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Abstract
Several indicators on human development and capabilities have been introduced in recent 
decades that measure the absolute level of deprivations and freedoms of people. How‑
ever, these indicators typically do not consider to what extent regions and countries effi‑
ciently spend their limited financial resources on improving human development. This is 
an important shortcoming because regions typically face different financial constraints in 
developing social policies and promoting human development. In this article, we advance 
methods from data envelopment analysis (DEA) to measure absolute capability values and 
the social efficiency of 129 Brazilian mesoregions. We present a new indicator called the 
Capability Index Adjusted by Social Efficiency (CIASE) that evaluates the human develop‑
ment performance of regions based on their absolute levels of deprivations as well as their 
social efficiency in translating limited financial resources into human development. Moreo‑
ver, we introduce a Deprivation and Financial Responsibility based Prioritization Index 
(DFRP) that helps to identify priority regions for higher public expenditures in human 
development. Our results for the case of Brazil show that several poor regions perform 
relatively better in terms of social efficiency than in terms of absolute human development. 
Conversely, several rich regions perform relatively worse in terms of social efficiency than 
in absolute values. Thus, our analysis shows how DEA methods can help to bridge per‑
spectives that are often presented as separated issues but could be strong allies for develop‑
ment: attending to human deprivation and promoting social efficiency.

Keywords  Human development · Data envelopment analysis (DEA) · Social efficiency · 
Financial responsibility · Brazilian mesoregions

1  Introduction

The human development and capability approach (HDCA) argue that the expansion of 
human freedom, and thus the reduction of deprivations and multidimensional poverty, is 
the essential goal and driver of development (Sen 1982, 1988; UNDP 2016). An extensive 
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amount of research has shown that focusing on human capabilities and freedom, instead 
of mere focus on commodities or economic growth, allows for a better understanding of 
a wide range of social phenomena, such as poverty, inequality, or the quality of life (Sen 
1982, 1988; Nussbaum 2000; UNDP 1993, 2016). A number of indicators that are based 
on human capabilities have been proposed, such as the Human Development Index (HDI), 
the Human Development Index Adjusted for Inequality (HDIAD), or the Multidimensional 
Poverty Index (MPI) (UNDP 2016; Ul Haq 1973; Alkire and Foster 2011). These indica‑
tors help policy- and decision-makers to compare the absolute level of human development 
and deprivation in their regions and countries and identify potential bottlenecks.

Nevertheless, these absolute indicators of human development and deprivation do not 
measure to which extent policy- and decision-makers make good use of limited finan‑
cial resources for the sake of human development improvements in their region or coun‑
try (Despotis 2005a, b; Reig-Martínez 2013). Consequently, these absolute indicators do 
not incorporate some essential aspects of development policies: namely (1) the scarcity of 
financial resources, (2) the efficiency of development expenditures, and (3) the political 
willingness of other regions and countries to invest in certain regions based on the per‑
ception of an efficient use of their financial support. The human development and capa‑
bility approach made an important point in emphasizing that income and growth are not 
the only means and goals of development. Indeed human deprivations, such as hunger or 
lack of education, are frequently a problem of distribution and institutions rather than that 
of economic production and wealth (Dreze and Sen 1990). But that does not mean that 
funding and efficiency do not matter at all. Indeed, efficient use of limited resources that 
aims at achieving human development could be considered as both a financial and social 
responsibility (Sen 2009) of countries and regions. In this study, we understand financial 
responsibility as the ability and political willingness of public authorities to manage lim‑
ited financial resources in a socially efficient manner, aiming at improving people’s capa‑
bilities (Frericks and Höppner 2019). It is essential to consider financial responsibility; 
firstly, because in particular, developing regions tend to have limited financial resources; 
and secondly, the willingness of financial transfers from other regions depends on the per‑
ception of efficient and effective use of their financial funds. If regions and their policy- 
and decision-makers make inefficient use of resources, the willingness of donors or taxpay‑
ers from other regions to help a particular region can decline (Timmons and Garfias 2015; 
Sousa et al. 2017), despite a potential awareness of substantial human deprivations in less 
developed regions.

Policy- and decision-makers have different means and goals when spending public 
resources in a given region (Sen 2009; Ballet et  al. 2007). For instance, they can invest 
in infrastructure, education, or economic growth. From a human development perspec‑
tive, regional and national policymakers have a social responsibility for making choices 
that increase capabilities of people who elected them. However, despite prioritizing certain 
goals of development, they also have a financial responsibility to utilize public resources in 
the most efficient way to achieve these goals. This is especially important in countries with 
both limited financial resources, endemic levels of corruption, and state inefficiencies. In 
this regard, it is important to measure social efficiency and, thus, the financial responsibil‑
ity of public policies. It must be noted, though, that social efficiency and financial respon‑
sibility are not only determined by policymakers, but the entire network of socioeconomic 
agents in a region and country, such as education and research centers, the civil society, 
and the public and private sectors. They need to work together to achieve high levels of 
human development (Hartmann 2014).
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Policy emphasis on “promoting human development” (Anand and Sen 2000; Despo‑
tis 2005a; Robeyns 2006; Ranis et  al. 2006; UNDP 2016) or “improving the efficiency 
of expenditures” (IMF 2014; Dutu and Sicari 2016; Antonelli and de Bonis 2019) are 
often discussed separately. In practice, though, focus on human development and effi‑
ciency in public expenditures can be valuable allies. A higher level of efficiency can lead 
to higher levels of human development, and a higher level of human development can lead 
to a higher level of efficiency and economic growth. When social spending is used effi‑
ciently, citizens have faster and better access to public education, hospitals, jobs, and bet‑
ter housing conditions. This improvement in human development can also contribute to 
economic efficiency and development, as human capital generates benefits for the economy 
(Ranis et al. 2006). This can lead to a virtuous cycle of human development expansion, as 
economic development can also contribute to human development and social efficiency. 
Therefore, policy emphasis should arguably focus not only on human deprivation but also 
merit the social efficiency and financial responsibility of converting financial resources into 
human development. It can be argued that an impoverished region that efficiently translates 
limited financial resources into the best possible outcomes for the local population should 
be merited and prioritized for development funding. Nevertheless, how can such regions be 
identified, and thus social efficiency being incentivized?

Methods from Data Envelopment Analysis (DEA) can help to address this difficult 
question because they allow us to measure both the social efficiency of regions and tak‑
ing heterogeneous human development strengths and weaknesses of regions into account. 
DEA uses methods from linear mathematical programming to measure the efficiency of 
decision units (e.g. in our case regions) to translate inputs (e.g. social expenditures and 
GDP) into the best possible output levels (e.g. in human development). DEA methods can 
be used to reveal the maximum number of social outputs that can be produced per unit of 
GDP and public expenditures to compare countries or regions. Thus, DEA is a suitable 
method of measuring the social efficiency of regions in converting financial resources into 
human development. This allows for a better identification of inefficiencies and bottlenecks 
of regions as well as facilitates learning from comparatively more efficient regions that 
achieve higher levels of human development with the same or less financial resources.

We apply DEA methods to the case of Brazil, because it is a country with stark socio‑
economic contrasts, and thus substantial statistical variance, between more and less devel‑
oped regions. Several studies showed that Brazil is a country that suffers from heteroge‑
neous problems of multidimensional poverty across its vast territory (Costa et  al. 2018; 
Haddad 2018). This heterogeneity makes it a perfect case to illustrate how methods from 
DEA can help to analyze different types of absolute human deprivation and social effi‑
ciency of regions. It must be noted that a valuable advantage of DEA is that it allows us 
to assign different weights to strengths and weaknesses of different regions in different 
dimensions of human development.

