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Abstract: The COVID-19 pandemic has presented a unique challenge to the resilience and efficiency of global
health systems. G-20 countries, which represent a significant portion of the world’s population and economy, have
exhibited varied responses to this health crisis, with their healthcare systems playing a crucial role in determining
both national and global health outcomes. This study employs Data Envelopment Analysis (DEA) to assess the
efficiency of the healthcare systems in G-20 countries during the COVID-19 pandemic. Key inputs, such as the
number of physicians and nurses, as well as healthcare expenditures, are utilized to evaluate their impact on health
outcomes. The study aims to analyze the role of healthcare human resources in responding to the pandemic and to
provide policymakers with insights on enhancing preparedness for future crises. A significant finding of the study
is the relationship between the ratio of health expenditures to GDP and health outcomes. Increased health
expenditures contributed to the flexibility and resilience of health systems in the face of shocks, such as pandemics.
However, the study also reveals that financial resources alone are insufficient; these resources must be managed
effectively. In particular, the harmonious integration of health expenditures with human resources and
infrastructure enhances the overall effectiveness of the system. The study observed significant differences in the
efficiency of healthcare systems among G-20 countries. Countries with more developed health infrastructure and
higher human resources achieved better health outcomes during the pandemic and managed health services more
sustainably. In contrast, countries with limited access to health services and an insufficient health workforce
experienced higher mortality rates and demonstrated less resilience to the pandemic.
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G-20 Ulkelerinin Saghk Sistemlerinin COVID-19 Doneminde Etkinliklerinin Veri
Zarflama Analizi Yontemi Kullamilmakla Analizi

Oz: COVID-19 pandemisi, kiiresel saglik sistemlerinin dayanikliligim ve etkinligini test eden benzersiz bir kriz
olarak kargimiza ¢ikmistir. G-20 {ilkeleri, diinya niifusunun ve ekonomisinin énemli bir kismin1 temsil etmektedir
ve saglik sistemlerinin bu siirecteki performansi hem ulusal hem de kiiresel saglik sonuglarimi dogrudan
etkilemektedir. Bu g¢alismada, G-20 iilkelerinin saglik sistemlerinin COVID-19 doénemindeki etkinligi Veri
Zarflama Analizi (VZA) yontemi ile analiz edilmistir. Hekim ve hemsire sayisi ile saglik harcamalar1 gibi girdiler
kullanilarak saglik statiisii lizerinde etkinlik degerlendirmesi yapilmistir. Arastirmanin amaci, saglik insan
kaynaklarinin pandemiye kars1 verdigi tepkileri ve saglik ¢iktilaria olan etkilerini analiz etmek, politika yapicilara
gelecekteki krizlere hazirlik igin yol gosterecek bulgular sunmaktir. Calismanin 6nemli bulgusu, saglik
harcamalarinin GSYH igindeki pay1 ile saglik ¢iktilar1 arasindaki iliski olmustur. Saglik harcamalarinin artirilmas,
saglik sistemlerinin pandemi gibi ani krizlere karst esneklik ve direng kazanmasina yardimer olmustur. Ancak,
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sadece finansal kaynaklarin yeterli olmadigini, bu kaynaklarin etkin bir sekilde yonetilmesi gerektigini de ortaya
koymaktadir. Ozellikle saglik harcamalarinin insan kaynagi ve altyapi ile uyumlu bir sekilde kullanilmasi, sistemin
genel etkinligini artirmaktadir. Caligma sonucunda G-20 {ilkeleri arasinda saglik sistemlerinin etkinligi agisindan
onemli farkliliklar oldugu gézlemlenmistir. Daha gelismis saglik altyapisina ve daha yiiksek insan kaynagina sahip
iilkeler, pandemi sirasinda daha iyi saglik ¢iktilar1 elde etmis ve saglik hizmetlerini daha siirdiiriilebilir bir sekilde
yonetebilmistir. Buna karsilik, saglik hizmetlerine erigimin sinirli oldugu ve saglik is giicii yetersiz olan iilkelerde,
6liim oranlarinin daha yiiksek ve saglik sistemlerinin pandemiye kars1 direncinin daha zayif oldugu belirlenmistir.

Anahtar Kelimeler: G-20, COVID-19, Saglik Sistemleri, Veri Zarflama Analizi, Etkinlik

Introduction

The COVID-19 pandemic has emerged as a unique crisis that tested the capacity and efficiency
of global healthcare systems on an unprecedented scale. It marked a critical turning point in evaluating
the resilience and effectiveness of healthcare systems worldwide. With the onset of the pandemic, the
sudden surge in demand for healthcare services underscored the importance of healthcare systems and
human resources more clearly than ever before. In this context, understanding the impact of the number
of physicians, nurses, and midwives on health outcomes is essential for comprehensively grasping the
effects of the pandemic.

The G-20 countries, which represent the world’s most powerful and influential nations in terms
of both economic and healthcare systems, have attracted significant attention for their responses to the
pandemic. The effectiveness of health systems in these countries can directly influence both national
and global health outcomes. These nations adopted diverse strategies in areas such as healthcare
delivery, workforce efficiency, infrastructure adequacy, and the implementation of public health
measures. Assessing the effectiveness of these strategies during the pandemic is crucial for
understanding how health systems can better cope with similar crises in the future.

