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Outline 

How multivariate methods can help to understand the statistical 
coherence of our composite indicator

Part 1 Principal Component Analysis
Part 2 Reliability Analysis (Cronbach’s alfa)

Is the structure of our composite indicator statistically well-defined? 
Is the set of available indicators sufficient to describe the pillars and the 
sub-pillars of the composite indicator?
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Principal Component Analysis (PCA)

3 2 1 0 1 2 3

PCA will finds this “best” line:
1) Maximum variance
2) Minimum error

x

y

First Principal Component!

We have data (more than one variable)

We want to describe the data with less variables!
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Example with two variables
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Variance 81%

Variance 19%
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What about the original variables?

PC1

PC2

y

x
x

y
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Example with three variables

0 0.25 0.50                   0.75                    1           

0 0.25 0.50                   0.75                    1           

0 0.25 0.50                   0.75                    1           

RO       FI
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x
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z

Variance 58%

Variance 29%

Variance 12%

So, What?

x
y

z
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Type equation here.

How we use PCA - Introduction

A Composite Indicator measures 
multifaceted phenomenon -
combination of different aspects 
(Sub-pillars/Pillars).

Each aspect can be measured by a 
set of observable variables 
(Indicators).

Framework of the European Skills Index 2018

Composite Indicator 

Pillars 

Sub-pillars

Indicators
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Type equation here.

How we use PCA - unidimensionality

PCA is used to verify the internal 
consistency, verify 
“unidimensionality” within:
1) each Sub-pillar (across 

Indicators)

Framework of the European Skills Index 2018
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Type equation here.

How we use PCA - unidimensionality

PCA is used to verify the internal 
consistency, verify 
“unidimensionality” within:
1) each Sub-pillar (across 

Indicators)
2) each Pillar (across Sub-pillars)

Framework of the European Skills Index 2018
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Type equation here.

How we use PCA - unidimensionality

PCA is used to verify the internal 
consistency, verify 
“unidimensionality” within:
1) each Sub-pillar (across 

Indicators)
2) each Pillar (across Sub-pillars)
3) the Composite Indicator 

(across Pillars)

Framework of the European Skills Index 2018
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PCA 

Identify a small number of 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 PCi is a new variable 
computed as a linear combination of the original 
(standardized) variables 

= + +
Observed indicators are 

reduced into components

. . . Component

Indicator 1 X1

Indicator 2 X2

Indicator p Xp

PCA
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First steps in PCA

Check the correlation structure of the data and perform 2 “pre-tests”
1) Bartlett’s sphericity test            
The test checks if the observed correlation matrix R diverges significantly from the 
identity matrix.  H0 : |R| = 1 ,  H1 : |R| 1 (In English: «If we have good correlations»)

Want to reject H0 to be able to do perform a valid PCA (Bartlett (1937))

2) Kaiser-Meyer-Olkin (KMO) Measure for Sampling Adequacy
Measure of the strength of relationship among variables based on correlations and 
partial correlations. KMO between [0;1].
Want KMO close to 1 to be able to perform a valid PCA. KMO>0.6 OK! 

(Kaiser (1970), Kaiser-Meyer (1974))
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First steps in PCA

2) Kaiser-Meyer-Olkin (KMO) Measure for Sampling Adequacy
Kaiser’s own interpretations of the KMO values

KMO values:
“in the .90s, marvelous
in the .80s, meritorious
in the .70s, middling
in the .60s, mediocre
in the .50s, miserable
below .50, unacceptable”

1) Bartlett’s sphericity test and 
2) KMO test provide info 
whether it is possible to do PCA, 
but do not give info of the 
“magic number” - how many 
components are needed

KMO>0.6 OK
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How to get the PCs

1) Eigenvalue decomposition of a data correlation matrix 
(case of composite indicator), 

2) Singular Value Decomposition (SVD) of a data matrix 
after mean centering (normalizing) the data matrix

Important assumption:
Linearity of relations 

Important property:
The PCs are orthogonal unless they are rotated
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Finding the “magic number”- determining how 
many components 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)

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

3) Certain percentage of explained variance  
e.g., >2/3, 75%, 80%,…

Scree
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Social Progress Index

The Social Progress Index (SPI) is an
international monitoring framework for
measuring social progress without resorting
to the use of economic indicators.

