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What are indicators?



Premise
TOPIC

«Indicator» 2> a term widely used to refer to
 content (social indicators, quality-of-life indicators, etc.)

« context or domain (financial indicators, health system indicators,
evalutation indicators, etc.)

* role or function (impact indicators, outcome indicators, etc.)



Premise
TOPIC

Large practical diffusion € - little reflection on their real meaning

correct construction and effective application
require

awareness of the true epistemological meaning of the term



Definitions

(4) A normative process

normative nature of the selection of indicators
cannot be denied

the process contains a "subjective” component

GDP is the most important example of failing in using a statistics as
an (ndicator



Definitions



Definitions

(1) Measurement process in science

In order to start any measurement process, a crucial guiding
principle is idenftified ..



Definitions

(1) Measurement process in science

Three approaches to measurement:
* fundamental process — nhot derived from other measures (length, volume)
¢ deriving process —> derived from other measures (density, velocity)

* defining process - achieved as a consequence of a definition (socio-economic status) by
developing indicators



Definitions

(2) Index or indicator?

“indicator” “index”
\7 N7
from Latin

who or what indicates anji’/ting useful to indicate



Definitions

(2) Index or indicator?

Indicator
\7

what relates
concepts to reality
through observation



Definitions

(2) Index or indicator?

Indicator

2

not
a simply crude statistical information

but
a measure organically connected to a conceptual model



Definitions

(3) The concept of “indicator”

.. but ... what actually is an “indicator”?



Definitions

(3) The concept of “indicator”

Indicators as:

1.sign that communicates a concept

2. instrument, value resulting from a measurement aimed at
monitoring a certain characteristic = monitoring, evaluation

3.operator of a semantic relation (relationship between concept and
measure)



Definitions

(3) The concept of “indicator”
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Definitions

(3) The concept of “indicator”
2. OPERATIONAL TOOL

Indicators developed and managed so that they ..

.. represent different aspects of the reality,
.. picture the reality in an interpretable way, and
.. allow meaningful stories to be told



Definitions

(3) The concept of “indicator”
2. OPERATIONAL TOOL

operational indicators

[

[

|

|

measurement perspectives

communication

interpretation

context
status trend — cold descriptive
objective subjective — warm evaluation
positive negative — hot explanatory

conglomerative

deprivational

benefit cost
input outcome
impact process
efficacy efficiency

predictive




Definitions

(3) The concept of “indicator”
2. OPERATIONAL TOOL

as operational tools

indicators

functions and scopes

monitoring

reporting

audit

perspectives architecture
| | conceptual view design
(goal)
operative > ]
] (objective) time vertical
territorial horizontal
. social local
| planning
(action) formal basic
criteria characteristics

completezza
coerenza

non ridondanza
parsimonia

— objectivity

— quantification

— efficiency and fidelity
— economicity

— shared development




Definitions

(3) The concept of “indicator”
3. SEMANTIC OPERATOR

| 3y

By Carlos Martin



Definitions

(3) The concept of “indicator”
3. SEMANTIC OPERATOR

Indicators require:

a robust conceptual definition
a consistent collection of observations

a consequent analysis of the relationship between observations and defined
concepts.



Definitions

(3) The concept of “indicator”
3. SEMANTIC OPERATOR

Model of measurement



Definitions

(3) The concept of “indicator”
3. SEMANTIC OPERATOR

Model of measurement: assessment

INDICATORS

endogenous variables exogenous variables
[ |

MODEL of MEASUREMENT
I

reflessive formative

criterion tecniques criterion
internal consistency item analysis & factor analysis ridundancy dimensional analysis
[




Definitions

(3) The concept of “indicator”
3. SEMANTIC OPERATOR

Model of measurement: assessment

INDICATORS
I
I |
endogenous variables exogenous variables
| | Mixed models
MODEL of MEASUREMENT (PLSI MIMICI
reflessive formative
testing testing
I I




How to face complexity



How to face complexity

Approaches to analysis

1.Operational objectives > evaluation, benchmark, assessment, ...

2. Testing the measurement model and modelling indicators
(FA, SEM, PLS, MIMIC, etc.)

3.Syntesis of indicators (scaling models, aggregative approaches,
non-aggregative approaches)

4 Relational analysis (Network Science, ...)



Graph theory



Graph theory

A complex system can be represented as a network, or in mathematical terms, as a graph.

What is a GRAPH?
A simple, undirected graph is defined as a pair g = (v, ) where:

V: = VERTEX/ NODE
E: = EDGE / ARC

AT A GRAPHICAL LEVEL, A GRAPH CAN Be REPRESENTED THROUGH SIMPLE GEOMETRIC FIGURES,
USING POINTS TO DENOTE THE VERTICES AND LINES OR CURVES TO DENOTE THE EDGES.




