.1% USA
100.0% FIN
89.5% HKG
84 2% 5GP
97.4% DNK

unit.001
unit. 002
unit 003
unit.004
unit.005
unit.006
unit. 007
unit 008
unit.009

9.9
9.2
169

Winsorization Box-Cox Scatterplots | Outlierfree JAWTCPALTEE | 4

Source: JRC, 2017.

2.3.2 Indicator correlations and prospective weights

The COIN Tool calculates correlations between indicators (Pearson coefficients r), taking
into account the direction of effects:

e At this point all correlations are expected to be positive. Negative correlations imply
either that the desired direction of the indicator is wrong; that there are trade-offs
between indicators; that the sample is too small and not representative; or that
there is random correlation (if the level of correlation is low). It is desirable not to
have negative correlations within the same dimension. Note, however, that small
samples might lead to spurious negative correlations.

e In composite indicators, weights must be understood as ‘scaling coefficients (as
opposed to ‘importance coefficients’), with the aim of arriving at dimension scores
that are balanced in their underlying components.

o The user may decide to eliminate indicators that are randomly associated to
any of the remaining indicators in the dimension (e.g. assign a weight of 0).

o Highly collinear indicators (r > 0.92 roughly) within a given dimension need to
be treated (either by eliminating one of the two, or counting them as a single
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indicator, i.e. adjusting their relative weight); otherwise they will influence all
principal component analysis and dominate the unit scores in the respective
dimension.

Figure 8. ‘Correl’ tab

CORRELATIONS - DUTLIER FREE DATASET
High and negative correlation L
High and positive correlation
Prospective weights
Initial weights 1 1 1 1 1 1 1 1 1 1 1
sl sl Si1 si1 sl it si1 sl it si1 EEl
Same pillar poL p.01 p.01 po1 p.01 poL po1 p.01 po1 p.02 p.o2
same sub-pillar 5p.01 5p.01 sp.01 sp.02 5p.02 sp.02 5p.03 5p.03 5p.03 5p.04 5p.04
Direction [good = 1, bad =-1] 1 1 1 1 1 1 1 1 1 1 1
Name Political  Government Prass Regulstory  Ruleoflaw  Costof Faseof Faseof Easeof Expenditure  Public
stabilityand  effectiveness freedom  quality redundancy startinga  resolving  payingTaxes oneducation expenditure
absence of {1ackef) dismissal  Business  Insalvency  [distanceto on education
violence/terr (distanceto (distancetoc frontier) per pupil
i L tiarl £ tiarl
Name Indicator ind.01 ind.02 ind.03 ind.04 ind.05 ind.06 ind.07 ind.08 ind.09 ind.10 ind.11
Political stability and sbsence of violence/ter ind 01 | 100 062 051 063 [0.35) 027 046 026 016 015
Government effactivaness ind.02 0.62 1.00 0.87 093 [0.37) 0.5 0.75 038 0.28 0.1
Press freedom (Iack of} ind.03 100 j0.63) {066} 0.33 {0.28) fo.5) 0.02 f0.61) {028
Rezulatory quality ind.04 0.51 0.87 fo-63) 100 0.50 0.8 0.63 0.33 0.18 {0.00]
Rule of law ind.05 063 033 [0.68} 1.00 041 074 040 031 0.07
Cost of redundancy dismissal ind.06 {0.45) (0:37) 033 1.00 [0.20) fo.39) {0.07) (0.23) f0.23]
Ease of starting a Business [distance to frontie ind.07 0.27 0.8 [0.28) 0.48 0.41 [0.40) 100 0.4 0.29 0.13 0.14
Esse of resoluing Insolvency (distance to front ind.08 046 075 [0.45) 063 074 [©.39) 044 100 024 028 020
Esse of payingTaxes [distance tofrontier)  ind.09 026 038 0.02 033 040 [©.07) 029 024 100 10.13) (0.18]
Expenditure on education ind.10 0.16 028 [0.61) 0.18 031 {0.23) 0.13 0.28 [0.13) 100 0.68
Public expenditure on education perpupil  ind.11 0.15 0.11 [0.38) 0.00) 0.07 [0.23) 0.1s 0.20 [0.18) 068 1.00
School life expactancy ind12 0.40 a6 [0.53) 055 065 ©.37) 0.49 0.64 012 029
Assessment in reading, mathematics, and sci ind.13 0.22 0.58 {0.14) 051 0.51 {0.20} 0.19 0.53 0.07 0.13 0.09
Fupil-teacher ratic, secandary ind.12 (©.04) 0.13 0.23 015 0.07 0.02 0.03 0.09 o.1: [N
Tertiary enrolment ind.15 0.20 0.45 [0.49) 0.45 0.45 ©.31) o.s2 0.58 {0.05) 0.37 0.09
Graduates in science and enginesring ind 16 ©.12) 004 038 [0.02) 002 038 0.09 0.00 0.49 [0.22) [0-24]
Tertiary inbound mability ind.17 0.38 034 {0.07) 0.19 0.5 {o.11) 0.11 0.08 0.43 {0.15) 003 o
riginal  Winsorization ~ Box-Cox . Scatterplots Correl MTVER|4[ 0 | I
e ———

Source: JRC, 2017.

The COIN tool allows users to adjust relative weights (row: “prospective weights”) on the
basis of this analysis. These prospective weights are reproduced in the tab “Correl
rebalancing” (explanations below); the final determination of relative weights needs to be
made in the context of the computation of the index.

Note: (1) Correlations of raw data adjusted for direction and outliers are the same as z-
score and min-max correlations.
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2.3.3 Adjustment of weights on the basis of upper-level correlations

The overall purpose of this tab is to help the user to arrive at a model that is balanced in
its underlying components, i.e. with correlations of dimensions with its components that
are of a similar range. Under somewhat strong assumptions, squared correlation
coefficients give an indication of explained variance.

Figure 9. ‘Rebalancing’ tab

CHOICE OF NORMALIZATION

- If minmaz is selected: - Desired mir
- Desired maz
~ If z-score is selected: - Desired average
- Desired standard deviati

CORRELATIONS WITH SUPRA-DIMENSIONS - WEIGHTED ARITHMETIC A¥ERAGES

Indicator ind01 ind.02 ind02? [ ind04 ind05 ind0E |ind07 ind02% ind09| indl0  indH indi2 ind1? indM | indi& ind1E ind1? indt2 | il
Sub-pillar sp01 sp0l spl| sp02  sp02  sp02 | sp03  sp03  sp03 | sp04 sp04 sp04 sp04 sp04 | sp05 sp0S sp05 spaS
Initial weights 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Initial correl 07z 0Fy [D2z)) 082 084 05 03 08l 067 066 043 0B 0FD 023 | 007 0Bl DBE  DEZ
Prospective weights [from tab ~C. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Adjusted weights

Mew cormrel 045 063 01| 049 052 083| 073 081 0EF| 073 0854 0¥2 053 01z | 002 082 057 048
Pillar p.01 p p.01 p.01 p0l p.01 p.01 p0l p0| p02 p02 p02 p02 p0Z| p02 p02 p02  p02
Initial correl 053 082 [D44)) 082 080 (022) 05 078 053| 036 017 0ES 065 013 | 0684 020 016 006
Mew cormel 043 0B84 [028)) 071 080 (047 0ED OF7 0BE| 034 019 066 060D 06| 0B2 030 018 003
Sub-indez =il sid =il =il sid =il =il sid =il sid sid =1 sid sid =1 sid sil =1
Initial correl 047 083 [043)) 08 0828 ([030) 064 080 046 016 003 083 0E3 01| 058 023 026 om
New correl 047 053 (043 081 05% [030) 054 080 046 015 003 063 083 015 | 056 023 025 0.
Index Index  Inder Index [ Index Index Index | Index Index Index | Index Index Index Index  Index | Index  Index  Index  Index
Initial correl 028 073 [032) 062 065 [0IE) 032 0F0 021 025 020 045 0EF 0.1 0.51 015 006 [0.03)
Mew cormrel 027 072 [03E)) 062 082 [043)) 0.4 071 0.14 031 026 049  0ES 014 | 0ER 014 002 002
Sub-pillar sp.01 sp02 sp03 | sp04 sp0S  sp06 [ sp0¥ sp03  sp03 | spl0

