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Aims of the presentation

- to introduce a new class of indexes for the synthesis of
multidimensional outcomes (like poverty and wellbeing)
inspired theoretically on the capability approach and its
philosophical understanding of development processes and
answering technical issues:

 Avoid perfect substitutability 
 Reward synergies 
 Penalize the heterogeneity of outcomes

- to track the Sustainable Development Goals (SDG)
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Structure of the presentation

1. Introduction

2. Multidimensional Synthesis Indicator (MSI): main
characteristics

3. Measuring the Sustainable Development Goals (SDGs)
in an integrated manner

4. Policy implications and conclusions
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1. Introduction

- Why a new class of synthesis of indicators within a CA 
framework and SHD paradigm?

- Problems of sensitivity of the synthesis in monitoring

OBS The synthesis of indicators involves several phases. 
The two most debated phases are the selection of the 
dimensions and the method they are summarised into a 
unidimensional value

We focusing on the synthesis
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Our approach:

1) Focus on the characteristics based on Capability Approach
and sustainable Human Development Paradigm
theoretical framework that the synthetic indicator should
guarantee and then

2) Try to derive a mathematical structure consistent with
these hypotheses

Transparent way
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Theoretical premises

- Theoretical background is based on the capability 
approach CA and SHD paradigm

“Capability is, thus, a set of vectors of functionings, 
reflecting the person’s freedom to lead one type of life or 
another … to choose from possible livings” (Sen, 1992: 40)

Mario Biggeri Webinar 14 1 2021
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Theoretical premises

Following Aristotle, the capabilities of a person have been 
associated with human flourishing, which suggests they can 
be realized in many different ways (Nussbaum, 2000)

Therefore, “the focus of the CA is not just on what a person 
actually ends up of doing, but also on what she is capable of 
doing, whether or not she chooses to make use of that 
opportunity” (Sen, 2009: 17)

 Freedoms to choose from possible livings
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Nature of the relationship between the defined concept
and the selected indicators

Reflective vs Formative

• Reflective indicators are seen as functions of the
conceptual (latent) variable (highly correlated and
interchangeable)

• On the opposite, formative indicators are assumed as
causes of the latent variable, so that they are not
necessarily correlated to each other

Mario Biggeri Webinar 14 1 2021
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Nature of the relationship between the defined concept
and the selected indicators

Reflective vs Formative

Two uncorrelated indicators can both contribute to the
measurement of the same conceptual variable, while two
correlated indicators may turn out to be redundant in
measuring the concept

The synthesis of indicators of poverty and wellbeing
introduced in this work is developed assuming a formative
framework
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Implicit weighting issue

- For the standardization, in order to avoid implicit 
weighting issues, the minimum and maximum bounds are 
not data-driven but set theoretically for each dimensions 
 This allows for space and time comparability

 Democratic processes, public reasoning (choice and 
weights, impartial spectator)

 Alignment techniques to be used
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Common distinction:
• Counting measures (e.g. MPI)
• Index measures (e.g. HDI)

Formal distinction? They are both functions from the set of 
Xnxk matrices to a real value 

• Central role of the underlying  assumptions
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2. Multidimensional Synthesis Indicator (MSI): 
main characteristics

From desirable properties of the synthesis to the function

These assumptions sometimes appear more as inevitable
consequences of the methodology chosen than the result of
philosophical and theoretically sound considerations.

Assumptions (properties) Function (index)
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A new class of synthesis of indicators

Main properties like arithmetic mean

• Full sensitivity of the synthesis to any change in the data
for any subgroup and in any dimension (strict monotonicity
required for monitoring)

• Continuity
• A straightforward interpretation of the obtained synthetic

score (not only through a comparison)

New central property

• A theoretically-coherent structure of substitutability
between achievements in each dimensionSDG
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Let X be the nxk data matrix with generic entry xij the j-th (aligned) 
achievement for country i

g(xi) is a function of the i-th generic row of the matrix X,

with g(xi) ≥ 1.

The function g(xi) allows a high degree of flexibility of the index

Multidimensional Synthesis Indicator (MSI)

Source: Mauro, Biggeri, Maggino (2018)
Mario Biggeri Webinar 14 1 2021
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• If g(xi)=1 the index is the arithmetic mean (i.e. perfect substitutability)
 α=1

• If g(xi)=2 the index is the Euclidean distance from the best possible
situation (lower degree of substitutability) α=2

• If g(xi)>2 the index represents a higher-order mean
(with a lower degree of substitutability) α>2

• As g(xi) tends to ∞ the index tends to describe
zero-substitutability functions (Leontief function)

Mario Biggeri Webinar 14 1 2021

An example with fixed g
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There is an inescapable arbitrariness in the choice of the order α
(Anand and Sen, 1997) Mario Biggeri Webinar 14 1 2021

A possible escape from arbitrariness?

