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Abstract 

At the end of 2019, a novel coronavirus emerged in Wuhan, China. Two years after, communities are still fighting 

this virus that put the world in pandemic state: people had to be lockdown, companies and industries sites had to 

close doors, kids had to make a break in their education, and for several months cities looked inhabited. Countries’ 

governments and health organizations had to join forces to find the best measures to keep people safe and 

nationals healthcare systems without pressure. If for one hand, COVID-19 brought negative impacts, mostly 

socially and economically, on the other hand it brought positive impacts for environments and biodiversity. 

Studying the measures taken and the consequents impacts, it is possible to understand what should be changed 

for a better and sustainable world. In this research it was used a type of Data Envelopment Analysis, the Benefit-

of-Doubt (BoD-DEA) to create a capable and useful “tool” to evaluate countries relative efficiencies during COVID-

19 pandemic. This work permits to decision makers understand which areas countries performed better and worse 

since it was used not only data from the measures that were globally adopted to fight the virus but also other 

dimensions such as countries’ economy, governance and healthcare resources. It was perceived that level of 

development and income of countries is associated with the efficiency scores obtained: middle- and high-income 

countries have shown much better results than poorer and less developed countries. Nevertheless, 89%, 86% and 

60% of countries from cluster 1, 2 and 3, respectively, achieved an overall efficiency at a rate of 80%. 
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1. Introduction 

The global public health has been threatened 

several times since the beginning of humankind. In 

accordance with the numbers that Rosenwald 

presented for The Washington Post article pandemics 

affects people from antiquity time till the present day 

(Rosenwald, 2021). The first one to be registered is 

the Antonine Plague (165-180 A.D.) with 5 million 

deaths caused by measles and smallpox that leaded 

to the fall of the Roman empire. Benedictow (2005) 

considers the Black Death (1347-1352) pandemic that 

killed between 75 to 200 million people, to be “the 

greatest catastrophe ever”. Many other pandemics 

others have occurred over time: Italian Plague (1629-

1631), Yellow Fever (late 1800s), Swine flu (2009-

2010), and Ebola (2014-2016). The history about past 

pandemics in the world shows that future disease 

outbreaks will happen inevitably and for that reason 

understanding the root cause or causes of their origin 

and finding ways to prevent it; recognize what they 

have in common and perceive how to control and act 

under a pandemic condition is very important. 

In the present moment, 2022, the world is facing a 

new pandemic caused by a new type of coronavirus, 

earlier found associated to the severe acute 

respiratory syndrome (SARS) outbreak in 2002. 

COVID-19 is the name given to the disease caused by 

this novel virus that affects around 7,9 billion people 

first discovered in Wuhan market, in China. From that 

moment the number of reported confirmed cases of 

COVID-19 contagions significantly increased all over 

the world and the WHO declared the outbreak to be “a 

public health emergency of international concern.” 

(Santacroce et al., 2020). On March 2020, WHO 

declares COVID-19 as a pandemic with more than 

100.000 cases and 4.000 deaths in 114 countries, 

Europe becomes the epicentre of pandemic and USA 

declares state of emergency. More severe population 

behaviour and hygiene measures had to be taken and 

in mid/late-March countries seal borders, schools, 

entertainment/cultural amenities, and non-
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fundamental shops close doors, employees go home, 

people start using masks and practicing social 

distancing and only leave home for supermarkets, 

pharmacies or hospitals. Vaccines are crucial to stop 

the fatalities number keep growing and put an end to 

a pandemic. The start of the vaccination process in the 

beginning of 2021 made flatten epidemic curves. 

However, the virus has encountered new ways of 

development – appears the first variant, denominated 

by Alpha. 

If for one hand the spread of COVID-19 makes 

nefarious consequences on world economy and 

healthcare systems, on the other hand it brings 

positive environmental effects, (El Zowalaty et al., 

2020). These positive environmental effects are likely 

mostly temporary but may serve as an illustration of 

how changes in our lifestyle can have good 

consequences on the environment. Regarding 

biodiversity and environment, the lockdowns provided 

an opportunity to shift our ideology of human centric 

worldview to eco-centric worldview since it brought an 

increase of bird (e.g., vultures) and insect pollinators 

appearance on plants. Other animals also started to 

appear in the localities, such as, hedgehogs, deers, 

badgers and foxes that are usually intimidated or ran 

over by cars and trucks (Verma & Prakash, 2020). 