To evaluate the efficiency of the health systems of G-20 countries during the COVID-19
pandemic, the Data Envelopment Analysis (DEA) method was employed. DEA is a mathematical
programming technique that assesses the relative efficiency of units by analyzing the relationship
between multiple inputs and outputs. This study utilized the CCR model (Constant Returns to Scale),
developed by Charnes, Cooper, and Rhodes in 1978, as well as the BCC model (Variable Returns to
Scale), developed by Banker, Charnes, and Rhodes in 1982, to evaluate and compare the performance
of G-20 health systems during the pandemic.

This study examines the pressures that the pandemic has placed on health systems and how
different countries have responded to these challenges, highlighting levels of efficiency and identifying
existing gaps. The findings of this analysis aim to provide valuable insights for the development of
healthcare policies and preparedness for future pandemics.

Literature Review

In the literature, studies employing Data Envelopment Analysis (DEA) to assess the efficiency of
health systems in OECD countries are relatively common; however, similar studies focusing on G20
countries are notably limited. While numerous country-specific studies exist on the healthcare systems
within G20 countries, comprehensive evaluations that encompass all member states remain scarce. In
this context, several selected studies addressing the healthcare systems of all G20 countries are presented
below.

Sener and Yigit (2017) examined the efficiency of OECD countries for the year 2013 using the
DEA method, identifying 14 efficient countries. Konca and Demirci (2019) compared the changes in
efficiency within the healthcare systems of G20 countries, including Turkey, utilizing DEA over the
period from 2000 to 2015. They found an increase in efficiency for 10 countries, including Turkey.
Similarly, Konca, Gozlii, and Cakmak (2019) evaluated the efficiency of G20 health systems from the
perspective of health expenditures and determined that 10 countries were efficient. Yesilaydin (2019)
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employed fuzzy DEA to investigate whether there were statistically significant differences among
OECD countries concerning health indicators, finding that 17 countries were effective at the 1% and 5%
alpha levels, while 18 countries were effective at the 1% alpha level.

Selamzade and Ozdemir (2020) evaluated the efficiency of OECD countries in combating
COVID-19 using data from April 2020, identifying eight countries that demonstrated high efficiency.
Kiiciikaycan (2021) assessed the performance of OECD countries in universal health coverage during
the pandemic, revealing significant disparities in mortality rates. Karakas Geyik, Satman, and Kalyoncu
(2022) employed multi-criteria decision-making methods to evaluate the healthcare system performance
of G20 countries during the pandemic, concluding that three countries outperformed their peers. Sel
(2021, 2022) investigated the efficiency levels of G20 health systems for the years 2000 and 2018 using
Data Envelopment Analysis (DEA) with various methods and variables.

Akbulut and Senol (2022) estimated the efficiency levels of high-income countries in combating
COVID-19 using Data Envelopment Analysis (DEA). They found that 15 out of 48 countries were
efficient, with an average efficiency score of 70%. Cegen and Akbulut (2023) employed DEA to analyze
the efficiency of 20 low-income countries, identifying six as efficient. Acar, Gokkaya, and Senol (2023)
applied DEA to assess the efficiency of 47 middle-income countries, discovering that 18 were efficient.
Arslan Aras (2023) examined health system performance by income group during the pandemic,
revealing efficiency declines in 7% of low-income, 12% of lower-middle-income, 38% of upper-middle-
income, and 61% of high-income countries.

In 2023, Selamzade et al. evaluated the health systems of OECD countries for the year 2021 using
Data Envelopment Analysis (DEA) and multi-criteria decision-making methods, identifying five
countries as efficient. Eze, Idemili, and Lawani (2024) estimated the technical efficiency of healthcare
systems in achieving universal health coverage across 191 countries through the DEA, identifying 41
countries as efficient. Sevim, Senol, and Akbulut (2024) examined the long-term care efficiency of
OECD countries before the COVID-19 pandemic, identifying five efficient countries out of 16. Lastly,
Tiirkoglu and Abis (2024) analyzed the efficiency of health indicators among G20 countries using DEA
for the period from 2009 to 2020, concluding that three countries maintained efficiency throughout all
the years studied.

Method

Minimizing costs in the production of goods and services is a fundamental concern in economics
and business sciences. Debreu (1951), Koopmans (1951), and Farrell (1957) are recognized as pioneers
in the analysis of efficiency. Technical efficiency is defined as the maximum reduction of inputs
necessary to produce given outputs. Debreu and Koopmans conducted early empirical studies, while
Farrell's approach, which did not consider structural inefficiencies, established the foundation for
subsequent methodologies (Selamzade & Baghirov, 2022; Yiiksel, 2021).

Data Envelopment Analysis (DEA) is a vital method for determining efficiency frontiers and
measuring the performance of independent Decision-Making Units (DMUs). DEA is widely applied in
various sectors, including public services, healthcare, and education (Selamzade & Ozdemir, 2020;
Ersoy & Tehci, 2024). DEA is based on input-output ratios, where input-oriented analyses seek to
achieve maximum output with minimum input, while output-oriented analyses focus on maximizing
output given the available inputs (Coelli, 1998; Yiiksel & Yigit, 2020).