Graph theory

In cases where the analysis concerns a system of
indicators:

 the network boundary is determined at the outset
(the set of indicators comprising the system);

- the anchoring depends on the type of analysis to be
conducted.



Graph theory

Approaches to analyzing the network of indicators can be
classified based on:

« the object of analysis: the node (or vertex), the group (a
subset of vertices or nodes), or the global system or network
(the set of vertices or nodes);

 the perspective adopted to study the relationships, which can
be:

i. positional, when focusing on an indicator's relationships to
determine its position within the network under study:;

ii. relational, when focusing on the relationships between the
indicators.



Graph theory

Value of the edges

value representing the statistical relationship between
the nodes by drawing on observations of the other
elements.



Graph theory

Different analytical perspectives
From this perspective, given indicators observed
- across various cases (individuals, regions, cities)
- at different points in time (months, years, etc.),

a variety of analyses can be performed on these
indicators:



Graph theory

EDGES enhanced through the statistical

relationship between nodes,

The finale GRAPH

NODES . . represents
using as observations ,
: a synthesis for
over all by using

1 | indicators | cases association coefficient each year
2 | indicators | years association coefficient each case
3 | years indicators | profiles’ association each case
4 | years cases association coefficient each indicator
5 | cases indicators | profiles’ association each year
6 | cases years association coefficient each indicator




The application



The application

benessere e g ¢
b ES Pyt fair and sustainable wellbeing



The application

BES is a joint initiative
CNEL (National Council for Economics and Labour)

and

ISTAT (Italian National Institute of Statistics)

Launched in 2010



The application

Two committees

Steering Committee Scientific Committee
CNEL & ISTAT ISTAT
{ U
unions and management, civil ISTAT researchers and academics
society, ... professors

April 2011 — December 2012 May 2011 — December 2012



The application

Two committees

Steering Committee Scientific Committee
CNEL & ISTAT ISTAT
{ U
defining domains selecting indicators
2

12 domains were defined 134 indicators



The application

Public consultation

benessere
equo
sostenibile

misurare e'valutare
Il progresso.-della societa italiana




The application

Domains

| HEALTH s SOCIAL RELATIONSHIPS
2 EDUCATION AND TRAINING ﬁ POLICY AND INSTITUTIONS
3 WORK AND LIFE BALANCE I SECURITY

g ECONOMIC WELL-BEING a SUBJECTIVE WELL-BEING

LANDSCAPE
AND CULTURAL HERITAGE RESEARCH AND INNOVATION

m ENVIRONMENT |2 QUALITY OF SERVICES



| e tendenze del benessere |
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The application

The set of indicators allows us a
cross-sectional and integrated picture
by showing a wide view of citizens’

quality of life by monitoring also

inequalities, and risks.



The application

9 DOMAINS:
HEALTH (15 INDICATORS)
EDUCATION AND TRAINING (15 INDICATORS)
WORK AND WORK-LIFE BALANCE (11 INDICATORS)
ECONOMIC WELL-BEING (9 INDICATORS)
SOCIAL RELATIONSHIPS (9 INDICATORS)
SECURITY (7 INDICATORS)
SUBJECTIVE WELL-BEING (4 INDICATORS)
- ENVIRONMENT (15 INDICATORS)
- LANDSCAPE AND CULTURAL HERITAGE (9 INDICATORS)

TARGET OF BES: TO SUPPORT PUBLIC POLICY ACTION.



The application
ANALYSIS OF EQUITABLE AND SUSTAINABLE WELL-BEING
REFERENCE YEAR: 2021

9 DATASETS: DOMAIN INDICATORS — REGIONS

IDENTIFICATION OF THE INDIVIDUAL INDICATORS OF THE 9 DOMAINS UNDER EXAMINATION

CALCULATION OF THE COEFFICIENT OF DETERMINATION R? € TO MEASURE THE EXPLANATORY
STRENGTH OF THE RELATIONSHIPS BETWEEN BES INDICATORS

CONSTRUCTION OF THE UNDIRECTED GRAPH
* NODES: BES Domain Indicators
 EDGES: Coefficient of Determination R?




ANALYSIS OF EQUITABLE AND SUSTAINABLE WELL-BEING

The application

REFERENCE YEAR: 2021

Three indexes

Index Formula What it measures A node has a high value if...
Betweenness o, (v) | How oftenanode lies on the shortest paths It acts as a bridge or intermediary between
centrality Cp(v) = Py between other pairs of nodes different parts of the network
N
NESVES
Closeness n-1 How close a node is to all the other nodes interms | It can reach the other nodes quickly
y Ccv)=—F7—= :
centrality Y2, d (v,u) | of shortest-path distance
Eigenvector - lz Ay The importance of a node, taking into account the | Itis connected to other highly important nodes
centrality L importance of its neighbors
i