Coyotes have been spotted on the Golden Gate 

Bridge in San Francisco, and peacocks in Wales, for 

example (Watts, 2020). Marine life and organisms are 

taking the lead now with less water pollution and noise 

pollution. Seems that many species are returning to 

their natural habitats and reproduction activity due to 

reductions in pollution level (Khan et al., 2020). 

Emissions of nitrogen oxides (NOx), carbon dioxide 

(CO2), several hydrocarbons, and particulate matter 

were “finally” reduced after several efforts along the 

past years. When compared with 2019 values, the 

emissions during coronavirus lockdown were 

doubtless minor and very polluting areas, such China 

showed a reduction of approximately 25% in nitrogen 

dioxide (NO2) levels (El Zowalaty et al., 2020), Europe 

reduced up to 45-50% (ESA, 2020), main American 

cities reduced around 20% (Khan et al., 2020), and 

ozone layer is healing (NASA, 2021). Transportation 

restriction led to a much lesser fuel consumption that 

according with U.S. Energy Information 

Administration, the oil, gas and diesel demand 

decreased 9% over 2020 when compared to 2019, 

that represents the largest decline since 1980 (Baron, 

2021). 

On the other side, The International Labour 

Organization (2021) shows that full or partial 

workplaces closures due to COVID-19 crisis resulted 

in the loss of around 8,8% of working hours in 2020, 

which is equivalent to 255 million full-time equivalent 

jobs. In 2020, the global unemployment rate raised 

1,1% which means that 33 million people got 

unemployed, and 81 million people shifted to inactivity. 

The sectors that were more harmed were 

accommodation and food service activities, works in 

arts, entertainment and recreation, retail, and 

construction sectors. Taking Portugal as an example 

of the pressure that companies felt because of 

COVID-19 pandemic, in accordance with Associação 

Industrial Portuguesa (AIP) about 35% saw the 

business volume go down in more than 40%, and 

some of these (17,3%) had a break greater than 70% 

when compared to 2019 activity. This breaks in 

companies’ turnover usually result in sacking, and in 

fact, 27% of the companies analyzed sacked workers 

or pretend to do it. 6% of the companies proceeded 

with the insolvency procedure in 2020. 

The slowdown in oil extraction and the lift of the 

measures in late 2021 induced an abrupt change on 

demand for fuels which resulted in reduced inventories 

and higher prices for crude oil and petroleum products, 

having Portugal, for example, registered for the first 

time ever 2€ per litter of gasoline. The use of new 

communication technologies, like zoom conferences, 

and reduce unnecessary consumption and travelling 

would decrease emissions by factories and transports, 

and the demand for oil. This can be a big vector to help 

global warming, living beings’ and environment’s 

health without compromising the economy. 

Governments and environmental organizations should 

also make tighter regulations and supervision-work for 

companies and industries to treat their wastes 

properly. Maybe COVID-19 pandemic was a way to 

the nature call humanity’s attention and make them 

perceive that people should change their sometimes 

“selfish” behaviour. 

This dissertation will focus mainly in understanding 

the used policies to minimize the impact of COVID-19 

pandemic in people’s health and lives, in countries 

economy (socio-economic approach) and other 

factors such as governance and healthcare resources 

available to measure relative efficiencies between 

countries. 
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2. Analysis of measures to face COVID-19 

Governments and non-governmental 

organizations needed to work together to address the 

pandemic. The biggest challenge on the fight of 

COVID-19 pandemic is to find the best measures in a 

very fast and responsive way to not only protect 

people from being “caught” by the virus, but to also 

treat the ones that are already infected without 

compromising harshly the country’s economy. Under 

an environment where health systems are cracking, 

companies suffering financially, and people reluctant 

for the change, it is hard to take decisions and create 

the policies when there are no clear answers.  