Charnes, Cooper, and Rhodes (CCR) introduced the Constant Returns to Scale (CRS) model in
1978, developing a formula to evaluate the efficiencies of decision-making units (DMUs) using weights.
Assuming a DMU produces yr (r=1,2,...,s) outputs from xi (i=1,2,...,m) inputs, the efficiency formula,
calculated using weights ur and vi, is expressed as follows (Charnes et al., 1978):
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In the output-oriented Data Envelopment Analysis (DEA) model utilized in this study, the
denominator of the formula is normalized to 1, thereby optimizing outputs based on existing inputs
(Charnes et al., 1978).

Max 6= Zf-:l UprVro (2)

. m L = . -
Constraints: ~ 2i=1Vi%io = 1; 4 =05 v; =0

b

Banker, Charnes, and Cooper (BCC) introduced the variable returns to scale (VRS) model in 1984
by incorporating a convexity constraint into the CCR model (Cooper et al., 2011). This constraint, along
with Aj > 0, ensures that combinations of n decision-making units (DMUs) create a concave efficiency
frontier (Banker et al., 1984).

When comparing the CCR and BCC models, the ratio of CCR to BCC scores indicates scale
efficiency, which does not exceed one (Seiford & Thrall, 1990; Selamzade et al., 2023).

To differentiate between fully efficient Decision-Making Units (DMUSs), the Super-efficiency
model was developed (Seiford & Thrall, 1990). For output-oriented CRS super-efficiency, the following
formula is applied:

Max ¢ 3)

Yi=1 4% = xp; Yi=14¥; Z 0yo; @ A4;=0 j0;
Constraints: j=0

For VRS super-efficiency, the convexity constraint is added to the formula above

(Cooper, Seiford, & Zhu, 2011)

Data

The data for G20 countries in 2020 were obtained from the World Bank, the Worldometers
Coronavirus database, and the European Centre for Disease Prevention and Control (ECDC) database.
The most recent data from 2021 were used for Brazil and South Africa, as data on physicians and nurses
for 2020 were unavailable. The COVID-19 mortality rates, another variable included in the study, were
retrieved for December 30-31, 2020. The authors calculated the COVID-19 mortality rates for the
European Union using data from the ECDC website, processed in Excel. Efficiency analyses were
conducted using the DEA-SOLVER-LV (V3) software. The input and output variables employed in the
study are presented in Table 1.
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Table 1. Input and Output Variables and Definitions

Doctors  General and specialist doctors per 1,000 population.

Nurses Nurses and midwives working in healthcare institutions per 1,000 population
Inputs  SH$ Current health expenditure per capita in current US dollars
KSHS$ Public health expenditure per capita from domestic sources in current US dollars

CSHS Out-of-pocket health expenditures per capita in current US dollars

DYS Life expectancy at birth, in total years

Crude death rate, representing the estimated number of deaths per 1,000 people
KOO annually (inverse)

Neonatal mortality rate, indicating the number of neonates per 1,000 live births dying
YOO within 28 days (inverse)

Outputs Infant mortality rate, reflecting the number of infants per 1,000 live births dying

BOO before reaching one year of age (inverse)

Under-five mortality rate, representing the probability of a newborn dying before age
cOO five per 1,000 live births (inverse)
TVS COVID-19 case rate per 100,000 population (inverse)

Ovs COVID-19 mortality rate per 100,000 population (inverse)

All data except for CVR and MVR were sourced from World Bank statistics:
https://data.worldbank.org. CVR and MVR data were obtained from the Worldometers Coronavirus
Data and European Union COVID-19 statistics: https://www.worldometers.info/coronavirus/;
https://www.ecdc.europa.eu/en/publications-data/archive-historical-data-testing-volume-covid-19;
https://www.ecdc.europa.eu/en/publications-data/download-historical-data-20-june-2022-weekly-
number-new-reported-covid-19-cases

To estimate the efficiency of G20 countries' healthcare systems, the models presented in Table 2
were developed.

Table 2. Input and Output Variables and Definitions
Version Models Inputs Outputs
Model 1 Doctors Nurses SH$ | DYS KOO COO
Versionl Model2 Doctors Nurses SHS | YOO BOO COO
Model 3 Doctors Nurses SH$ | TVS OVS
Model 4 SH$ KSH$ CSHS | DYS KOO OO0
Version2 Model5  SH$ KSH$ CSH$ | YOO BOO COO
Model 6 SH$ KSH$ CSHS | TVS OVS

To calculate the output-oriented efficiency of healthcare systems in G-20 countries during the
COVID-19 pandemic in 2020, we aimed to assess the efficiency levels of these countries based on
optimized input and output levels. Six models were developed using two different sets of input variables.
In Version 1, the input variables included the number of doctors and nurses per 100,000 people, as well
as health expenditures per capita. In Version 2, the input variables comprised current health expenditures
per capita, public health expenditures, and out-of-pocket health expenditures per capita, all measured in
current US dollars. For both versions, the output variables are categorized as follows: (1) life expectancy
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at birth, crude death rate, and under-five mortality rate; (2) neonatal, infant, and under-five mortality
rates; and (3) COVID-19 case and mortality rates per 100,000 population.