Pillar p0l  pOl pOT| p0Z  p02  p0Z| pdE  p03  pOZ| po4

Initial weights 1 1 1 1 1 1 1 1 1 1

Initial correl 077 082 023) 075 046 0850) 080 0F0 043 1.00

Adjusted weights

Mew cormrel 0EF 052 082 [} 061  086) 069 O£ 0E3 1.00

Sub-index sil =il =il =il =il si1 il =il si1 si2

Initial correl 065 076 083 061 046 085 ( 088 062 030 100

Mew cormel 047 044 085) 063 043 085) 081 078 032) 100

Indez

Initial correl 043 063 063 0B 023 083 074 02 02| 088

Indez 0.36 041 057 ) 064 022 053) 063 065 024]| 033

Pillar pl p02  p03| p04

Sub-indez il sid =il si2

Initial weights 1 1 1 1

Initial correl 081 082 0.51 1.00

Adjusted weights

New correl 087 094 081 1.00

Indez

Initial correl 063 088 0F7| 089

MNew cormrel 062 08E 0G| 053

Sub-indez sid si2

Index Index  Index

Initial weights 1 1

Initial correl 085 083

Adjusted weights

Mew cormrel 083 043

inal  Winsorization ~ Box-Cox ~ Scatterplots LR NN Ranking ¢ Heatrmap £ 1K

Source: JRC, 2017.

Composite indicator aggregates need to be computed for the purpose of adjusting
weights:

e First, normalize each indicator taking into account the direction of indicators. Two
options are available in the tab: min-max scores and z-scores (details in heading 4
Normalization). These computations are included in the hidden tabs
“AggOldWeights” and “"AggNewWeights”).

e Second, compute all aggregates. The COIN tool uses weighted arithmetic averages,
widely used in constructing composite indicators (details in heading 5 Aggregates).

e Third, compute correlations of each indicator/dimension with its supra-
dimension(s).

Formula: Correlation = correlation (ind.xx, dim.yy)
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Weights are then adjusted as follows:

of 1);
1);
0.

2.3.4 Ranking with adjusted weights

The tab “"Ranking” presents the ranking and scores computed with adjusted weights from
the outlier free dataset. There the ranking with initial weights is also reported, together

with the difference in ranks between the two for each unit.

Figure 10. ‘Ranking’ tab

Weighting down dimensions with HIGH correlations (example: weight of 0.5 instead
Weighting up dimensions with LOW correlations (example: weight of 2 instead of
Assign weights of 0 for indicators with negative correlations or correlations close to

Weights do not need to add up to 1 (they are “internally” adjusted to a unity sum).

L]
WA W Ranking  ATERETI MMk ety Dataranken A Bordan  NOutanking Matmmracon | 4 |

col AVERAGES
Minmax [0, 1]
Global Innavatien  Innwatation Re
Innovation  InputSub-  OutputSub- Human capital WMarket Politica! Reguistory  Business Tertisry  def
Name Newweights Initial weights  Difference. Index Index Index I and research Education  education
Mame _Unit/Indicator Rank Rank Rank index si1 si2 po1 po2 p03 p04 sp.01 sp.02 sp.03 sp.04 sp.05
CHE  unit001 1 2 1[ oei] 052 071 053 0.47 057 071 053 0.43 055 0.48 034
KOR  unit.018 2 1 Et 0.60 0.58 063 063 061 0.47 062 046 0.66 074 051 058
AN unit.00E 3 3 (] 057 0.60 0.55 0.66 0.60 053 055 0.56 0.52 081 0.56 056
SWE  unit002 4 2 o 057 0.58 056 062 053 061 056 053 061 068 053 043
DEU  unit01s 5 3 1 051 051 051 055 050 043 051 045 068 057 043 043
DNK  unit008 3 5 El 051 055 046 065 051 050 046 053 050 083 055 032
JPN unit022 7 ] 2 043 048 051 050 0.4¢ 051 051 054 031 055 041 027
USA  unit.OOS 3 7 Et 048 0.48 0.43 0.54 0.50 0.44 048 0.47 0.41 066 0.48 026
NLD  unit.004 9 8 Et 0.47 048 0.46 0.60 0.0 0.8 026 048 0.43 075 052 020
GBR  unit.003 10 1 1 0.46 0.54 039 059 0.50 055 039 0.46 0.42 077 0.50 036
IS unit013 1 10 a 045 052 039 056 058 04a 039 048 0.40 070 066 044
MEL  unit017 1 12 ° 045 052 038 067 050 039 038 053 043 086 0566 036
NOR  unit016 13 13 (] 042 056 028 062 043 050 028 0.50 045 081 0.50 031
IR unit014 14 15 2 041 044 0339 048 0.45 038 039 039 071 0.4 036 037
CHN  unit.035 15 15 (] 041 0.29 053 032 028 026 052 0.58 038 010 039 007
CAN  unitD11 16 17 1 041 0.51 031 0.69 0.43 045 031 0.52 0.49 052 0.50 015
AUT  unito23 17 13 2 0.40 049 031 050 051 047 031 049 042 058 047 053
SGP  unit008 18 12 4 0.40 057 023 077 049 050 013 078 046 0s2 045 049
IRL  unit010 13 21 2 0.40 054 026 063 057 042 026 045 045 086 077 045
AUS  unito1s 20 13 2 0.40 052 027 063 053 042 027 051 053 076 055 034
BEL  unit021 21 2 1 039 045 033 0.56 0.41 0.40 03z 048 037 070 050 027
FRA  unit.020 22 23 1 038 0.47 029 0.47 0.47 0.47 029 0.49 0.43 0.47 0.47 041
LUX  unit012 23 22 1 037 0.48 025 056 0.43 046 025 0.49 074 053 027 073
ESP  unit026 28 e 2 036 047 025 050 041 052 015 040 051 057 0.4a 039
HKG  unit0O7 25 20 5 036 0.60 012 063 0.50 065 012 059 045 088 0.40 053
CZE unit028 26 27 1 035 041 030 0.42 036 047 030 041 056 03s 037 037
EST  unit025 7 25 2 034 0.39 028 0.82 037 0.41 028 039 0.45 0.42 0.48 03z
SYN  unit.030 28 28 (] 03z 042 025 0.49 039 0.40 025 046 032 059 0.8 036
PRT  unit.034 29 30 1 033 0.46 019 059 0.43 038 019 0.2 075 X 0.46 038
A unit02s 30 Ex 1 032 0.40 025 036 038 052 015 0&1 020 0.0 041 017
P unito27 31 33 2 030 0.40 020 050 037 035 020 045 032 062 0.50 047
BRB  unit047 ) 2 (] 030 032 028 056 034 004 028 082 0.40 043 051 033
MDA unit045 3 32 1 027 022 033 028 027 003 033 023 031 030 047 023
LU unit.040 34 £ 2 027 0.39 015 0.47 032 0.40 015 039 0.58 0.47 038 034
HRV  unit.037 35 35 (] 027 032 021 0.50 025 036 021 0.2 029 043 030 027
HUN  unit031 36 39 3 037 03s 018 043 019 036 018 045 038 043 0.40 011
SWK  unit03s 37 41 4 016 03s 017 041 030 037 017 040 033 045 031 038
POL  unit043 8 (] 026 033 019 0.41 0.28 032 019 039 0.47 0.40 033 022

Source: JRC, 2017.
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2.3.5 Heatmap of scores with adjusted weights

The tab “Heatmap” includes three examples of visual presentation of the final ranking
and scores for index, sub-indices and pillars. These charts are using conditional
formatting.