According with Kissler et al. (2020), prolonged or 

intermittent social distancing is necessary to keep the 

care capacities not overwhelmed. However, one-time 

and intermittent interventions are not sufficient to keep 

COVID-19 controlled and care capacity bellow “break 

point”. Measures like intensive testing to identify the 

cases and contact tracing, and lockdown/quarantines 

to isolate the cases, have been shown to be effective 

strategies to control the spread of infectious diseases, 

including the COVID-19 pandemic, in some places like 

Singapore and Hong Kong (Aleta et al., 2020; 

Madubueze et al., 2020; Wells et al., 2020). Lockdown 

is a very strong measure to stop the confirmed positive 

cases to keep getting higher but that reflects also in 

less mobility in the cities and in schools, companies 

and industrial sites closure which holds serious 

economic consequences. 

Teleworking and long-distance learning were also 

measures created when the economic and 

educational systems started to feel vulnerable. To 

ensure that patients receive adequate care and to 

reduce the pandemic duration, increase the critical 

care capacity is also very important (Kissler et al., 

2020). Hygiene measures are also very important: 

mask-wearing, hand sanitizing with alcohol-based 

disinfectants or soap and water, cover mouth and 

nose while coughing or sneezing with a tissue or bent 

elbow, clean and disinfect surfaces frequently touched 

are the guidelines more recurrent (WHO, 2021). Mass 

vaccination and herd immunity is the most powerful 

weapon to fight the virus (Moutinho, 2021). Vaccines 

accumulate immunity in the population and reduces 

the duration and intensity of some control measures 

referred before (Kissler et al., 2020). The pandemic 

situation is always evolving, many resurgences have 

already happened, and people are still facing COVID-

19 in 2022, thus, communities and organizations 

should keep on track the situation and update COVID-

19 prevention strategies based on community spread, 

health system capacity, vaccination coverage, early 

detection of COVID-19 increases and population at 

risk (Christie et al., 2021).  

Table 1 summarizes the main measures adopted 

globally to fight COVID-19 to analyse the policies 

succinctly. 

Table 1 - COVID-19 Pandemic: sum up of main measures and some respective positive/negative impacts (NOTE: RED CELLS: Negative 
impacts / GREEN CELLS: Positive impacts / RED LETTERS: Negative economic impacts) (Source: The author) 
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3. Case-study: measuring countries relative 

efficiencies to fight COVID-19 pandemic 

3.1. Literature review 

Considering the literature, many studies used DEA 

to create a best-practice frontier and compare relative 

efficiencies to evaluate performance of the policies 

taken by the governments in several countries. Some 

that used this methodology with the same of goal of 

ours are the Pereira et al. (2022); Dogan et al. (2021); 

Mohanta et al. (2021); Min et al. (2021); Aydin & 

Yurdakul (2020); Imtyaz et al. (2020); and Mitchell et 

al. (2021).  Regarding the variables used in the 

literature, it is noticed that the inputs are more related 

with the resources available (e.g., number of hospitals, 

number of hospital beds, number of health workers 

(%)); with demographic factors (e.g., population 

density (%), public health expenditure, population 

density, gross national income (GNI) per capita)); and 

with number of confirmed cases. On the other hand, 

outputs are more related with the pandemic outcomes 

(e.g., number of recovered, number of deaths) that are 

directly related with the healthcare system 

performance. 

DEA seams a good approach to evaluate the 

countries performance since it uses a best-practice 

frontier to compare (relative) efficiencies. This way, it 

is obtained analytical results based on real data 

retrieved from reliable sources about countries in 

study. However, the variables used seems very 

limiting since COVID-19 does not only depend in the 

number of beds, deaths and recovers, for example. 

The literature seems to study the pandemic with very 

restrict boundaries, i.e., does not evaluate the 

pandemic using different dimensions that affects 

countries efficiencies to fight COVID-19 disease. To 

counter these problems, the Benefit-of-Doubt (BoD) 

will be used since this approach accommodates key 

performance indicators that can evaluate several 

dimensions at the same time. 