Findings

Table 3 presents the efficiency analysis estimates for the healthcare systems of G-20 countries
based on the models developed for Version 1, utilizing both the CCR and BCC methods. In all three
models, the CCR and BCC analyses identified India, Indonesia, and the Republic of Korea as efficient.
Additionally, Japan, the People's Republic of China, and Italy were found to be efficient in Models 1
and 2. Among the countries that were inefficient under the CCR method but efficient under the BCC
method, Russia, Turkey, and Saudi Arabia were classified as efficient in Model 1, while Russia was
efficient in Model 2, and Australia was efficient in Model 3. The United States exhibited the lowest
efficiency score across all models under both the CCR and BCC methods.

In Model 1, Russia, Turkey, and Saudi Arabia achieved efficiency scores above 90% under the
CCR model, thereby attaining full efficiency under the BCC model. In the BCC analysis for Model 1,
11 countries that did not achieve full efficiency still recorded scores above 90%. In Model 2, only Turkey
attained a score above 90%, while all other countries scored below 70%. In Model 3, only Japan and
Australia achieved scores of around 60%, whereas all other countries scored below 35%.

Table 3. Efficiency Analysis Results for Models Developed in Version 1

. Model 1 Model 2 Model 3
Countries
CCR BCC RTS CCR BCC RTS CCR BCC RTS

Argentina 0,514 0,962 C 0,478 0,546 D 0,054 0,055 C
Australia 0,500 0,996 C 0,444 0,632 C 0,589 1 D
Brazil 0,491 0,957 C 0,479 0,498 C 0,054 0,059 C
Canada 0,633 0,983 C 0,519 0,525 I 0,062 0,079 C
China HC 1 1 C 1 1 C 0,052 0,054 C
Germany 0,542 0,959 C 0,528 0,651 C 0,040 0,055 D
France 0,567 0,974 C 0,531 0,575 C 0,023 0,031 D
India 1 1 C 1 1 C 1 1 C
Indonesia 1 1 C 1 1 C 1 1 C
Italy 1 1 C 1 1 C 0,043 0,044 C
Japan 1 1 C 1 1 C 0,618 0,650 D
Korea Rep. 1 1 C 1 1 C 1 1 C
Mexico 0,783 0,919 C 0,608 0,660 I 0,322 0,342 C
Russian Fed. 0,933 1 D 1 1 C 0,083 0,107 C
Saudi Arabia 0,993 1 D 0,664 0,676 D 0,188 0,191 C
South Africa Rep. 0,738 0,922 C 0,481 0,483 C 0,124 0,133 C
Turkey 0,915 1 D 0,915 0,949 C 0,206 0,249 C
United Kingdom 0,678 0,962 C 0,634 0,645 C 0,029 0,030 D
United States 0,397 0913 C 0,326 0,375 C 0,013 0,019 D
European Union 0,617 0,961 C 0,609 0,679 C 0,029 0,033 D
Average 0,765 0,975 0,711 0,745 0,276 0,307

Table 4 summarizes the efficiency analysis estimates for the healthcare systems of G-20 countries
based on the models developed for Version 2, using both the CCR and BCC methods. In all three models,
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the analyses identified India and Indonesia as efficient under both CCR and BCC methods. Furthermore,
Japan, the People's Republic of China, Turkey, and South Africa were deemed efficient in Model 4,
while Japan, the People's Republic of China, and Turkey were efficient in Model 5. Among the countries
that were inefficient under CCR but efficient under BCC, Russia, South Korea, and Saudi Arabia were
classified as efficient in Model 4; South Africa, Russia, and South Korea in Model 5; and Japan, South
Africa, South Korea, and Australia in Model 6. Notably, the United States consistently exhibited the
lowest efficiency score under both CCR and BCC methods across all three models.

In the CCR analysis, Saudi Arabia achieved a score exceeding 90% in Model 4, Russia in Model
5, and Japan in Model 6, demonstrating full efficiency under the BCC method. Additionally, in the BCC
analysis, Australia in Model 4, Italy in Model 5, and Saudi Arabia in Model 6 scored above 90%. In
Model 4, 11 countries that were not fully efficient still had efficiency scores above 90%. In Model 5,
only Russia and Italy scored above 90% under CCR and BCC analyses, respectively, while other
countries scored below 80%. In Model 6, Japan achieved a relatively high score of 70.7% under CCR,
and South Korea scored 56.2%, while other countries scored below 40% in both CCR and BCC
estimates.

Table 4. Efficiency Analysis Results for Models Developed in Version 2

Countries Model 4 Model 5 Model 6
CCR BCC RTS CCR BCC RTS CCR BCC RTS
Argentina 0,497 0,962 D 0,496 0,584 D 0,023 0,055 D
Australia 0,459 0,999 D 0,457 0,632 C 0,377 1 D
Brazil 0,516 0,950 D 0,507 0,525 C 0,033 0,063 D
Canada 0,361 0,972 D 0,356 0,471 C 0,030 0,076 D
China HC 1 1 C 1 1 C 0,017 0,037 D
Germany 0,459 0,958 C 0,459 0,649 C 0,030 0,060 D
France 0,636 0,983 D 0,609 0,611 I 0,021 0,045 D
India 1 1 C 1 1 C 1 1 C
Indonesia 1 1 C 1 1 C 1 1 C
Italy 0,750 0,990 D 0,750 0,990 D 0,011 0,035 D
Japan 1 1 C 1 1 C 0,707 1 D
Korea Rep. 0,683 1 D 0,704 1 D 0,562 1 D
Mexico 0,467 0,909 C 0,467 0,601 C 0,073 0,211 D
Russian Fed. 0,819 1 D 0,984 1 D 0,045 0,107 D
Saudi Arabia 0,984 1 D 0,808 0,818 C 0,193 0,260 D
South Africa Rep. 1 1 C 0,797 1 I 0,342 1 I
Turkey 1 1 C 1 1 C 0,201 0,247 D
United Kingdom 0,478 0,952 D 0,470 0,558 C 0,013 0,032 D
United States 0,202 0,913 D 0,193 0,375 C 0,008 0,019 D
European Union 0,600 0,959 D 0,600 0,688 D 0,016 0,037 D
Average 0,696 0,977 0,683 0,775 0,235 0,364

