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Abstract This study utilizes benchmarking techniques to monitor productivity change in rela-
tion to Sustainable Development Goals (SDGs) 1, 8, and 9, addressing the challenges faced by 
countries in interpreting measures. The first SDG 1, “No Poverty”, aims to completely eliminate 
poverty. The objective of SDG 8, “Decent Work and Economic Growth”, is to foster compre-
hensive economic advancement. Finally, SDG 9, “Industry, Innovation, and Infrastructure”, fo-
cuses on the creation of durable and sustainable infrastructure, as well as promoting innovation 
to drive economic progress. Economic development, job creation, wealth creation, and poverty 
eradication are crucial for sustainable development. However, there is no other study estimating 
the evolution of countries’ performance in terms of these SDGs, whether countries have con-
verged or not, and how each of these SDGs contributes to this performance development. This 
is the main goal of the present study, which compares 85 countries (2010–2020) from different 
profiles (developing, emerging, and developed) in terms of several SDG indicators. We applied 
data envelopment analysis (DEA) and Malmquist productivity indices that quantify changes in 
efficiency and technology over time to assess productivity dynamics and improvements. Results 
showed that emerging countries showed the highest productivity development, followed by de-
veloping countries and finally developed countries. The slower productivity development in de-
veloped countries indicates stagnation, allowing emerging countries to converge in terms of 
wealth creation, distribution, and poverty reduction. 

Keywords sustainable development goals; economic development; poverty eradication; United 
Nations; data envelopment analysis; Malmquist index 
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1. Introduction 
Economic development, industrialization, and poverty alleviation are three interrelated con-

cepts that are essential for sustainable economic growth and improving people’s lives [1]. Eco-
nomic development refers to the process of improving the economic well-being of a country or 
region, usually measured by indicators such as GDP, per capita income, and poverty rates. Eco-
nomic development can be achieved through various means, such as promoting international 
trade, attracting foreign investment, and implementing sound economic policies [2]. Industriali-
zation is one of the most important drivers of economic development [3]. It involves the transition 
from an agrarian or rural economy to a more industrialized and urbanized economy character-
ized by the growth of manufacturing, trade, and services. Industrialization can create jobs, in-
crease productivity, and generate income for individuals and the government [4]. Eradicating 
poverty is an important goal of economic development [5]. This involves reducing and eventually 
eliminating poverty, which is defined as a lack of access to basic needs such as food, shelter, and 
health care. Poverty eradication can be achieved through a combination of measures, such as 
providing social safety nets, improving access to education and health care, and creating eco-
nomic opportunities. In summary, economic development, industrialization, and poverty reduc-
tion are interdependent concepts that are critical to improving people’s lives and achieving sus-
tainable economic growth. A well-designed and implemented development strategy that takes 
into account the needs and priorities of various stakeholders can help achieve these goals. 

Eliminating poverty is a complicated, long-term objective that needs a multifaceted strategy 
to ensure economic sustainability. Education, (access to) health care, economic opportunities, 
social safety nets, infrastructure development, empowerment of women, minorities, marginalized 
groups, and sustainable development to promote environmental protection and address climate 
change can reduce poverty by ensuring sustainable economic growth that benefits all members 
of society, including future generations. One of the best ways to fight poverty is through educa-
tion [6]. It gives individuals the skills and information to obtain better-paying professions, create 
enterprises, and enhance their economic prospects. Health care is crucial to poverty alleviation. 
Poor health may increase health care expenditures and income loss, worsening poverty. Health 
care that is inexpensive and accessible may enhance health and alleviate poverty. Providing em-
ployment, microfinance, and entrepreneurial programs may assist in eliminating poverty by help-
ing individuals sustain themselves and their families. Cash transfers, food subsidies, and health 
care may assist the elderly, handicapped, and children get basic income and support. Roads, 
bridges, and water supplies may boost rural economies, increase market and service access, and 
alleviate poverty. Increasing upstream industry and employment seems to be the key to alleviat-
ing or eliminating downstream poverty. Now, nations must be monitored for economic progress, 
industrialization, and poverty elimination. 

All these aspects are difficult to measure and organize. To this end, there is a fundamental 
tool that countries should use to measure and monitor their behavior at several specific points of 
their sustainable development [7]. This tool created by the UN corresponds to the 17 SDGs of 
the 2030 agenda, after the introduction of the Millennium Development Goals (2000–2015). 
This study considers SDGs 1, 8, and 9. SDG 1, often known as “No Poverty”, focuses on the 
urgent need of eliminating severe poverty on a worldwide scale. Its objective is to guarantee that 
every person has access to the fundamental requirements for a life of dignity. SDG 8, also known 
as “Decent Work and Economic Growth”, aims to advance long-lasting and comprehensive eco-
nomic expansion, encourage complete and fruitful employment, and guarantee satisfactory 
working conditions for everyone. It highlights the need of establishing fair work prospects and 
tackling the difficulties associated with informal employment. SDG 9, often known as “Industry, 
Innovation, and Infrastructure”, emphasizes the significance of constructing robust infrastruc-
ture, advocating for equitable and sustainable industrialization, and nurturing innovation. The 
objective is to improve connection, especially in underdeveloped areas, and promote the use of 
technical innovations for economic progress. The pursuit of sustainable development involves 
three interconnected goals: eradicating poverty, achieving inclusive economic growth with de-
cent work opportunities, and developing resilient infrastructure and promoting innovation. 
These goals collectively form a holistic and sustainable framework for global progress. These 
three indeed seem to be the ones explaining better the economic growth of countries and as such 
their classification into developing, emerging, and developed. It is, thus, essential to understand 
whether developing and emerging countries are approaching the developed ones in terms of 
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poverty eradication, decent work, industrialization and innovation, and ultimately economic 
growth. In other words, one must test whether the former are becoming the latter or not. 

Figure 1 portrays the relationship between SDGs 1, 8, and 9. The achievement of SDGs 1 
and 8 is closely interconnected since the attainment of decent employment directly helps to the 
decrease of poverty. Promoting economic development via the creation of productive work op-
portunities is an effective means of lifting communities out of poverty, while also promoting re-
silience and sustainability. In addition, the advancement of infrastructure development fosters 
effectiveness and durability, in line with the concepts of both Sustainable Development Goal 8 
and Sustainable Development Goal 9. The three objectives of eliminating poverty (SDG 1), cre-
ating decent employment (SDG 8), and promoting sustainable industrialization and innovation 
(SDG 9) are interrelated. Eliminating poverty is made possible by the establishment of decent 
work, which, in turn, depends on sustainable industrialization and innovation to assure long-term 
economic growth and development. This holistic approach demonstrates the interconnectedness 
of these objectives in tackling worldwide difficulties and advocating for a comprehensive plan for 
sustainable development. That way, one can create wealth and distribute it equitably, thus con-
tributing to the eradication of poverty as well as to social protection, justice, and resilience against 
extreme events caused by climate change. It is worth mentioning that the poorest populations 
are usually the most affected by this kind of event [8], as happened recently in Nigeria (2022), 
where the worst floods in a decade have displaced over a million people, claims the World Eco-
nomic Forum. These SDGs are also very much related to the daily lives and well-being of people, 
as concluded by Arriani & Chotib [9]. 

 
Figure 1. Relationship between Sustainable Development Goals 1, 8, and 9. 

