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Introduction

@ A composite indicator (Cl) is an aggregate of all dimensions,

objectives, individual indicators and variables used (Nardo et al.,
2008).

@ The (I should ideally measure multidimensional concepts which
cannot be captured by a single indicator (Nardo et al., 2005).

@ A number of methodologies have been developed to construct
Cls — see Nardo et al. (2005, 2008) and El Gibari et al. (2018).
@ Important aspect:

o The compensation issue.
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Background

@ The reference point method (Wierzbicki, 1980): Efficient
solutions by using one reference level (desired).

@ The double reference point scheme (Wierzbicki et al., 2000):
Efficient solutions and objective rankings with two reference
levels.

@ Construction of composite indicators with different
compensation degrees (Ruiz et al., 2011).

@ Only two reference levels (Reservation and Aspiration levels).
Q A fixed scale.

A generalization of the double reference point method

The Multiple Reference Point-Weak and Strong Composite
Indicator (MRP-WSCI) approach (Ruiz et al., 2020)
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The MRP-WSCI approach

A generalization of the double reference point method

@ Any number of reference levels (n) can be established.
@ A common measurement scale:  af(t=0,...,n+1).
@ Achievement functions for each indicator:

Si|

© q;? at at af q i
si(xf ) =o't + e=im (o — gf ) if X € [of g,

(t=1,...,n+1)
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The MRP-WSCI approach

Different composite indicators

Full compensation:

@ Weak Composite Indicator (WCI) — A measure of overall
performance.

WCH = S usi(x, g;)

o Properties of classical weighted means
o 4" — Normalized weights add up to 1:

’uW = —L"
! Zf(:l Mk
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The MRP-WSCI approach

Different composite indicators

Zero compensation:

@ Without weights — Unweighted Strong Composite Indicator
(USCl).

USCl = mini:l,,..,l{si(x,ja qi)}

o A measure of the worst performance of the unit.
e The minimum value of the achievement functions for the unit. )

Samira El Gibari (elgsamira@uma.es) The MRP-WSCI approach: some reflections



The MRP-WSCI approach

Different composite indicators

Zero compensation:

@ Consideration of weights — Strong Composite Indicator (SC/).
SCl = mini:l,...,l{gi(X,J"> qi)}

o A measure of the worst values, relativized by the weights of the
indicators — Higher weights produce worse results.

o 17 — Normalized weights, where the greatest weight takes
value 1:

s K
Hi maxg=1,... 1{/k}
o Corrected achievement functions:

at G (Si(Xij7 ql) — at)u?’ if si(Xij7 ql) S (atila at]7
§,-(x,-j,q,-): (t:1,...,n+1),
alt + (o — at)us, if si(x;, i) = a®.
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The MRP-PCI approach

he MRP-PCI Partially Compensatory Indicator
@ The decision maker can decide which indicators cannot be

compensated, which can, and to which extent (Ruiz and

Cabello, 2021).
@ Step-Wise Description:

The MRP-PCI method

Shared with the MRP-
WSCI approach
1 1
[ |
Step 1.
Initial information
. i Step 4. Step 5.
e and( Ui Ty Step 2. SJ;:"j' Partially Partially Step 6.
Weights JC i [ N d s y »  Successive
indices values hi i aggregations
functions indicator

Reference levels
Common scale
Achievement
functions
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The MRP-PCI approach

Step-Wise Description

© Compensation indices — The decision maker can provide a
compensation index, A; € [0, 1], for each indicator i.

© Fully compensated values — aj; is the weighted average of s;;
and the rest of achievement function values that are at least as
good as s;j.

- Zke/,-j FokSkj

B Zke/,-j fc

where [ is the subset of indicators that take a value better or
equal to indicator i for unit j:

aij

li={ke{l,....1}| sy > s;j}.
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The MRP-PCI approach

Step-Wise Description

Q Partially compensated achievement functions — si is a link
between s; and aj;, according to ;.

/f)\, :O—)Slj = Sjj,

s; = sj + (aj — sj)Ai —
ij y (J J) {/f)\i:1_>5ijc.:a,-j,

© Partially compensatory composite indicator.