These findings indicate that in 2020, according to the BCC analysis for Models 1 and 4, there
wasn't much need for major changes in health indicators like life expectancy, crude death rate, and child
mortality rate, as efficiency levels were almost at their best. However, this conclusion does not hold for
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Models 2 and 5, which focus on neonatal, infant, and child mortality rates, and Models 3 and 6, which
examine COVID-19 case and death rates.

In Models 2 and 5, apart from efficient countries or those with scores near efficiency, other nations
need to make more efforts to reduce neonatal, infant, and child mortality rates. In Models 3 and 6, CCR
and BCC analyses revealed that, except for efficient countries and Japan, other nations' healthcare
systems were highly passive and inefficient during the onset of the COVID-19 pandemic in 2020.

Table 5 displays the super-efficiency scores calculated using the CCR method for all models. In
Model 2, Japan achieved the highest score, while Indonesia had the highest score in Model 3. India
achieved the highest super-efficiency score in the other models.

Countries with the lowest super-efficiency scores were South Korea (Models 1 and 3), Russia
(Model 2), and Indonesia (Models 4, 5, and 6).

Table 6 presents the super-efficiency scores calculated using the BCC method for all models. In
Model 1 and Model 4, Saudi Arabia achieved the highest scores, Japan in Model 2 and Model 5, and
South Korea in Model 3 and Model 6.

Table 5. Super-efficiency Scores Using CCR Method

Model 1 Model 2 Model 3
Countries Score Countries Score Countries Score
India 2,732 Japan 1,679 Indonesia 2,782
Italy 1,314 India 1,519 India 1,687
Indonesia 1,293 China HC 1,369 Korea Rep. 1,597
China HC 1,245 Ttaly 1,314
Japan 1,199 Indonesia 1,311
Korea Rep. 1,172 Korea Rep. 1,165
Russian Fed 1,080
Model 4 Model 5 Model 6
Countries Score Countries Score Countries Score
India 3,898 India 2,249 India 2,378
Japan 1,646 Japan 1,758 Indonesia 2,182
South Africa 1,594 China HC 1,198
Turkey 1,149 Tirkiye 1,118
China HC 1,029 Indonesia 1,087
Indonesia 1,005

Table 6. Super-efficiency Scores Using BCC Method

Model 1 Model 2 Model 3

Countries Score Countries Score Countries Score
Saudi Arabia 2,120 Japan 1,750 Korea Rep. 2,198
Italy 1,337 China HC 1,492 Australia 1,102
China HC 1,276 Italy 1,337 Indonesia 1
Japan 1,247 Russian Fed. 1,307 India 1
Russian Fed. 1,222 Korea Rep. 1,169
Korea Rep. 1,199 Indonesia 1

Tiirkiye 1,059 India 1
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Indonesia 1
India 1
Model 4 Model 5 Model 6

Countries Score Countries Score Countries Score
Saudi Arabia 2,168 Japan 2,952 Korea Rep. 2,572
Japan 1,690 China HC 1,347 Indonesia 2,351
Korea Rep. 1,284 Russian Fed. 1,307 Australia 1,247
Russian Fed. 1,222 Korea Rep. 1,227 Japan 1,142
China HC 1,207 Tirkiye 1,139  South Africa Rep. 1
Tiirkiye 1,154 Indonesia 1,124 India 1
Indonesia 1,008 South Africa Rep. 1
South Africa Rep. 1 India 1
India 1

In Models 1, 2, and 3, Indonesia and India had the lowest super-efficiency scores, while in Models
4, 5, and 6, South Africa and India had the lowest scores.

Discussion

This study evaluates the efficiency of healthcare systems of G-20 countries during the COVID-
19 period using the Data Envelopment Analysis (DEA) method. The results of the models used to
analyze the performance of healthcare systems align with findings from similar studies in the literature,
serving as a complementary contribution to this body of research.