The 17 SDGs formulated by the UN account for 169 targets and 232 indicators to monitor 
the sustainability evolution of each country. Through the indicators associated with each SDG, 
countries can benchmark themselves against the best practices worldwide and guide towards 
more sustainable practices [10]. Jacob [11] clearly underlines the need to strengthen the perfor-
mance measurement system attached to the 2030 agenda for sustainable development and the 
associated SDGs. Thus, SDG implementation requires a performance monitoring system based 
on fully known and accessible data. After collecting this data, it might be challenging to evaluate 
the findings and define the relative ranking position since multiple indicators sometimes provide 
inconsistent results. It is difficult to determine if developing and emerging nations are approach-
ing developed ones or whether the gap has grown. Dynamic performance analysis shows its rel-
evance. Thus, rather than analyzing nations’ static performance in a particular moment, which 
may be uncommon, we should analyze their dynamic performance development or productivity 
change. Solving this issue may show nations their route, allowing them to decide on actions and 
policies in case of undesirable changes. 
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To evaluate the dynamic performance evolution of countries regarding poverty eradication, 
decent and properly paid jobs creation, industry and innovation, and economic growth, we resort 
to solid benchmarking techniques, namely the so-called BoD [12,13] integrated with the 
Malmquist index [14–16]. This study significantly contributes to the literature by introducing a 
novel approach to monitoring and benchmarking countries’ performance in achieving SDGs 1, 
8, and 9. The novelty lies in the application of BoD and Malmquist productivity indices to esti-
mate the evolution of countries’ performance over the period 2010–2020. While many studies 
have addressed individual SDGs, this research uniquely combines benchmarking techniques to 
comprehensively assess the interconnected goals of those three SDGs. The study’s importance 
lies in its holistic examination of the synergies and trade-offs between these goals, shedding light 
on whether countries have converged in their efforts and how each SDG contributes to overall 
performance development. By including a diverse set of 85 countries with different development 
profiles, the research offers a global perspective, providing valuable insights for policymakers and 
stakeholders striving to enhance sustainable development strategies worldwide. 

2. Literature Review 
A lot has been discussed in the literature about the UN 2030 agenda, the SDGs, and their 

usefulness in improving people’s quality of life and the world’s sustainability. Among the 17 goals 
and their numerous indicators, it is possible to find out many synergies, but also some trade-offs. 
In other words, while some dimensions seem to contribute positively to the improvement of oth-
ers, they may also have a negative impact on a few. For instance, Bali Swain & Ranganathan 
[17] identify 66 negative interactions or trade-offs and 238 positive interactions or synergies out 
of a total of 316 interactions. Another problem raised by Dang & Serajuddin [18] is the scarcity 
of data to monitor the progress of the SDGs. In view of that, the authors propose that the relevant 
international organizations interested in data collection should collaborate more with national 
organizations in order to disseminate these data. This also points to the need to further refine the 
indicators of each SDG despite its difficulty, because the interpretation of targets may lead to 
different conclusions by various assessment methods. 

Even though the existence of such inconsistencies in the UN 2030 agenda, the implementa-
tion of the SDGs is still quite important both for society and companies’ well-being [19]. Sustain-
ability holds a prominent position in the political, economic, and social panorama, being a reason 
for debate in all areas of society [20]. 

According to Barbier & Burgess [21], there was a generalized improvement worldwide re-
garding most of the SDG indicators from 2000 to 2016. However, the same authors identified a 
considerable drop in performance concerning SDGs 8 and 9. What stood out more positively in 
both country profiles (high-income and low-income countries) was precisely SDG 1. This one, 
according to Leal Filho et al. [22], is quite important, in the sense that the achievement of any 
SDG goals and targets is at risk if not given due attention to this SDG 1. For the same authors, 
the main threats to this SDG are climate change and, more recently, the COVID-19 pandemic. 
Since SDG 1 is more linked to poorer countries such as developing ones, Maksimov et al. [23] 
suggest that for these nations the existence of small and medium enterprises is critical, as they are 
the ones that sell and employ, allowing the population to retain reasonable wages above the 
poverty line. 

One of the essential tools that countries should adopt to be effective in achieving their goals 
in relation to the SDGs is the strengthening of international partnerships, but there is a disparity 
in the division of these international partnerships in the world, as stated by Blicharska et al. [24]. 
As lower-income countries have fewer partnerships, mainly because of their lower resource ca-
pacity, this results in greater difficulty for their development as they have less external aid. The 
same authors also state that developed countries have more interest in partnerships related to 
SDG 8 mainly with other developed countries, not with emerging nor developing ones. 

To achieve the goals proposed by SDGs 8 and 9, investment in technological innovation and 
measures to transform the economy are needed. However, Chen et al. [25] state that there are 
problems, mainly in developing and emerging countries, related to economic leakages. For in-
stance, the informal sector may have a negative impact on the association of innovation and 
energy efficiency; additionally, there may exist a lack of technological diffusion in these countries. 
The aforementioned authors mention that countries with higher levels of grey economy, such as 
developing countries, have lower energy consumption per unit of production due to the informal 
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sector being less energy intensive. In other words, the larger the informal economy, the lower the 
energy consumption and the overall economy. 

The main regions of the countries that should properly implement the sustainable goals of 
the SDGs are the urban regions as these represent the majority of the population. According to 
Wang et al. [26], SDGs 2, 6, 7, 14, and 15 are essential for human survival, while SDGs 1, 3, 4, 
5, 8, 10, and 16 cover key aspects of human well-being, and finally SDGs 9, 11, 12, 13, and 17 
concern sustainable governance. Their framework was complemented with the DEA methodol-
ogy and applied to 287 Chinese cities observed between 1985 and 2015. Those authors conclude 
that China’s urban sustainability has been improving, with large cities exhibiting greater im-
provement than medium and small cities. However, there are dimensions well below expectation, 
namely the population’s health and standard of living. To achieve the SDG targets sustainable 
cities should implement the construction of efficient buildings, which should contribute a lot to 
SDGs 12, 7, 3, and 11, but less to SDGs 9, 15, and 13 and are not connected with the targets of 
SDGs 1, 2, and 5 [27]. 

Africa is the continent with the largest number of underdeveloped and poorer countries, 
where their economies are less linked to the industrial sector and more to the agricultural sector. 
Therefore, it is essential to conduct studies to identify the priority areas for improvement in this 
sector and the countries’ progress in it. Nhemachena et al. [28] point out that agriculture is the 
driver of prosperity, economic growth, livelihoods, and, in turn, poverty eradication in Africa. 
To improve the sector, one must improve progress towards the SDGs with increased investment 
of more resources in the sector and implementation, monitoring, and evaluation of regional and 
continental commitments in the agricultural sector. In southern Africa, Botswana, Angola, Na-
mibia, Zambia, and South Africa have achieved the best performance scores, as mentioned by 
those authors. 

Global progress towards meeting the goals of the UN 2030 Agenda has been considerably 
delayed in the last two years due to the COVID-19 pandemic. This led to stagnation and reces-
sion in several sectors worldwide, according to Odey et al. [29], for whom Africa was the most 
affected continent on the way to achieving the SDGs. For these authors, Ghana, South Sudan, 
Rwanda, Ethiopia, and Ivory Coast were present in the group of countries with the fastest eco-
nomic growth before the pandemic, but afterward, it considerably slowed down, leading Africa 
to lag further behind in socioeconomic development, compared with other continents. 

According to the previous studies, it is possible to assess that the analysis of the evolution of 
countries regarding the various SDGs is quite important, in the sense that it allows to understand 
which are the strengths and weaknesses of these entities toward their overall sustainability. Alt-
hough there are some inconsistencies and problems with the SDGs indicators, such as trade-offs 
between them and the data scarcity for some observations, the benchmarking analysis between 
groups of country profiles remains extremely necessary, but the existing one is still occasional. 
Unlike the studies above, this study focuses specifically on SDGs 1, 8, and 9, while using a DEA 
model and the Malmquist index to visualize the productivity evolution of the various countries 
belonging to the three different profile groups. This division of countries into profile groups 
makes it possible to conduct a fair evaluation (more homogeneous comparison), helping us to 
understand which of these groups of countries has obtained the best productivity evolution rela-
tive to those SDGs. This analysis will also include the year 2020, a rather abnormal period due 
to the COVID-19 pandemic. 

3. Models 
This study is based on benchmarking techniques, which is a concept widely used nowadays. 

Benchmarking is a procedure of constant comparison of comparable entities, like countries, 
based on their achievements measured through various dimensions, like the indicators of each 
SDG. There are many benchmarking models, but we can cluster them into two: average bench-
marking models and frontier benchmarking models [30]. 