Figure 11. ‘Heatmap’ tab

WEIGHTS -

R E g R E g

2 = F o: ot o1 = I B

= - b = e 2 2 z 3 = £ 2 E

£ ¢ ¢ & P 3 £ 0§ : s f 3

Rank Unit s = = = = = = Rank Unt & £ = Z £ =
1 cHE @ 060 05@ 07 @ 050 05@ 05 @ o7 1 cHE
2 KoR @ 06® 06® 06@ 056® 050 05 @ o5 2 KoR
3EN @ 06@ 06@ 05@ 07 @ 05@ 05 @ o5 3 AN
4 SWE @ 0s@ 05 @ 060 05@ 06 @ o6 4 SWE
5 DEU © 050 050 060 050 050 o5 5 DEU
& DNK O 05@ 060 070 050 050 o5 & DHK
7 IPN © 050 050 050 040 050 o5 7 PN
8 usa © 050 050 050 050 040 o5 8 usa
3 NLD Q 050 050 o 06 @ 040 050 os 3 NLD
10 GER Q 05 @ 05O o. 060 05@ 050 o8 10 GBR
11 15t Q@ 050 050 o. 06 @ 050 040 o4 11 15t
12 NZL Q 040 050 o. 070 050 040 o4 12 NZL
13 NOR O 04@® 050 o 060 05@ 060 03 13 NOR
18 1R © 040 040 050 040 0240 o4 | ] 12 18R
15 chn O 020 03 @ 030 03@ 03@ os " 15 chn
16 CaN Q 040 050 070 040 040 03 15 Can
17 AUT O 040 050 050 050 050 o3 17 auT
18 5GP O 4@ 05@ 080 050 05@ o2 18 6P
13 AL O 04@ 05@ 06 @ 050 04 @ o3 13 1AL
20 AUS © 040 05 @ 060 050 04 @ o3 20 AUS
21 BEL © 040 050 060 040 040 o3 21 BEL
22 FRA © 040 050 050 050 050 o3 22 FRA
23 LUx Q 040 o5 @ o 060 040 05 @ o2 23 Lx
24 ESP Q 040 o5 @ o 050 040 05 @ o2 24 ESF
25 HKG O 04@ 08 @ o 070 05@ 0@ o1 25 HKE
26 CZE Q 040 040 o 040 040 050 o3 26 CZE
27 EST Q 030 020 040 040 040 03 27 EST
28 sun @ 030 0s @ 050 040 04 @ o2 28 sun
29 PRT Q@ 030 05 @ 060 040 04 @ o2 23 PRT
30 mA © 030 04 @ 040 030 05@ o3 30 M
1 cve

Source: JRC, 2017.
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3 Scenaria (blue tabs)

The tabs that follow are aimed at assessing the robustness and sensitivity of rankings to
changes in modelling assumptions. Excel only allows for a limited number of
assessments, advanced featured (Section 4) are presented for completeness, but other
statistical packages should be used.

3.1 Normalization
3.1.1 Min-max normalization

Normalization is required to obtain indicator scores and compute composite indicator
aggregates. To normalise indicators, the most commonly used is min-max normalization;
at the indicator level, the direction of effects need to be taken into account.

The discussion of aggregates is left for the heading “Aggregates” below, however note
that geometric averaging necessitates strictly positive values; this implies that
normalized scores need to be strictly positive (for example set a minimum at 0.1).

Formulas:

¢ Normalization in the range [0, 1]: new value = (old value - min) / (max - min) *
direction + 0.5 * (1 - direction)

¢ Normalization in the range [desired min, desired max]: new value = [ (old value -
min) / (max - min) * direction + 0.5 * (1 - direction) ] * (desired max - desired
min) + desired min

3.1.2 Z-score normalization

Z-score is another widely used normalization method; at the indicator level, the direction
of effects need to be taken into account as well.

The discussion of aggregates is left for the heading “Aggregates” below, however note
that geometric averaging necessitates strictly positive values; this implies that
normalized scores need to be strictly positive (for example set a minimum at 0.1). Z-
scores have mean 0 and standard deviation 1; to obtain strictly positive values the mean
has to be increased (for example to 5 or even 10 as some outliers in the negative tail of
the distribution might still get negative values).

Formulas:

e [mean 0, std 1]: z-score = (old value - indicator mean) / indicator std * direction
e [desired mean, desired std]: new value = (old value - indicator mean) / indicator
std * direction * desired std + desired mean

3.2 Aggregation methods and rankings

Once the data has been normalized, to obtain scores and ranks the different indicators
are aggregated into each supra-dimension (indicator scores into sub-pillar scores, sub-
pillar scores into pillar scores, pillar scores into sub-index scores, and sub-pillar scores
into the final index scores).

Several aggregation functions exist, the following are the formulas for the most
commonly used (example for a total of M indicators):
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3.2.1 Arithmetic and geometric averages

The “"Minmax” and “Dataz” tabs compute weighted arithmetic for sub-pillar, pillar, sub-
index and index scores (default scores). In addition, for index and sub-index scores, the
tab computes arithmetic and geometric averages, for, in each case, new, equal and
random weights.

e Arithmetic mean (equal weights): score = AVERAGE (normalised values)

e Weighted arithmetic mean (unequal or random weights): score = SUMPRODUCT
(weights * normalised values)

e Geometric mean (equal weights): score = PRODUCT (nhormalised values) ™ (1 /
M)

e Weighted geometric mean (unequal or random weights): score = EXP
[SUMPRODUCT (weights, LN(normalised values))]

A ranking is then computed for each aggregate in the tab “Scenaria” (arithmetic mean
rank, weighted geometric mean rank, etc.).
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Figure 12. ‘Minmax’ tab

= " = ' ) " I S - w " v ~ = ' u v v
SCENARIA M-
Minmax
-Desired min alue 0
-Desired max al 1
*Taken from the tab "Rebalancing”

Average Arithmetic  Arithmetic Arithmetic Geometric Geometric Geometric  Arithmetic Arithmetic Arithmetic Geometric Geometric Arithmetic  Arithmetic Arithmetic Geometric Geometric Geometric

Weights Newweights Equal  Random Newweights Equal  Random  Newweights Equal  Random Newweights  Equal Newweights Equal  Random Mewweights  Equal  Random

