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Weighting

Selecting a weighting scheme for a composite indicator is a delicate task!

o No established methodology on how to choose the best method

o Different stakeholders have different opinions on choosing weighting
scheme

o Weights have a strong impact on the final composite indicator score
and on the resulting ranking

v’ Take into account the theoretical framework  v' Be explicit and transparent
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Weighting methods

» Equal weights

» Weights based on statistical methods
o Principal component analysis
o Factor analysis
o Data envelopment analysis
o Regression approach

» Weights based on expert/public opinion
o Budget allocation process
o Analytic hierarchy process
o Conjoint analysis
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Equal Weights

Straightforward method c!ae]?@é@éa@

Easy to communicate

SUS
\ SOLUIIUNb NI:IWU
INITIATIV
N
¥

L2018 SOCIAL
PROGRESS INDEX

“"MEASURCf ('\ |=lsann tiftung

There is no clear reference in the literature about the
importance of the elements of the composite indicator

=2030 |

However: A
Equal weighing does not guarantee equal importance and 2019  “mees
equal contribution of the indicators to the composite
indicator!
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Example 1: European Skills Index

W cenarep | =

2018 European Skills Index
Technical report

.fs.-_ EUROPEAN
=== SKILLS INDEX

Unedited Proot Copy

CHNICAL REPDRTS

The JRC Statistical Audit of the
2018 European Skills Index (ESI)

"W

Source: European Skills Index (2018), Cedefop.
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European skills index

I

Skills development

Skills activation

I

[

Compulsory
education

Pre-primary
pupil-to-teacher ratio

At least upper secondary
attainment
(aged 15-64)

Reading, maths and
science scores
(aged 15)

Trainingand other
education

Recent training
(lifelong learning)

VET students
(ISCED 3)

—  High computer skills

1

[

]

- Labour market
Transition to work participation
Early leavers from Activity rate

education & training

Recent graduates in
— employment —
(aged 20-34)

(aged 25-54)

Activity rate
(aged 20-24)

Skills under-utilisation

Long-term
unemployment

Underemployed
part-time workers

Skills mismatch

Over-qualification rate
(tertiary graduates)

| ISCED 5-8 proportion of
low wage earners

L— Qualification mismatch
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Example: European Skills Index

European skills index
[ |

33.3%
30% 30% 40%

Equal Weights Adjusted Weights

Pearson Pearson

Correlation Correlation
Pillars Coefficient R"2 Pillars Ceefficient R"2
Skills Development  0.80 0.64 Skills Development  [0.77 0.59
Skills Activation 0.81 0.66 Skills Activation 0.76 0.58  The unequal
Skills Matching 0.64 0.41 Skills Matching 71 0.50  weights resultin

\\4 equal importance
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Example 2:

EPI

2012
Environmental
Performance

Index

9 JRC-COIN © | Step 5: Weighting methods (1) Principal Component Analysis

OBJECTIVES

POLICY CATEGORIES

| Air

Agriculture
Farests

Fisheries

Environmental Health 15%
Water
(Effects on Human Health) 7-5%
Air (Ecosystem Effects) 8.75%
- Water Resources (Ecosystem Efects)
BIE%

Biodiversity & Habitat 17 5%

5 83% |
5.83%

5.83%

Climate Change & Energy 17 5%

INDICATORS

Child Maetality
Partioulare Matter
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Airess to Sammatnion
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S per Lapita
50, ped § GDP
(Change in Waser Quandity
[silcal Hablzat Protection
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Marine Predacied Areas
Agrcultural Sebsidies
Pesticide Regulation
Forest Growing ok
Changs In Forest Cover
Froresi Loss
Coastal Shell Fishiesg Pressans
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£D; per 5 GOP
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Environmental Performance Index

15%
3.75%
3.75%
AT5%
1.75%

4 38%
4.38%
B.75%
4 38%
B.75%
4.38%
3.89%
1.84%
1.84%
1.84%
1.84%
292%
282%
6.13%
6.13%
263%
2 83%
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Environmental Performance Index
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Principal Component Analysis

PCA

Indicator 1 X; \
Indicator 2 X2
Component

e

Observed indicators are
reduced into components

Identify a small number of “averages” (PCs) that
explain most of the variance observed.

PCA summarizes information of all indicators and
reduces it into a fewer number of components

Each principal component PC, is a new variable
computed as a linear combination of the original
(standardized) variables

PC]_ = WiXq -+ Wy X5 -+ "'prp
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But...which Is the magic number?

How many components do we keep in PCA?

Several methods exist. The 3 most common are:

1) Kaiser—Guttman ‘Eigenvalues greater than one’ criterion

(Guttman (1954), Kaiser (1960)). Select all components with eigenvalues over 1 (or
0.9)

B

Scree Plot

2) Cattell’s scree test
(Cattell (1966)) “Above the elbow” approach

3) Certain percentage of explained variance o I e
e.g., >2/3, 75%, 80%,...
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Weights based on Principal Component Analysis

» This method applies only when we have just one Principal Component (one-dim solution)

» The coefficients (standardised) of the first principal component are used as weights

PC1 =WyX1 + WXz + .. +HWpXn Empirical and objective option for weight selection
\ j / Good mathematical properties, determining the set
Weights of weights which explains the largest variation in

the original indicators
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PCA weights example: Social Progress Index

2018 SOCIAL
PROGRESS INDEX

The JRC Statistical Audit of the
Social Progress Index (SP1)

Source: Social Progress Index(2018)

Undernourishment

Maternal mortality rate

Child mortality rate

Child stunting

Deaths from infectious diseases

Access to at least basic drinking water
Access to piped water

Access to at least basic sanitation
facilities

Rural open defecation

Access to electricity

Quality of electricity supply
Household air pollution attributable
deaths

Homicide rate
Political killings and torture
Perceived criminality
Traffic deaths