Average benchmarking models are based on average values such as the average costs of a 
group of companies, through the TFP used in the Malmquist, Hicks-Moorsteen, Törnqvist, and 
Fischer productivity indices. Regarding frontier benchmarking models, they construct a frontier 
where the best practices are positioned, and the distance to the frontier reflects how low the 
performance levels are and how much the evaluated dimensions need to improve. Examples of 
frontier models include but are not limited to, corrected least squares, SFA, and DEA. Mean-
while, it is possible to integrate both the average and frontier benchmarking models. For instance, 
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it is common to merge the Malmquit index with DEA, and many examples can be found in the 
literature, including Li et al. [31], Wang [32], Huang et al. [33], and Tachega et al. [34]. 

SFA relies on details of a stochastic nature in predicting the efficient frontier, which can be 
either a cost function or a production function. It means that it basically constructs an association 
model like in ordinary least squares, relating a dependent variable (e.g., total costs) with some 
independent variables (e.g., produced goods or services). This model requires a likelihood func-
tion to guide the distribution of stochastic errors and formal specifications for the efficiency fron-
tier. However, wrong specifications about the frontier and the error distribution can bias the final 
performance score. Because of the nature of data regarding SDG indicators, SFA cannot be used 
for this study’s purposes [35]. 

In opposition to SFA, DEA is strictly nonparametric, which is to say that no assumption about 
the frontier shape has to be made. Instead, DEA is based on the concepts of linear programming 
to construct the frontier empirically and to project the inefficient entities in that frontier. In short, 
the frontier constructed by DEA is piecewise linear, and any inefficient entity is dominated by 
the former. Different from SFA, DEA can use several inputs and several outputs. These features 
have decisively contributed to the DEA’s popularity among researchers. However, the model is 
not foolproof, exhibiting some disadvantages. Perhaps the most critical one is the sensitivity to 
the imperfect knowledge of data (e.g., data noise or gaps) and the relation between the sample’s 
size and the number of variables used to model the problem. The latter is popularly known as 
the curse of dimensionality and it can be preventable if a large sample is used. In opposition, the 
former is more complicated to solve, often demanding the exploitation of complex statistical pro-
cedures to replace the imperfectly known quantities or intricate stochastic mathematical models 
to model that imperfect knowledge [36]. Notwithstanding these caveats or difficulties, and ac-
cording to the literature, DEA can outperform its main competitors because of its nonparametric 
nature and all the associated properties [35]. 

Let 𝒙𝒙0 be the set of 𝑚𝑚 inputs used by an entity 0 (a country, for instance) to produce a set of 
𝑠𝑠 outputs, generically denoted by 𝒚𝒚0. The complete sets of inputs used and outputs produced by 
all entities under analysis are, respectively, denoted by 𝑿𝑿 and 𝒀𝒀 . DEA searches for an efficiency 
score, 𝜽𝜽0, associated with the entity 0, by running a linear model, as follows: 

𝜽𝜽0 = max 𝜽𝜽 
s. t. 
𝝀𝝀⊤𝑿𝑿 ≤ 𝒙𝒙0 
𝝀𝝀⊤𝒀𝒀 ≥ 𝜽𝜽 ⋅ 𝒚𝒚0 
𝝀𝝀 ≥ 0 

(1) 

where 𝝀𝝀 is a vector of intensities. In this model, the output-orientation was assumed, which is to 
say that the inputs are held constant, while the outputs are maximized as much as possible. The 
model in Equation (1) assumes constant returns to scale, but if another assumption has to be 
made a new constraint can be added. Particularly, the variable returns to scale, commonly found 
in the literature, imposes the additional constraint 𝟏𝟏⊤𝝀𝝀 = 1. The efficiency score obtained via 
Equation (1) will be larger than or equal to 1: the equality is achieved for the technically efficient 
entities, while the difference between the score and the unit reveals how much of the outputs 
need to be increased (proportionally) to reach plain efficiency. 

BoD is a DEA-based model that aggregates a set of key performance indicators into a single 
synthetic or composite indicator measuring the overall performance of a country [37]. In view of 
that, each group of countries is associated with a frontier where the top performers or bench-
marks are positioned; any country dominated or enveloped by this frontier cannot be a bench-
mark and there is room for improvement [38]. Multipliers, often called weights, associated with 
each indicator are optimal in the sense that they are computed using an optimization (linear 
programming) model whose objective is to find the maximum possible performance score [39]. 
In other words, BoD is a benevolent or optimistic model, and it is not possible to find a set of 
multipliers or weights resulting in a higher performance score and leaving no room for complaints 
about the achieved results [40]. If a country has a small score, typically lower than 1 (or 100), 
then it is certain that it cannot be a benchmark, being outperformed by other(s). Mathematically, 
it corresponds to solving Equation (1) with indicators in the place of the outputs, while assuming 
inputs as unitary. 
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BoD can be easily joined to the Malmquist index [41], thus allowing the analysis of produc-
tivity change in different periods [42]. Using this tool, it is possible to collect results of productivity 
change for the various countries. Individual results provide a comparison between them, identi-
fying the countries and profile groups (developed, emerging, and developing countries) that stood 
out the most. Using the Malmquist index, it is not only possible to disclose whether countries are 
approaching their own frontier but also whether frontiers containing the best practices of each 
group are approaching each other. Therefore, it becomes clear that this is a useful tool to answer 
the research question associated with our main goal. 

Roughly speaking, the Malmquist index measures the relationship between the distances rel-
ative to two different efficiency frontiers [43]. In short, an entity is observed in two moments and 
these observations are projected twice each: once in the frontier associated with that very mo-
ment, and once in the frontier associated with the other moment. These projections follow the 
mathematical model of BoD (or DEA)—the interested reader is referred to Ferreira & Marques 
[44] for details. The Malmquist index, 𝑴𝑴 , is, then, a comparison of these projections through 
some ratios, such that if 𝑴𝑴 > 1 (< 1), then there was a productivity increase (decrease) in the 
period comprising both moments. Now, let us consider that the entity 0 is observed in the mo-
ment 𝑡𝑡 and projected in the frontier estimated with the data of moment 𝜏𝜏  (which can be smaller 
than, equal to, or larger than 𝑡𝑡). In that case, the efficiency score is estimated with the following 
linear program: 

𝜽𝜽0
𝑡𝑡,𝜏𝜏 = max 𝜽𝜽 

s. t. 
𝝁𝝁⊤𝑿𝑿𝜏𝜏 ≤ 𝒙𝒙0

𝑡𝑡  
𝝁𝝁⊤𝒀𝒀 𝜏𝜏 ≥ 𝜃𝜃 ⋅ 𝒚𝒚0

𝑡𝑡  
𝝁𝝁 ≥ 0 

(2) 

where 𝝁𝝁 denotes a vector of intensities. This way, the Malmquist index can be written (and de-
composed) as follows: 

𝑴𝑴0
𝑡𝑡,𝜏𝜏 =

𝜽𝜽0
𝜏𝜏,𝜏𝜏

𝜽𝜽0
𝑡𝑡,𝑡𝑡

�
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

⋅
⎷

��
�𝜽𝜽0

𝜏𝜏,𝑡𝑡

𝜽𝜽0
𝜏𝜏,𝜏𝜏 ⋅

𝜽𝜽0
𝑡𝑡,𝑡𝑡

𝜽𝜽0
𝑡𝑡,𝜏𝜏

�����
𝑀𝑀𝑀𝑀𝑀𝑀

 (3) 

In fact, 𝑴𝑴  can be endlessly decomposed into sub-indices reflecting the components of 
productivity change [41]. Two remarkable ones are the 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 , and the 𝑀𝑀𝑀𝑀𝑀𝑀 . While the for-
mer expresses whether the observed entity has approached or driven away from the efficiency 
frontier, the latter reveals if there was any technology improvement or not, namely through shifts 
in benchmarks that compose the frontier (and frontier shifts, accordingly). If 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 > 1 (< 1), 
then the entity improved (worsened) its efficiency, getting closer to the frontier; if 𝑀𝑀𝑀𝑀𝑀𝑀 > 1 (<
1), then the benchmarks present in the frontier increased (decreased) their own productivity, 
pulling the frontier towards a technological improvement. Since 𝑴𝑴 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝑀𝑀 , should 
these two sub-indices be larger than one, the Malmquist index will identify unequivocally produc-
tivity enhancement for that entity.  