Index/sub-index | index index  index index index  index sl sl si1 5.2 si2 si2 5.2 sz 5.2
Unit name i i index index _index index index _index sl i1 si1 .2 si2 si2 .2 sz .2
[cre unit.0o1 058 EE) 053 058 058 059 055 057 056 061 061 061 061 061 061
swe unit.002 256 a5 as55 256 056 055 0.60 063 061 = 052 052 as2 052 052
cer unit.0o3 045 045 0.4e 082 0.2 0.3 056 059 056 = 035 035 035 235 035
HLD unic.004 047 047 047 047 047 047 051 o5 052 = 0.4z 0.4z 042 043 043
usa unic.0o5 048 0.4z 0.4z 048 048 0.48 051 053 051 = 045 0.45 045 045 045
FIN unic.006 o5 o058 o058 05 058 058 062 L 082 = 055 058 055 058 058
HKE unit.0o7 0.40 0.40 0z 038 038 03z 0.60 L 061 = 0.20 0.20 020 020 020
e unic.008 043 042 041 03z 03 037 0.60 o8 0.60 = 025 025 025 025 028
N unic.0o8 054 054 o054 054 054 058 058 062 058 = 050 0.50 050 050 050
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1SR unit.014 061 041 0.0 081 081 0.50 0.5 082 L B 037 037 037 037 037
Dey unit.015 0as 0.4 049 043 049 0.89 052 052 053 B 0.7 087 047 087 087
HOR unit.016 08z 0.4a 042 081 081 0.50 059 062 0.60 B 028 028 028 028 028
= unit.017 082 0.4e 043 083 083 0.a2 055 059 05e = 034 03e 03e 032 032
KoR unit.018 255 255 as55 255 055 05e 059 059 058 = 051 051 as1 as1 051
us unit.018 081 041 0.0 03 033 038 055 058 05e = 028 028 028 028 028
FRA unit.020 081 041 0.0 040 040 0.20 0.29 050 0.29 = 033 033 033 033 033
BEL unit.021 03 033 033 038 038 038 0.8 051 0.8 = 031 031 031 031 031
= unit.022 as0 ose[_osa] as0 050 050 050 052 051 = 051 051 as1 as1 051
aut unit.ozz 042 0.2 041 041 041 Q.90 052 o5z 052 = 032 032 032 032 032
L unic.0z4 023 022 022 021 021 0.20 032 038 033 = 014 0.1a 014 014 014
&1 unic.025 034 034 03z 03z 03z 032 041 043 0.42 = 026 026 026 026 026
EF unic.026 037 037 028 038 038 038 047 050 0.8 = 026 026 026 026 026
cve unit.027 032 032 031 030 030 0.z 0.4z 048 0.4z = 021 021 021 021 021
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Lva unit.033 025 025 024 023 023 023 035 040 035 B 0.16 016 016 016 016
PRT unit.034 033 033 032 030 030 029 0.86 043 0.6 - 020 020 020 020 020

‘SCENARIA AND AGGREGATES - MIN-MAX N

el  Rebalancing ¢ Ranking  Heatmap J

MinMax .
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Average Direction 1 1 1 1 1 1 1
Weights Supra-dimension Index  Index sl sl sl osi2 p.01
Index/sutr-index Ingicator index sl si2 po0l  p02 p03  po4
Unit name it i Unitname it index i1 si2 =p.01
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Figure 13. ‘Dataz’ tab

SCENARIA
zscore
-Dasirad avarsge 5
- Desired standard deviation 1
*+Takenfrom the tab "Rebalancing"

Average Arithmetic Arithmetic Arithmetic Geometric Geometric Geometric Arithmetic Arithmetic Arithmetic Geometric Geometric Geometric Arithmetic Arithmetic Arithmetic Geometric Geometric Geometric

Weights Random Newweightt Equal  Random  Newweight Equal  Random MNewweightt Equal  Random MNewweight: Equal  Random Mewweight: Equal  Random

Composite index index index index index index sid il sid sl sil si2 52 si2 si2 52 si2
Unitname it it index index index index s si1 si1 si1 si.1 5.2 52 si.2 5.2 52 si2
CHE unit.001 5.86 5.82 5.82 5.85 546 5.48 5.54 5.47 5.53 621 6.21 6.21 621 6.21 6.21
SWE unit.002 576 575 575 576 563 564 568 5.64 568 - 5.87 5.87 5.87 5.87 5.87
@8R unit.003 535 536 536 535 542 545 545 5.45 549 - 528 528 528 523 528
NLD unit 004 545 543 543 545 528 531 535 531 535 - 559 553 559 559 559
usa unit.005 5.55 5.52 552 5.54 525 5.22 517 5.22 517 - 5.81 5.81 5.81 5.81 5.81
FIN unit.006 5.86 5.85 5.85 5.86 572 5.70 565 5.69 5.65 - 5.98 5.98 5.98 598 5.98
HKG unit 007 531 532 532 529 575 5.86 601 534 600 - 489 289 489 489 283
5GP unit 008 522 5285 525 522 570 571 571 570 570 - 485 285 485 485 285
DNK unit.008 570 5.69 5.69 5.70 5.57 5.57 557 5.57 5.57 - 5.81 5.81 5.81 5.81 5.81
IRL unit.010 5.19 5.20 520 518 544 5.41 536 5.41 5.35 - 497 497 497 497 497
can unit. 011 517 518 518 517 534 537 541 536 5.40 - 503 503 503 503 503
Lux unit.012 430 451 251 489 523 525 530 526 530 - 460 260 480 460 260
IsL unit.013 537 537 537 537 547 541 531 5.41 530 - 528 538 528 528 528
ISR unit.014 513 512 512 513 494 4.90 282 489 282 - 530 530 5.30 530 5.30
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AT wnit.023 521 5.21 521 5.20 531 5.29 5.26 5.28 5.25 - 512 512 512 5.12 512
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mMYs unit.022 464 262 463 464 262 463 478 4.82 287 481 287 - 450 4.50 4.50 4.50 4.50
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[ unit.014 [ unit.g14 512 43¢ 530 467
DEV unit015 DEV unit.015 553 531 575 516
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3.2.1.1 Note on arithmetic v. geometric averages

Arithmetic averages are fully compensatory, an important comparative advantage in few
indicators can compensate comparative disadvantages in many indicators; geometric
averages, in contrast, reward units with balanced profiles, and motivates them to
improve in the dimensions in which their perform poorly, and not just in any dimension.

Note: Geometric means require pillar values above zero; a zero pillar value is highly
improbable, but if computations were to break down, for Minmax the desired
minimum should be set at 0.1, and for “Dataz” the mean should be set at
minimum 5 (refer to heading 4 Normalization for details).

3.2.1.2 Note on random weights

It is advisable to assess the sensitivity of ranks to random weights. One can also use
some other software and run a number of Monte Carlo simulations (e.g. 1°000) to obtain
a confidence interval for ranks (e.g. range of 90% of ranks).

In Excel, weights can be randomly selected using a uniform distribution in a given range
[desired min, desired max]:

Formula:

e Prior weight = RANDBETWEEN (desired min *100, desired max * 100) / 100
o Posterior weight = weight / sum (weights)

Note: This RANDBETWEEN Excel formula requires the desired min and max (Excel calls
these the bottom and top values) to be greater than 1; thus the multiplication
and division by 100 allows ranges with two decimals. For aggregation, the prior
weights have to be re-scaled to unity sum; these posterior weights are obtained
by dividing each weight by the sum of weights within the same dimension. By
pressing F9, the weights are automatically changed and computations are
automatically updated.

3.2.1.3 Note on trimmed means

For composite indicators with only one or two levels of aggregation, an alternative
aggregation method is the computation of trimmed means for each unit (and the
corresponding ranking); this method, however, is not advisable for dimensions with few
components (e.g. less than 5 or 6):

¢ Trimmed mean, equal weights (the best and worst values are discarded): score =
[SUM(normalised values) — LARGE (normalised values, 1) - SMALL (normalised
values, 1)] / COUNT(normalised values - 2)
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3.2.2 Median and average rank

In the ‘Dataranks’ tab, the computation of ranks on individual indicators from the original
dataset helps in the interpretation of results when trying to argue why one unit is doing
better than another within a given dimension:

Rank: rank = RANK [original value, range, 0.5 * (1 - direction)]

Median rank: median rank = MEDIAN (ranks for the same unit across all
indicators)

Average rank: average rank = AVERAGE (ranks for the same unit across all
indicators)

A ranking is then computed for each aggregate (median rank rank, average rank rank -
no mistake in the double word “rank”), include in the tab “Scenaria”.

