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Principal Component Analysis and

Reliability Analysis

Giulio Caperna and Hedvig Norlén




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?

. European
20 JRC-COIN © | Step 7: Statistical Coherence Commission |



Principal Component Analysis (PCA)

We have data (more than one variable)

We want to describe the data with less variables!

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

First Principal Component!

. European
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Example with two variables
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What about the original variables?
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Example with three variables
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How we use PCA - Introduction

Framework of the European Skills Index 2018

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

European skills index

= Compulsony Training and other r Labour market 5
S u b _ p I I I arS it i Transition to work partidipation Skills under-utilsation Skills mismatch
Pre-primary Ricent training Early loavers from Activity rato ongterm | Overd qualification rat 0
I pupil-todeacher ratio (ifelong leaming) education & training | (aged 2554) [ unem ployment (tertiary graduates)

Each aspect can be measu red by a Indicators | messseesy | ey | pesmmsmeny | mmm | woems | swsmmn
Set Of Obse rvable Varlables [aged 15-64) {ISCED 3) [aged 20-28) part-time workers Ige eI
(Indicators).

—  wience sores —  High computer skills L— Qualification mismatch
[aped 15)
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How we use PCA - unidimensionality

. i ) Framework of the European Skills Index 2018
PCA is used to verify the internal

consistency, verify
“unidimensionality” within:

[
Skills development Skills acthvation
pul r

1) each Sub-pillar (across
Indicators)

o European
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How we use PCA - unidimensionality

. i ) Framework of the European Skills Index 2018
PCA is used to verify the internal

consistency, verify
“unidimensionality” within:

1) each Sub-pillar (across
Indicators)

2) each Pillar (across Sub-pillars)

[aped 15)
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How we use PCA - unidimensionality

. . . Framework of the European Skills Index 2018
PCA is used to verify the internal

consistency, verify
“unidimensionality” within:

1) each Sub-pillar (across
Indicators)

2) each Pillar (across Sub-pillars) |
rrrrrrrrrrrrrrrrr g Ty bnavers frod Activity rato 00| Over-qualification rat
mache [felong leaming) ducation & training (aged 2554) [T umemployment [tertiany graduates) ]

3) the Composite Indicator | | ‘
rrrrrrrrrrrrrrrrrrrrrrrrrrrr - a y e
(aC ross Pill ars) B ol e i e Bl e i

Reading. maths an
— sdencescores. —  Hi gl computer skil L— Qualification mismatch
[aged 15)
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PCA

Indicator 1 X, W\
Indicator 2 X, {)

Indicator p X, W/p

Observed indicators are
reduced into components

Component
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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 PC; is a new variable
computed as a linear combination of the original
(standardized) variables

PC1 = Wi1Xq + Wy X5 + “'prp

m European
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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. Hy : |[R] =1, H; : |R] # 1 (In English: «If we have good correlations»)

Want to reject H, 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))

o European
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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
INn the .80s, meritorious

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

ts are needed
\componen j

in the .50s, miserable
below .50, unacceptable”

o European
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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

. European
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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)

BEEFRe

Scree Plot

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

T

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

E
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: 2018 SOCIAL
Social Progress Index

The Social Progress Index (SPIl) is an 2018 SOCIAL
international monitoring framework for PROGRESS INDEX
measuring social progress without resorting

to the use of economic indicators. 2018 SOCIAL

PROGRESS INDEX

146 fully and 90 partially ranked countries.

. E
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Social Progress Index - PCA at Index level

Social progress is measured taking into
account the following three broad aspects:

Social Progress

Index Tndex

1. Meeting everyone’s basic needs for food,
clean water, shelter and security.

- . o o . imensions Foundatic_ms "
2. Living long, healthy lives with basic 2R of Wellbeing lowortumtv
knowledge and communication and a clean |
environment.

3. Practicing equal rights and freedoms and
pursuing higher education.

51 Indicators

5th version of SPI was launched September
2018.