4. Case Study 
4.1. Sample 

In economic growth terms, it is common to split countries into developing, emerging, and 
developed, and such a classification depends on the industry and the human development levels. 
The latter, for instance, is frequently quantified via the HDI, which, in turn, results from dimen-
sions like income, education, and life expectancy [45]. Of course, these are tightly associated with 
poverty or wealth [46]. Developing countries comprise all countries with a low standard of living, 
a still developing level of industrialization, and a low HDI [47]. The emerging ones in general 
can no longer be considered developing, due to their HDI and average standard of living and 
developing industrial sector, except for some already with a strong industry. Finally, those coun-
tries considered developed have a high HDI and standard of living, with low poverty rates and 
high levels of industrialization. Whether developing and emerging countries are approaching or 
moving away from their developed counterparts regarding their performance in economic de-
velopment, industrialization, and poverty eradication is a question that has no answer in the 
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literature. Likewise, it is worth to know if developed countries have improved or worsened their 
performance with time. 

This study is composed of 85 DMUs, consisting of several countries grouped into three dif-
ferent country profile groups (developed, emerging, and developing), and 25 different geographic 
regions. The sample contains 41 developing countries, 11 emerging countries, and 33 developed 
countries consisting. The division of these profile groups allows us the creation of three independ-
ent and distinctive evolution frontiers, leading to the opportunity to understand the evolution 
towards sustainability of each group and to verify whether the speed of such evolution is decreas-
ing or accelerating. Figure 2 portrays the selected countries. 

 
Figure 2. World map indicating the countries present in the study and their division per profile group. 

4.2. Variables 
The analysis of productivity change is also composed of several indicators used to monitor 

each country’s sustainability regarding SDGs 1, 8, and 9. Table 1 presents the considered per-
formance indicators, whose selection was strictly based on what the UN considers to be the most 
influential to describe the performance in terms of those SDGs, and also on the data availability. 
The absence of any key performance indicator was mostly because of meaningful data missing, 
such that estimating gaps could introduce serious bias in results. Data were collected directly 
from the UN database (publicly available), considering the period 2010–2020. 

In Table 1 the polarity of each indicator is shown, meaning that we have desirable and un-
desirable outputs (or those with positive and negative polarity, respectively). Undesirable indica-
tors are understood as those that present negative aspects that must be fought against, such as 
the unemployment rate or CO2 emissions. Desirable indicators represent and value positive as-
pects on the path towards sustainable development, such as access to basic services and the an-
nual GDP growth rate. Because of these different polarities and the existence of non-discretion-
ary (or undesirable) indicators, we used a transformation of data as follows: 

𝒚𝒚�̂�𝑟 =

⎩
�
⎨
�
⎧ 𝒚𝒚𝑟𝑟 − min 𝒚𝒚𝑟𝑟

max 𝒚𝒚𝑟𝑟 − min 𝒚𝒚𝑟𝑟
⋅ 100 + 𝜀𝜀, if the indicator is desirable

max 𝒚𝒚𝑟𝑟 − 𝒚𝒚𝑟𝑟
max 𝒚𝒚𝑟𝑟 − min 𝒚𝒚𝑟𝑟

⋅ 100 + 𝜀𝜀, otherwise
 (4) 

where 𝒚𝒚�̂�𝑟 is used in Equations (1)–(3) instead of 𝒚𝒚𝑟𝑟, and 𝜀𝜀 is a very small quantity (say 0.01) used 
to avoid the variable assuming null values (problematic in DEA applications). This way, all vari-
ables get a positive polarity and can be treated like outputs with a unitary input. For the cases of 
variables with possible negative entries (e.g., indicators 8.1.1 and 8.2.1), we shift them (by adding 
them to the minimum value) so they only have non-negative values. Afterward, we apply Equa-
tion (4) for rescaling them. Interestingly, all transformed indicators have the same range and, as 
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such, the same discriminatory power (their magnitudes have no impact on the final result), which 
is desirable in performance assessment [48]. 

Table 1. Description of SDG targets and units of measurement of indicators used. 

SDG Goal  Description of the Goal Indicator Description of the Indicator Direction 

1 
1.1 Eradicate extreme poverty 1.1.1 Proportion of individuals living below  

the International Poverty Line of US$1.90/day  

1.4 Equal rights to property, basic services,  
technology, and economic resources 1.4.1 Proportion of population living in households  

with access to electricity  

8 

8.1 Sustainable Economic Growth 8.1.1 Annual Gross Domestic Product (GDP) growth  

8.2 Diversify, innovate and upgrade for  
economic productivity 8.2.1 Annual GDP growth per person employed  

8.4 Improve resource efficiency in consumption  
and production 8.4.2 Domestic material consumption in ton  

per capita  

8.5 Full employment and decent work with  
equal pay 8.5.2 Unemployment rate  

8.10 Universal access to banking, insurance  
and financial services 

8.10.1.a Number of commercial bank branches  
per 100,000 adults  

8.10.1.b Number of ATMs per 100,000 adults  

9 

9.1 Developing sustainable, resilient and  
inclusive infrastructure 9.1.2 Air transport, cargo in million ton - Km  

9.2 Promoting inclusive and sustainable  
industrialization 

9.2.1 Percentage of manufacturing value added GDP  
9.2.2 Percentage of employees in industry  

9.4 Upgrade all industries and infrastructure  
to sustainability 9.4.1 CO2 emissions (ton) per capita.   

9.c Universal access to information and  
communication technology 9.c.1 Proportion of population covered by a mobile 

network  

Note:  positive polarity (the higher, the better);  negative polarity (the lower, the better). 

Because of data availability, we considered three main versions for the analysis (for the sake 
of sensitivity analysis), and it is possible to verify in Figure 3. In short, the three versions differ in 
terms of the amount of indicators used in each version. This is because there is a trade-off be-
tween the data availability and the time span that we would like to use in this study. Of course, 
an analysis covering a broader timeframe leads to fewer indicators. The first version is the most 
complete in terms of the number of indicators, the second version is an intermediate in the matter 
of that same number, while the third is the smallest version at this same point. Version 1 consists 
of using most of the indicators considering a period of analysis from 2010 to 2017. Indeed, indi-
cators 8.4.2 and 9.2.2 have no data for 2018, 2019 and 2020. Different from version 1, version 2 
disregarded these two indicators from the analysis, meaning that we could extend our analysis to 
the period 2010–2019. Finally, the last and smallest version in terms of the number of indicators 
is the third version. With respect to version 2, this list does not include SDG 1 neither the indi-
cators 8.2.1, 8.10.1.a, 8.10.1.b, 9.1.2 and 9.c.1. The low number of indicators in this version 
results from the fact that the data associated with these indicators are absent for 2020 (a year 
featured by the COVID-19 pandemic). Despite having the lowest number of indicators, it is the 
version that covers the longest period of analysis from 2010 to 2020. The use of several versions 
offers flexibility, enabling decision-makers to choose versions that are in line with individual re-
quirements. The ability to adjust the period and indicators allows for the accommodation of 
diverse research aims. Additionally, it reduces risks by providing backup options and enables 
seamless adjustment to changing data accessibility. Ensuring consistency proves to be difficult 
when dealing with different versions, which increases the chance of reaching different results. 
The resource intensity is heightened as a result of the need for continuous data validation for 
every iteration. The presence of complexity might impede comprehension, possibly resulting in 
decision paralysis. The absence of coherence in providing a consolidated storyline might hinder 
stakeholders’ overall understanding. The efficacy of the technique relies heavily on the careful 
balancing of these aspects. 
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Figure 3. Identification of the indicators used for each version. 

5. Results and Discussion 
To avoid a too large paper, in this section, we present the main results associated with version 

2, although similarities and differences between this and the other versions are henceforth high-
lighted. 