This article illustrates how considering both the absolute level of capabilities as well 
as social efficiency allows for a more comprehensive analysis of the human development 
achievements of regions and helps to identify priority regions for public expenditure based 
on both their financial responsibility and need for help. To calculate indices on human 
development and social efficiency, we use regional data from the last Brazilian Census 
(IBGE 2010). First, we calculate primary indices to measure absolute performance and 
relative efficiency. Second, we create composite indicators combining social deprivation 
and social efficiency. Third, we create two indicators: (a) the Capability Index Adjusted 
by Social Efficiency (CIASE), to rank regions according to social deprivation and social 
efficiency; and (b) the Deprivation and Financial Responsibility based Prioritization Index 
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(DFRP) to reveal poor regions that show high levels of efficiency. In order to ensure meth‑
odological homogeneity, we analyzed both the absolute and relative indices with DEA 
methods.

It can be argued that regions that show both high levels of human deprivation and high 
levels of social efficiency merit public investment. Instead, reasons for relatively worse per‑
formance in social efficiency in comparison to the human development performance of a 
region point to the need for in-depth studies on how these regions can use their financial 
resources more efficiently to reaching their human development potentials. This does not 
mean that a single analysis of absolute levels of human deprivation or social efficiency is 
not relevant anymore. Of course, profound levels of human deprivation and severe prob‑
lems of social efficiency need to be addressed. Nonetheless a joint consideration of both 
absolute deprivation and social efficiency facilitates valuable new empirical insights, theo‑
retical debates, and applied policy measures on how to promote human development under 
financial constraints. Moreover, it facilitates identification of strengths, weaknesses and 
human development improvements potential of regions with weak, medium as well as high 
levels of human development.

The remainder of this article is structured as follows. Section  2 provides a literature 
review on absolute measures of human development as well as on social efficiency meas‑
ures using methods from DEA. Moreover, it discusses the social conditions and regional 
differences in Brazil. Section 3 introduces the data and our methods, including the creation 
of two new indicators. Section 4 presents the results, including a sensitivity analysis of the 
ranking positions of Brazilian mesoregions concerning their DEA capability index (DCI), 
social efficiency index (SEI), Capability Index Adjusted by Social Efficiency (CIASE), and 
the Deprivation and Financial Responsibility based Prioritization Index (DFRP). Moreo‑
ver, we discuss reasons for several case regions changing ranking positions in the respec‑
tive indicators placing either more emphasis on absolute human development values or 
social efficiency. Finally, Sect. 5 provides concluding remarks.

2 � Literature Review

2.1 � Absolute Measures of Human Development and Multidimensional Poverty

According to the United Nations, human development is a process of enlarging freedoms 
for all human beings and depends on individuals’ capabilities and freedom to achieve func‑
tions (Sen 1979, 1980, 1982, 1988; Anand and Sen 1994, 2000; Robeyns 2003, 2005, 
2006; UNDP 2016). To estimate this phenomenon in a simple way, the Human Develop‑
ment Index (HDI) is measured as the geometric mean of education, life expectancy, and 
income (UNDP 2016). However, the HDI has received multiple criticisms. According 
to Sagar and Najam (1998), the HDI leads to a distorted perspective that is incapable of 
presenting a comprehensive view of human development dimensions. For Bilbao-Ubillos 
(2013a), the HDI reflects an average, neglecting population groups that have not benefited 
from HDI achievements. There are several other issues of criticism and debate, such as the 
need of composite and qualitative educational measures, income logarithms and adequate 
normalization processes, as well as the need to consider additional human development 
dimensions like gender and income inequality, safety and homicides, democracy, envi‑
ronmental variables, refugees’ living conditions, and discrimination (Herrero et al. 2010; 
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Bilbao-Ubillos 2013a, b; Nussbaum 2000; Fukuda-Parr et  al. 2010; Domínguez-Serrano 
and Blancas 2011; Kaufmann et al. 2008; Grimm et al. 2008; Seth 2009, 2010).

To address these limitations, several studies have developed new indices. For instance, 
Ranis et al. (2006) expanded HDI to eleven human development dimensions, and Fukuda-
Parr et  al. (2010) proposed a new indicator with six fundamental rights (health, educa‑
tion, food, housing, social security, and decent employment). Domínguez-Serrano and 
Blancas (2011) and Kaufmann et al. (2008) introduced the importance of political partici‑
pation in human development. Grimm et al. (2008) developed a new method incorporat‑
ing the income distribution effects on human development (based e.g. on the critique of 
Hicks 1997). Ravallion (2010) reformulated HDI with a cumulative function for education, 
income, and health, and Herrero et al. (2010) demonstrated that HDI’s measurement could 
be improved.

A recent influential indicator is the Multidimensional Poverty Index (MPI), which looks 
beyond income to understand how people experience poverty in multiple and simultaneous 
ways (Alkire and Foster 2011; UNDP 2016). However, MPI also does not appraise finan‑
cial responsibility and social efficiency. In sum, all of these indicators have focused only on 
the absolute levels of human development and deprivation. However, these indicators do 
not consider the social efficiency of regions in translating financial resources into human 
development.

2.2 � Social Efficiency and Relative Measures of Human Development

Social efficiency quantifies how efficient regions are in converting financial resources into 
social welfare (Mariano and Rebelatto 2014). The resulting ranking allows for a com‑
parison of the social efficiency of regions. In contrast to human development indices, the 
calculation of social efficiency requires the application of more complex methods, such 
as Data Envelopment Analysis (DEA) and stochastic frontier analysis. These techniques 
tend to consider either GDP (Despotis 2005a, b; Mariano and Rebelatto 2014) or public 
expenditures (Davies and Quinlivan 2006; Bilbao-Ubillos 2013a; Wu et al. 2014) as inputs 
for social development. GDP and public expenditures can be essential factors of human 
development. Higher levels of GDP might be able to be redistributed and “lift all boats”. 
However, this effect may also depend on public expenditures in health, education, infra‑
structure, etc.

Despite the growing literature on social efficiency (a structured literature review can be 
found in Mariano et al. 2015), there are not any studies, to our best knowledge, that com‑
bine absolute deprivation and social efficiency aspects. While previous studies focused on 
absolute deprivation and relative efficiency separately, we argue that both elements must be 
analyzed together. It must be noted that federal governments often face scarcity of finan‑
cial resources, requiring authorities to distinguish regions that better merit receiving public 
investments.

To address both absolute deprivation levels and social efficiency simultaneously, we 
present here a combined indicator called the Capability Index Adjusted by Social Efficiency 
(CIASE). This indicator helps policy-makers to identify in areas with both high absolute 
levels deprivation and merit financial responsibility. We analyzed Brazil, because of its 
significant regional differences, with the North and Northeast being less developed, and 
the South and Southeast more developed (de Sousa and Ramos 2017; Monteiro and Lima 
2017).
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2.3 � Using DEA to Construct Social Indicators

Since the work of Hashimoto and Ishikawa (1993), DEA has been employed in social indi‑
cators research due to its various advantages. For example, DEA addresses multidimen‑
sional efficiency problems, provides a straightforward interpretation in a single index, and 
attracts the interest of decision-makers (Saisana and Tarantola 2002; Nardo et  al. 2005; 
Boncinelli and Casini 2014; Chaaban et al. 2016). Moreover, in this technique, the weights 
are defined endogenously, which tackles some of the criticisms of the standard HDI (Sagar 
and Najam 1998; Wu et al. 2014; Chaaban et al. 2016).

Several human development indices have been derived from DEA. For Mariano et al. 
(2015), these indices are divided into two categories: (1) composite indices (absolute per‑
formance); and (2) social efficiency indices (relative performance). Studies that use this 
model to evaluate absolute performance are divided into two approaches: (a) the Benefit 
of the Doubt (BoD) model, which contains outputs and a single input equal to 1 (Bougnol 
and Dulá 2006; Zhou et al. 2010; Bernini et al. 2013); and (b) models including inputs and 
outputs that do not express a production relation (e.g. measuring per capita or cost–benefit 
indicators) (Guardiola and Picazo-Tadeo 2014).