The application
ANALYSIS OF EQUITABLE AND SUSTAINABLE WELL-BEING
REFERENCE YEAR: 2021

THREE LEVELS OF ANALYSIS:

1) ANALYSIS OF INDIVIDUAL DOMAINS

2) ANALYSIS OF INDIVIDUAL INDICATORS WITHIN THEIR RESPECTIVE DOMAINS
3) ANALYSIS OF A SINGLE DOMAIN IN RELATION TO THE OTHER DOMAINS




The application
ANALYSIS OF EQUITABLE AND SUSTAINABLE WELL-BEING
REFERENCE YEAR: 2021

THREE LEVELS OF ANALYSIS:

1) ANALYSIS OF INDIVIDUAL DOMAINS

2) ANALYSIS OF INDIVIDUAL INDICATORS WITHIN THEIR RESPECTIVE DOMAINS
3) ANALYSIS OF A SINGLE DOMAIN IN RELATION TO THE OTHER DOMAINS




2. ANALYSIS OF SINGLE INDICATORS WITHIN THEIR RESPECTIVE DOMAINS



FIRST DOMAIN: HEALTH

BETWEENNESS CENTRALITY

® ®

BETWEENNESS CENTRALITY
node 12 - Sedentariness - normalized value 1.0

CLOSENESS CENTRALITY " EIGENVECTOR CENTRADLITY

b - » EIGENVECTOR CENTRALITY
node 12 - Sedentariness - normalized value 0.139

node 10 - Life expectancy without activity limitations at 65 years - 0.780 node 1 - Life expectancy at birth - 0.038

node 1 - Life expectancy at birth - 0.722

node 10 - Life expectancy without activity limitations at 65 years - 0.032

node 12 - Sedentariness - normalized value 1.0
node 1 - Life expectancy at birth - 0.750
node 10 - Life expectancy without activity limitations at 65 years - 0.750

CLOSENESS CENTRALITY
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SECOND DOMAIN: EDUCATION AND TRAINING

BETWEENNESS CENTRALITY CLOSENESS

CENTRALITY EIGENVECTOR CENTRALITY

BETWEENNESS CENTRALITY
node 30 - Use of libraries - normalized value 0.263
node 22 - Young people neither in employment nor in education or

training (NEET) - 0.171
node 27 - People obtaining a tertiary STEM degree in the year - 0.142

EIGENVECTOR CENTRALITY
node 22 - Young people neither in employment nor in education or
training - normalized value 1.0
node 23 - Participation in lifelong learning - 0.965

node 25 - Inadequate numeracy skills - 0.965

node 28 - Cultural participation outside the home - 0.700
node 25 - Inadequate numeracy skills - 0.666

node 26 - At least basic digital skills - 0.666

node 29 - Reading of books and newspapers - 0.666

CLOSENESS CENTRALITY
node 22 - Young people neither in employment nor in education or training (NEET) - normalized value 0.777




THIRD DOMAIN: WORK AND WORK-LIFE BALANCE

BETWEENNESS CENTRALITY EIGENVECTOR CENTRALITY

®

BETWEENNESS CENTRALITY
node 31 - Employment rate 20-64 years - normalized value 0.2
node 32 - Rate of non-participation in work - 0.2
node 36 - Non-regular employment - 0.2
node 39 - Perception of job insecurity - 0.2
node 40 - Involuntary part-time - 0.2

EIGENVECTOR CENTRALITY
node 31 - Employment rate 20-64 years - normalized value 1.0
node 32 - Rate of non-participation in work - 1.0
node 36 - Non-regular employment - 1.0
node 39 - Perception of job insecurity - 1.0
node 40 - Inveluntary part-time - 1.0

CLOSENESS CENTRALITY
node 31 - Employment rate 20-64 years - normalized value 1.0
node 32 - Rate of non-participation in work - 1.0
node 36 - Non-regular employment - 1.0
node 39 - Perception of job insecurity - 1.0
node 40 - Involuntary part-time - 1.0



FOURTH DOMAIN: ECONOMICWELL-BEING

BETWEENNESS CENTRALITY EIGENVECTOR CENTRALITY

@ @
&
BETWEENNESS CENTRALITY EIGENVECTOR CENTRALITY
node 44 - Risk of poverty - normalized value 0.178 node 44 - Risk of poverty - normalized value 1.0
node 48 - Low work intensity - Europe 2030 - 0.035 node 48 - Low work intensity - Europe 2030 - 0.932
node 45 - Severe material and social deprivation - Europe 2030 - 0.803
node 47 - Great difficulty making ends meet - 0.803

CLOSENESS CENTRALITY
node 44 - Risk of poverty - normalized value 1.0
node 48 - Low work intensity - Europe 2030 - 0.932
node 45 - Severe material and social deprivation - Europe 2030 - 0.718
node 47 - Great difficulty making ends meet - 0.714