3.2. Methodology 

Benefit-of-Doubt is a quite used DEA approach 

proposed by Melyn & Moesen (1991) in the context of 

macroeconomic performance evolution and revised by 

Cherchye et al. (2007). This study is a macro-

assessment of countries’ performance to fight a 

pandemic. According with Cherchye et al. (2007) it is 

possible to say about BoD the following: 

1) BoD uses indicators instead of the usual inputs 

and outputs variables from other DEA models. 

These indicators are called as composite indicator 

(CIs) that aggregate several weighted 

performance sub-indicators; 

2) The main difference between the usual DEA 

approaches and the BoD is that the CIs used by 

this model looks only for the outcomes and do not 

“bother” itself with the required inputs to achieve 

the goals since it considers only outputs and for 

inputs only uses a dummy variable with value 

equal to one for each DMU; 

3) The model gives higher weights to the sub-

indicators that have better performance and less 

weight to the sub-indicators that have lower 

performance. This results in the BoD model 

optimizing the CIs (Shwartz et al., 2010). This also 

means that any country cannot claim that the 

weights attributed are not favouring their country 

and favouring the other ones (Yang et al., 2017); 

4) This statement is seen by some as a limitation of 

the model since different DMUs are being 

weighted differently but even with such flexible 

weighting a country can be outperformed by some 

other country in the sample – benchmark idea is 

present. This is a major factor for this approach 

success (Cherchye et al., 2007); 

5) Information about the weights can be 

accommodated by the model; 

The mathematical formulation of this model and the 

construction of CIs is the following one: 

𝐼𝑐 = max
𝑤𝑐.𝑖

∑ 𝑤𝑐,𝑖 ∙ 𝑦𝑐,𝑖
𝑚
𝑖=1

max
𝑦𝑗,𝑖∈{𝑠𝑡𝑢𝑑𝑖𝑒𝑑 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠}

∑ 𝑤𝑐,𝑖 ∙ 𝑦𝑗,𝑖  𝑚
𝑖=1

 
(1) 

s.t. 

∑ 𝑤𝑐,𝑖 ∙ 𝑦𝑗,𝑖  

𝑚

𝑖=1

≤ 1 , n constraints, one for each country j 

(1.1) 

𝑤𝑐,𝑖 ≥ 0 , m constraints, one for each indicator i (1.2) 

Equation 1.1 represents a normalization constraint 

which imposes that the composite indicator (CI) can’t 

be higher than 1 if the same weighting scheme is 

being used for another country in the set. Equation 1.2 

represents a non-negativity constraint that imposes 

that the weights used must be positive in order to 

reflect that CI is a non-decreasing function of the sub-

indicators, (Karagiannis & Karagiannis, 2018). Thus, it 

is easy to understand that if CI is equal to one, that 

means the best performance (the same performance 

that is benchmarked) and closer to zero means 

weaker performance. 
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3.3. Sample and data treatment 

It was intended to analyze the 195 countries that 

exists in the world but due to high missing data for 

several countries, 39 of them were excluded from the 

analysis. Thereby, the analysis was proceeded with 

156 countries considering data from a time span that 

was pertinent and long enough (March 2019 – 

December 2021). Data was selected from reliable 

sources and entities to have the best data quality 

possible but always constrained to its availability 

(country-coverage, time-coverage). 

Cluster analysis (CA) using k-means method with 

Euclidean distance, based on the Hartigan and Wong 

algorithm (Hartigan & Wong, 1979) was performed to 

group countries according to similarities or 

dissimilarities (distances) among them (Härdle, 2015; 

Johnson & Wichern, 2007). This separation was done 

based on eight variable that reflects the countries 

characteristics and demographic 

similarities/disparities, stated in Table 2. This means 

that countries from the same cluster are statistically 

similar and that can be compared. 