Adult literacy rate

Primary school enroliment

Secondary school enroliment

Gender parity in secondary enrollment
Access to quality education

Mobile telephone subscriptions
Internet users

Participation in online governance
Access to independent media

Life expectancy at 60

Premature deaths from non-communicable
diseases

Access to essential health services
Access to quality healthcare

Qutdoor air pollution attributable deaths
Wastewater treatment

Greenhouse gas emissions2

Biome protection
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Political rights

Freedom of expression
Freedom of religion
Access to justice
Property rights for women

Vulnerable employment

Early marriage

Satisfied demand for contraception
Corruption

Acceptance of gays and lesbians
Discrimination and violence against minorities
Equality of political power by gender

Equality of political power by socioeconomic
position

Equality of political power by social group

Years of tertiary schooling

Women's average years in school

Globally ranked universities

Percent of tertiary students enrolled in globally
ranked universities

SOCIAL
PROGRESS
IMPERATIVE

Index

!

3 Dimensions

!

12 Components

51 Indicators

PCA analysis for the
indicators within each
component

* %%
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PCA weights example: Social Progress Index

Total variance explained

Cumulative

Component Eigenvalue Variance (%) .
variance (%)

PC1 I 2.28 I 57.11 57.11

PC2 0.87 21.81 78.92
PC3 0.51 12.80 91.71
PC4 0.33 8.29 100

Stopping criterion Eigenvalue > 1.0
(or cumulative variance over 0,70)

Environmental quality component

Pearson correlation coefficient between
indicators and principal components

Weights
scaled to
unity

PClnorm

Indicators PC1 PC2 PC3 PC4
i luti >

Out-door air pollution 088l 012 01l 045 >
attributable deaths
Wastewater treatment 0.83] -0.13 -0.44 0.32
G h

reenhouse gas 0.78| -0.26 055 016
emissions
Biome protection 0.47 0.88 0.08 0.03

0.30

0.28

0.26

0.16

PC1=0.88 X1 + 0.83 X2 + 0.78 X3 + 0.47 X4

PC1norm = 0.30 X1 + 0.28 X2 + 0.26 X3 + 0.16 X4
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Equal
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0.25

0.25
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PCA weights example: Social Progress Index

Comparing weighting schemes

Environmental Quality Component

150

100

Equal weights
'

0 50 100

PCA weights

7,

Average rank
shift
4.49 positions
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1

Comparing weighting schemes

SPI1 Index score

50

100

0 50

100

PCA weights
Similar rankings: choose the most simple!

Average rank
shift
0.51 positions
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Example: European Skills Index

I

Skills development

Total variance explained

Skills activation

European skills index
|

Pearson correlation coefficient

Stopping criterion Eigenvalue> 1.0 (or cumulative variance over 0,70)

Component Eigenvalue Variance Cuml_,llative Pillars PC1 PC2 PC3
variance
PC1 58 58 Skills Development  [0.88] -0.16  -0.44 PClnorm
PC2 0.88 29 88 Skills Activation 0.84| -0.36 0.1 0.40
PC3 0.37 12 100 Skills Matching 051 o085  0.09 82?

ESI=0.40 P1 + 0.38 P2 + 0.23 P3

o o ) European
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Example: European Skills Index

I

Skills development

Equal Weights

Pearson
Correlation
Pillars Coefficient RA2
Skills Development  0.80 0.64
Skills Activation 0.81 0.66
Skills Matching | 0.64 0.41|

Skills activation

European skills index
|

PCA Weights
Pearson
Correlation
Pillars Coefficient R7"2
Skills Development  0.84 0.70
Skills Activation 0.87 0.75
Skills Matching 0.52 0.27

The Index
becomes even
more unbalanced!

Con: small weights are assigned to indicators which are poorly correlated with
others, irrespective of their possible related contextual importance (“Elitist index’)
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Example: European Skills Index -
Calibrated PCA weights

European skills index
[ |
Skills development Skills activation

Pearson correlation coefficient

Pillars PC1 PC2 PC3 PCAnorm Adjusted
Weights Weights
Skills Development 0.88 -0.16 -0.44 0.40 0.30
Skills Activation 0.84| -0.36 0.1 8—3% \ ?3%
0.23 0.40
Skills Matching 0.51 0.85 0.09 — \‘1[/

ESI= 0.30 P1 + 0.30 P2 + 0.40 Ps3

European
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Example: European Skills Index -
Calibrated PCA weights

European skills index
[ |
Skills development Skills activation

Equal Weights PCA Weights Adjusted Weights
Pearson Pearson Pearson
Correlation Correlation Correlation
Pillars Coefficient R"2 Pillars Coefficient RA2 Pillars Coefficient RA2
Skills Development  0.80 0.64 Skills Development  0.84 0.70 Skills Development  0.77 0.59
Skills Activation 081 0.66 Skills Activation 087 0.75 Skills Activation 0.76 0.58
Skills Matching 0.64 0.41 Skills Matching 0.52 0.27 Skills Matching 0.71 0.50

All Pillars are equally important!
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Conclusions

Transparency is a key!
Weights have a strong impact on the final composite indicator score
and on the resulting ranking. They should be explicit and transparent.

Opt for the simple!
Complicate approaches — more difficult to be communicated.

Test your selection!
The weighting method should always be tested using uncertainty and
sensitivity analysis.
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THANK YOU

The European Commission’s
Competence Centre on Composite
Indicators and Scoreboards

Welcome to email us at: jrc-coin@ec.europa.eu

COIN in the EU Science Hub
https://ec.europa.eu/jrc/en/coin

COIN tools are available at:
https://composite-indicators.jrc.ec.europa.eu/
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