Many works used DEA to measure relative indices of human development. For instance, 
Mahlberg and Obersteiner (2001) used the Constant Return of Scale (CRS) model with 
weight restrictions to measure human development. Despotis (2005a, b) analyzed human 
development in Europe and Asia, utilizing DEA with common weights, while Tofallis 
(2013) and Zhou et al. (2010) used the multiplicative DEA models to recalculate the HDI. 
Reig-Martínez (2013) used the Slacks-Based Model (SBM) to evaluate the human devel‑
opment of 42 countries in Europe, North Africa, and the Middle East. Morais et al. (2013) 
used the Variable Return of Scale (VRS) model to measure the quality of life of 284 Euro‑
pean cities.

Several other articles analyzed social efficiency with DEA methods. For instance, Des‑
potis (2005a) constructed a social efficiency index for the countries and found that Canada, 
Sweden, Japan, the United Kingdom, New Zealand, Spain, and Greece were socially effi‑
cient. In an analysis restricted to Asia, Despotis (2005b) found that Fiji, Hong Kong, South 
Korea, Mongolia, Myanmar, Nepal, Philippines, Solomon Islands, Sri Lanka, and Viet‑
nam were social efficient. Other works, such as Raab and Habib (2007) and Malul et al. 
(2009), measured efficiency using Gross Domestic Product, Gross National Product, Gini 
index, and gender performance to compared social efficiency across countries. Morais et al. 
(2013) calculated social efficiency using GDP per capita as the input and 29 indicators of 
quality of life as outputs. Mariano and Rebelatto (2014) applied DEA with weight restric‑
tion and tiebreaking methods in a global analysis of social efficiency.

2.4 � The Brazilian Challenges to Development

Despite several studies measuring social efficiency, we did not find works simultaneously 
analyzing the social deprivations and efficiency values of regions in Brazil. This analysis is 
crucial because Brazil has managed to decrease poverty and inequality by increasing social 
expenditures, such as conditional cash-transfer programs, enabling more than 29 million 
Brazilians to leave poverty between 2003 and 2014 (World Bank 2018). However, Brazil 
continues to be a highly unequal and structurally heterogeneous country (Hartmann et al. 
2019). Moreover, it continues to face bureaucratic, economic, and political inefficiencies, 
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and a large number of cases of corruption may undermine the efficiency and effectiveness 
of social expenditures (Osipian 2013; Sousa et al. 2017).

According to the Oxfam report (2017), corruption negatively impacts public expendi‑
tures on health, education, infrastructure, and other projects funded by the government. For 
example, there are cases of corruption in many public services, such as school meal con‑
tracts, procurement of public health supplies, and private business linked to politicians and 
public enterprises (OXFAM 2017). According to the Federal Court of Accounts (TCU), 
from R$ 100 billion to R$ 300 billion of public money were embezzled between 1970 and 
2016. This amount corresponds to three times the federal government expenditures on edu‑
cation in 2016 (OXFAM 2017). This means it is crucial to consider financial responsibility 
in Brazil because corruption may negatively affect the Brazilian infrastructure and human 
development.

Brazil’s infrastructure underperforms compared to other emerging economies, due to 
inefficiencies in the ports and rail system, which reduces its international competitiveness 
and its exports (Armijo and Rhodes 2017; Marchetti and Wanke 2017; Beuren et al. 2018). 
The public health and education systems are also criticized as inefficient in terms of finan‑
cial resources management and quality problems (Araujo et  al. 2018). For example, the 
average performance of students in Brazil is significantly below the OECD average, plac‑
ing Brazil internationally among the ten bottom positions in science (65th), reading (58th) 
and mathematics (63rd) in the Program for International Student Assessment (PISA) in 
2015 (Pisa 2015).

There are different social realities in Brazil, according to the region in which a per‑
son lives. The less-developed North and Northeast comprise states like Maranhão, where 
only 32.7% of the population benefit from a garbage collection system, or Rondônia (54%) 
where half the population lives without a water supply system, or Piauí where only 8.3% of 
the population have access to a sewage system. In contrast, many regions in the South and 
Southeast have better living conditions. For example, in São Paulo, the wealthiest state of 
Brazil, almost the entire population has access to a garbage collection (98.8%), water sup‑
ply (96.4%), and sewage system (93%) (SIDRA 2019).

Despite the better living conditions and absolute indicators in São Paulo, some stud‑
ies have argued that São Paulo is not efficiently spending its public money. According to 
Andrett et al. (2018), Sao Paulo’s public health expenditures were inefficient in providing 
vaccination, primary care, hospitalizations, and outpatient care between 2005 and 2014. 
For Varela et  al. (2010), only 6.41% of the municipalities from the State of São Paulo 
are efficiently spending public funds in primary health care. Furthermore, Coelho (2018) 
argues that the wealthiest populations in the municipality of São Paulo tend to benefit more 
than the poorest from public spending in health. In this sense, the inefficiency in public 
expenditures reveals how even in developed regions people can be affected by the lack of 
financial responsibility for human development and social efficiency.

To face this heterogeneity, Brazil has been developing social policies to reduce income 
inequality, food insecurity, housing deficit, and to raise the federal minimum wage (Saad-
Filho 2015; Hall 2006; Rocha 2009; Campos and Guilhoto 2017; Maurizio and Vazquez 
2016; Brito et al. 2017). However, since the recent corruption scandals, many Brazilians 
doubt the efficiency of public policies. The federal government has fewer funds, due to the 
Constitutional Amendment limiting public spending until 2027 (Emenda Constitucional 
95/2016). This challenging scenario requires greater financial responsibility to convince 
Brazilians that social policies generate a higher quality of life.
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3 � Data and Methods

3.1 � Database

To evaluate human development and social efficiency in Brazil, we covered five main 
dimensions represented in 14 social variables from the latest Brazilian census (SIDRA 
2019). We justify the choice of Brazil due to the availability of a reliable and compara‑
ble census data (Chaaban 2009; Chaaban et al. 2016). This database captures information 
of 3,734 municipalities and represents 67.18% of all inhabitants of Brazil in 2010. The 
municipalities are divided into 129 mesoregions. According to IBGE (2017), a mesoregion 
is an area within a federal state, which presents an organization of the geographic space 
defined by the following dimensions: the social process, natural environment, and commu‑
nication network. These three dimensions enable a space delimited as a mesoregion to have 
a regional identity. This identity is a reality built up over time by the society that formed in 
the respective mesoregion.

Since DEA relates all inputs with all outputs, we used GDP and public expenditures as 
inputs (MPDG 2019) and education and culture, habitation and housing, and health and 
sanitation as outputs to analyze relative efficiency. The public expenditures are financial 
resources received from local taxes or the federal government. The outputs represent five 
dimensions. Education: (a) the number of literate people who are 10 years old or above, (b) 
number of children attending daycare centers; Housing conditions: (c) number of families 
with their own houses, (d) number of houses with electricity, (e) number of houses with 
piped water, (f) number of houses with garbage collection; Health: (g) number of died chil‑
dren per thousand inhabitants(child mortality), (h) number of vaccinated people, (i) life 
expectancy; Economy: (j) number of people employed, (k) the Gini Index, (l) number of 
extremely poor people—less than 70.00 Reais (R$) [U$42.01]1 (monthly per capita house‑
hold income in December 2010, according to the World Bank method, Institutions: (m) 
number of people who voted during the last elections (proxy for democracy), and (n) num‑
ber of homicides per thousands of inhabitants. The number of homicides per inhabitant 
is a proxy of the trust and institutions of society. According to Sen (1999), the homicides 
rate is a proxy for freedom because violence can inhibit people’s confidence in society and 
greatly limit the choices they can make. It is noteworthy that the freedom that comes from 
the degree of trust in society was called by Sen as "guarantee of transparency" (Sen 1999).

The variables used in this article and the supporting literature are summarized in 
Table 1.