Figure: Geometric representation of the new synthesis of indicatorsMario Biggeri Webinar 14 1 2021
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A generic choice for the function g(xi) can be

Where μ is the arithmetic mean of xi and a and b (0 ≤ a < b ≤ 1)
are two thresholds adequately chosen so that all units above b
(or below a) have their achievements aggregated under a perfect
(or almost zero) substitutability rate assumption
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Figure: Geometric representation of the synthesis with fixed 
parameters  a and b

Mario Biggeri Webinar 14 1 2021
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Reward
synergies Substitutability MRS Flexibility

Arithmetic Mean No Perfect None

Higher order 
means

Yes Not perfect None

Geometric mean 
(HDI) Yes Not perfect Limited

MSI Yes Not perfect High

Comparison across various approaches

MRS is here the rate at which a country is ready to decrease 
achievement in one Goal in exchange for progress in another Goal, while 
maintaining the same level of the index

The 17 SDGs are integrated and indivisible  Achievement / Progress in 
one Goal cannot substitute achievement / progress in another Goal
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2. Measuring the SDGs in an integrated manner

• The 17 Sustainable Development Goals are the blueprint to achieve 
a better and more sustainable future for all.

• They address the global challenges we face, including those related 
to poverty, inequality, climate, environmental degradation, 
prosperity, and peace and justice. 

• The 17 Goals interconnect (they are not perfectly substitutable) 
and in order to leave no one behind

Monitoring SDGs is both a key challenge and an 
opportunity for all stakeholders involved in the 

implementation of the Agenda 2030, to obtain robust 
assessments and tailored policy implications at all levels. 
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SDG Index and Dashboard

• First worldwide study to assess where each country 
stands with regard to achieving the SDGs

• Co-produced by the Bertelsmann Stiftung and the 
Sustainable Development Solutions Network (SDSN)

• Data for all 193 UN member states in 2016 – 2017 –
2018, using publicly available data

• It has spurred many initiatives to develop localized 
assessments of SDG progress (e.g. city-level SDG 
indices for the US, Italy, Spain, and the European 
Union; Africa SDG Index and Dashboards Report) 
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SDG Index methodology (Sachs et al.)
Steps: 
(i) censor extreme values from the distribution of each indicator; 
(ii) rescale the data (0-100) to ensure comparability across indicators; 
(iii) aggregate the indicators within and across SDGs.

Weighting:
 Fixed, equal weight to every SDG to reflect policymakers’ commitment to treat 
all SDGs equally and as an “integrated and indivisible” set of goals 

Aggregation: 
• First estimate scores for each goal using the arithmetic mean of indicators for 

that goal.
• Goal scores are then averaged using arithmetic mean across all 17 SDGs to 

obtain the SDG Index score.
• Various sensitivity tests are made available online including comparisons of 

arithmetic mean versus geometric mean: correlation coefficient of 0.977 and 
very similar rankings

Source: SDG Index and Dashboards Report 2018Mario Biggeri Webinar 14 1 2021
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Application of MSI to SDG Index

Source: Biggeri et al. (2019), World Development 122, 628–647
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Source: Biggeri et al. (2019), World Development 122, 628–647Mario Biggeri Webinar 14 1 2021
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Source: Biggeri et al. (2019), World Development 122, 628–647
Mario Biggeri Webinar 14 1 2021

c ountry
Global  Index Score 
2 01 8 0-1  MEAN

Geometric  
mean (HDI) MSI

Reduction 
Geometric  Mean 

Reduc tion 
MSI

Global  Index 
Rank 2 01 8

Rank Geometric  
Mean Rank MSI

Rank DIFF  
Geometric  Mean 

Rank  DIFF  
MSI

S ingapore 0,713 0,636 0,668 -11% -6% 43 73 60 -30 -17
China 0,701 0,683 0,685 -2% -2% 54 45 45 9 9
Ghana 0,628 0,610 0,611 -3% -3% 101 87 92 14 9
Cuba 0,713 0,655 0,679 -8% -5% 42 65 50 -23 -8
Bosnia and Herzegovina 0,673 0,610 0,636 -9% -6% 71 86 78 -15 -7
El  Salvador 0,641 0,590 0,604 -8% -6% 92 100 99 -8 -7
Angola 0,496 0,450 0,464 -9% -6% 144 130 137 14 7
United Arab Emirates 0,692 0,656 0,660 -5% -5% 60 63 66 -3 -6
Benin 0,490 0,428 0,453 -13% -8% 147 136 141 11 6
Ic eland 0,797 0,754 0,771 -5% -3% 10 19 15 -9 -5
Colombia 0,666 0,624 0,634 -6% -5% 74 81 79 -7 -5
Moroc c o 0,663 0,640 0,642 -3% -3% 77 69 72 8 5
Iran, Is lamic  Rep. 0,655 0,636 0,636 -3% -3% 82 72 77 10 5
Cabo Verde 0,647 0,619 0,626 -4% -3% 88 84 83 4 5
Lesotho 0,515 0,369 0,453 -28% -12% 135 144 140 -9 -5
Mozambique 0,507 0,463 0,472 -9% -7% 138 128 133 10 5
Burundi 0,498 0,102 0,437 -79% -12% 141 155 146 -14 -5