Figure 14, ‘Dataranks’ tab

JATARANKS - ORIGINAL DATASET
Min 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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12 13 15 1315 GBR unit.003 16 2 13 15 3 27 s 11 2 13 12 18 s w17 s 4 1 2 1 7
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1 1 E} 1287 AN unit.006 1 1 e E 1 2 E 5 1. o1 5 2 RS 3 5 2 23 2 2 12w
17 10 17 17.62 HKG unit.007 21 12 13 3 18 3 5 16 2 @ 3 on 2 2 2 2 13 H % 33 s 1
3 2 15 1253 6P unit.008 10 3 3 7 13 3 4 2 5 33 - - a 3 - - 3 - 7 18 19 s
4 6 12 1535 DNK unit.009 12 2 4 1 3 % 12 1 s 2 RNt - s 27 15 32 E & 13 E
21 12 20 2026 IRL unit.010 7 20 3 11 1 3% 10 E 5 5 - ERE1 - 18 1 17 7 20 2 16 20
12 1 15 1751 can unit.011 15 7 2 1 1 o= 2 4 7 - - L) - - ) - 2 : :
1 22 15 2189 WX unit.012 4 11 e . 8 11 3 3 14 - - a1 33 33 4 s 1 2 13 25 39 3
12 15 15 1557 IsL unit.013 = 18 & 28 14 23 17 11 28 1 1 2 18 1 7w o: H ERREER 4
21 23 2 2218 ISR unit.014 0 26 5 2 2 3 28 3 3 15 3 2 36 32 23 - - 22 - 121 2e
10 £ 125 1732 DEU unit.015 % 17 % 18 16 12 40 18 3 26 - T - 1 - a7 12 S S B
5 4 125 15.03 NOR unit.016 3 s @ 1 5 m o1 ERENEF) EIET 5 1 - 1 3 18 1 4 22 20 12
B 12 12 1754 nzL unit.017 2 EE 2 4 oz 11z 18 ) 1 E E s 28 10 3 1 o2 17 o:
7 5 12 1538 KOR unit.018 42 22 18 m 3 4 21 14 17 34 29 5 5 3 1 6 38 13 - ENNNE E O 1
1 12 15 1228 AUS unit.015 2 10 28 S s 2% = 17 2% o’ 2% 2 s - & =1 5 ez -1 4 13
13 7 13 19.95 FRA unit.020 2 2 2 2 19 23 15 32 3@ 22 18 15 22 15 3.2 s 12 38 1B 15 10 13
12 21 12 2162 BEL unit.021 2 13 1 2 20 3% 7 7T e 2 14 12 45 13 33 13 3 7 17 15 1
13 19 13 2032 1PN unit.022 19 23 1w 38 23 3B @ 1 a3 - 3 22 & 22 28 22 25 a2 E B 7 1
1 15 15 1255 AUT unit.023 1 14 4w 17 7 4 12 3= 13 7 24 2 30 18 H 70 S 5 24 18
=3 2 32 3059 MIT unit.024 18 28 19 21 2 3% 4 38 1% 16 14 29 3 36 42 3] s 12 31 38 39 1
2 2 215 2261 BT unit.025 22 25 41 18 2% 2 2 4 3@ 12 1z 18 12 3 2 2 3 18 18 14 34 2
25 25 285 2374 ESP 5 29 23 26 2¢ 17 4 1% 21 28 23 10 32 25 8 1 ;= 18 27 22 28
ES £l 2 2231 C¥P ;s 18 20 24 27 3% 2 22 2 7 2 a7 - 3 3w 4 I 1 32 44 38 33
27 28 265 2632 CZE 13 30 3 22 30 13 4 26 45 3/ 3 20 26 24 22 15 18 32 22 13 29 38
EES 0 = 7.45 A 32 4 14 33 4 2 2 24 SO 28 20 17T 31 28 20 28 28 37 ECTNECRNF R
2 26 25 2426 SVN unit.030 26 32 24 3@ 25 25 & 31 2 17 o1 8 20 a1 s 13 3 29 1B 12 3% 25
22 % 7 2813 HUN unit.031 27 37 18 27 3 m 13 3 4 @ 2 2% 24 27 2% 3 24 38 % 30 32 3
ES EE} 2 28.47 MYS unit.032 PR 1 P B & 3% 10 3 3 & & 13 38 1 20 25 8 3 2. 43
£t 40 25 3,053 WA unit.033 2 38 2 = = 32 18 2 22 - oz = 30 s 30 36 33 17 27 3w 3w 41
20 7 22 25.87 PRT unit.034 22 33 28 3 29 1 1 o2 32 1 s 16 2 e 13 13 3 28 5 2 28 30
ag a3 a2 3069 CHN unit.o35 49 e 1 s s 4 a3 a1 a3 - - = 1 s a3 - a5 a7 EERENE 1 ERE)
L) a1 225 3055 SVK unit.036 20 35 3 22 38 24 3 29 4 3% 38 32 28 21 33 2 29 3 21 38 33 4
41 3 x| 3029 HRV uni037 37 &1 11 4 e 13 30 4 24 33 24 3 35 41 38 23 43 18 22 35 37 33
22 29 o) 27.00 ARE unit.038 2 3a 5 4 a1 3 :m 47 1 - - - w0 2 - 1s ERNEC) - - 3 :
a8 50 a1 3658 CRI unit.039 31 43 3 4 4@ 16 s S0 47 12 4 4 4 5 3 =3 33 ag 32 a1 33 4
22 £ 10 2884 LU unit.040 22 33 25 3 36 7 37 30 23 13 26 25 38 338 18 18 37 16 23 32 33 3

T MinMax " Dataz Borda Matrk  Copeland enara p  DatazFakell] 4 | M 3

i L] {

Note:

Source: JRC, 2017.

Missing data distort results because for indicators with low unit-coverage, ranks
will be lower (thus better).
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3.2.3 Borda rule

In the ‘Borda’ tab, for Ni units in indicator i, the top-ranked unit in that indicator gets N/
- 1 points; the second ranked unit gets Ni - 2 points and so on; the last ranked unit gets
0 points.

e Borda points (unit/indicator): Borda points = Ni - rank (rank computed in
“Datarank™)

e Borda points (equal weights): average Borda points = SUM (points) / COUNT
(points)

e Weighted Borda points: weighted Borda points = SUMPRODUCT (weights scaled to
unity sum * points]

A ranking is then computed for each aggregate (average and weighted Borda points),
included in the tab “Scenaria”.

Note: Missing data distort results, because for indicators with low unit-coverage, Borda
points will be lower (thus worse).