Table 2 - Variables used to perform the Cluster Analysis (Source: 
The author) 

 
Normalization is very helpful and should be applied 

since it also removes redundant data and improve the 

efficiency of clustering algorithms, and so, the quality 

of the clusters obtained. This is important since the 

Euclidean distance used in the clustering algorithm is 

very sensitive to changes in the size of the different 

variables (Patel & Mehta, 2011). The results obtained 

after performing the CA, were not very stable and so, 

to reduce some noise that existed among the dataset, 

it was performed also a Principal Component Analysis 

(PCA). The results were now much more stable and 

resulted in 3 clusters. Cluster 1 has 27 countries, 

cluster 2, 48 countries, and cluster 3 has 81 countries. 

Theoretical framework: 

To measure the countries relative efficiencies was 

also vital to understand which indicators should be 

selected. Understanding the multidimensional 

phenomenon to be measured and the usage of 

dimensions to define better what is intended to 

measure helps to make an adequate selection. Table 

3 shows the indicators, groups and dimensions 

created and each dimensions implies:  

1) dimension 1: understand how countries were 

handling directly with COVID-19 pandemic 

(through tests, vaccination and other policies); 

2) dimension 2: measure the healthcare system and 

resources available to treat people; 

3) dimension 3: reflect cultural aspects that influence 

the results obtained in the fight of the pandemic; 

4) dimension 4: account for economic aspects;  

Table 3 - Variables used (Source: The author) 

 

 

 
Imputation of missing data: 

BOD requires perfect knowledge of data and for 

that reason different imputation methods were 

explored and used in attempt to always estimate the 

best missing values having account the type of data 

(time series or cross-sectional data) in hands and the 

degree of missing data. Single imputation was used 

for variables with lower missing data and multiple 

imputation for variables with higher missing data the 

missing data is filled multiple times and then pooled to 

reflect uncertainty about the values to impute which 

does not happen in single imputation (Nardo et al., 
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2008). The imputation of missing data will be divided 

in two groups in this work: one corresponds to the 

variables that had a monthly time measurement, i.e., 

the data points change from month to month (time 

series data), and the other one corresponds to cross 

sectional data, i.e., the data points are always the 

same for the whole period of study. 

a. Time series data: with the software r to perform 

the imputation using the package “ImputeTS”, that 

includes a collection of algorithms and tools 

tailored to impute values in time series data with a 

very user-friendly approach. It was used the 

function “na_interpolation” with the option “linear” 

that fits the best values for the missing points 

using linear relation within the range of data 

points. It is looked for both past and future values 

to estimate the missing value (Koech, 2022), 

which is an advantage. 

b. Cross-sectional data: For variables with lower 

missing data (less than around 10%) it was used 

single imputation methods (cold-deck, hot-deck 

and mean imputation). For variables that missing 

data was higher (around 30%) it was used multiple 

imputation. 
 

Statistical analysis: 

After having the dataset without missing values, it 

was assessed Pearson’s and Spearman’s correlation 

coefficients between variables from the same 

dimension to understand correlation and causal 

relationships. This is done to guarantee that 

redundant variables are removed to avoid double 

counting and overweighting and leave only variables 

that bring new and non-redundant information into the 

model. It can be highlighted that exists a significative 

high correlation between variables 3.1.1 and 3.2.2; 

and between 3.1.2 and 3.2.2 with the Pearson’s 

correlation coefficient. Therefore, variable 3.2.2 was 

bringing redundancy to the analysis and was excluded 

from the analysis for this reason. 
 

Normalization: 

To perform the BoD analysis, variables should be 

also normalized to make all variables comparable 

since they usually have different unit measurements. 

In literature exists several methods and can be 

highlighted three methods: Min-Max, Z-score and 

Ranking. In r software using the package “Compind”, 

the package used to construct the CIs, there is one 

function “normalise_ci” that permits to normalize the 

variables prior to the formation of CIs. It was studied 

the viability of this three methods and Ranking method 

was the best option for the present dataset, delivering 

more consistent values for all variables and months of 

the analysis. 
 