Following Hashimoto and Ishikawa (1993) and Cook and Zhu (2014), we used a 
decreasing linear transformation to transform the undesirable outputs (in other words, 
reverse-coded indicators, e.g., when a higher value means less human capabilities). For 
example, the children’s mortality rate per thousand inhabitants was subtracted from one 
thousand, and the result can be interpreted as the number of children who survive past the 
age of 5 years, for every 1000 births. The same was done for extremely poor people and 
homicides per 1000 inhabitants. To transform the Gini Index, we subtracted its value from 
1 (Seiford and Zhu 2002).

1  The values in dollars (U$) are expressed by the exchange rate of December 30, 2010 
(U$1.00 = R$1.6662) (Brazilian Central Bank, 2019).
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3.2 � Measuring Data Envelopment Analysis (DEA)

With the 14 social variables, we proceed to measure five different types of DEA-based 
indicators. We measure an absolute indicator, called DEA Capability Index (DCI), as well 
as a relative indicator, called Social Efficiency Index (SEI). Moreover, we propose the 
Capability Index Adjusted by Social Efficiency (CIASE) and the Deprivation and Finan-
cial Responsibility based Prioritization Index (DFRP). For the construction of all indi‑
cators, we use the Data Envelopment Analysis (DEA) techniques to ensure homogeneity 
of method and thus receive comparable results, except the Capability Index with Equal 
Weights (CIEW) as it represents a more traditional way to measure human development.

DEA is a mathematical method based on linear programming developed by Charnes 
et al. (1978); it measures the efficiency of Decision-Making Units (DMUs) with an empiri‑
cal linear frontier. DEA reveals the maximum number of social outputs that can be pro‑
duced per unit of GDP and public expenditures. Thus, it represents the production limit 
determined by the financial restriction of a region (Cook and Zhu 2014; Mariano and Reb‑
elatto 2014).

According to Cook and Zhu (2014), each region can be ranked according to its effi‑
ciency, which varies between zero (no efficiency) and one (full efficiency). To reach the top 
ranking, DEA maximizes weights, focusing on the strengths of each region (Mariano et al. 
2015). DEA models mainly differ according to the type of returns to scale and orienta‑
tion. The hypothesis of the CRS model considers that outputs vary proportionally to inputs 

Table 1   Variables used in this study

Variable Dimension Literature review

Inputs Population General Morais et al. (2013)
GDP General Despotis (2005a, b); Ramanathan (2006)
Public expenditures in education and 

culture
Education Varela et al. (2010); Andrett et al. (2018)

Public expenditures in housing Housing Varela et al. (2010); Andrett et al. (2018)
Public expenditures in health and sanita‑

tion
Health Varela et al. (2010); Andrett et al. (2018)

Outputs Literate people Education Despotis (2005a,b); Raab et al. (2000)
Children attending daycare centers Education Morais et al. (2013)
Number of families with their own 

houses
Housing Morais et al. (2013)

Houses with electricity Housing Morais et al. (2013)
Houses with sewage Housing Morais et al. (2013)
Houses with garbage collection Housing Morais et al. (2013)
Child mortality Health Raab et al. (2000); Ramanathan (2006)
Number of people vaccinated Health Morais et al. (2013)
Life expectancy Health Despotis (2005a,b); Blancard and Hoarau 

(2013)
Formal employees Economy Somarriba and Pena (2009); Morais et al. 

(2013)
Gini index Economy Malul et al. (2009)
Extremely poor people Economy Malul et al. (2009); Morais et al. (2013)
Number of homicides Institution Mariano and Rebelatto 2014; Sen (1999)
Attendance at elections Institution Morais et al. (2013)
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(Charnes et al. 1978). On the other hand, the VRS model identifies variation among inputs 
and outputs, proposing three frontier areas: (a) increasing, where outputs grow proportion‑
ately more than inputs; (b) constant, where there is proportionality between inputs and out‑
puts; and (c) decreasing, where outputs grow proportionally less than inputs (Banker et al. 
1986). The advantage of VRS models is that it allows for the relative comparison among 
regions with different financial conditions, as shown in Table 2.

3.3 � Inverted Frontier

It must be noted that many regions tend to rank the same, thus, they are tied, when apply‑
ing a traditional DEA approach that emphasizes the strengths of regions. To solve this 
issue, tie-breaking techniques were developed, such as the Inverted Frontier (IF) method 
(Angle-Meza and Lins 2002).

The IF was initially proposed by Yamada et al. (1994) and used by Leta et al. (2005) 
as a tie-breaking function. The Inverted Frontier measures efficiency using inputs instead 
of outputs and vice versa. This technique brings two interesting findings: (a) an indicator 
showing region weaknesses, and (b) a frontier of the worst practices.

We used IF as a tie-breaking method for the DCI and SEI. Leta et  al. (2005) recom‑
mended using a composite index, such as the average between the indicator obtained at the 
standard frontier (Estandard) and the number one minus the indicator obtained with the IF 
(EInverted Frontier) (Expression 1).

The composite index of the classical and inverted boundaries allows for both DEA 
Capability Index (DCI) and Social Efficiency Index (SEI) to take into account two situa‑
tions: when regions are compared on the basis of their strongest points (traditional frontier) 
and when they are compared on the basis of their weakest points (inverted frontier).

We compute the value γ equal to 0.5 to aggregate the classical and inverted bound‑
ary results (in Expression 1), which means that we used the average between the two 

CI = �*Estandard + (1 − �)*
(

1 − EInvertedFrontier

)

,with0 ≤ � ≤ 1(1)

Table 2   Main DEA radial models in the form of multipliers. Source: Mariano and Rebelatto (2014, p. 5)

Where xjk represents the amount of the GDP j of a region k; yik represents the amount of the social dimen‑
sions i of a region k; xj0 represents the amount of the GDP j of the region; yi0 represents the amount of 
social variables i of the region; vj represents the weight of the GDP and public expenditures j for the region; 
ui represents the weight of social dimension i for the region; m is the quantity of analyzed social dimen‑
sions; n is the quantity of GDP and public expenditures analyzed; and w represents the scale factor.

Model Input oriented Output oriented

CRS MAX
∑m

i=1
ui.yi0

Subject to:
∑n

j=1
vj.xj0 = 1

∑m

i=1
ui.yik −

∑n

j=1
vj.xjk ≤ 0, for k = 1,2,… , h

MIN
∑n

i=1
vj.xj0

Subject to:
∑m

j=1
ui.yi0 = 1

∑m

i=1
ui.yik −

∑n

j=1
vj.xjk ≤ 0, for k = 1,2,… , h

VRS MAX
∑m

i=1
ui.yi0 + w

Subject to:
∑n

j=1
vj.xj0 = 1

∑m

i=1
ui.yik −

∑n

j=1
vj.xjk + w ≤ 0,

for k = 1,2,… , h

w without sign restriction

MIN
∑n

i=1
vj.xj0 − w

Subject to:
∑m

j=1
ui.yi0 = 1

∑m

i=1
ui.yik −

∑n

j=1
vj.xjk + w ≤ 0, for k = 1,2,… , h

w without sign restriction
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boundaries. The choice for this value was because it is the most commonly used value in 
the literature since it tends to be considered a neutral value. However, other values of γ 
could be even more appropriate for this problem. It would be consistent with the capabil‑
ity approach if the inverted border (which highlights the worse performance) had a greater 
weight than the classical frontier (which highlights the factors where the region stands out 
most). The reason for this is that the capability approach places great emphasis on setting 
minimum standards, so it is more important that the region does not perform very poorly 
on some variable(s) than it performs excellent only in a restricted number of variables. 
The study of the most appropriate γ value, however, is beyond the scope of this paper and 
requires further in-depth theoretical discussion.