Figure 15. '‘Borda’ tab

U = U [ ' © " ' o n L w " v = u n = ' u v v A
BORDA POINTS AND RANKS - ORIGINAL DATASET

Rank Rank Paints Paints Weights 05 075 1 05 05 1 1 1 1 075 1 1 0.5 05 (X3 1 0.5

Total points Equ gt ji Name ind.01___ind.02  ind.03  ind.04  ind.05  ind.06  ind.07  ind.08  ind.09  ind.10  indll  ind12  ind.13  ind.14  ind15  ind16  ind.17

3 7 32 317 CHE unit.001 | 2] 10 EEY ES) 22 15 15 a7 17 20 23 E - 12 17 ES

E E 34 344 SWE unit.002 a3 [ 7 aq a8 20 EE] EL] 23 EE] a7 27 21 1 5 32 27

12 g EL) 314 GER unit.002. 11 22 22 7 E 15 23 a2 L] 20 23 EEY 22 26 13 26 7

Bl 1 31 3035 NID unit.00a. a8 a2 1 5 as 17 27 s 0 - 25 eSS e ES) 27 2 22

20 20 27 277 USA unit.005. 12 23 23 EEY EE] 12 28 EE) 20 - 10 EE 23 22 I 4 15

2 1 EL 246 FN unit.006. a8 4 o a1 43 22 a1 a5 24 20 26 el az 10 43 28 22

13 15 0 284 HKG unit.007 29 a8 36 a7 32 18 a5 ERY 3 1 3 25 aq a3 20 a1 ES

1 2 ELY 345 SGP unit.008 20 a7 26 ) a7 12 26 22 a5 2 - - a2 EE] - - 3

7 5 2 318 DNK unit.009 26 a8 4 3 a7 12 28 20 a1 EE] 29 4 27 - 27 16 EL]

17 13 28 287 RL unit.010 ES) 20 1 ) a0 18 a0 a1 aq ES - a3 5 - 20 27 S

3 3 31 313 caN unit.011 32 13 15 20 LS 13 28 25 E) 12 - - L] 25 - - -

21 22 2% 256 LUK unit.012 a6 29 2 % a2 29 15 12 E - - 5 1z 3 o EE] as

16 18 28 27.8 IsL unit.013. a2 35 3 21 36 22 33 32 21 a0 26 a2 30 27 39 3 28

23 22 5 253 ISR unit.014. 0 22 23 L 18 a7 22 15 15 26 7 24 10 13 23 - -

10 10 ELY 311 DEU unit.015. 25 23 13 EE) E EL 10 2 13 15 - - EE] =1 - 23 -

2 4 33 320 NOR unit.016 a7 41 2 3z 45 17 33 a7 LY 32 32 a1 29 - 36 9 29

11 12 E'] 301 NZL unit.017 a8 5 5 22 I3 12 23 7 El E'3 17 5 L a7 a1 14 e

5 3 2 318 KOR uni018 7 26 21 12 13 46 23 EC) EE] 7 13 20 a1 ) a5 a7 11

12 14 29 286 AUS unit.019 26 40 20 a2 41 24 47 33 24 16 3 £ey 37 - 40 12 20

18 13 27 27.8 FRA unit.020 20 28 27 25 31 27 E 18 11 21 24 31 24 20 14 e EE}

22 21 26 270 BEL unit.021 27 a7 16 28 EL 12 23 2z 13 21 ES 2 2 0 23 10 2

13 17 27 280 IPN unit.022 31 27 32 15 27 14 8 a3 7 - 14 18 40 23 18 21 20

15 15 29 283 AuT unit.023. EE] B s EE} a3 18 3 EES 17 28 s 2 17 15 a1 3s EES

40 7 17 176 T unit.024. 2 22 20 23 28 12 El 12 31 25 28 17 £ 5 4 1 1

28 27 24 225 EST unit.025. 18 25 8 31 25 28 30 10 1z 23 29 28 34 8 25 22 10

5 24 24 247 Esp unit.026 5 21 26 28 2% a3 s 31 22 13 19 ES 14 20 a8 31 18

EE} 2 13 136 Cvp unit.027 15 22 13 5 23 12 21 28 27 22 10 E - 12 10 1 a1

29 En 21 201 CZE unit.028 27 20 12 27 20 27 H 24 5 3 12 % 20 21 22 28 EEY

22 23 20 210 A unit.029 17 8 3s 15 7 18 19 ES 0 12 22 29 15 15 26 15 12

5 5 23 235 SuN unit.030 22 18 25 11 24 25 a4 13 25 22 21 EEY 2% 1 12 24 E

ES ELY 18 122 HUN unit.031 23 13 ES 22 15 29 a7 1 2 18 20 20 22 18 21 H 21

ES ES 13 185 MYS unit.032 3 19 a5 13 11 a2 a2 18 a0 1 B 2 El 22 7 a2 25

LS 42 18 165 LVA unit.033 s 12 28 13 17 18 34 25 28 - 21 13 16 5 16 7 12

2 5 22 225 PRT unit.034. 22 17 21 12 21 a3 26 23 1 27 23 0 13 2 28 20 12

41 EES 17 17.2 oHN unit.035. 1 3 a8 o 0 a6 1 s 2 - - 1 a5 a1 3 - o

a3 44 17 150 SVK unit.036 0 15 18 22 12 26 17 21 10 5 2 14 18 22 13 23 15

42 EE) 17 17.0 HRV unit.037 13 s 28 g 3 21 20 5 % 2 18 10 11 4 11 20 2

27 28 22 21.8 ARE unit.038 28 16 24 5 ] 14 25 3 43 - - - 3 25 - 29 a2

"'MinMax ~Dataz Dataranks Borda  Outranking Matrix /SeEnara” MinmaxFakelmp  DatazFakell] 4 | i ] 3

Source: JRC, 2017.
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3.2.4 Copeland rule

The Copeland rule requires the computation of the outranking matrix.

3.2.4.1 Outranking matrix

In the ‘Outranking Matrix’ tab, units are compared pairwise. For each comparison, all the
weights corresponding to the indicators in which unit A has a better score than unit B are
added up as evidence in favour of “A better than B” (abbreviated as AB). For N units,
there are N*(N-1) comparisons to be made. The diagonal elements are set at 0 by
definition. In practical terms, for each pairwise unit comparison the following formula is

used

Formulas

Pairwise comparison values are entered in the so-called outranking matrix. Since the sum

With raw values: SUM across all indicators [(weight for indicator /) * (1 +

direction of indicator /) * SIGN(raw value of unit A on indicator i - raw value of

unit B on indicator /)] / 2

With normalized values: SUM across all indicators [(weight for indicator /) *

SIGN(normalized value of unit A on indicator /i — normalized value of unit B on

indicator /)]

of weights is one, above/below diagonal entries add up to one.