Weighting and aggregation: 

The traditional Benefit-of-Doubt method using a 

weighting range restriction was used . According with 

Vidoli & Fusco (2018) this approach is advantageous 

since weights are endogenously determined by the 

observed performances and then, the benchmark is 

not based on theoretical bounds, but it’s a linear 

combination of the observed best performances. It 

was imposed weight constraints (the range of weights 

should be between 5% and 95%) to ensure that all 

indicators are counted for the analysis. Therefore, as 

exposed before the model will form the overall 

composite indicator making a weighting sum of the 

indicators in a way that the weighting scheme 

maximizes the countries performance. Hence, since 

there is no sure about which weights to use, it is looked 

for the “benefit of the doubt” weights, in a way that the 

weights used makes the overall relative performances 

as high as possible. Lovell et al. (1995) defends that 

this flexibility for attributing weights and the aspect of 

different countries having different weighting scheme 

is not a problem, on the contrary, weights must vary 

between countries, over time, and across objectives. 

However, it is important to note that countries are still 

comparable since BoD makes the overall relative 

performances as high as possible for all countries. 

4. Results 

The results provided by BoD makes possible to 

analyze countries performance not only at group and 

dimensional level but also to have an overall 

measurement having all dimensions in play all at once 

to have an overall and global perspective. The 

analysis was focused mainly on dimensional level (CI 

1; CI 2; CI 3; CI 4) and on global level (CF). It is also 

important to note that the analysis was done for each 

cluster separately and analogously since the results 

between clusters are not comparable as explained 

before. 

4.1. Main results for cluster 1: 

Table 4 summarizes the results for cluster 1 in each 

dimension and using the final CI that gives the overall 

perspective of countries’ performances. 
Qatar, Bahrain and Mauritius are the top three 

countries and that relative efficiencies were always 

more than 90%, which permits to say that they were 

very efficient since they present excellent results in all 

dimensions. On the other hand, Sudan, Nepal and 
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Papua New Guinea are the three countries revealing 

worst global efficiencies. 

Table 4 - Summary of the results obtained with dimensional CIs 
and final CI for cluster 1(Source: The author) 

 
If in one hand COVID-19, and fragility in economy 

and finance dimensions are the ones that countries 

achieved better performances (and thus need less 

improvements), on the other hand access and quality 

of health and security and compliance in governance 

dimensions are the ones that show more 

discrepancies in the relative efficiencies’ values. In 

contrast, efficiency average shows that countries’ 

performances were similar in average and all of them 

quite efficient. Except for access and quality of health 

dimension that has a mean below efficiency standards 

(below 80%). This means that the worst results are 

achieved for this dimension. In general, seems that 

countries are offering a poor social sanitation and 

system and lacks healthcare resources (e.g., few 

doctors, nurses, beds). It is in this sense that 

improvements must be made with more urgency. The 

dimension that achieved better results is the COVID-

19 dimension that permits to assume that in general 

the policies taken, and testing and vaccination 

processes went well. 

Countries revealing worst performances should 

look for efficient and benchmark countries as “role 

models” to take insights and learn with them to 

improve. 

It is also noted that results are better when used 

the final CI when compared to the results obtained 

with the dimensional CIs. This makes sense since 

BoD maximizes the performance for each DMU using 

the results obtained in the dimensional level to 

compute the final CI. The same is noted for the other 

clusters. 

4.2. Main results for cluster 2: 

Table 5 summarizes the results for cluster 2 in each 

dimension and using the final CI. Countries performing 

better are Finland, United Kingdom, Denmark, and 

Austria and worse are Ecuador, Suriname, Brazil, 

Peru and Colombia. In fact, Finland should be 

highlighted since it was the only country achieving fully 

efficiency in all months.  

Table 5 - Summary of the results obtained with dimensional CIs 
and final CI for cluster 2 (Source: The author) 

 

Countries showing poorer results should 

understand in which dimensions that their 

performance was lower in order to prioritize changes 

in these areas that have more urgency to be improved. 

Next, they should look for countries that were efficient 

in the respective dimension to change their behavior 

in that direction. 

Only access and quality of health dimension 

measured by CI 2 is bellow efficiency. In general, 

countries are showing less efficiency in terms of 

managing healthcare resources (beds, medical 

doctors, nurses) which reflects in the healthcare 

provided to their population and/or lack of basic social 

sanitation and hygiene (depending on the country). It 

is in this way that countries should focus to make 

improvements with more urgency. 