5.1. Positive and Negative References 
This first analysis began by verifying the five best and five worst developing, emerging, and 

developed countries in terms of productivity evolution regarding the set of considered indicators. 
Three tables (Tables 2–4) were built for each of the versions, making it possible to observe the 
five best and five worst countries both in the biennial comparison and in the comparison between 
the first year and the last year for each country profile group. The biennial evaluation between 
successive years is represented from M1 to M9, where M1 refers to the Malmquist index for 
2010–2011 and M9 for 2018–2019. The cumulative Malmquist index (as well as its decomposi-
tion) is also presented in the last three columns of each table. These results allow us to rank 
countries considering the whole period. 

In this version, the values did not vary much from the values in the first version, both for 
developing, emerging, and developed countries. The values and ranks of the countries from M1 
to M7 have not changed significantly, except for only a handful of cases. These slight changes 
between M1 and M7 are due only to the difference in the number of indicators considered. No-
tably, a model with more variables (like in version 1) is less restrictive, exhibiting in general a 
higher average performance compared with a more restrictive model (like in version 2). 

For developing countries in M8, the Democratic Republic of Congo had the highest prosper-
ity in its productivity change with a Malmquist index of 2.1294, followed by Rwanda with 1.9041. 
These values mean that, for instance, Rwanda increased its overall productivity by 90.41% in a 
single period. The success of the Democratic Republic of Congo in this period is due to improve-
ments in some indicators such as reductions in the proportion of individuals living below the 
international poverty line and the unemployment rate from 72.65% to 71.61% and 4.26% to 
4.18% respectively. Also, the country increased the most desirable indicators such as the propor-
tion of the population living in households with access to electricity from 18.01% to 18.75%, and 
the annual GDP growth from 0.4% to 2.46%. However, between M1 and M9 the country that 
stood out on the positive side was Nigeria, for its year-on-year consistency of improvements in 
productivity developments. Only in M4 did Nigeria have a Malmquist index value below one, 
0.9195, and belonged five times to the group of the top five countries, and in M8 it was not part 
of this group but was quite close with a value of 1.1737. 

Regarding emerging countries, in the periods M8 and M9 there were not very discrepant 
values from the expected, being these very close to the ones observed in the previous periods. 
Between M1 and M9, China and the United Arab Emirates remained the most prominent coun-
tries in relation to the first version, but China’s value rose considerably, which shows that the two 
extra years analyzed and the decrease in two indicators benefited China. In the opposite case, 
for the period between 2010 and 2019, Brazil ceased to be the worst country in terms of produc-
tivity. 

Regarding developed countries, it is possible to observe that the elimination of the two indi-
cators resulted in a slight reduction in the Malmquist index result for most countries in some 
periods up to M7 in comparison with the first version. An example of this reduction is Romania, 
which in M1 of the first version had a Malmquist index value of 1.3354 and in the second version, 
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Table 2. Identification of the top five and bottom five countries for the developing group, complementing the Malmquist index results for version 2. 
 DMU M1 DMU M2 DMU M3 DMU M4 DMU M5 DMU M6 DMU M7 DMU M8 DMU M9 DMU M1–M9 MTEC1–MTEC9 MTC1–MTC9 

Best 5  
developing 
countries 

Uganda 1.305 Thailand 1.794 Paraguay 1.719 Papua New 
Guinea 1.628 Thailand 1.466 Iraq 1.849 

Democratic  
Republic  
of Congo 

1.481 
Democratic  

Republic  
of Congo 

2.129 Nigeria 1.189 Nigeria 4.131 1.586 2.605 

Panama 1.268 Iraq 1.600 Togo 1.345 Malaysia 1.309 Côte  
d’Ivoire 1.277 Iran 1.824 Nigeria 1.289 Rwanda 1.904 Tanzania 1.186 Angola 3.699 1.957 1.891 

Togo 1.263 Zimbabwe 1.442 Nigeria 1.190 Myanmar 1.212 Angola 1.267 Tanzania 1.362 Angola 1.284 Vietnam 1.299 Jamaica 1.176 Tanzania 3.172 1.000 3.172 

Tanzania 1.184 Myanmar 1.385 Lebanon 1.177 Rwanda 1.212 Nigeria 1.263 Nigeria 1.318 Myanmar 1.283 Angola 1.251 Angola 1.168 Uganda 2.006 1.000 2.006 

Bolivia 1.174 
Democratic  

Republic  
of Congo 

1.269 Myanmar 1.169 Uganda 1.180 Botswana 1.254 Angola 1.278 Ghana 1.246 Mozambique 1.220 Botswana 1.166 Togo 1.949 1.211 1.610 

Worst 5  
developing 
countries 

Lebanon 0.764 Ghana 0.917 Mongolia 0.900 Iraq 0.876 Philippines 0.906 Mongolia 0.813 Cape 
Verde 0.919 Côte  

d’Ivoire 0.897 Lebanon 0.876 Papua New 
Guinea 0.674 0.795 0.848 

Zimbabwe 0.748 Côte  
d’Ivoire 0.908 

Democratic  
Republic  
of Congo 

0.747 Mozambique 0.808 Sao Tome 
and Principe 0.901 Rwanda 0.736 Mauritania 0.820 Sao Tome  

and Principe 0.887 Mongolia 0.843 Iraq 0.628 0.740 0.848 

Thailand 0.738 Mongolia 0.855 Zimbabwe 0.727 Paraguay 0.708 Togo 0.890 Mozambique 0.726 Rwanda 0.742 Ghana 0.881 Vietnam 0.792 Zimbabwe 0.565 0.400 1.412 

Myanmar 0.732 Botswana 0.845 Rwanda 0.709 Botswana 0.670 Zimbabwe 0.695 
Democratic  

Republic  
of Congo 

0.718 Iran 0.433 Zimbabwe 0.865 Myanmar 0.735 Mongolia 0.525 0.981 0.536 

Papua New 
Guinea 0.471 Panama 0.832 Iraq 0.536 Thailand 0.449 Papua New 

Guinea 0.682 Egypt 0.676 Iraq 0.423 Myanmar 0.861 Thailand 0.568 Thailand 0.517 1.000 0.517 

Table 3. Identification of the five best and worst countries for the emergent group, with a complement of the Malmquist index results for version 2. 
 DMU M1 DMU M2 DMU M3 DMU M4 DMU M5 DMU M6 DMU M7 DMU M8 DMU M9 DMU MI–M9 MTEC1–MTEC9 MTC1–MTC9 

Best 5  
emerging  
countries 

United  
Arab  

Emirates 
2.241 Indonesia 1.159 

United  
Arab  

Emirates 
1.453 China 1.184 Peru 1.511 China 1.189 China 1.249 China 1.173 Mexico 1.080 China 3.647 1.000 3.647 

Indonesia 1.227 
United  
Arab  

Emirates 
1.117 China 1.343 Indonesia 1.102 China 1.337 Mexico 1.107 Colombia 1.152 Peru 1.143 Peru 1.063 

United  
Arab  

Emirates 
2.370 1.000 2.370 

Chile 1.150 South  
Africa 1.075 Peru 1.198 Algeria 1.074 Mexico 1.204 Indonesia 1.097 Mexico 1.147 Algeria 1.089 

United  
Arab  

Emirates 
1.035 Peru 2.100 1.126 1.865 

Colombia 1.104 Chile 1.039 Morocco 1.153 Peru 1.058 Morocco 1.160 Chile 1.045 Morocco 1.121 Mexico 1.070 China 1.021 Mexico 1.921 1.299 1.479 

Peru 1.086 Colombia 1.035 Indonesia 1.130 Colombia 1.044 South  
Africa 1.090 Colombia 0.998 Indonesia 1.084 Colombia 1.048 Indonesia 1.017 Indonesia 1.821 1.312 1.388 

Worst 5  
emerging  
countries 

South  
Africa 1.074 Peru 0.998 Colombia 1.068 Mexico 1.037 Chile 1.043 Algeria 0.970 South  