146 fully and 90 partially ranked countries.
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Social Progress Index - PCA at Index level

Social progress is measured taking into 
account the following three broad aspects:
1. Meeting everyone’s basic needs for food, 
clean water, shelter and security.
2. Living long, healthy lives with basic 
knowledge and communication and a clean   
environment.
3. Practicing equal rights and freedoms and 
pursuing higher education.
5th version of SPI was launched September 
2018.
Let’s try PCA
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Social Progress Index - PCA example

Correlation 
matrix

Basic Human 
Needs

Foundations 
of Wellbeing Opportunity

Basic Human 
Needs 1

Foundations 
of Wellbeing 0.95 1

Opportunity 0.81 0.88 1

Pearson correlation coefficients

Check the correlation structure

(Significance level = 0.01, n=146, 
critical value = 0.21)
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Social Progress Index - PCA example

Correlation 
matrix

Basic Human 
Needs

Foundations 
of Wellbeing Opportunity

Basic Human 
Needs 1

Foundations 
of Wellbeing 0.95 1

Opportunity 0.81 0.88 1

Pearson correlation coefficients

Check the correlation structure
1) Bartlett’s sphericity test

p-value (2.0e-116) < 0.01 Reject H0

2) KMO Measure for Sampling 
Adequacy

Overall MSA =  0.69      KMO>0.6
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Component loadings

Component Eigenvalue Variance Cumulative 
variance PC1 PC2 PC3

1 2.76 92.02 92.02 1. Basic Human 
Needs 0.96 -0.25 0.12

2 0.20 6.55 98.57 2. Foundations of 
Wellbeing 0.98 -0.09 -0.16

3 0.04 1.43 100,00 3. Opportunity 0.93 0.35 0.05

Sum 3 100 Sum of Squares 2.76 0.20 0.04

Stopping criterion Eigenvalue > 1

Pearson correlation coefficients between

Total variance explained pillar and principal component

Social Progress Index - PCA results

One dimension verified! 
OppFoWBHN XXXPC 93.098.096.01

2.76 = 0.962+0.982+0.932

92.02=2.76/3*100
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Social Progress Index - PCA results

PCA results often summarized in a 
“Factor map” 

Second principal component is 
useful to evaluate the differences 
between the first two and third 
dimensions.

OppFoWBHN XXXPC 93.098.096.01

OppFoWBHN XXXPC 35.009.025.02

2PC



40 JRC-COIN © | Step 7: Statistical Coherence (I) Simple Correlations

Social Progress Index - Audit results
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Social Progress Index - Audit results

1

0.8

0.6
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0.2

0

-0.2

-0.4

-0.6

-0.8

-1

3 Dim 12 Comp

Index
Redundancies in SPI framework -
very strong correlations between the 
SPI aggregates (dimensions and 
components). 

PCA was also performed on the whole 
set of 51 indicators
Some components measure similar concepts:

C1:Water and Sanitation

C2:Shelter

C5: Access to Basic Knowledge 

C12: Access to Advanced Education 
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Social Progress Index - Audit results

Very strong correlations between the 
SPI aggregates (dimensions and 
components).

PCA was also performed on the whole 
set of 51 indicators.

7 latent dimensions (principal 
components) are retrieved, which 
capture 78% of the total variance in the 
underlying indicators. 

Difference 
less than 8%

Total variance explained

Component Eigenvalue Cumulative 
variance

1 27,55 54,02

2 5,30 64,42

3 1,98 68,31

4 1,63 71,51

5 1,24 73,94

6 1,22 76,34

7 1,07 78,44

8 0,97 80,33

9 0,84 81,98

10 0,76 83,46

11 0,67 84,78

12 0,67 86,10

…

51 0,01 100,00

Sum 51

Stopping criterion Eigenvalue > 1
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How do we use the results?

First a question:

What do we say to the “all-knowing” statistical method?

Let me check the Conceptual Framework!
(and steps 2 to 6)
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Social Progress Index - Audit results

From JRC Audit report: 

“Less number of components is also in line with the results from the “beyond GDP” 
approach by the Commission on the Measurement of Economic Performance and 
Social Progress*. The SPI conceptual framework has been influenced by this work. 
So apart from the statistical reasoning, the result from the “beyond GDP” 
approach, may also give conceptual justification for reducing the number 
of components in the SPI framework.”