Figure 16. '‘Outranking Matrix’ tab

Lo w L e m " v - u n e ' u v v A ' - ) Ias) e ~u A
JUTRANKING MATRIX p.0L 05 0.6 08 .13 0.5 07 0.7 08 07 0.6 07 06 0.6 05 0.6 06 07
p.02 05 05 05 04 05 0.6 05 05 05 06 0.4 04 05 0.4 05 05 05
p.02 06 05 05 05 04 05 05 05 05 0.4 0.4 05 04 0.4 05 08 04
p.04 07 0.6 0.4 05 05 05 0.1 02 05 03 03 03 0.4 0.4 0.5 03 0.4
02 03 02 03 -
05 075 0.5 0.75 - - - - - - - - - - - - - - - - -
CHE SWE GBR NLD usa FIN HKG SGP DHK IRL can LU IsL ISR DEU NOR NZL
p0l p02 p03 po4 Name  Unit | unit001 unit.002 unit003 unit.004 unit.005 unit006 wunit.007 unit.0D2 unit003 wunitD10 unit011 unit012 unitd13 unit0l4 unit.015 unit0l6 unit.017
95 05 08 07 CHE  unit0D1 030 0.50 0.20 0.50 0.50 030 0.50 0.50 0.50 0.80 0.20 0.50 1.00 050 0.30 0.50
06 05 06 O0& SWE  unit.0D2 070 - 1.00 1.00 1.00 0.50 080 0.80 0.20 0.50 0.80 1.00 0.70 1.00 1.00 0.80 0.20
06 05 05 04 GBR  unit.003 0.50 0.50 0.40 0.20 030 0.80 0.20 0.50 0.80 1.00 0.40 0.70 0.40 0.60 0.50
06 04 05 05 NLD  unit.004 0.20 0.50 - 0.40 030 0.30 - 0.50 0.50 070 0.70 0.70 0.20 0.30 0.50
05 05 04 05 USA  unit0D5 0.50 - 0.60 0.80 - 030 0.60 0.30 0.50 0.60 0.80 0.50 1.00 030 0.60 0.50
07 08 05 05 FIN  unit.0DE 0.50 050 0.80 1.00 1.00 080 0.80 1.00 1.00 0.80 1.00 1.00 1.00 1.00 0.80 0.20
07 05 06 01 HKG  unit.007 0.70 0.40 0.70 0.70 0.70 0.40 - 0.50 0.40 0.40 0.50 0.70 0.40 0.70 070 0.70 0.40
08 05 05 02 SGP unit008 0.50 0.20 0.20 0.70 0.40 0.20 0.50 - 0.40 0.40 070 070 0.40 0.70 0.40 0.50 0.40
97 05 05 05 DNK  unit.008 0.50 0.20 0.80 1.00 0.70 080 0.60 - 0.70 0.80 1.00 0.70 1.00 070 0.80 0.20
06 ©0& 04 032 RL unit.010 0.50 050 0.50 0.50 0.50 080 0.60 0.30 - 0.30 0.20 0.50 0.70 050 0.50 0.50
07 04 04 03 CAN  unitoll 0.20 0.20 0.20 0.50 0.40 0.20 0.50 0.30 0.20 0.70 0.50 0.40 0.40 0.20 0.50 0.40
06 04 05 03 LUX  unit012 0.20 - 0.30 0.40 030 0.30 - 0.20 0.50 - 0.40 0.40 0.20 0.20
06 05 04 04 ISL unit012 0.50 030 0.60 020 0.50 080 0.60 0.30 0.50 060 0.80 - 1.00 050 0.60 0.20
05 04 04 04 ISR unit.014 - - 0.30 0.20 - 030 0.30 - 0.20 0.60 0.80 - - - 0.30 0.30
06 05 05 05 DEU  unit015 0.50 - 0.60 0.80 0.70 030 0.60 0.30 0.50 0.80 0.80 0.50 1.00 - 0.60 0.50
06 05 06 03 HOR  unit016 070 0.20 0.40 070 0.40 0.20 030 0.50 0.20 0.50 050 1.00 0.40 070 0.40 0.20
07 05 04 04 NZL  unit017 0.50 0.20 050 0.50 0.50 0.20 080 0.60 0.20 0.50 060 0.20 0.20 0.70 050 0.80 -
06 ©0& 05 08 KOR  unit.01% 0.50 0.0 0.50 0.20 1.00 0.60 080 0.60 0.60 0.80 0.80 1.00 1.00 1.00 0.0 0.50 0.20
06 05 04 03 AUS  unit012 0.50 0.20 0.50 0.50 0.50 0.60 0.60 0.30 0.50 0.30 0.80 0.20 0.70 0.50 0.50 0.50
95 05 05 03 FRA  unit.020 - - 030 0.20 030 0.30 - 0.50 050 0.0 0.20 0.50 - 0.30 0.20
06 04 04 03 BEL  unit021 0.20 020 0.20 030 0.30 - 0.20 030 030 - 0.40 020 0.30 0.20
05 04 05 05 JPM unit022 - 0.30 0.20 0.50 030 0.50 0.50 0.50 0.80 0.20 0.50 0.70 020 0.30 0.50
05 05 05 03 AUT  unit023 0.30 0.30 0.30 0.50 0.60 0.60 - 0.50 0.80 0.80 0.20 0.70 030 0.60 0.50
04 02 03 01 MLT  unit024 - - - - 030 - - - - - - - - -
04 04 04 03 EST  unit025 - - 030 0.30 - 0.20 030 - 0.20 - 0.20
05 04 05 03 ESP  unit.026 0.50 0.20 030 0.50 0.20 0.20 0.20 0.20 0.20 0.40 0.20 0.20
05 04 03 02 CP unit027 - - 030 - - - - - - 0.20 - - -
04 04 05 03 CZE unit022 - 0.20 030 0.30 - 0.50 0.20 0.50 0.20 0.20 - 0.30 0.20
04 02 05 03 ITA  unit028 0.20 0.20 030 0.50 0.20 0.20 0.20 0.20 0.20 0.20 020 0.20
05 04 04 02 SYN  unit030 - - 030 0.30 - - - - - 0.40 - 0.20
04 03 04 02 HUN  unit.031 - - 030 - - - - - - -
06 03 03 01 MYS  unit032 0.20 0.20 - - 0.20 0.20 0.20 0.20
05 02 03 01 LA unit03z - - - 030 - - - - -
06 04 04 02 PRT  unit.034 0.20 0.30 0.20 030 - 0.30 0.50 0.20 0.20 0.20

T WinMax"Dataz Dataranks  /Borda’ Outranking Matrix </ Copefand 'Scenara ~ MinmaxFakeImp

DatazFakell| 4 [

Source: JRC, 2017.
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3.2.4.2 Copeland rule

In the ‘Copeland’ tab, the outranking matrix is transformed as follows: all values greater
than 0.5 are replaced with +1, all values lower than 0.5 with -1 and all ties (values of
exactly 0.5) with 0. The diagonal elements are set at 0 by definition. The Copeland score
for each unit is the sum of the values in a given row. A final ranking in then calculated.

Note: In general, some compensability/substitutability is desired at lower aggregation
levels (sub-pillars), aggregation methods listed in the previous section are thus
appropriate. However, at higher aggregation levels (pillars, sub-indices, overall
index), compensability is less desirable; the Copeland rule can then be used to
aggregate dimensions.

Figure 17. ‘Copeland’ tab

coPELAND RULE

Rank Sum Name Unit unit001 unit002 unit003 unit004 uRitO0S unit00E wunit0O7 uRt008 U009 unit010 wunit011 unit012 unit013 unit014 unit015  unit01E unit17  unic01s
7 32CHE  unit.001 E 0 0 o 1 0 El
2 45 SWE  unit.002
11 28 GBR  unit.003
17 21 NID  unit004
2 30 USA  unit0OS
2 45 AN unitooB
10 29 HKG  unit007
18 19 SGP  unit002
4 41 DNK  unit008
12 27 R unit010
15 16 CAN  unic011
22 6 LUK unito12
5 320l unitol2
20 12 1SR unit014
5 32DEU  unitOl5
16 23 NOR unitO1s
2 30 NZL  unit.ol?
1 43 KOR  unit018
13 25 AUS  unit013
21 11 FRA  unit020
22 §BEL unit021
13 25 JPN  unit022
13 25 AUT  unic023
26 38 MIT  unit024
28 S EST  unit025
24 3ESP  unit026
23 5OV unit027
25 1CZE  unit028
2% 9 mA  unit029
27 -4 SVN  unit030
34 21 HUN unit031
24 21 M¥S  unit032
a5 35 VA unit033
26 O PRT  unit034
38 26 CHN  unit035
24 213K unic036
39 27 HRV  unit037
22 A1 ARE  unic03%
50 43 CRI  unit039
32 A6 LU unic040
24 38 BGR  unit0el
42 33 3AU  unic042
48 .41 QAT unit043
42 33 MNE unit044 E

Bt E E E
¥ MiriMas " Diataz " Datararks " Borda " "Outranking Matix " _Copeland </Sg@fiania’ MinmaxFakelmp  DatazFakell| 4 | [
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Source: JRC, 2017.
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3.3 Scenaria

In the ‘Scenaria’ tab, unit scores associated with composite indicators are generally not
calculated under conditions of certainty. For each composite indicator, modelling choices
are based on different criteria, such as expert opinion in the field (e.g. selection of
indicators), common practice (e.g. min-max normalization), statistical analysis (e.g.
treatment of outliers); simplicity (e.g. no imputation of missing data), etc.