Africa 1.044 South  
Africa 1.013 South  

Africa 0.982 South  
Africa 1.325 0.859 1.542 

Algeria 1.038 Algeria 0.994 Brazil 1.042 South  
Africa 1.015 Colombia 1.021 Morocco 0.941 Chile 0.986 Chile 1.004 Colombia 0.974 Morocco 1.165 1.000 1.165 

Morocco 1.035 Morocco 0.993 Mexico 1.034 Chile 0.981 Brazil 0.994 South  
Africa 0.930 Brazil 0.975 Indonesia 0.902 Brazil 0.961 Chile 1.158 0.950 1.219 

Mexico 0.989 China 0.962 Chile 0.990 Brazil 0.965 Indonesia 0.942 Peru 0.864 Peru 0.965 Morocco 0.889 Chile 0.924 Brazil 0.797 0.814 0.979 

Brazil 0.915 Brazil 0.924 Algeria 0.866 Morocco 0.918 Algeria 0.763 
United  
Arab  

Emirates 
0.794 

United  
Arab  

Emirates 
0.854 

United  
Arab  

Emirates 
0.827 Algeria 0.902 Algeria 0.747 0.764 0.977 
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Table 4. Identification of the five best and worst countries for the developed group, with a complement of the Malmquist index results for version 2. 
 DMU M1 DMU M2 DMU M3 DMU M4 DMU M5 DMU M6 DMU M7 DMU M8 DMU M9 DMU MI–M9 MTEC1–MTEC9 MTC1–MTC9 

Best 5  
developed  
countries 

Romania 1.319 Iceland 1.323 Romania 1.937 Czech  
Republic 1.861 Serbia 1.872 Romania 3.397 Spain 1.937 Serbia 2.017 Estonia 1.385 lceland 2.513 1.104 2.276 

Latwia 1.291 lreland 1.256 Serbia 1.629 lceland 1.651 lreland 1.716 lceland 2.269 Czech  
Republic 1.351 Greece 1.279 Greece 1.111 Ireland 2.412 1.000 2.412 

Switzerland 1.222 Albania 1.1749 Malta 1.335 Malta 1.647 Cyprus 1.363 Slovenia 1.602 Cyprus 1.318 Switzerland 1.239 Austria 1.1045 Estonia 1.7605 1.834 0.960 

Belgium 1.209 Lukembourg 1.1031 Hungary 1.213 lreland 1.440 Albania 1.328 Czech  
Republic 1.423 France 1.248 Hungary 1.211 Finland 1.083 Czech  

Republic 1.699 1.371 1.239 

Iceland 1.172 Malta 1.092 Israel 1.188 Montenegro 1.340 Latwia 1.223 Germany 1.139 Ireland 1.229 Latwia 1.136 Portugal 1.071 Israel 1.4791 1.051 1.4072 

Worst 5  
developed  
countries 

Portugal 0.780 Montenegro 0.7295 Finland 0.873 Lukembourg 0.910 France 0.794 Estonia 0.902 Belgium 0.969 Malta 0.9216 Cyprus 0.830 Portugal 0.761 1.000 0.761 

Croatia 0.722 Germany 0.6918 Cyprus 0.830 Lithuania 0.8786 lceland 0.775 Malta 0.868 Netherlands 0.9596 France 0.8701 Malta 0.781 Bosnia and  
Heregovina 0.726 0.996 0.730 

Japan 0.6711 Romania 0.562 lreland 0.768 Albania 0.606 Slovenia 0.723 Bosnia and  
Herzegovina 0.835 Luxembourg 0.9086 Czech  

Republic 0.6941 France 0.774 Spain 0.6828 0.8591 0.795 

Montenegro 0.6458 Serbia 0.459 Lukembourg 0.765 Serbia 0.565 Malta 0.719 lreland 0.816 Albania 0.8975 Spain 0.485 Bosnia and  
Herzegovina 0.773 Montenegro 0.3659 0.755 0.4845 

Lukembourg 0.487 Slovenia 0.458 Switzerland 0.735 Romania 0.480 Montenegro 0.594 Serbia 0.592 Switzerland 0.831 Romania 0.404 lceland 0.568 Lusembourg 0.292 0.994 0.294 
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it decreased to 1.3187. In M8 Serbia had a high Malmquist index result, this result is due to 
considerable improvements in three indicators, such as the undesirable indicator 1.1.1 (reduction 
from 5.41% in 2017 to 0.08% in 2018), and the desirable indicators 9.1.2 and 9.c.1 which rose 
from 7.36 to 17.71 and 70.33% to 73.36% respectively. However, in the long-term evaluation, 
the most successful countries remained Iceland and Ireland, in relation to the previous version 
between M1–M7. However, Iceland’s Malmquist index value decreased considerably and Ire-
land’s value increased slightly, showing that the characteristics registered in this version benefited 
Ireland and harmed Iceland in the final result of the long-term productivity evolution. 

With regard to the third version, the results reveal that the specific characteristics of this ver-
sion contribute values that are quite different from the other versions. In other words, the analysis 
of a smaller number of indicators means that if any one of them varies considerably, the 
Malmquist indices have greater variations and can reach quite extreme results. If the year 2020 
is included, the evolution values for most of the countries included in this study will be consider-
ably reduced for the specific reason that there was a COVID-19 pandemic in 2020 and all the 
emerging and developed countries had Malmquist index values below 1, which means that their 
productivity evolution worsened. On the contrary, Guyana obtained a rather high value for that 
period. This success of Guyana in this very delicate period for most countries is due to the high 
GDP growth (8.1.1) from a value of 4.85% in 2019 to 42.79% in 2020. 

It is interesting to note that, although there is productivity growth in any of the three groups 
of countries, the evolution in developing and emerging countries is more remarkable than the 
growth in developed countries. This leads us to conclude that, in terms of SDGs 1, 8, and 9, there 
is an improvement of the three production frontiers (where benchmarks are located), and these 
have been converged. In other words, although some countries have worsened their performance 
in poverty eradication and wealth creation (including some developed countries), the evaluated 
sample seems to tend to a common trend line. 

5.2. Comparison of Results with the Literature 
Barbier & Burgess [21] recently mentioned that, regarding the indicator 1.1.1 (undesirable), 

there was an improvement of 85.5% between 2000 and 2016 worldwide. This indicator (propor-
tion of individuals living below the international poverty line of US$1.90/day) goes from 20.8% 
to 3.0%, which is positive because it has a negative polarity, i.e., it is undesirable. Indicators 8.1.1 
(annual GDP growth) and 9.2.1 (percentage of manufacturing value added GDP) suffered a de-
cline: while the former went from 1.7% to 0.8%, the latter decreased from 13.0% to 11.4%, 
which shows a decline of 52% and 11.8% respectively. However, for developing countries, those 
authors verified that indicator 1.1.1 watched an improvement smaller than the world’s average 
(65.4% passing from 81.3% to 28.1%). Meanwhile, indicators 8.1.1 and 9.2.1 have also observed 
a decline of 146.7% and 7.0% respectively, which led the authors to conclude that these countries 
had a slower evolution than the rest of the world. With regard to indicator 8.1.1 these countries 
are the ones that have regressed the most, giving more emphasis to the idea that these countries 
are far behind the rest. However, concerning indicator 9.2.1 these countries stand out compared 
with the rest of the countries analyzed (despite the negative trend observed), thus showing the 
existence of emerging and developed countries with a greater decay in this respect. 

With regard to the current study, it can be seen that for the first two versions, the overall 
behavior of nations was positive, with an increase in productivity, as highlighted in Table 5. This 
table contains the number of countries where there was an increase in productivity, the number 
of countries with unchanged productivity (countries where the value of the Malmquist index is 
in the interval ]1.01,0.99[), and the number of countries with falling productivity in each bien-
nium and long-term period analyzed, concerning version 2. 

Table 5. Identification of the number of countries in the global that achieved an increase, decrease, and unchanged 
productivity for each period of version 2. 