3.4 � Strategy to Compare Absolute Deprivation, Social Efficiency and Financial 
Responsibility

Firstly, we measured three primary absolute indicators; all three measures use the same 
variables but assign different weights to them. The Capability Index with Equal Weights 
(CIEW) assigns the same weights to each dimension, similar to the standard human devel‑
opment indices. The Capability Index with the Most Favorable Weights (CIMFW) applies 
a DEA-CRS model using a standard frontier; this means that bigger weights are put on 
the strengths of regions and lower weights on the weaknesses of regions. The Depriva‑
tion Index (DI) uses a DEA-CRS Inverted Frontier, and contrarily to the CIMFW, assigns 
greater weights to weaknesses and lower weights to strengths. Thus, CIMFW and CIEW 
are different ways to show the human development of regions, and DI highlights worse 
social deprivations.

Secondly, with a DEA-VRS model, we measure two relative primary indices. The 
Standard Social Efficiency (SSE) reveals which regions are more efficient in converting 
GDP and public expenditures into human development. The choice of DEA-VRS was 
motivated because this model takes into account the size and scaling of each decision-mak‑
ing unit (macroregion), discriminating the units that have returns of increasing, constant 
or decreasing scale. This model is the most appropriate because of the heterogeneity of 
the Brazilian macroregions. Additionally, the Inverted Social Efficiency (ISE) shows which 
regions are worse at generating human development with their financial resources. Table 3 
presents a summary of all primary indicators.

Third, with the help of the primary indices, we created four composite indicators. The 
DEA Capability Index (DCI), which combines the standard (CIMFW) and the inverted 
frontier (DI). This absolute indicator allows us to evaluate each region according to their 
weaknesses and strengths as well as to reduce draws. The Social Efficiency Index (SEI) 
combines the SSE and ISE and considers the relative efficiency of each region. The SEI 
also evaluates social efficiency according to the weakness and strengths of each region.

Next, we created the Capability Index Adjusted by Social Efficiency (CIASE) to consider 
both absolute levels of deprivation and financial responsibility. The CIASE represents a 
single index, combining the DCI and the SEI. For this reason, CIASE contemplates social 
deprivation, GDP, and public expenditures together and ranks regions according to their 
social efficiency (Sen 2009). Simply, CIASE comes up with relevant information to rank 
regions and to generate policy recommendations (OECD 2008; Zhou et al. 2007).

We tested ten different combinations to evaluate which weights provide a better CIASE 
representation of the Brazilian regions. For this purpose, we combined DCI and SEI values 
from 0.1 to 0.9. It avoids a subjective weighting choice.
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Finally, we created the Deprivation and Financial Responsibility based Prioritization 
Index (DFRP). The DFRP combines social efficiency (SEI) and social deprivation (DI). 
This indicator allows policymakers to decide which regions have worse social deprivation 
and present great social efficiency. In sum, regions with higher DFRP can improve human 
development using their financial resources efficiently. Table 4 presents a summary of all 
composite indicators.

Finally, all indicators followed the Min–max normalization method (Expression 2), 
making them comparable (from zero to one).

where Min(x) and Max(x) are the minimum and maximum values of the sample.
Besides, our estimates were calculated with Matlab® and Stata®, and the graphs were 

created with the Origin® software.

3.5 � Theoretical and Econometric Validation of Social Efficiency

DEA is a non-parametric technique, which is used among many other functions, to create 
social composite indexes and social efficiency indicators. (Charnes et al. 1978; Cook and 
Zhu 2014). DEA-based composite indices, such as the CIEW and DI, do not have to go 
through a validation process, but for social efficiency indices, such as the SSE and ISE, this 
validation plays an important role in indicating that the inputs and outputs have a causal 
relationship. The studies that used DEA to measure social efficiency (e.g. Morais et  al. 
2013; Despotis 2005a, b; Mariano and Rebelatto 2014) legitimize the validity of DEA 
based on the theoretical causal chains between financial means and human development, as 
well as proof of correlations between at least one of the input and output variables. In this 
regard, it must be noted that there is strong theoretical and empirical evidence that financial 
means and human development should at least have some level of correlation. In principle, 
higher financial means should allow to invest more in health, education, infrastructure etc. 
A lack of a statistically significant link may not necessarily indicate the lack of a real causal 
link but rather point to institutional, geographical or factors (such as wars, natural disasters, 
exploitative institutions, political capture of economic benefits) that hamper the association 
between higher financial means and human development. Indeed, most human develop‑
ment researchers, including Amartya Sen (1999), do mention economic opportunities as 
an essential part of human development and the classic human development index (ul Haq 
1973) includes income as part of human development. Even though human development 
researchers tend to focus on human capabilities (e.g. gender equality) as crucial drivers of 
human development, they also illustrate that there is a significant link between GDP and 
human development (Ranis et al. 2006). Moreover, several works show that public expen‑
ditures in human development (such as expenditures in health or education) are necessary 
for an increase in capabilities (Azeem Qureshi 2009; Meheus and McIntyre 2017; Mcin‑
tyre et al. 2017). In consequence, GDP and social expenditures should be positively asso‑
ciated with human development. The DEA based measures of social efficiency identify 
the inefficiency in translating financial resources into human development and point to the 
need to understand the reasons for the lack of efficiency of each case. It is noteworthy that 
these reasons, such as empowering institutions, political will, or particular differences in 
historical-geographic conditions, often greatly differ and are hard to measure. The main 
purpose of DEA is not necessarily to identify and establish the strength of a particular link 

Normalized value of x =
x −Min(x)

Max(x) −Min(x)
(2)
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between the input and output variable, as regressions aim to do, but rather identify the vari‑
ance as it pertains to which regions differ in their ability to translate inputs into outputs.

Despite the legitimation of DEA based on theoretical reasons and its main purpose to 
(1) reveal the variance, (2) learn from success cases and (3) identify/study problem cases in 
more detail, our study uses econometric validation to show the correlation between, at least, 
one input and one output (Golany and Roll 1989). This is in line with previous approaches 
in DEA, as seen in the works of Mariano and Rebelatto (2014), that validated inputs and 
outputs through a correlation matrix, and Ferraz et al. (2018) and de Castro Camioto et al. 
(2014) that used linear regressions to validate DEA inputs and outputs. This is arguably an 
improvement on most DEA studies that do not use an econometric validation.

We validated our data with fourteen econometric panels fixed-effect models through the 
Brazilian Census from 2000 and 2010 (IBGE 2000, 2010). For all models, the Hausman 
test shows fixed effects estimates, while the Breusch–Pagan test did not demonstrate het‑
eroscedasticity, and the VIF test did not detect multicollinearity. The econometric models 
showed significant associations between several inputs and output variables. These regres‑
sion estimates and tests are reported in Table 5 (“Appendix I”). It must be noted that it is 
beyond the purpose and scope of this paper to analyze the causal association and impact 
strength of GDP and social expenditures on human development in detail. Here we only 
establish a basic association and focus on differences in the efficiency of translating the 
available financial resources into human development. Further analysis may also compare 
the results from DEA and regression residuals approaches in more detail. Nonetheless, we 
found statistically significant associations between most input and output variables in our 
basic models, thus validating the DEA procedure not only theoretically (as it is usually 
done in the DEA literature), but also providing a basic empirical validation that GDP and 
public expenditures are likely to impact human development.

4 � Results and Discussion

4.1 � Differences in Absolute and Relative Performance

The DEA Capability Index (DCI) was used to show which regions are more developed 
according to their social performance, and the Social Efficiency Index (SEI) measures the 
relative efficiency of regions. According to the descriptive statistics, the average of DCI 
(0.497) is slightly lower than the average of SEI (0.544). Furthermore, both DCI (0.475) 
and SEI (0.536) medians are close to their averages. However, the standard deviation of the 
DCI values (0.250) is higher than the SEI values (0.209), leading to a greater DCI coeffi‑
cient of variation (0.503) than the SEI coefficient (0.383).

Figure 1 reveals a significant discrepancy between absolute human development values 
(DCI) and the social efficiency (SEI) of 129 Brazilian mesoregions. While some regions 
perform relatively better in absolute terms of human development, other regions perform 
better in terms of social efficiency, or else other regions have either a good /or bad perfor‑
mance in both indicators.

