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 Next version (2019-2020)

Ten Steps Guide 
for Composite Indicators & Scoreboards

Next
version

Step 10. Visualisation & Communication

Step 9. Back to the data 

Step 8. Robustness & Sensitivity

Step 7. Statistical coherence

Step 6. Aggregation 

Step 5. Weighting

Step 4. Normalisation

Step 3. Data treatment 

Step 2. Selection of indicators

Step 1. Developing the framework
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 Make directional adjustments        
(so that higher scores correspond to better 
performance in all indicators or vice versa)

 Select a suitable normalisation
method that respects the conceptual 
framework and the data properties

Step 4
Normalisation for C.I.
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• What is normalisation?

• Prior to normalisation

• Normalisation methods: min-max, distance to a reference, 
standardisation (or z-score), categorical scale, ranking and 
quantile empirical distribution

• Summary table

• Key messages

Outline
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• different units of measurement => common scale

• different ranges of variation => similar range of variation

What is normalisation?

Adjustments of distribution and scale of variables

It allows for aggregation of variables by averages (i.e.
composite indicators) and for comparisons and robust
aggregations

Different normalisation methods lead to different results
Choice based on the general objective
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Normalising by…

A common variableSample statistics

To obtain comparability across variables
adjusting for:

1.different nature of indicators (positive 
vs. negative orientation towards the 
index)

2.different units of measurement across 
indicators

3.different ranges of variation

To obtain comparability across countries

Dividing the raw data by size of population, land 
area, gross domestic product (GDP), or other 
denominator to make data comparable across 
countries 
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Prior to normalisation

Comparisons across countries

Q: What to consider?

US, 322 Million inhabitants

Czech Republic, 10 Million inhabitants
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Data normalisation

• It is about changing the scale of the data

• Common practice: scaling data between [0, 1] or [0, 100] 

• Mixed scales (e.g., European skills Index: PISA scores and 
unemployment rate have different ranges) 
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Example: European Skills Index

Source: European Skills Index (2018), Cedefop
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Range of variation

Example: European Skills Index
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Normalisation methods
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Z-score

Min-max
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• Imposes a distribution with mean zero and variance 1

• Normalised indicators have:

 same variance (=1) 

 not necessarily same range of variation

•Method: sensitive to extreme values/outliers

Standardised scores which are below average are 
negative => implications on the use of geometric average 
as an aggregation method

Normalisation methods –
linear scale 
Standardisation (Z-score)
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Normalisation methods –

linear scale, Min-max
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Normalised indicators have:

 same range of variation e.g., [0,1]

 not same variance

Method: sensitive to extreme values/outliers

Rescaling is easier to communicate to a wider public 
because it normalises indicators to an identical range [0, 
1], [0, 100], where usually higher scores represent better 
achievement.
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Normalisation methods: Ratio scale
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Normalisation methods: 
Ratio scale - Distance to 
a reference country
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The reference country can be: 

• the group leader or an external benchmark 
country

• a hypothetical country (target to be reached 
in a given timeframe) 

• or an aggregate/average (eg., EU28, world)

The reference value could be fixed at a specific point 
in time (e.g. initial t0) to account for the indicator 
evolution across time

Normalised indicators do not have: 
 same range 
 same variance
Method: sensitive to extreme values/outliers
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Ordinal scale: Ranking across countries and categorical scale
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• The score of each indicator is based on categories 
(nominal or numerical)

• Each category represents a portion of the range of 
the variable

• Each category score can be based on the percentile 
of the distribution of the indicator across countries

• Remember to justify the choice of intervals and 
scores

• Normalised indicators have:

• Same range [0, 100]

• Same variance: if there are NOT tied ranks

• Method: not sensitive to extreme values/outliers

• Distribution: NO uniform

Normalisation methods –
Ordinal scale

Categorical scales

• Nominal scales (e.g. gender, blood type: A, B, AB, O)
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• Scores are replaced by ranks – e.g. the highest 
score receives the first ranking position (rank 1)

• Uses ordinal information only – information on 
levels is not maintained

• Normalised indicators have:

 the same range: [1,n] (n = no. of countries)

 the same variance 67.67 (n=28)