The robustness of results to modelling choices can be assessed by computing rankings
with a combination of Monte Carlo simulations (uncertainty analysis) and a multi-
modelling approach (sensitivity analysis) involving, for instance, weights, the imputation
of missing data, and the aggregation formula.

This tab simply gathers all the rankings calculated in the previous tabs, combining
different normalisation and aggregation methods.

A median rank across all scenaria together with the rank interval (minimum and
maximum rank) is also reported for each unit.

Figure 18. '‘Scenaria’ tab

Zscores +4 Z-scores +5 Z-scores + 6 Z-scores + 7 Z-scores + 8 Z-scores + minmax 0.9 +1max * 0.9 f1max Y 0.8 +1max * 0.9 fimex * 0.9 +1max *0.9+0.5
Arithmetic Arithmatic Arithmetic Gaometric Geometric Geometric  Arithmetic Arithmetic Arithmetic Geomatric Geometric Geometric
Average  Borda

Median rankfsum  (equal Borda
New Equsl  Rendom  New Equzl  Random New Equzl  Random  New Equal  Random rank  ofranks) weights) (weightzd) Copsland Acrossall scenaria
RANKS rank rank rank rank rank rank rank rank rank rank rank rank rank rank rank rank Rank Median Interval
CHE 2 2 1 2 2 2 2 2 2 2 2 2 5 7 6 7 7 2 .71
SWE 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 2 3 [2,3]
GBR 1 11 11 11 1 1 1 1 1 1 11 1 14 13 12 3 u 1 8,141
NLD g g k-1 3 3 k] 3 k] 9 g g g 8 g k-1 11 17 5 8,17
usa 8 8 7 8 8 8 8 8 2 8 8 8 23 20 20 20 8 8 [7,23]
FIN 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 [1,2]
HKGE 12 12 12 12 12 12 21 21 20 25 25 24 17 10 13 15 10 13 10, 25]
SGF 15 15 16 15 15 15 14 14 14 20 20 13 3 2 1 2 18 15 [1,20]
DNK 4 4 5 4 4 5 5 5 5 5 5 5 4 6 7 5 4 5 .71
IRL 17 17 13 18 18 18 18 18 15 17 17 17 21 13 17 13 12 17 [12,21]
CaN 13 13 20 13 13 20 20 20 15 18 13 20 14 11 -3 9 15 13 [8,20]
Lux 26 26 27 26 26 27 26 26 26 26 26 26 11 22 21 23 22 26 [11,27]
IsL 10 10 10 10 10 10 10 10 10 10 10 10 14 18 18 18 5 10 [5, 18]
1SR 2 22 21 21 21 21 13 19 2 15 15 15 24 23 23 22 20 21 15,24]
DEU 7 7 8 6 6 7 7 7 7 7 7 7 10 8 10 10 5 7 [5,10]
NOR 13 13 14 14 14 14 13 13 13 13 13 13 5 4 4 4 16 13 [4,186]
NZL 14 14 13 13 13 13 12 12 12 12 12 12 9 12 11 12 8 12 (8 14]
KOR 5 5 4 5 5 4 4 4 4 4 2 4 7 5 5 3 1 4 1,71
AUS 21 21 22 20 20 22 17 17 17 13 13 13 11 14 14 14 13 13 [11,22)
FRA. 18 138 17 17 17 16 18 18 18 16 16 16 13 17 128 19 21 138 [16,21]
BEL 23 23 23 22 22 23 23 23 22 21 21 21 13 21 22 21 22 22 [18,23]
PN 3 3 3 7 7 5 & 5 6 3 3 3 19 12 19 17 13 6 6,191
AUT 16 16 13 16 16 17 15 15 16 14 14 14 11 15 15 16 13 15 [11,18]
MLT 46 46 45 45 45 45 46 46 46 46 46 45 43 42 40 37 46 45 [37,46]
EST 28 28 28 28 28 28 27 27 27 27 27 27 22 24 25 27 28 27 [22,28]
ESP 24 24 25 24 24 25 25 25 25 24 24 25 25 25 25 24 24 25 [24,25]
CYP 30 30 32 30 30 33 30 30 30 33 33 31 36 34 33 32 29 31 [29, 36]
CZE 34 34 24 24 24 34 31 31 21 34 34 34 27 28 29 20 25 34 [25,34]
iy 27 27 % 27 27 2% 28 28 28 28 28 28 31 30 2 29 29 28 [26,32]
SVN 25 25 24 25 25 24 24 24 24 23 23 23 26 26 26 26 27 25 [23,27]
HUN 33 Ex] 40 39 EL] 40 EL] 39 39 33 33 Ex] 28 36 36 34 34 39 (28, 40]
MYs 38 38 33 38 38 39 38 38 38 40 40 40 36 33 35 36 34 38 [33,40]
VA 42 42 23 a2 22 43 22 42 42 42 a2 a1 39 20 EL) 22 45 42 38,45]
PRT 23 23 30 29 25 31 25 23 23 32 32 30 30 27 28 25 26 23 [25,32]
CHN 20 20 15 23 23 19 22 22 23 22 22 22 49 43 41 38 38 22 [15,49]
SVK 41 41 42 41 41 42 41 41 41 43 43 42 33 41 43 44 34 41 [34,44]
HRY 33 EE} xS EE} 33 30 33 33 3 30 30 2 a1 39 22 EL 39 33 [30,42]
ARE 44 44 48 47 47 48 43 43 43 43 43 43 32 3 27 28 32 44 [27,49]
CRI 50 50 50 50 50 50 50 50 50 50 50 50 48 50 50 50 50 50 (48, 50]
LU 37 37 37 37 37 37 38 36 35 37 37 37 32 35 34 35 33 37 [32,37]
BGR 40 40 33 40 40 38 40 40 40 33 33 38 45 44 45 46 44 40 (38, 48]
WiMax"" Dataz " Dataranks " Borda "OUtranking Matrx  Copeland " Scenaria ~ MinmaxFakelmp  DatazFakel | 4

Source: JRC, 2017.
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4 Advanced features
4.1 Imputation of missing data

A composite indicator might be computed with no imputation of missing data; however
the imputation of missing data is highly recommended to undertake a statistical audit of
the composite indicator, in particular to assess the robustness of results and their
sensitivity of results to modelling choices. Usually the latest available data point within a
specified period is used for the imputation of missing data. The period used should be
relatively short, ideally less than 5 years.

4.2 Shadow imputation

The non-imputation of missing data is equivalent to assigning the sub-pillar score value
to the particular indicator (or the pillar score if the sub-pillar score is not available
either). In order to work with a complete dataset for the assessment of robustness of
rankings, this tab performs a fake imputation of missing data by replacing missing values
by the score of the unit on the respective sub-pillar or, if not available, in the respective
pillar (these come from the scores computed with the adjusted weights). The values that
differ from the values in the original dataset are detected in green (concerns missing
data and outliers).

Figure 19. ‘MinmaxfakeImp’ tab

{with sub-pillar or pillar score]
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Figure 20. ‘Datazfakelmp’ tab
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