The Top-5 regions which have a lower ranking when comparing the absolute index and 
social efficiency are South Maranhense (S MA), North Fluminense (N RJ), South Roraima 
(S RO), Metropolitan Salvador, and Northeast Baiano (NE BA). These regions present 
better absolute indicators than social efficiency values. Furthermore, rich regions, such as 
Metropolitan Macro Paulista (Met Macro Paulista), Vale do Paraíba Paulista (V. do Paraíba 
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Paulista), Metropolitan Curitiba (Met Curitiba), Campinas, and Piracicaba have high abso‑
lute values but low levels of social efficiency. This suggest that these regions could improve 
their social indicators by promoting a more efficient use of their relatively high levels of 
GDP and public expenditures in comparison to poorer regions.

On the other hand, the Top-5 regions which present great social efficiency and worse 
absolute indices are East Goiano (E GO), South-west Rio-Grandense (SW RS), South 
Amapá (S AP), Center South Mato-Grossense (CS MT) and South Cearense (S CE). Fur‑
thermore, northeastern regions, such as Metropolitan Fortaleza (Met Fortaleza) and Met‑
ropolitan Recife (Met Recife), demonstrated a greater degree of financial responsibility 
of increasing their human development, although they are still suffering from significant 
social deprivations.

Note that some poor regions in the Midwest, North, and Northeast (S MA, S RR, N GO) 
achieve (relatively) high levels of social efficiency even though they show high levels of 
social deprivation. This finding is important because Brazil concentrates public resources 
in the South and Southeast regions (e.g. Northeast Rio-Grandense and Campinas) and 
shows lower public expenditures in the North, Northeast, and Midwest regions (e.g. Center 
South Mato-Grossense, South Cearense, and South Amapá). For example, while the aver‑
age expenditure in the health is R$591 [U$355] per capita in the southern mesoregion N. 
Rio-Grandense, it is only R$356 [U$213] in the northeastern mesoregion S. Cearense, and 
only R$302 [U$181] in the center-western mesoregion C. S. Mato-Grossense. Likewise, 
while the average expenditure in education and culture in Campinas is R$567 [U$340] 
per person, it is only to R$286 [U$171] in the mesoregion South Amapá. In other words, 
Campinas spent almost double the public money that South Amapá spent to offer educa‑
tional and cultural services.

The change in ranking positions between DCI and SEI reveals that several regions with 
relatively high levels of human development perform relatively worse in terms of social 
efficiency, while several regions with medium to low levels of human development perform 
relatively better in terms of social efficiency. For instance, while Campinas ranked 54th 
position in the absolute ranking, it ranks only on the 105th place, according to the social 
efficiency ranking. Thus, Campinas loses 51 ranking positions due to its financial ineffi‑
ciency in generating human development. Several other regions exhibit the same behavior, 
such as South Maranhense (− 102), North Fluminense (− 85), South Roraima (− 83), Met‑
ropolitan Macro Paulista (− 57), and Piracicaba (− 27). On the other hand, some regions 
with high levels of social deprivation improved their ranking position in the social effi‑
ciency index. This is the case of East Goiano, which moved from 97 to 9th place (+ 88 
positions). Other regions exhibit the same behavior, such as South-west Rio-Grandense 
(+ 87), South Amapá (+ 85), and Center South Mato-Grossense (+ 84). To assign public 
resources, it can be argued that both the absolute level of human development as well as 
the social efficiency of regions in translating financial resources into human development 
should be considered.

4.2 � Sensitivity Analysis

In order to define what weights should be attributed to the Capability Index Adjusted by 
Social Efficiency (CIASE), we analyzed the ranking permutations among the nine mod‑
els. Figure 2 presents the evolution of the weights between the absolute performance and 
social efficiency for each Brazilian mesoregion. While Model 1 (SEI = 0.1; DCI = 0.9) 
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emphasizes absolute performance and Model 9 (SEI = 0.9; DCI = 0.1) social efficiency, the 
CIASE is presented by Model 5 (α = 0.5; β = 0.5).

We observe that several top-ranked regions in Model 1 fall steeply until Model 9. For 
example, Macro Metropolitan Paulista loses 57 positions, from 48th (Model 1) to 105th 
place (Model 9). This behavior is recurrent for several rich regions, such as Vale do Paraíba 
Paulista (− 50), Campinas (− 41), South Coast Paulista (− 41), Piracicaba (− 26), and Met‑
ropolitan Curitiba (− 11). It means that some rich regions perform worse concerning their 
social efficiency.

Conversely, some regions facing high levels of social deprivation improved their rank‑
ing position when more emphasis was put on social efficiency. For example, Metropoli‑
tan Fortaleza gains 49 positions, from 114th in Model 1 to 65th place in Model 9. Other 
regions presented the same ranking evolution, such as East Goiano (+ 97), South Amapá 
(+ 60), and South Cearense (+ 49). Note that a third group changed rankings less, as can 
be seen in the examples of South Catarinense (0), Metropolitan Recife (+ 20), Greater Flo‑
rianópolis (+ 25), Metropolitan Belém (+ 19). Figure  3 illustrates the changing position 
among the models.

The CIASE tackles these divergences ordering regions according to both aspects. For 
example, the Macro Metropolitan Paulista ranked 65th place, and Metropolitan Fortaleza 
ranked 99th place in the CIASE index. Moreover, a third group showed fewer ranking 
changes (e.g. Greater Florianópolis, the 3rd place). The next section discusses the CIASE 
contribution.

4.3 � CIASE: a Contribution to the Financial Responsibility Analysis

By combining social deprivation, GDP, and financial constraints of Brazilian mesoregions, 
the CIASE contributes to the financial responsibility concept. It provides a better under‑
standing of how to allocate public funds to enhance human development, revealing which 
regions have more merit to receive public money and tackle their social deprivation.

For example, Campinas ranked 54th in the DCI and 105th in the SEI. Using the DCI, 
Campinas performs better than regions like East Goiano (97th), and Metropolitan Fortaleza 
(112nd). On the other hand, according to SEI, Campinas has a lower ranking position than 
the regions East Goiano (9th), Metropolitan Fortaleza (59th). The CIASE contributes to 
revealing a new ranking, which ranks East Goiano (49th) higher than Campinas (64th) and 
Metropolitan Fortaleza (99th). In other words, authorities could give credits to East Goiano 
(e.g. in the form of increased public support from the federal government) because this 
region faces a worse social deprivation than Campinas and has greater financial responsi‑
bility compared to Campinas and Metropolitan Fortaleza.

The same can be observed in regions like Metropolitan Curitiba (DCI = 34th; 
SEI = 96th; CIASE = 53th), and Center South Mato-Grossense (DCI = 102nd; SEI = 18th; 
CIASE = 62nd). While the Center-South Mato-Grossense faces worse social depriva‑
tion, Metropolitan Curitiba shows less financial responsibility. For this reason, CIASE 
prioritizes the region Center-South Mato-Grossense over Metropolitan Curitiba, recom‑
mending that financial resources should give credit to regions that are more efficient in 
tackling social deprivation in Brazil. Finally, other regions, such as Metropolitan Belém 
(DCI = 86th; SEI = 90th; CIASE = 88th) and the Metropolitan São Paulo (DCI = 70th; 
SEI = 77th; CIASE = 72nd) presented little variance between absolute deprivation and 
social efficiency.
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In sum, CIASE measures the human development performance of regions by consider‑
ing both their absolute and relative performance. This indicator can be used to rank regions 
according to the human development approach as well as social efficiency consideration. 
CIASE arguably presents a better understanding of social deprivation and social efficiency 
in the Brazilian territory. For example, CIASE reveals that the North and Northeast regions 
have relatively higher levels of social efficiency. This can be interesting information for an 
efficient allocation of Brazilian public investments.