Firstly, Selamzade and Ozdemir (2020) examined the efficiency of OECD countries in combating
COVID-19 using data envelopment analysis (DEA) and reported that eight countries were efficient. This
study highlighted that the low-efficiency scores in models that accounted for COVID-19 cases and
mortality rates reflected the unpreparedness of healthcare systems in the early stages of the pandemic.
Similarly, this study found that high-income countries such as the United States and the European Union
scored low in efficiency in some models. Sener and Yigit (2017) analyzed the efficiency of the
healthcare systems in OECD countries in 2013 and identified 14 countries as fully efficient. In this
study, which includes G-20 countries, India, Indonesia, and South Korea consistently achieved high-
efficiency scores across both versions of the analysis, demonstrating their ability to provide cost-
effective healthcare services. Kiiclikaycan (2021) evaluated the performance of OECD countries during
the COVID-19 pandemic and identified significant disparities in mortality rates. The findings of this
study confirm that the impact of COVID-19 varies across countries. For instance, Japan's healthcare
system achieved high-efficiency scores during the pandemic period. Ersoy and Aktas (2022) and Arslan
and Aras (2023) analyzed the healthcare system performance of countries during COVID-19 based on
income groups and reported that high-income countries were largely efficient. This study corroborated
these findings, revealing that high-income countries, as well as developing nations like India and
Indonesia, displayed high-efficiency scores. Eze, Idemili, and Lawani (2024) investigated the efficiency
of healthcare systems in achieving universal health coverage in 191 countries and identified 41 efficient
countries. The findings of this study demonstrate that disparities in the allocation of healthcare
expenditures directly affect efficiency levels. Yesilaydin (2019) evaluated healthcare indicators in
OECD countries using fuzzy data envelopment analysis (DEA). The findings underscore the critical role
of mortality rates as key variables in efficiency analysis. Tiirkoglu and Abis (2024) analyzed the
healthcare indicators of G-20 countries from 2009 to 2020 and reported that three countries were
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consistently efficient across all years. This study also found that India, Indonesia, and South Korea were
consistently efficient, emphasizing the success of their healthcare policies. Finally, Karakas Geyik,
Satman, and Kalyoncu (2022) assessed the performance of G-20 countries in combating COVID-19
using multi-criteria decision-making methods and identified three countries as outperforming others.
Similarly, this study found Japan and India to be among the leading countries during the COVID-19
period.

Conclusion

This study examines the efficiency of healthcare systems of G-20 countries during the COVID-
19 pandemic using the Data Envelopment Analysis (DEA) method. The findings illustrate how
efficiently countries utilize their human and financial healthcare resources and their impact on
improving health outcomes. Notably, human resource inputs such as the number of physicians and
nurses were found to play a critical role in the healthcare systems' response to the pandemic. This
underscores the importance of investing in human resources to ensure the uninterrupted and effective
delivery of healthcare services.

Significant differences in the efficiency of healthcare systems were observed among G-20
countries. Nations with more developed healthcare infrastructure and higher human resources achieved
better health outcomes and managed healthcare delivery more sustainably during the pandemic.
Conversely, countries with limited access to healthcare services and insufficient healthcare personnel
experienced higher mortality rates and weaker system resilience against the pandemic. One of the key
findings highlights the relationship between the share of healthcare expenditures in GDP and health
outcomes. Increasing healthcare expenditures contributed to the healthcare systems' flexibility and
resilience against sudden crises like the pandemic. However, the study emphasizes that financial
resources alone are insufficient; effective management of these resources is essential. Aligning
healthcare expenditures with human resources and infrastructure usage is crucial for enhancing overall
system efficiency.

During the pandemic, healthcare systems were tested not only in the treatment of patients
treatment but also in their capacity to deliver preventive health services. In this context, increasing the
number of physicians and nurses played a vital role in both patient care and protecting public health.
The findings show that expanding the healthcare workforce effectively reduced COVID-19-related
mortality rates and improved long-term health indicators, such as life expectancy at birth.

Recommendations

The efficiency evaluation conducted using DEA reveals deficiencies in healthcare systems and
guides areas needing improvement. The study highlights the efficient use of the healthcare workforce
and resources as the foundation for creating more resilient healthcare systems against pandemics.
Increasing human resources and ensuring the efficient utilization of healthcare investments are critical
for preparing for future health crises. Finally, this study makes a valuable contribution to research in
health policy and healthcare management. Analyzing a group like the G-20, composed of both developed
and developing countries, offers insights into how healthcare systems respond differently to a global
crisis. Such comparisons between countries can guide policymakers in developing strategies to
strengthen healthcare systems and enhance preparedness for future health crises.

Future research can extend this study by employing different methods and data sources to assess
healthcare system efficiency. In particular, policy measures aimed at improving access to and the quality
of healthcare services in developing countries are increasingly important in the post-pandemic era.
Adopting multidimensional approaches to enhance healthcare system efficiency and resilience against
pandemics is necessary.



572 Selamzade, F. / Anemon Musg Alparslan Universitesi Sosyal Bilimler Dergisi, 2025 13(2) 562-584

Disclosure Statements

1. Declaration of the contribution of the researchers: The entire manuscript was prepared by
Fuad Selamzade.

2. Conflict of interest: “There is no conflict of interest.”

3. Ethics Report: As the study did not involve human or animal subjects, ethical committee
approval was not required.

4. Research Model: This study is classified as a research article. The analysis was conducted
using the Data Envelopment Analysis (DEA) method, specifically employing the CCR (Charnes,
Cooper, and Rhodes) and BCC (Banker, Charnes, and Cooper) models to evaluate the efficiency of
healthcare systems in G-20 countries during the COVID-19 pandemic. These methods were chosen
because they allow for the assessment of relative efficiency across decision-making units (DMUs) with
multiple inputs and outputs, providing a robust framework for analyzing the complex interplay of
healthcare resources and outcomes. The CCR model assumes constant returns to scale, while the BCC
model accounts for variable returns to scale, ensuring comprehensive and nuanced efficiency
evaluations.