• Method: not sensitive to extreme values/outliers

• Distribution: Uniform

Normalisation methods –
Ordinal scale

Ranking across countries
)(I xrank

Source: European Skills Index, 2018
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Normalisation methods: Quantile empirical 
distribution

Definition: quantile normalization is a technique for making two distributions identical in 
statistical properties

𝑢 =
𝑟𝑎𝑛𝑘(𝑥)

𝑁 + 1

• where N is the sample size;

• rank(x) is the rank associated to each realization    

The quantile normalisation method allow to gather a variable range [0, 1]
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For example: if x = (10, 2, 8, 81, 38, 4, 19, 
322, 127) 

Then, rank (4, 1, 3, 7, 6, 2, 5, 9, 8); u = 
(0.4, 0.1, 0.3, 0.7, 0.6, 0.2, 0.5, 0.9, 0.8) 
giving to 322 the 9th rank

𝑢 =
𝑟𝑎𝑛𝑘(𝑥)

𝑁 + 1

Example: let’s consider the population in 
million by country – slide 9

 x= million 

inhabitants  

 Rank(x)  u 

2                   1               0.1           

4                   2               0.2           

8                   3               0.3           

10                 4               0.4           

19                 5               0.5           

38                 6               0.6           

81                 7               0.7           

127              8               0.8           

322              9               0.9           

Normalisation methods: 
Quantile empirical distribution
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Summary table

Adjustments/Method Quantile empirical 

distribution

Ranking Categorical 

scale

Z-score Min-max Distance to a 

reference country

Unit of measurement Y Y Y Y Y Y

Variance Y Y Y/N Y N N

Range of variation Y Y Y N Y N

Extreme values* Y Y Y N N N

Distribution* Y Y Y/N N N N
Extreme values* non-sensitive to extreme values 

Distribution* the distribution will  be the same for the normalised indicators

Yes is valid only if there are not tied ranks
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Key messages

• There are different normalisation methods leading to different results

• Their selection depends on the data structure and what we want to 
achieve: e.g., same variance=> Z-score; same range of variation 
=>min-max. It is crucial to understand the properties of each

• Alternative normalisation methods can be included as an additional 
dimension in the uncertainty/sensitivity analysis

• Normalisation is the step the lowest impact on the ranking (based on 
the majority of the case studies)
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Welcome to email us at: jrc-coin@ec.europa.eu

THANK YOU

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/

The European Commission’s 

Competence Centre on Composite 

Indicators and Scoreboards

mailto:Charlina.Vitcheva@ec.europa.eu
https://ec.europa.eu/jrc/en/coin
https://composite-indicators.jrc.ec.europa.eu/
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Technical Appendix
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Global Beer 
Consumption by 
Country in 2016

Source: Kirin Company, Limited, (2016)
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Global Wine 
Consumption

Source: Organisation Internationale de la Vigne ed du Vin, 2016
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where the minimum and maximum for each indicator are calculated across countries
and time. The normalized indicators have values between 0 and 1.

When data for a new time point become available the global minimum and/or the
maximum may be affected. To maintain comparability between the existing and the
new data, the composite indicator for the existing data must be re-calculated.
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A simple alternative:



The expression

is sometimes used in time-dependent studies. However, if:
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Categorical 
scale: 
original 
score and 
rescaling

Country High computer skills Categorical Scale th Percentile

FI 46.00 100 100-90

LU 42.00 100 100-90

DK 39.00 80 75-90exl

SE 38.00 80 75-90exl

EE 37.00 80 75-90exl

AT 34.00 60 50-75exl

LT 34.00 60 50-75exl

PT 34.00 60 50-75exl

ES 33.00 60 50-75exl

FR 33.00 60 50-75exl

UK 33.00 60 50-75exl

SI 31.00 60 50-75exl

DE 30.00 40 25-50exl

EL 30.00 40 25-50exl

LV 30.00 40 25-50exl

CZ 27.00 40 25-50exl

NL 27.00 40 25-50exl

IE 26.00 40 25-50exl

IT 26.00 40 25-50exl

MT 26.00 40 25-50exl

SK 25.00 40 25-50exl

BE 24.00 20 10-25exl

HU 24.00 20 10-25exl

CY 23.00 20 10-25exl

HR 22.00 20 10-25exl

PL 21.00 0 0-10exl

BG 15.00 0 0-10exl

RO 7.00 0 0-10exl