It is also for this dimension that the discrepancies 

in the relative efficiencies are bigger. This is a bad 

factor but easy to justify in this case when very “strong” 
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countries like European countries, such as Austria or 

Germany, North American countries (USA and 

Canada), and East Asia and Pacific countries (Japan, 

South Korea, Australia) are “competing” with some not 

that evolved countries like Latin American countries 

(Colombia, Suriname, Ecuador, etc.) that are also 

present in this cluster. 

In the other three dimensions, the performances 

seem to be very close with an averaged efficiency of 

around 84%. Considering these three dimensions 

seems that some countries need to pay more attention 

to their stability in economy and support for their 

households and in creating a more trustfully 

government to engage people to follow the measures 

taken, than in the policies taken to fight the pandemic 

since the distance between efficiency average and 

efficient DMUS (%) is lower. 

Considering the average of the CF, countries 

performed very good in general but still exists a margin 

of improvement of 8,5%. It is very clear that European 

countries are the leading countries in general. North 

America and East Asia are also fairly good positioned 

and that Latin American countries appears at last with 

the worst overall performances. In general, seems that 

developed countries have more chances to have a 

better performance fighting a pandemic when 

compared with countries with less resources, which is 

natural. Therefore, the importance of preparedness, 

the existence of resources and capabilities for extreme 

cases like a pandemic that eventually ends up 

happening. 

4.3. Main results for cluster 3: 

Table 6 summarizes the results for cluster 3 in each 

dimension and using the final CI. 

Countries performing better and that should serve 

as example of “good practices” are Hungary, Georgia, 

Oman, Cape Verde and South Africa; and worse are 

Somalia, Yemen, Angola, Afghanistan and Niger. 

Niger was the country revealing worst performance 

(global score=53,8%) which is not very surprising 

since it is one of the three countries with worst human 

development in the world. 

It is possible to understand very clearly that 1) 

countries did not achieve the efficiency in almost all 

dimensions since the efficiency average is superior to 

80% in just only one dimension (COVID-19 

dimension); and that 2) the magnitude of the 

efficiencies’ values dispersion is quite high, mainly for 

dimensions 2, 3 and 4 since the distance between 

efficiency average and efficient DMUS (%) is quite 

remarkable. This means that the performance of 

countries in these dimensions are in general bad and 

to aggravate the situation some countries have really 

bad efficiency in them. 

Table 6 - Summary of the results obtained with dimensional CIs 
and final CI for cluster 3 (Source: The author) 

 

This permits to suggest that countries found below 

efficiency in these three dimensions, mainly in access 

and quality of health and in security and compliance in 

governance dimensions should look for efficient 

countries in these dimensions to improve their 

resources in medical facilities (beds, doctors, nurses), 

provide a more equal and effective access to a safe, 

hygienic and basic sanitation to population; a more 

stable, transparent and trustfully government since it 

helps to make people feel safe in adverse conditions 

like a pandemic and to respect and comply to the 

measures and policies impose; and finally, improve 

their stability and growth in economy and economic 

support for people. 

Countries should understand in which dimensions 

efficiency was or not achieved in order to improve with 

more urgency the dimensions in need. 

Considering the final CI that accounts for the 

overall performance, the efficiency average is now a 

little bit higher (84,5%) which means that the margin 

for improvement is still relatively high: 15,5%, in 

average. 

Income turns again to show its influence since 

Yemen is a low-income least developed country and 

Oman a high-income developing country, that has 

more resources and thus, better capabilities to fight a 

pandemic. Therefore, the importance of 

preparedness, the existence of resources and 
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capabilities for extreme cases like the origin of a new 

dangerous virus. Countries at the end of the table 

should look for important aspects that made top 

countries like Georgia or Hungary achieving so good 

results. 