4.4 � DFRP: Analyzing Social Deprivation and Financial Responsibility

The Deprivation and Financial Responsibility based Prioritization Index (DFRP) can pro‑
vide valuable information for national policymakers to merit poor regions that show a high 
level of social efficiency. A high DFRP indicates that this region presents a high level of 
social deprivation yet is also socially efficient. In other words, considering its very limited 
financial resources it does a relatively good job in promoting human development. The 
Top-5 DFRP regions are Northwest Rio-Grandense, East Goiano, South-west Rio-Gran‑
dense, Center-South Mato-Grossense, and Western Center Rio-Grandense. The results 
indicate that the national authorities might consider investing in these regions for the sake 
of efficient human development improvement. The Bottom-5 DFRP regions instead are 
South Maranhense, North Fluminense, Serrana, Center Fluminense, and Northwest Minas. 

Fig. 1   Benchmarking the absolute (DCI) and relative (SEI) performance
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Having said this, our quantitative results also demand for subsequent in-depth case studies 
about the qualitative reasons for very high and low-ranking performances in the DRFP.

DFRP reveals that the Metropolitan Fortaleza (19th place), Metropolitan Recife (38th), 
and Metropolitan Belem (45th) should be prioritized to receive public investments over 
rich regions, such as Campinas (84th), Metropolitan Macro Paulista (92nd), Piracicaba 
(94th) and the South Coast Paulista (115th). This is an important finding because it sug‑
gests that authorities could discuss the redistribution of public expenditures towards less 
developed regions not only based on altruistic motives but also based on their merits in 
converting limited financial resources into human development. For example, while Met‑
ropolitan Belem receives R$203 [U$121] per capita, Campinas receives R$567 [U$340] 
per inhabitant in public expenditures of education and culture. In other words, authorities 
should give more credit to Metropolitan Belem because this region can face its social dep‑
rivation using public expenditures more efficiently.

The DFRP shows that some regions in the North and Northeast should be prioritized 
comparing to the South and Southeast of Brazil. In this sense, Brazilian authorities might 
reallocate public expenditures to develop poor social efficient regions. This reallocation 
would provide more homogeneity to the country as well as increase human development in 
all mesoregions.

Figure 4 represents maps of the performance of the Brazilian mesoregions in the six 
main indicators measured in this work. Dark green represents the regions with indicators 
close to one (maximum value), while light green represents the region with indicators close 
to zero (minimum value). The first map shows the distribution of the Capability Index with 
Equal Weights (CIEW). Thus, this map shows the human development performance, meas‑
ured in a traditional way with equal weights. The second map shows the Deprivation Index 
(DI) which localizes regions facing more social deprivations from a DEA perspective. The 
third map represents the DEA Capability Index (DCI). This map shows which regions have 
better human development (dark green), according to the DEA perspective. The fourth map 
reveals the Social Efficiency Index (SEI) in Brazil. This map shows which regions are more 
efficient in converting their GDP and public expenditures in human development. The fifth 
map reveals the Capability Index Adjusted by Social Efficiency (CIASE). This map reveals 
a new interpretation of human development, combining absolute and relative perspectives. 

Fig. 2   Ranking permutations



458	 D. Ferraz et al.

1 3

Finally, the sixth map illustrates the Deprivation and Financial Responsibility based Prior‑
itization Index (DFRP).

4.5 � Cases for Discussion

It is important to answer why some regions are more efficient than others. There are several 
reasons, such as the way that a region uses its money, the human capital to manage public 
funds, and the public policies to develop better living conditions, for example, to provide 
basic sanitation, health programs, and infrastructure.

Firstly, a region can spend its funds better and more efficiently in order to generate more 
access to public services. Regions such as the South Amapá, Metropolitan Belém, and 
Metropolitan Fortaleza are socially more efficient than Campinas, Piracicaba, and Metro‑
politan São Paulo because they can generate better human development indicators with 
less money. For example, Campinas spends R$639 [U$383] on health per inhabitant, yet 
only 70.08% of the population are vaccinated and have a life expectancy of 75.97 years. In 
contrast, the Metropolitan Belém spends R$220 [U$132] and presents 74.51% of the popu‑
lation vaccinated and a life expectancy of 72.5 years. So, it spends 289% less on health but 
has a 6.32% higher rate of vaccinated people.

Taking housing conditions as another example, the South Coast Paulista spends R$291 
[U$174] per inhabitant in sanitation; however, only 81.82% of the households have access 
to piped water and sewage. In contrast, the Metropolitan Fortaleza spends R$184 [U$110] 
per inhabitant in sanitation, providing 89.15% of houses with piped water and sewage. In 

Fig. 3   Changing the ranking position of Brazilian mesoregions when the emphasis is put either on the abso‑
lute value (DCI) or social efficiency (SEI)
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Fig. 4   Socioeconomic performance of Brazilian mesoregions with respect to a absolute human develop‑
ment index, b social deprivation, c DEA absolute capability index, d social efficiency, e the capability index 
adjusted by social efficiency, and f the deprivation and financial responsibility based privatization index
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other words, Metropolitan Fortaleza spends 36.54% less than the South Coast Paulista and 
provides 8.96% more basic sanitation to its population. In this sense, SEI captures this effi‑
ciency of translating financial resources into human development.

Furthermore, SEI shows that GDP by itself is not enough to provide human develop‑
ment. We found that regions that have better fiscal management are also better at enhanc‑
ing human development. Comparing the FIRJAN Fiscal Management Index2 (IFGF) with 
our indicators, we found a correlation between IFGF and CIASE (0.54), DCI (0.56), and 
SEI (0.35). This correlation suggests that better management of public resources is associ‑
ated with higher levels of absolute, relative and combined aspects of the human develop‑
ment performance of regions. For example, the Fiscal Management Index of Metropoli‑
tan Fortaleza (0.7120) is better than the IFGF of Campinas (0.608), Metropolitan Curitiba 
(0.6929), Piracicaba (0.617) and Metropolitan Macro Paulista (0.6173).

Finally, public policies can improve human development in different dimensions, and it 
is not only related to the region’s GDP. For example, Metropolitan Macro Paulista, located 
in one of the most developed regions of Brazil, has a relative good ranking position in 
terms of absolute levels of human capabilities (DCI = 51st out of 129 regions). This region 
has universities and research institutes, national and multinational companies, hospitals 
with technological equipment, and a public transport system that is relatively better than in 
the rest of the country. The state of São Paulo is the richest in the country, with more pub‑
lic resources and GDP. However, when we analyze the generation of human development 
from GDP, the relative index (SEI) is only 0.351, which places this region on the posi‑
tion 108th of the national ranking. Similarly, Campinas and Piracicaba, in the São Paulo 
countryside are located near the financial center of Brazil (São Paulo city), have research 
institutes, universities, and companies in the technological field. According to the DCI, 
the Campinas region ranks 54th, yet it ranks only 105th place when analyzing the SEI 
efficiency of public spending and local GDP. Although the region Piracicaba ranks 40th 
in the DCI ranking, has important multinational companies (Griesse 2007) and significant 
public policies for professional qualification (Ferraz and Oliveira 2017), Piracicaba has a 
worse SEI performance (67th position). Furthermore, Metropolitan Curitiba, where there 
is an important automobile cluster (Cruz and Rolim 2010), does not have good position in 
SEI ranking (96th place), which is explained by previous studies on inequality (Lima and 
Bidarra 2019), housing (Monteiro 2015) and health (Aguilera et al. 2014).

In contrast, region Metropolitan Fortaleza, in the Northeast of the country, is ranked low 
in absolute terms (112th), and high in relative terms (59th). The main reasons for this are 
the public policies to improve educational attainment, to promote access to health in poor 
neighborhoods, and the percentage of illiteracy has declined because more people have 
attended school, which has also helped to the development of policies for health promotion 
(Ribeiro et al. 2018). In addition, Metropolitan Belém, in the North of Brazil, where many 
people are still living in rural areas composed of 39 islands (SIDRA 2019), has a Master 
Plan for Water Supply and Sanitation, supported by the Federal University of Pará and the 
Federal development policy (Magalhaes and Heller 2018).