PCl; = i'l/{sfj :

goo

i=1

© Successive aggregations — The MRP-WSCI and MRP-PCI
composite indicators can be used as achievement functions in a
multi-stage aggregation process.
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The MRP-WSCI & MRP-PCI approaches

Theoretical properties

@ The MRP-WSCI indicators satisfy desirable properties for
composite indicators — Existence and uniqueness, symmetry,
transitivity, monotonicity, invariance and exhaustivity (Blancas

et al., 2010).
@ The MRP-PCI; indicator always lies between the WC/; and the
Scl,.

o WCI; — A particular case of PCl; when all the compensation

indices are equal to 1.
e SCl; — A particular case of PCl; when all the compensation

indices are equal to 0.
i
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The MRP-WSCI approach

@ Construction of the EU-Regional Social Progress Index
(EU-SPI), in the Spanish context.

Aggregation level 3
Generalized

geometrical mean
Aggregation Ag’f::’:'l";“’“
level 1 EU-SPI
Generalized
Arithmetic
geometrical
mean
mean,
wcr
and SCI

@ Reference levels: minimum, maximum and percentiles 25, 50
and 75 of all the European regions.

. ) Dimensions:
Indicators Components _ Basic human Needs
(50) (12) - Foundations of Wellbeing

- Opportunity

(b)

Aggregation level 3
MRP-WSCI scheme

@ Commonscale: a°=0,al =1, a2 =2, a3 =3, o* =4.

@ Same weights.
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The MRP-WSCI approach
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The MRP-WSCI approach

Case study: Representation of WC/ and SC/

Ref. Europe
4.00
-
3
3.00
Ma
Ar »
As Vas
2.00
R [ o
® L Cant
Cat val -G cL
LR X}
™ = A N
& Can
1.00 B
[ Mu
Me
0.00
0.00 1.00 2.00 3.00 4.00
wa
v

Samira El Gibari (elgsamira@uma.es) The MRP-WSCI approach: some reflections



The MRP-WSCI approach

Case study: Changing the reference levels
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The MRP-PCI approach

Case study: A hypothetical example of the PC/

@ Three value scale:

o A1 = 0 — No compensation: a bad value of the Basic Human
Needs dimension cannot be compensated in any way.

e \» = 0.5 — Middle compensation: a bad value of the
Foundations of Wellbeing dimension can be partially (half)
compensated by better values in other dimensions.

e A3 =1 — Full compensation: a bad value of the Opportunity
dimension can be completely compensated by better values in
the other two dimensions.
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Case study

Values of the composite indicators
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The MRP-PCI approach

Case study

Values of the composite indicators

2
Achievement Fully mr:are“nas"a‘:ed
° compensated P mRp-pci| MRp-wscl | 1
functions - achievement
values (aij) 5 o
functions (sci)
Region | BN [ Fw] o [en][fw] o [en][fw] o | pa |wa[sa| ,

Pais Vasco | 2.93] 3.07| 2.08] 3.00| 3.07| 2.69] 2.93) 3.07| 2.6 2.69] 2.69] 2.0¢]
Navarra | 1.77] 3.03] 2.31] 2.37] 3.03] 2.67) 1.77] 3.03] 2.67] 1.77| 237|177
Melilla 1.84] 0.67) 1.58] 1.84] 1.36] 1.71] 1.84] 1.02] 1.7 1.02| 1.36] 0.67]

Navarra
Melilla
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The MRP-PCI approach

Case study

Rankings
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Conclusions

@ The construction and use of composite indicators — Less loss of
information about the individual indicators.

@ The MRP-WSCI indicators satisfy desirable properties for
composite indicators.
@ The interpretation of the MRP-WSCI is intuitive and easy for
the decision maker — Usefulness of the results.
o Different compensation degrees.
o Twofold analysis:

@ Overall performance.
o Alert signs — Possible improvement areas.
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Conclusions

@ The joint consideration of the compensatory and
non-compensatory scenarios — A richer information.

@ The MRP-PCl method — A high modelling flexibility:

o The decision maker can use different compensation indices for
each indicator.

@ The Compensation indices — An intuitive and easy-to-interpret
way.