Belarus 0,760 0,734 0,741 -3% -3% 23 25 23 -2 0
Spain 0,754 0,739 0,739 -2% -2% 25 23 25 2 0
Hungary 0,750 0,735 0,736 -2% -2% 26 24 26 2 0
Latvia 0,747 0,733 0,734 -2% -2% 27 27 27 0 0
Malta 0,742 0,723 0,724 -3% -2% 30 30 30 0 0
P oland 0,737 0,719 0,720 -2% -2% 32 31 32 1 0
Sri  Lanka 0,646 0,605 0,613 -6% -5% 89 93 89 -4 0
Saudi  Arabia 0,629 0,606 0,604 -4% -4% 98 92 98 6 0
Gabon 0,628 0,602 0,603 -4% -4% 100 97 100 3 0
Nepal 0,628 0,585 0,597 -7% -5% 102 102 102 0 0
K uwait 0,611 0,582 0,581 -5% -5% 105 103 105 2 0
South Africa 0,608 0,191 0,576 -69% -5% 107 150 107 -43 0
Cambodia 0,604 0,564 0,568 -7% -6% 109 109 109 0 0
Ethiopia 0,532 0,489 0,500 -8% -6% 128 123 128 5 0
Congo, Rep. 0,524 0,471 0,482 -10% -8% 130 126 130 4 0
Djibouti 0,506 0,437 0,458 -14% -10% 139 133 139 6 0
Afghanistan 0,462 0,376 0,414 -19% -10% 151 143 151 8 0
Yemen, Rep. 0,457 0,380 0,403 -17% -12% 152 142 152 10 0
Madagascar 0,456 0,335 0,396 -27% -13% 153 147 153 6 0
Congo, Dem. Rep. 0,434 0,341 0,379 -21% -13% 154 146 154 8 0
Chad 0,428 0,301 0,370 -30% -14% 155 148 155 7 0
Central African Republ ic 0,377 0,082 0,294 -78% -22% 156 156 156 0 0
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Source: Biggeri et al. (2019), World Development 122, 628–647
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Source: Biggeri et al. (2019), World Development 122, 628–647
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Some results

Relevant ranking differences comparing arithmetic mean 
vs MSI
• Absolute average ranking difference: >2
• >80% of countries change their ranking position
• 28% of countries change at least 3 positions

WORST DECREASES

• Singapore: -17 (43° 60°) 
• Cuba: -8 17 (42° 50°) 
• Bosnia and Herzegovina: -7 (71° 78°) 
• El Salvador: -7 17 (92° 99°) 

BEST IMPROVEMENTS

• China: +9 (54° 45°)
• Ghana: +9 (101° 92°)
• Angola: +7 (144° 137°)
• Benin: +6 (147° 141°)
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Case study final remarks

- Tracking the SDGs as interconnected and integrated 
is fundamental

- The SDG Index and Dashboard is a incredibly 
valuable effort allowing for systematic tracking, 
ranking and comparison

- The Multidimensional Synthesis of Indicators (MSI) 
can enhance the SDG Index, overcoming weaknesses 
associated with the arithmetic mean and geometric 
mean

Mario Biggeri Webinar 14 1 2021



29/01/2021

17

4. Policy implications and conclusions

Research implications: the research design and the initial
effort to facilitate the harmonization and alignment of the
indicators/dimensions + using previous research and value
judgement (person has reason to value)

 By using this class of indexes we can monitor not only the
dimensions of poverty and wellbeing over time and the
synthesis both at individual and at aggregate level but also
their paths as well as the duration/risk of poverty and
wellbeing

This is in line with the research carried out by Qizilbash
(2003), Clark and Hulme (2010) and other authors
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4. Policy implications and conclusions

This new synthesis of indicators can help
- to respond to complexity such as space, time and

multidimensionality
- to evaluate progress including for multidimensional

measures for monitoring and evaluation, and thus
contribute to assessing the impacts of policies and programs

- to identify beneficiaries for targeted public programs

- Finally, although the theoretical is based on capabilities and
opportunities, the synthesis of indicators proposed can be
clearly used with achieved functionings and final outcomes
as the SDGs case study demonstrate
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Thank you for your attention !!

This webinar is based on the following publications: 

Biggeri M., Clark A. D., Ferrannini A. and Mauro V., (2019), Tracking the SDGs in an 
‘integrated’ manner: A Proposal for a New Index to capture synergies and trade-offs 
between and within goals, World Development, 122, 628–647

Biggeri, M., Mauro, V. (2018), ‘Towards a more ‘Sustainable’ Human Development Index: 
Integrating the environment and freedom’, Ecological Indicators, 91, 220–231

Mauro, V., Biggeri, M., Maggino, F. (2018), ‘Measuring and monitoring poverty and 
wellbeing: a new approach for the synthesis of multidimensionality’, Social Indicators 
Research, 135(1), 75-89 on-line from 2016
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