* Stiglitz, J., Sen,A., Fitoussi,J.-P., 2009. Report by the Commission on the Measurement of Economic 
Performance and Social Progress. In: Commission on the Measurement of Economic Performance and 
Social Progress, Paris, France.
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An example of Transparency

SDG 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Index

1 1.00

2 0.49 1.00

3 0.84 0.64 1.00

4 0.77 0.61 0.84 1.00

5 0.35 0.54 0.59 0.61 1.00

6 0.69 0.66 0.81 0.73 0.68 1.00

7 0.88 0.50 0.85 0.81 0.46 0.71 1.00

8 0.50 0.60 0.68 0.62 0.59 0.63 0.51 1.00

9 0.66 0.66 0.82 0.67 0.59 0.75 0.68 0.63 1.00

10 0.36 0.29 0.36 0.17 0.01 0.21 0.19 0.24 0.38 1.00

11 0.54 0.46 0.68 0.66 0.64 0.69 0.59 0.53 0.55 0.10 1.00

12 -0.59 -0.53 -0.76 -0.59 -0.52 -0.67 -0.60 -0.46 -0.86 -0.32 -0.50 1.00

13 -0.28 -0.17 -0.33 -0.32 -0.18 -0.19 -0.27 -0.10 -0.32 -0.05 -0.13 0.50 1.00

14 -0.17 -0.01 -0.11 -0.10 0.09 -0.04 -0.13 0.06 -0.05 -0.19 -0.04 0.04 0.02 1.00

15 -0.09 0.15 -0.02 -0.03 0.17 0.12 -0.05 0.14 0.09 0.01 -0.01 -0.02 0.22 0.24 1.00

16 0.64 0.59 0.81 0.67 0.50 0.65 0.60 0.58 0.78 0.43 0.63 -0.72 -0.33 -0.11 0.04 1.00

17 0.19 0.07 0.21 0.22 0.14 0.12 0.29 -0.03 0.11 0.01 0.16 -0.12 -0.35 -0.02 -0.08 0.14 1.00

Index 0.84 0.71 0.93 0.86 0.67 0.86 0.86 0.73 0.83 0.40 0.73 -0.68 -0.20 -0.01 0.14 0.79 0.24 1.00
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An example of Transparency
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An example of Transparency
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Cronbach’s is measure of internal consistency and reliability

Based upon classical test theory. Most common estimate of reliability, Cronbach 
(1951).

Cronbach’s is defined as Ratio of the Total Covariance in the “test” to the Total 
Variance in the “test”. 
By “test” we mean the set of indicators constituting a Sub-pillar/Pillar/Composite 
Indicator.

Part 2: Reliability Analysis
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Cronbach’s is measure of internal consistency and reliability

ranges from 0 to 1. If all indicators are entirely independent from one another 
(i.e. are not correlated or share no covariance) = 0. If all of the items have high 
covariances, then will approach 1. 

Caution! increases when the number of indicators increases. 

Cronbach’s 
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Cronbach’s is measure of internal consistency and reliability

Cronbach’s cut off values  

Cronbach's alpha Internal consistency
0.9 Excellent

< 0.9 Good
< 0.8 Acceptable
< 0.7 Questionable
< 0.6 Poor

< 0.5 Unacceptable

Lee Cronbach
(1916-2001)
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Cronbach’s is measure of internal consistency and reliability

Cronbach’s - Social Progress Index

Cronbach's alpha Internal consistency
Excellent

< 0.9 Good
< 0.8 Acceptable
< 0.7 Questionable
< 0.6 Poor

< 0.5 Unacceptable

Social Progress Index

Index level (3 dimensions)

Item level
Corrected 
Item-Total 
Correlation

Alpha if Item 
is dropped

1: Basic Human Needs 0.91 0.94

2: Foundations of Wellbeing 0.96 0.89

3: Opportunity 0.86 0.97

Cronbach's Alpha

0.96

If is too high it may suggest that some items are 
redundant as that are measuring very similar concepts. 
Maximum 0.9 has been recommended.
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Cronbach’s – SDG Index 2019

Cronbach's alpha Internal consistency
Excellent

< 0.9 Good
< 0.8 Acceptable
< 0.7 Questionable
< 0.6 Poor

< 0.5 Unacceptable

SDG Index Cronbach's Alpha

Index level (17 goals) 0.62

Removing Goals 12-15 0.81



Any questions?
You may contact us at @username & user@mail.meWelcome 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