 M1 M2 M3 M4 M5 M6 M7 M8 M9 M1–M9 

No. of countries with  
productivity growth 48 42 54 46 45 43 53 50 40 52 

No. of Countries with  
unchanged productivity 6 6 3 10 5 4 7 3 5 1 

No. of countries with  
falling productivity 31 37 28 29 35 38 25 32 40 32 

https://www.hos.pub/


Highlights of Sustainability 2024 97  
 

https://www.hos.pub 
 

Looking at Table 5, it is straightforward to conclude that the countries improving their 
productivity clearly outnumber those worsening it. Interestingly, only one country remained 
equal in terms of productivity in the entire period (M1–M9). The long-term period M1–M9 
(2010–2019) remains positive, despite the overall worsening of performance in M9. The figure 
for the M1–M9 long-term period is higher than for most periods, except M3 and M7. These 
results suggest that the overall performance trend between 2010 and 2019 is positive as there are 
more countries that are better in 2019 than they were in 2010 for the indicators analyzed, which 
shows that there is a positive overall evolution. 

Contrary to the first two versions, version 3 is the most pessimistic one. The values of both 
productivity increase and productivity decrease are very close. In some periods, such as M2, M3, 
M9, and M10 the value of the number of countries with a productivity decrease is higher than 
the opposite group, which never happened in the previous versions. M10 (2019–2020) is the sub-
period where the worst performance of all stands out, with 79 countries having a drop in their 
productivity, representing approximately 93% of this study’s sample. This negative value might 
mainly be due to the start of the COVID-19 pandemic, which caused countries to suspend their 
work regarding productivity developments [29]. 

In fact, Odey et al. [29] note that COVID-19 has brought every sector in the world to stag-
nation and regression at an unprecedented rate, including the SDGs themselves, where SDG 
trackers and sustainable development reports highlight profound delays and implications towards 
SDG targets across the world. Because M10 has seen a sharp decline in productivity and the 
other sub-periods have not been quite positive, it has made the long-term period M1–M10 per-
form quite negatively overall, with approximately 89% of countries experiencing a high produc-
tivity decline between the years 2010 and 2020. 

However, Table 5 only allows us to observe the general behavior of the countries and not to 
make the comparison between the three groups of country profiles described above. To this end, 
Tables 6–8  were constructed. 

Tables 6–8 show the separation between the profile groups for those that had productivity 
increase, unchanged, and decrease (version 2). From Table 6 it is possible to see that for the 48 
countries that obtained productivity increase, 24 are developing countries, 8 are emerging and 
16 are developed. In each cell, two percentages are also present. For instance, concerning the 
developing countries, 58.5% of them have improved their productivity in M1. In general, more 
than half of these countries exhibited productivity gains in the overall period. However, these 24 
entities represent half (50%) of those who watched productivity improvement during M1 (among 
all entities, either developed, developing, or emerging). For this case of the M1 sub-period, it can 
be seen that the profile group that presents the greatest success was that of the emerging countries 
since 72.7% of these countries increased their productivity. 

It is also noticeable that the values for countries with increasing productivity and falling 
productivity remain very close to the values of version 1. It corroborates the idea that indicators 
8.4.2 and 9.2.2 have little or even no influence on the overall assessment. 

According to version 2, the figures do not change much from M1 to M8 (2010–2018), but for 
M9 (2018–2019) there was a rather sharp decline in the number of developed countries in the 
productivity growth group, going from an average value in the previous sub-periods of 17 to 8 
countries in M9, which is quite a lot in a single biennium. For this reason, the value of this profile 
group increased in the unchanged productivity and falling productivity groups, which suggests 
that the technological change of the developed countries watched a slowdown (allowing the fron-
tiers of developing and emerging countries could converge to it). Ultimately, the values of the 
long-term period M1–M9 were quite positive mainly for emerging and developing countries, as 
both had less than 40% of their countries with falling and more than 60% and 80% with increas-
ing productivity, respectively. In the case of developed countries, it was not as positive as in the 
other groups. Of course, when indicators reach their maximum levels (even the theoretical ones), 
it means that no more wealth can be created nor poverty can be eradicated—it implies a stagna-
tion of the frontier of the developed countries. 

When comparing the results above with the conclusions of Barbier & Burgess [21], it is 
noticeable that both are not in agreement in the sense that the literature article mentions that 
developing countries were the ones that obtained the most negative results. In this study, the first 
two versions indicate the opposite, in the sense that the countries with the smallest productivity 
growth were the developed ones. However, what the literature refers to is in the direction of 
version 3 in which developing countries performed worse than the other profile groups. The 
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Table 6. Register of the number of countries with increased productivity in version 2. 
 M1 M2 M3 M4 M5 M6 M7 M8 M9 M1–M9 

Developing  
countries 24(50%/58.5%) 26(61.9%/63.4%) 29(53.7%/70.7%) 20(43.5%/48.8%) 22(48.9%/53.7%) 23(53.5%/56.1%) 23(43.3%/56.1%) 25(50%/61%) 27(67.5%/65.8%) 26(50%/63.4%) 

Emerging  
countries 8(16.7%/72.7%) 6(14.3%/54.5%) 9(16.7%/81.8%) 8(17.4%/72.7%) 8(18.2%/72.7%) 4(8.9%/36.4%) 7(13.2%/63.6%) 7(14%/63.6%) 5(12.5%/45.5%) 9(17.3%/81.8%) 

Developed  
Countries 16(33.3%/48.5%) 10(23.8%/30.3%) 16(29.6%/48.5%) 18(39.1%/54.5%) 15(34.1%/45.5%) 16(35.6%/48.5%) 23(43.3%/69.7%) 18(36%/54.5%) 8(20%/24.2%) 17(32.7%/51.5%) 

Table 7. Register of the number of countries with unchanged productivity in version 2. 
 M1 M2 M3 M4 M5 M6 M7 M8 M9 M1–M9 

Developing  
countries 2(33.3%/4.9%) 2(33.3%/4.9%) 0(0%/0%) 7(70%/17.1%) 1(20%/2.4%) 1(25%/2.4%) 4(57.1%/9.8%) 1(33.3%/2.4%) 0(0%/0%) 1(100%/2.4%) 

Emerging  
countries 1(16.7%/9.1%) 3(50%/27.3%) 1(33.3%/9.1%) 0(0%/0%) 1(20%/9.1%) 1(25%/9.1%) 0(0%/0%) 1(33.3%/9.1%) 0(0%/0%) 0(0%/0%) 

Developed  
Countries 3(50%/9.1%) 1(16.7%/3%) 2(66.7%/6.1%) 3(30%/9.1%) 3(60%/9.1%) 2(50%/6.1%) 3(42.9%%/9.1%) 1(33.3%/ 3%) 5(100%/15.6%) 0(0%/0%) 

Table 8. Register of the number of countries with falling productivity in version 2. 
 M1 M2 M3 M4 M5 M6 M7 M8 M9 M1–M9 

Developing  
countries 15(48.4%/36.6%) 13(35.1%/31.7%) 12(42.9%/29.3%) 14(48.3%/34.1%) 18(51.4%/43.9%) 17(44.7%/41.5%) 14(56%/34.1%) 15(46.9%/36.6%) 14(35%/34.1%) 14(43.8%/34.1%) 

Emerging  
countries 2(6.5%/18.2%) 2(5.4%/18.2%) 1(3.6%/9.1%) 3(10.3%/27.3%) 2(5.7%/18.2%) 6(15.8%/54.5%) 4(16%/36.4%) 3(9.4%/27.3%) 6(15%/54.5%) 2(6.3%/18.2%) 

Developed  
Countries 14(45.2%/42.4%) 22(59.5%/66.7%) 15(53.6%/45.5%) 12(41.4%/36.4%) 15(42.9%/45.5%) 15(39.5%/45.5%) 7(28%/21.2%) 14(43.8%/42.4%) 20(50%/60.6%) 16(50%/48.5%) 
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justification for this result is that this study uses the DEA method and the Malmquist index, which 
analyze the evolution of productivity related to several SDG indicators simultaneously, thus hav-
ing as a final result several influences from each indicator. Besides, despite considering a broader 
period than its two alternative versions, the third one is the poorest in terms of the number of 
variables. Soon the difference in conclusions between both studies, especially in versions 1 and 
2, but for version 3 the conclusions are more similar due to the fact that this version has a smaller 
number of indicators under study, being two of them the same used by Barbier & Burgess [21]—
8.1.1 and 9.2.1. Another point that enables the divergence of conclusions is the period under 
study. 