Selamzade, F. / Anemon Mug Alparslan Universitesi Sosyal Bilimler Dergisi, 2025 13(2) 562-584 573

TURKCE SURUM

Giris

COVID-19 pandemisi, kiiresel capta saglik sistemlerinin kapasitesini ve etkinligini test eden
benzersiz bir kriz olarak karsimiza ¢ikmistir. COVID-19 pandemisi, kiiresel saglik sistemlerinin
dayanikliligint ve etkinligini test eden kritik bir donlim noktasi olmustur. Pandeminin baslamasiyla
birlikte saglik hizmetlerine olan talebin ani artisi, saglik sistemlerinin ve insan kaynaklarinin énemini
daha net bir sekilde ortaya koymustur. Bu baglamda, hekim ve hemsire ile ebe sayisinin saglik sonuglari
iizerindeki etkilerini anlamak, pandeminin etkilerini daha kapsamli bir sekilde kavrayabilmek icin
biiyiik bir neme sahiptir.

G-20 tilkeleri, hem ekonomik hem de saglik sistemleri acisindan diinyanim en giiglii ve énemli
iilkeleri arasinda yer almakta olup, pandemiye verdikleri tepkiler biiyiik bir dikkatle incelenmistir. Bu
iilkelerdeki saglik sistemlerinin etkinligi, hem ulusal hem de kiiresel saglik sonuglarini dogrudan
etkileyebilmektedir. Bu {ilkeler, saglik hizmetlerinin sunumu, saglik ¢alisanlarinin etkinligi, saghk
altyapisinin yeterliligi ve halk sagligi onlemlerinin uygulanmasi gibi alanlarda farkli stratejiler
geligtirmislerdir. Pandemi siirecinde bu stratejilerin etkinliginin degerlendirilmesi, saglik sistemlerinin
gelecekte benzer krizlerle nasil basa ¢ikabilecegini anlamak agisindan kritik onem tagimaktadir.

Bu baglamda, G-20 iilkelerinin COVID-19 doénemindeki saglik sistemlerinin etkinligini
incelemek amaciyla Veri Zarflama Analizi (VZA, Data Envelopment Analysis - DEA) yontemi
kullamilmistir. DEA, coklu girdi ve ¢iktilar arasindaki iliskiyi degerlendirerek birimlerin goreli
etkinligini 6lgmeye olanak taniyan matematiksel bir programlama teknigidir. Bu ¢alismada, G-20
iilkelerinin saglik sistemlerinin COVID-19 siirecindeki performansini degerlendirmek ve karsilagtirmak
icin 1978’yilinda Charnes Cooper ve Rhodes tarafindan gelistirilen 6lgege gore sabit getirili CCR ve
1982 yilinda Banker, Charnes ve Rhodes tarafindan gelistirilen 0lgege gore degisken getirili BCC
yontemi kullanilmastir.

Bu bildiride, pandeminin saglik sistemleri iizerindeki baskilar1 ve farkli iilkelerin bu zorluklara
nasil yanit verdigi ele alinmakta, etkinlik diizeyleri ve eksiklikler ortaya konulmaktadir. Bu analiz,
saglik politikalariin gelistirilmesi ve gelecekteki pandemilere karsi hazirlikli olma agisindan énemli
bulgular sunmay1 amaglamaktadir.

Literatiir Taramasi

Literatiirde OECD iilkelerinin saglik sistemlerinin etkinliklerinin Veri Zarflama Analizi yontemi
ile belirlenmesine yonelik ¢aligmalar bulunsa da G20 iilkeleri i¢in benzer ¢aligmalarin ¢ok az sayida
oldugu tespit edilmistir. G20 iilkelerinin saglik sistemlerine iliskin iilke bazli birgok ¢alisma mevcut
olmakla birlikte, bu iilkelerin tamamim kapsayan biitiinciil analizlere daha sinirli sayida ¢caligmada yer
verilmektedir. Bu baglamda, G20 iilkelerinin tiimiinii ele alan bazi Ornek ¢aligmalar asagida
sunulmustur.

Sener ve Yigit (2017) calismalarinda OECD f{ilkelerinin 2013 yil1 i¢in verimliligini VZA ydntemi
ile incelemisglerdir. Calisma sonucunda 14 iilkenin verimli oldugu tespit edilmistir. Konca ve Demirci
(2019) galigmalarinda G20 iilkeleri ve Tiirkiye’nin saglik sistemlerinin etkinlik degisimini yillara gore
VZA yontemi ile karsilastirmiglardir. Calisma sonucunda 2000-2015 yillarinda Tiirkiye de dahil
olmakla 10 iilkenin etkinlik degisiminde artig oldugu tespit edilmistir. Konca, Gozlii ve Cakmak (2019)
calismalarinda G-20 iilkelerinin saglik sistemlerinin etkinliklerini saglik harcamalar1 yoniinden VZA
kullanarak incelemislerdir. Calisma sonucunda 10 iilkenin etkin oldugu belirlenmistir. Yesilaydin
(2019) calismasida OECD iilkeleri arasinda saglik gostergeleri agisindan istatistiksel olarak anlamli bir
fark olup olmadigini belirlemek i¢in bulanik veri zarflama analizi yonteminin kullanmigtir. Caligma
sonucunda 17 tilkenin %1 ve %5, 18 {ilkenin ise %1 a-kesimde etkili oldugu tespit edilmistir. Selamzade
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ve Ozdemir (2020) calismasinda 2020 yilinin Nisan ay1 verileri ile OECD iilkelerinin Covid-19 ile
miicadelede etkinliklerini belirlemeye calismistir. Calisma sonucunda 8 iilkenin etkin oldugu tespit
edilmistir.