The region Greater Florianopolis in the South of Brazil has a high absolute value and 
is ranked 22nd out of 129 mesoregions, however in terms of social efficiency it is ranked 
in the 2nd position. Reasons for this are arguably its lowest per capital murder and robust 

2  The IFGF is composed of five indicators (Own Revenue, Personnel Expenses, Investments, Liquidity and 
Debt Cost). This index varies between 0 and 1, and the closer to 1, the better the fiscal management of the 
municipality in the year under observation (FIRJAN, 2019).
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middle class (de Andrade et  al. 2017), the infrastructure and economic diversification 
(Makowiecky and Carneiro Filho 2015; Yigitcanlar et  al. 2017), the public universities 
and institutions to promote science and technology (Xavier 2010; Yigitcanlar et al. 2017), 
the knowledge-based economy and the innovation, scientific and technological promo‑
tion by local government (Esmaeilpoorarabi et al. 2016), the special vaccination program 
(Kupek and Tritany 2009) and, the favelas localization, which guarantees facilities in day‑
care centers, schools and hospitals (Yigitcanlar et al. 2017). Moreover, Mata Moraes et al. 
(2018) show that multidimensional poverty has declined in the state of Santa Catarina from 
26.66% in 2000 to 15.07% in 2010. All coefficients and rankings can be found in “Appen‑
dix II”. Nonetheless, our literature review illustrate that different regions of Brazil face het‑
erogeneous problems. Regressions are able to identify significant trends, but DEA methods 
and subsequently case studies also allow for identification of the heterogeneous problems 
and strengths that regions face in terms of human development and social efficiency.

Finally, we observe how complex is the relation between absolute human development 
and social efficiency in Brazil. While regions in the North and Northeast are still facing 
social deprivation, regions in the South and Southeast present better absolute indicators. 
However, taking into account social efficiency, authorities should give more credit to poor, 
but relatively efficient regions. In sum, DEA informed indicators might help in the com‑
plex task of allocating public expenditures more efficiently. In particular, they may help to 
increase human development in poor regions spending public money more efficiently.

5 � Conclusions

In this study, we evaluated how absolute and relative indicators can be used to reveal the 
human development and social efficiency performance of regions. Applying methods from 
Data Envelopment Analysis, we found many changes in ranking position according to the 
emphasis of the indicators on absolute or relative dimensions of human development. Sev‑
eral regions with good absolute indicators showed worse performance in the relative rank‑
ing. On the other hand, some regions with worse social deprivation were socially efficient.

To our best knowledge, there are not yet any DEA inspired indicators that combine 
absolute and relative indicators within composite indicators. To fill this gap, we combine 
these two indicators and create the Capability Index Adjusted by Social Efficiency (CIASE) 
and the Deprivation and Financial Responsibility Based Prioritization Index (DFRP. These 
indicators are especially valuable in countries with heterogeneous regions like Brazil. 
CIASE allows for a new interpretation of human development achievements in Brazil, tak‑
ing both absolute levels of deprivation and capabilities into account, as well as considering 
financial responsibility. In addition, CIASE deals with other types of research problems 
whenever there is a significant difference between inputs and outputs (e.g. to compare pub‑
lic investments among countries or to analyze sustainability among regions or countries).

In order to identify which regions should receive higher public investments for human 
development, we created the Deprivation and Financial Responsibility Based Prioritiza‑
tion Index (DFRP). This indicator takes into account the regions with the most significant 
social deprivation and at the same time relative high levels of financial responsibility. In 
this way, policymakers can use the DFRP to reallocate public resources in order to generate 
human development by spending public money more efficiently. We also presented some 
cases to discuss different strategies in Brazil’s mesoregions. However, authorities must 
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interpret the CIASE and DFRP indicators carefully and evaluate the rankings accompanied 
by case studies.

There are several limitations that must be mentioned. First, we did not consider the 
temporal evolution of human development. Second, our analysis is concentrated on global 
indicators. Third, we did not discuss which weights should and could be assigned to each 
social dimension. We consider that future studies can analyze the evolution of human 
development in Brazil over time, measure specific indices for each dimension (education, 
health, basic sanitation, employment, and institutions), discuss different weights of each 
dimension in a global index (e.g.—health and education are more important than sanitation 
or institutions), and proceed with advanced econometric studies to understand the causal 
linkages between the inputs and outputs better. Finally, a more in-depth discussion of the 
ethical importance of social efficiency and its ability to sustain social policies is necessary. 
One relevant question for further research is to what extent public investment should focus 
on absolute deprivations, social efficiency, or a combination of both. Policy measures need 
to address socially inefficiencies and invest in regions with high levels of human depriva‑
tion but should probably also merit regions that do an efficient job. The precise resource 
allocation and ethical priority setting, though, requires further discussion and seems to be 
a promising path for future research on human development and social efficiency with rel‑
evance for public investment decisions.

Despite the limitations outlined above, our work reveals the need to simultaneously ana‑
lyze social deprivation, social efficiency and financial responsibility in developing regions. 
In this regard, our study points to the possibilities of constructing new indicators that com‑
bine information on absolute levels of human development and the financial responsibility 
of regions. Our indicators point to the need for considering aspects of financial responsi‑
bility when (re)allocating GDP and public expenditures for human development improve‑
ments. Thus, CIASE and DFRP help to identify and promote the financial responsibility of 
regions in promoting human development.
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Appendix I: Econometric Validation

Linear regressions were estimated between the inputs and each of the outputs. We pro‑
ceeded with Cobb–Douglas functions adapted to the research problem (see Expression 2).

where: lnysocial variable
it

 is one of the 14 variables of human development; �0 is the intercept; 
�1lnUrbanPop is the natural logarithm of the urban population in each region; �2lnEAP is 
the natural logarithm of the economically active population; �3lnGDP is the natural loga‑
rithm of the gross domestic product; �4lnExp_Educ_Cult is the natural logarithm of the 
public expenditure in education and culture; �5lnExp_Housing is the natural logarithm of 
the public expenditure in habitation and; �6lnExp_Health_San is the natural logarithm of 
health and sanitation.

We used a log–log regression to interpret the parameters as elasticities (Greene 2011). 
We also applied the following tests: the Hausman test to define Fixed Effects (FE) or Ran‑
dom Effects (RE) models (Hausman 1978; Holland and Xavier 2005); the Breusch–Pagan 
to check heteroskedasticity in our regression model (Greene 2011); and the Variance Infla‑
tion Factor (VIF), which must be less than 10, so that there is no multicollinearity (Stine 
1995).

For the education dimension, we found that GDP and expenditures in education and 
culture have a positive impact on the number of literate people and the number of daycare 
centers. For the housing conditions, GDP and expenditures in housing improve public ser‑
vices (electricity, sewage, and garbage collection), as well as decrease the housing deficit.

For the health dimension, GDP and public expenditures in health increase life expec‑
tancy and the number of vaccinated people. On the other hand, investing in health 
decreases the child mortality rate. Furthermore, the economic dimension shows that GDP 
and expenditures in education increase employment. In contrast, they reduce income ine‑
quality (Gini index and the number of extremely poor people).

For institutions, our findings suggest that democracy is positively impacted by GDP and 
expenditures in education. Our analysis also showed that housing spending reduces the 
homicide rate, as long as investing in this type of infrastructure improves living conditions 
in deprived areas and slums (favelas), where the highest number of homicides occur over 
the year (Ceccato 2005).

See Table 5.

lnysocial variable
it

= �0 + �1lnUrbanPopit + �2lnEAPit + �3lnGDPit + �4lnExp_Educ_Cultit

+ �5lnExp_Housingit + �6lnExp_Health_Sanit + �
it
(3)
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