5.3. Continental Analysis 
Following the analysis carried out previously for the evolution of productivity for each country 

profile group, several graphs were constructed for version 2 that present the evolution of produc-
tivity for each profile group existing in the study, per continent; see Graph 1. The graphs allowed 
for a more regional analysis, which leads to an understanding of how SDGs 1, 8, and 9 have 
changed in each region. 

 
Graph 1. Graphs referring to the productivity evolution of the profile groups of the countries existing in Africa (A), 
Middle East and Asia (B), America (C), and Europe (D). 

Concerning the African continent, we can observe that only the curves for developing and 
emerging countries are present because this continent has no developed country. The emerging 
countries in this case focus only on the Malmquist index values of South Africa. In all three 
versions, the average scores of emerging countries are higher than those of developing countries 
in the M1 period, indicating that, regardless of the number of indicators analyzed, emerging 
countries performed and evolved more positively than their developing counterparts. In M2 both 
groups obtained opposite growth in productivity developments regardless of the version, i.e., de-
veloping countries had a growth peak, while emerging countries obtained a slight decline relative 
to M1. In the first two versions, from M2 until M7, the behavior of the countries of both groups 
was quite identical. After M7 the second version recorded a sharp drop in both M8 and M9. In 
the end, developing countries showed larger productivity levels than the emerging ones. 

Unlike Africa, the graph for the Middle East and Asia already includes the curves for the 
developed countries. In the three versions, emerging countries recorded average Malmquist in-
dex values well above the other profile groups in the M1 period, close to 1.5, and the other two 
groups recorded values below 1 (meaning a decay in productivity). However, only the developed 
countries registered a more constant or consistent behavior after M2. Both emerging and devel-
oping countries showed more pronounced oscillations, with emerging countries experiencing a 
large growth followed by several falls and slight rises, while developing countries showed a peak 
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at M6 similar to M2. Finally, at M9, developed countries leave the prominent position they had 
until then and move to the second-best group in this period, behind emerging countries. How-
ever, the differences are not statistically significant. 

For the American continent, the first two versions exhibit a similar behavior of developing 
and emerging countries’ productivity until the M7 period. The same cannot be said of the devel-
oped countries, showing that the differences in the characteristics of the two versions had a dif-
ferent type of influence on the countries in this group, especially between the M1 and M4 periods. 
In the first version, these countries watched a constant productivity growth. Differently, accord-
ing to the second version, there was no longer constant growth over the periods up to M4; instead, 
there was only a high development peak in M3, while from M1 to M2 and M3 to M4 there were 
slight decreases in the productivity. In the second version, both developing and developed coun-
tries experienced a high reduction of productivity from M7 to M8, followed by a sharp growth 
to M9. Emerging countries had the opposite behavior, with an increase at M8 and a high reduc-
tion at M9. 

For the European continent, there is only the curve for the developed countries, because there 
are no developing or emerging countries in this continent. In the first two versions, the behavior 
of the curve was quite similar until the M7 period, corroborating the idea that these two versions 
are quite close and that the reduction of the two indicators had little influence in the countries 
until M7. In version 2, after M7, there was a constant fall until M9, making M9 the second worst 
period in terms of productivity growth, being only behind M2. Regarding the last period (2018–
2019), the continent that stood out the most for developing countries was Africa, and for emerg-
ing and developed countries it was the Middle East and Asia. 

The results of the third version are different from the other two versions, especially with the 
sharp drop seen in M10, confirming the idea that 2020 was a very negative year in fighting 
against poverty, unemployment, and wealth uneven distribution. All continents were negatively 
affected in this period. 

6. Summary, Limitations, and Future Work 
This paper was developed as part of the study of the productivity evolution of several coun-

tries belonging to different profile groups for three SDGs, 1, 8, and 9, covering topics from the 
wealth creation and distribution to poverty eradication. The benchmarking analysis undertaken 
to search for possible best practices and how they have evolved over time is quite important to 
solve the existing problem of monitoring the productivity evolution of countries towards the 
SDGs. With this monitoring, countries are able to understand how their productivity evolution 
is going, and accordingly, it is possible to draw conclusions, anticipations, and measures to be 
taken so that this evolution remains positive. This analysis also allows us to obtain a general 
observation of how the world and its various groups of countries are evolving and the reasons for 
these evolutions and behaviors. 

The results obtained from the Malmquist indices allowed us to identify the five countries that 
stood out most positively and negatively for each profile group, concluding that these countries 
are not the same in all sub-periods. Variations occur throughout these periods, with some coun-
tries being in the best position in a certain period, but the following being in the worst position, 
due to the general degradation of the indicators in relation to the improvement obtained in the 
previous period. 

In this study, it was also identified that the three existing profile groups did not evolve in the 
same way, as expected. The group of emerging countries obtained a better evolution of produc-
tivity in the set of indicators of the three SDGs in the various periods, exhibiting a higher per-
centage of their countries in the group watching improved productivity. Next were the develop-
ing countries. Although developed countries observed a lower percentage in this improvement 
group, this does not mean that their evolution was negative. It implies that this group had slowed 
down their productivity growth, reaching a nearly steady state.  

Mathematical modeling, such as the use of methods like DEA and the Malmquist index, is a 
potent tool for evaluating efficiency. However, it does have a number of intrinsic limitations. An 
important issue is the susceptibility of these models to the quality of the data. The precision of 
the outcomes is significantly contingent upon the dependability of the input data, and any flaws 
or biases in the data might potentially result in deceptive conclusions. Future research should 
give priority to the development of rigorous procedures for data collecting, validation, and clean-
ing in order to improve the reliability of these models. Furthermore, both the DEA and the 
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Malmquist index fail to include possible non-linearities in real-world systems, since they presup-
pose linearity in the connections between inputs and outputs. Researchers need to investigate 
methods for integrating non-linear modeling methodologies in order to more effectively capture 
the intricacies of many businesses, hence guaranteeing a more precise depiction of the underlying 
processes. One alternative is to use the so-called log-DEA [49] to account for this non-linearity 
problem or the Stochastic Multicriteria Acceptability Analysis [36,50] for the imperfect 
knowledge of data. 

Mathematical models may provide a problem in terms of interpretability. The outcomes pro-
duced by the DEA and the Malmquist index sometimes include intricate mathematical expres-
sions that may provide difficulties for stakeholders without a solid quantitative foundation to 
grasp. Subsequent research should prioritize the creation of interfaces, visual representations, 
and explanatory instruments that are easy for users to navigate and understand. This will aid in 
effectively conveying the results of models to a wide range of individuals. Effective implementa-
tion of suggestions obtained from these models in real-world decision-making settings relies on 
clear communication of results. 

In addition, these models often make the assumption of a stationary environment, disregard-
ing the dynamic characteristics of several real-world systems. The Malmquist index quantifies 
efficiency improvements over time; however, it may not fully account for the ongoing adjust-
ments and variations that may place in dynamic sectors. Researchers should investigate methods 
to expand these models by including dynamic components, taking into account variables such as 
technical progress, market volatility, and evolving regulatory frameworks. A suggestion for fur-
ther research could be the Hicks-Moorsteen index [44]. This would provide a more thorough 
comprehension of efficiency fluctuations in developing sectors. 

During the process of developing this study, other limitations emerged that did not allow this 
paper to be as complete as possible. These limitations arose mainly in the area of database con-
struction, as some countries did not present data for many of the indicators of the three SDGs, 
which led to their exclusion from the database; the United States of America is an example of 
these cases. On the other hand, there are indicators with values for only a few countries, so they 
were also removed. Only 85 countries remained for the indicators presented in the three versions. 
For future work, it should be possible to conduct studies that encompass more countries than 
those used in this document, as well as include more SDGs or even all SDGs of the UN agenda 
2030. This will make it possible to increase the robustness of this type of study. 
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