Let’s try PCA

o European
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Social Progress Index - PCA example

T

Check the correlation structure | i

Correlation Basic Human Foundations Obportunit
matrix Needs of Wellbeing PP 4

Basic Human 1
Needs

Foundations
of Wellbeing 0.95 1

Opportunity

Pearson correlation coefficients

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

Check the correlation structure
1) Bartlett’s sphericity test

Correlation Basic Human Foundations

matrix Needs of Wellbeing Opportunity

acic p-value (2.0e-116) < 0.01 Reject H,
asic Human 1
Needs
Foundations 0.95 1 2) KMO Measure for Sampllng
of Wellbeing . Adequacy
Opportunity 0.81 0.88 1
Overall MSA = 0.69 KMO=>0.6

Pearson correlation coefficients

o European
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Social Progress Index - PCA results

2.76 = 0.962+0.982+0.932 Pearson correlation coefficients between
Total variance explained 92.02=2.76/3*100 pillar and principal component
f Component loadings
Component Eigenvalue/ Variance/ Cumglatlve PC1 PC2 PC3
variance
1 >76 1 92.02/ 92.02 1. Basic Human 0.96 | -0.25 | 0.12
Needs
2 0.20 6.55 98.57 2. Foundations of 0.98 | -0.09 | -0.16
Wellbeing
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

PC] - 0'96XBHN T 0'98XF0W T 0‘93X0pp
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Social Progress Index - PCA results

PCA results often summarized in a v

“Factor map”

PC, =0.96X ., +0.98X,, +0.93X,_

PC, = —0.25X 50 —0.09X ., +0.35X,

p

Basic_Human_Nee

PC, Second principal component is

useful to evaluate the differences 05
between the first two and third

dimensions.

-1.0

-1.0 -0.5 0.0 05 1.0
Dim1 (92%)

European
Commission
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Social Progress Index - Audit results

= ; Social Progress
JRC TECHNICAL REPORTS

The JRC Statistical Audit of the Basic

Social Progress Index (SPI) 3 Dimensions I'I:Il:;:::

Foundations
of Wellbeing

4
Components

il 4
- Components

16

Opportunity

51 Indicators indicators

Social Progress @ @socprogress

Thanks @EU_ScienceHub for auditing the 2018 #SocialProgress Index,
showing it is a rigorous measure of social outcomes and useful catalyst for
change #data #EUknowledge ow.ly/hkmh30IZYVp

L . . European
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Social Progress Index - Audit results

Redundancies in SP1 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:
Cl:Water and Sanitation
C2:Shelter

C5: Access to Basic Knowledge

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

Total variance explained

Cumulative

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.

Component| Eigenvalue 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
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Stopping criterion Eigenvalue > 1

Difference
less than 820
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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)

. European
43 JRC-COIN © | Step 7: Statistical Coherence Commission |



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.

o European
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An example of Transparency

SUSTAINABLE DEVELOPMENT
REPORT 2019
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Sustainable Development Report ABOUT  NEWS &INSIGHTS  REPORTS

European
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Explore the data

2 L 'ﬂm Download the data

SUSTAINABLE DEVELOPMENT 5u5tainab|e Development

REPORT 2019

Report 2019 :
P 4 %@ 2019 Results (Excel) JRC TECHNICAL REPORTS
Transformations to Achieve the Sustainable - -fn.,? 2019 Results (STATA)
Development Goals § &
2019 Country Profiles
The Sustainable Development Report 2019 presents the SDG . ’ . Py H
Int tive SDG Dashboard
Index and Dashboards for all UN member states and frames S S Mot s JRC StatIStlcal AUdIt Of the
the implementation of the Sustainable Development Goals The interactive 2019 SDG Dashboards Su Sta | ha ble DeVEIOp ment Goals
(SDGs) in terms of six broad transformations. It was prepared provide a visual representation of
by teams of independent experts at the Sustainable countries’ performance by SDGs to I n deX a nd DaSh boa I'dS
Development Solutions Network (SDSN) and the Bertelsmann identify priorities for action.
Stiftung.
Additional Materials Papadimitriou, Eleni
Download the report 2019 G20 and Large Countries Edition I;Z::f::n:::
Methodology Paper (2018)
Related News & Media Executive Summary (Adobe Spark)
SDR2019 — Transformations to achieve 2018
New Report Shows Major Long-Term Transformations are the SDGs (Prezi)

Necessary for Achieving the Sustainable Development Goals

About the Authors

Australia ranked 38th globally on sustainable development o
Citation

Canada ranked 20th globally on sustainable development JRC Statistical Audit 0

Esparia ocupa el 21° puesto en desarrollo sostenible a nivel Behind the numbers: Joint Research

mundial Centre Audit of the SDG Index and 0
Dashboards

La France au 4éme rang mondial en matiére de
développement durable

Jaint
Centre. EUR 29776 EN

The United States ranked 35th globally on sustainable
development

o European
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Sustainable Development Report

SUSTAINABLE DEVELOPMENT
REPORT 2019

ABOUT

Sustainable Development
Report 2019

Transformations to Achieve the Sustainable
Development Goals

The Sustainable Development Report 2019 presents the SDG
Index and Dashboards for all UN member states and frames
the implementation of the Sustainable Development Goals
(SDGs) in terms of six broad transformations. It was prepared
by teams of independent experts at the Sustainable
Development Solutions Network (SDSN) and the Bertelsmann
Stiftung.