FIFTH DOMAIN: SOCIAL RELATIONSHIPS

BETWEENNESS CENTRALITY CLOSENESS CENTRALITY EIGENVECTOR CENTRALITY

BETWEENNESS CENTRALITY
node 56 - Voluntary activity - normalized value 0.428 < .EIGE.NVE.CTO.R CENTRALITY.
node 54 - Social participation - 0.250 nodq 52 - Sqtz.sfactzon w‘zt‘h frzends.h.zps 3 normalized value 1.0
node 52 - Satisfaction with friendships - 0.170 node 55 - Civic and political participation - 1.0
] node 56 - Voluntary activity - 0.971

node 55 - Civic and political participation - 0.130

CLOSENESS CENTRALITY
node 56 - Voluntary activity - normalized value 0.800
node 52 - Satisfaction with friendships - 0.800
node 55 - Civic and political participation - 0.727




SIXTH DOMAIN: SECURITY

BETWEENNESS CENTRALITY CLOSENESS CENTRALITY r ' EIGENVECTOR CENTRALITY

(62)
® CPRE

@é&@

(@) @

BETWEENNESS CENTRALITY EIGENVECTOR CENTRALITY
node 65 - Presence of elements of degradation in the area of residence - 0.600 | node 65 - Presence of elements of degradation in the area of residence - 1.0
node 60 - Intentional homicides - 0.333 node 63 - Robberies - 0.899
node 61 - Burglaries / Home thefts - 0.333 node 66 - Perception of crime risk - 0.899

node 64 - Perception of safety walking alone in the dark - 0.899

CLOSENESS CENTRALITY
node 65 - Presence of elements of degradation in the area of residence - 0.666
node 60 - Intentional homicides - 0.600
node 63 - Robberies - 0.500
node 64 - Perception of safety walking alone in the dark - 0.500
node 66 - Perception of crime risk - 0.500




SEVENTH DOMAIN: SUBJECTIVE .WELL-BEING

BETWEENNESS CENTRALITY EIGENVECTOR CENTRALITY

(10)

@ @)

BETWEENNESS CENTRALITY EIGENVECTOR CENTRALITY

node 67 - Negative judgment on future prospects - normalized value 0.666 node 67 - Negative judgment on future prospects - normalized value 1.0
node 69 - Satisfaction with leisure time - 0.666 node 69 - Satisfaction with leisure time - 1.0

CLOSENESS CENTRALITY
node 67 - Negative judgment on future prospects - normalized value 0.750
node 69 - Satisfaction with leisure time - 0.750



EIGHTH DOMAIN: ENVIRONMENT

BETWEENNESS CENTRALITY CLOSENESS CENTRALITY ' EIGENVECTOR CENTRALITY
@
@®
@
(9) ®) ()
@
® ) ® ®
BETWEENNESS CENTRALITY 4rF . ) EIGENVECTOR CENTRALITY
node 81 - Satisfaction with the environmental situation - normalized value 0.299 node 71 = Air quality - PM2.5 - normalized value 1.0
node 75 - Domestic material consumption - 0.166 node 83 - Heatwave duration index - 0.952
node 82 - Concern about loss of biodiversity - 0.147 node 74 - Soil sealing from artificial land cover - 0.875
CLOSENESS CENTRALITY

node 81 - Satisfaction with the environmental situation - 1.0
node 74 - Soil sealing from artificial land cover - 0.952
node 75 - Domestic material consumption - 0.833




NINTH DOMAIN: LANDSCAPE AND CULTURAL HERITAGE

BETWEENNESS CENTRALITY CLOSENESS CENTRALITY ' EIGENVECTOR CENTRADIITY

®

BETWEENNESS CENTRALITY b . » EIGENVECTOR CENTRALITY
node 93 - Current expenditure of Municipalities - normalized value 0.160 node 94 - lllegal building / Unauthorized construction -normalized value 1.0
node 94 - lllegal building / Unauthorized construction - 0.089 node 93 - Current expenditure of Municipalities for culture - 0.25
node 90 - Dissatisfaction with the landscape of the place of life - 0.035 node 90 - Dissatisfaction with the landscape of the place of life - 0.840

CLOSENESS CENTRALITY
node 93 - Current expenditure of Municipalities for culture - 0.833
node 94 - Illlegal building / Unauthorized construction - 0.833
node 90 - Dissatisfaction with the landscape of the place of life - 0.714




Final remarks



Final remarks

all indicators are
organically related to each other

4

they cannot be chosen and analyzed
independently



Final remarks

statistical approaches should be able to rebuild
the conceptual framework / the complex reality

this cannot be obtained through subsequent
approximations of the whole process
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Final remarks

Is this acceptable in a complex structure?



Final remarks

In order to obtain a meaningful and
interpretable picture

data should be managed in some way...
in other words ...



Final remarks

Indicators are and remain a

complex system
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