@ The MRP-WSCI composite indicators — Particular cases of the
MRP-PCI approach.
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Further applications

@ Sustainability:

o Luque, M. (2011). An application of reference point techniques
to the calculation of synthetic sustainability indicators. Journal
of the Operational Research Society, 62: 189-197.

o Cabello, J.M., Navarro, E., Prieto, F., Rodriguez, B., Ruiz, F.
(2014). Multicriteria Development of Synthetic Indicators of the
Environmental Profile of the Spanish Regions. Ecological
Indicators, 39: 10-23.

e Cabello, J.M., Navarro, E., Rodriguez, B., Thiel, D., Ruiz, F.
(2019). Dual weak—strong sustainability synthetic indicators
using a double reference point scheme: the case of Andalucia,
Spain. Operational Research, An International Journal, 19:
757-782.
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Further applications

@ Sustainability:

o Cabello, J.M., Navarro, E., Thiel, D., Rodriguez, B., Ruiz, F.
(2021). Assessing environmental sustainability by the double
reference point methodology: the case of the provinces of
Andalusia (Spain). International Journal of Sustainable
Development & World Ecology, 28: 4-17.

e Ruiz, F. and Cabello, J. M. (2021). MRP-PCI: A Multiple
Reference Point Based Partially Composite Indicators for
Sustainability Assessment. Sustainability, 13, 1261.
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Further applications

© Carrying capacity of tourist destinations:
e Ruiz, F., Cabello, J.M., Navarro, E., Tejada, M., Almeida, F.,
Cabello, J.M., Cortés, R., Delgado, J., Fernandez, F., Gutiérrez,
G., Luque, M., Madlvarez, G., Marcenaro, O., Navas, F., Ruiz,
F., Ruiz, J., Solis, F. (2012). Carrying capacity assessment for
tourist destinations. Methodology for the creation of synthetic

indicators applied in a coastal area. Tourism Management, 33:
1337-1346.

© Social responsibility of funds:

o Cabello, J.M., Ruiz, F., Pérez, B., Méndez, P. (2014).
Synthetic Indicators of Mutual Funds' Environmental
Responsibility: An Application of the Reference Point Method.
European Journal of Operational Research, 236: 313-325.
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Further applications

© Bankruptcy prediction:

o Ouenniche, J., Bouslah, K., Cabello, J.M., Ruiz, F. (2018). A
New Classifier based on The Reference Point Method with
Application in Bankruptcy Prediction. Journal of the
Operational Research Society, 69(10): 1653-1660.

© Ease of doing business:

o Ruiz, F., Cabello, J.M., Pérez, B. (2018). Building
Ease-of-Doing-Business Synthetic Indicators using a Double
Reference Point Approach. Technological Forecasting & Social
Change, 131: 130-140.

© Regional innovation:

o Garcia-Bernabéu, A., Cabello, J.M., Ruiz, F. (2020). A
Multi-Criteria Reference Point Based Approach for Assessing
Regional Innovation Performance in Spain. Mathematics, 8(5):
797.
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Further applications

@ Economic freedom:
e Cabello, J.M., Ruiz, F., Pérez-Gladish, B. (2021). An
Alternative Aggregation Process for Composite Indexes: An

Application to the Heritage Foundation Economic Freedom
Index. Social Indicators Research, 153: 443-467.

© Higher education:

o El Gibari, S. (2020). Andlisis multicriterio del rendimiento del
Sistema Universitario Publico Espafinol: Hay vida mas allad de
los rankings. Revista Electrénica de Comunicaciones y Trabajos
de ASEPUMA (Rect),21, 119-150.

o El Gibari, S., Gémez, T., and Ruiz, F. (2018). Evaluating
university performance using reference point based composite
indicators.Journal of Informetrics, 12, 1235-1250.
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Further applications

@ End of childhood index:

o El Gibari, S., Cabello, J. M., Gémez, T., and Ruiz, F. (2021).
Composite indicators as decision making tools: the joint use of
compensatory and non-compensatory schemes.International
Journal of Information Technology & Decision Making, To
appear.

Future research lines
@ The time dimension.

@ The weighting procedures — SCI.
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