Download the report

Related News & Media

New Report Shows Major Long-Term Transformations are
Necessary for Achieving the Sustainable Development Goals

Australia ranked 38th globally on sustainable development

Canada ranked 20th globally on sustainable development

Espafia ocupa el 21° puesto en desarrollo sostenible a nivel
mundial

La France au 4éme rang mondial en matiére de
développement durable

The United States ranked 35th globally on sustainable
development
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NEWS & INSIGHTS

Sustainable Development Report  ABOUT  NEWS & INSIGHTS  REPORTS

May 30, 2019

By Eleni Papadimitriou, Ana Rita Neves and William Becker, European Commission's Joint

Research Centre

Indexes are powerful policy, advocacy an™'*
such as sustainable development cannot
synthesize large and complex data sets ir
be an effective means to stimulate public

However, the process of building an indg
methodological challenges. In order to h
transparency of their indexes, the Europe
Indicators and Scoreboards (C t the
audits of indexes upon request of intern:
services. To date, over 100 indexes, inav

recommendations from our research tear

Additional Materials -
2019 G20 and Large Countries Edition
Methodology Paper (2018)

Executive Summary (Adobe Spark)

SDR2019 - Transformations to achieve
the SDGs (Prezi)

About the Authors
Citation
JRC Statistical Audit

Behind the numbers: Joint Research
Centre Audit of the SDG Index and
Dashboards

BEHIND THE NUMBERS: JOINT RESEARCH CENTRE AUDIT OF
THE SDG INDEX AND DASHEOARDS

Flotting the environmental SDGs (12, 13, 14 and 15), whicy present a negative or insignificant
association with the overall index against all the other SDGs, shows that the top five countries of
the SDG Index are actually ranked well below many other countries with lower performance on the
5DG Index. Denmark, which taps the list on the SDG Index, is in 143rd position for SDG12. In the
other direction, the Central African Republic. which is at the bottom of the SDG Index, holds the
second best position on SDG132.

Relation between the environmental SDGs (72,13,14,15) and the other SDGs

=

Erwircnmental SDGs (12,13,14,15)

Lower performance > Higher performance

Other SDGs (1-11, 16-17)
Lower e > Higher per
dashed lnes represerds medsans, top 5 countries in SDG Index are highighted in ight blue

The SDG Index is a noteworthy and much-needed tool which synthesizes the 17 adopted SDGs into

acinal Cuarall the can af the ado & alyct The inde ance o
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Part 2: Reliability Analysis

Cronbach’s & is measure of internal consistency and reliability

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

Cronbach’s a 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.

. European
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Cronbach’s O

Cronbach’s & is measure of internal consistency and reliability

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

Caution! d increases when the number of indicators increases.

. European
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Cronbach’s 0/ cut off values

Cronbach’s O is measure of internal consistency and reliability

Cronbach's alpha Internal consistency
0.9=ua Excellent
0.8 =04<0.9 Good

0.5=a04<0.6 Poor
a<0.5 Unacceptable

Lee Cronbach
(1916-2001)

o European
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Cronbach’s Ol - Social Progress Index

Cronbach’s O is measure of internal consistency and reliability

Social Progress Index

Cronbach's Alpha

Index level (3 dimensions) 0.96
Item level I?cg:r:?%igl A:szar‘;;g:(;n
Correlation
1: Basic Human Needs 0.91 0.94
2: Foundations of Wellbeing 0.96 0.89
3: Opportunity 0.86 0.97
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Cronbach's alpha Internal consistency
0.9 =<« Excellent

0.8 =<04<0.9 Good

0.5=<04<0.6 Poor
a<0.5 Unacceptable

If a is too high it may suggest that some items are
redundant as that are measuring very similar concepts.
Maximum a 0.9 has been recommended.

m European
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Cronbach’s 00 — SDG Index 2019

Cronbach's alpha Internal consistency

SDG Index Cronbach's Alpha 0.9 < u Excellent
0.8 =04<0.9 Good

Index level (17 goals)

Removing Goals 12-15 0.81

0.5=<04<0.6 Poor
0a<0.5 Unacceptable

“ European
Commission
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THANK YOU

The European Commission’s
Competence Centre on Composite

Indicators and Scoreboards

4

O 0
COIN In the EU Science Hub @
https://ec.europa.eu/jrc/en/coin sl

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

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