5. Conclusion 

5.1. Main findings 

It seems that countries, in general, achieved good 

levels of performance for COVID-19 dimension (CI 

1>80%) showing that the anti-pandemic measures 

were appropriated and useful to control the disease in 

most of the cases. However, it is important to note that 

for cluster 3, only 58% of countries achieved the 

mentioned good results, which means that 34 

countries need more attention and need for 

improvement since were under what is considered 

efficient. 

Countries shown also a relatively good economic 

structure which can be reflected in resources for 

testing, vaccination, and healthcare in general and in 

the support for their households during the pandemic 

time (CI 4>80% for cluster 1 and 2; CI 4>75% for 

cluster 3); and a relatively transparent and trustfully 

government that influence the availability of people to 

comply with the measures imposed (CI 3>80%) for 

countries in cluster 1 and 2. Countries from cluster 3 

have shown to be some steps behind (CI 3>70%). 

The performance of countries is worse in access 

and quality of health dimension meaning that it is very 

urgent for countries to improve mainly their resources 

in medical facilities to assist population with health 

needs and the access to basic social sanitation and 

hygiene and to have better (CI 2>70% for cluster 1 and 

2; CI 2>60% for cluster 3). 

The final CI offers an integrated view of the several 

groups and dimensions which is great since it gives an 

overall measurement of countries’ performance. In 

accordance with the previous paragraph, cluster 3 is 

the one showing the worst result even though the 

efficiency average is superior to 80% for all cluster 

because only 60% of cluster 3 countries are 

considered efficient at a rate of 80%, a much more 

reduced value when compared to cluster 1 and 2. 

The goal to achieve a clear and comprehensive 

understanding about countries performance during 

COVID-19 pandemic is achieved since the created 

composite indicator permits to aggregate simple 

individual performance indicators into a performance 

measurement to evaluate areas, aspects, or 

dimensions one by one or in an overall or global 

perspective. This novel CI measures performance at 

a country level between geographies at a similar 

development status and statistically similar and is 

expected to monitor and provide a basis for 

benchmarking towards a better preparedness and 

ability to fight a pandemic. The usage of dimensions 

and groups not only helped for the construction of the 

final CI but also helps decision makers actors and 

other important stakeholders to understand which 

areas need more care and more urgent to be 

improved, thus, it is possible to refine the knowledge 

about what went wrong. Therefore, it is recommended 

to use this CI to identify the more fragile areas that are 

influencing the results and to compare to other 

benchmark countries that are efficient in order to 

extract insights to change behaviours in that direction. 

This CI has also the advantage of not looking for 

COVID-19 pandemic in a very limited way, other 

aspects that also influence the results of the policies 

taken such as economy, governance and healthcare 

are accounted. Thereby, the created CI can be used 

as tool by everyone that wants to understand better 

countries performance in a pandemic context. 

5.2. Main limitations 

The results that BoD provides is always associated 

with the data gathered and with its quality, with the 

sample constructed and indicators selected, the 

normalization, imputation methods applied, and with 

the weighting scheme attributed. Therefore, these 

mid-decisions will always affect and change the 

results obtained. 

BoD does not accommodate negative indicators 

and for that reason a data translation had to be 

performed for indicator 1.3.2, which resulted in an 

increase in work. 

Lack of scientific knowledge and expertise about 

benchmarking made the work more difficult to select 

variables and appropriate weighting scheme. 

5.3. Future research 

It could be assessed a robustness and sensitivity 

analysis to evaluate some uncertainty in the selection 

of the simple indicators and arrangements of them in 

groups and dimensions; to evaluate the imputation 

methods used; to evaluate the data normalization 

technique used; etc. 

The work done could be proceed with a second-

stage DEA method. The usage of second-stage DEA 

methodologies (e.g., Tobit regression) are always 

valuable since people can perceive the impact of the 

variables used on the efficiencies obtained or to 

analyse how other factors interact and influence the 

efficiencies. 
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Another suggestion is to form a panel of experts in 

benchmarking to attribute a different weighting 

scheme to the indicators used groups and dimensions 

to construct the final CI. COVID-19 dimension should 

be accounted with more importance than other 

dimensions in order to reflect a better measurement of 

countries’ performance during the pandemic.  
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