Kiiciikaycan (2021) calismasinda Covid-19 pandemisiyle miicadelede OECD iilkelerinin
performansin1 evrensel saglik kapsayiciligi acisindan incelemistir. Calisma sonucunda OECD
iilkelerinin performansinda 6liim oranlar1 bakimindan farklilik oldugu goriilmistiir. Karakas Geyik,
Satman ve Kalyoncu (2022) galismalarinda Covid-19 pandemisi ile miicadelede G20 iilkelerinin saglik
sistemlerinin performanslarin1 ¢ok kriterli karar verme yontemleri ile degerlendirmigtir. Caligma
sonucunda 3 {ilkenin diger lilkelere gore daha basarili oldugu ortaya koyulmustur. Sel 2021 ve 2022
yillarinda yayimladigi, farkli yontemler ve girdi ve ¢iktilar kullandig1 ¢aligmalarinda G20 iilkelerinin
2000 ve 2018 yillar1 igin saglik sistemlerinin etkinlik diizeylerini VZA yontemi kullanarak belirlemistir.
Akbulut ve Senol (2022) caligmalarinda st gelir grubundaki iilkelerin Covid-19 pandemisi ile
miicadeledeki etkinlik diizeyini Veri Zarflama Analizi kullanarak tahmin etmistir. Calismaya dahil
edilen 48 tilkeden 15’1 verimli olarak tahmin edilmis ve tiim {ilkelerin verimlilik ortalamasi %70 olarak
bulunmustur.

Cecen ve Akbulut (2023) diisiik gelir grubunda yer alan 20 {ilkenin etkinlik diizeyinin VZA
yontemi ile belirlendigi ¢caligsmalarinda 6 iilkenin etkin oldugu tespit edilmistir. Acar, Gokkaya, ve Senol
(2023) orta gelir grubunda yer alan 47 iilkenin etkinlik diizeyinin VZA yoOntemi ile belirlendigi
caligmalarinda 18 iilkenin etkin oldugunu belirlemistir. Arslan Aras (2023) ¢aligmasinda Covid-19
pandemisi doneminde {ilkelerin gelir gruplarina goére saglik sistemlerinin performansim1 VZA yontemi
ile incelemistir. Calisma sonucunda gore diigiik gelirli iilkelerin %7’sinin, alt orta gelirli iilkelerin
%12’sinin, iist orta gelirli iilkelerin %38’inin ve yiiksek gelirli iilkelerin %61 nin etkinliklerinde azalma
oldugu tespit edilmistir. Selamzade vd. (2023) caligsmalarinda 2021 yili verileri ile OECD iilkelerinin
saglik sistemlerinin etkinliklerini VZA ve Cok Kriterli Karar verme Yontemleri kullanarak
degerlendirmistir. Calisma sonucunda 5 iilke etkin ¢ikmustir.

Eze, Idemili, ve Lawani (2024) calismalarinda 191 {ilkede evrensel saglik kapsamina ulagsma
yolunda saglik sistemlerinin teknik verimliligini VZA kullanarak tahmin etmislerdir. Calisma
sonucunda incelenen 191 iilkeden 41’inin saglik kapsamina ulagma yolunda saglik sistemlerinin verimli
oldugunu tahmin etmistir. Sevim, Senol ve Akbulut (2024) ¢alismalarinda Covid-19 pandemisinden
onceki doneminde OECD iilkelerinin uzun dénemli bakim hizmetlerinin etkinligini VZA yontemi ile
degerlendirmislerdir. Caligma sonucunda degerlendirmeye alinan 16 iilkeden 5’inin etkin oldugu tespit
edilmistir. Tiirkoglu ve Abis (2024) calismalarinda VZA kullanarak G-20 iilkelerinin saglik
gostergelerinin 2009-2020 yili verileri ile etkinliklerini analiz etmislerdir. Calisma sonucunda 3 {ilkenin
tiim yillarda etkin oldugu tespit edilmistir.

Yontem

Mal ve hizmet tiretiminde maliyetlerin en aza indirilmesi, ekonomi ve isletme bilimlerinde temel
bir konu olup, etkinlik analizlerinde Debreu (1951), Koopmans (1951) ve Farrell (1957) 6ncii isimler
olarak kabul edilmektedir. Teknik etkinlik, mevcut ¢iktilarin iiretimi i¢in girdilerin maksimum oranda
azaltilabilmesi olarak tanimlanmustir. Ilk ampirik calismalar Debreu ve Koopmans tarafindan
gerceklestirilmis, Farrell'in yapisal etkinsizligi dikkate almayan yaklasimi ise daha sonra gelistirilecek
yontemlere temel olusturmustur (Selamzade & Baghirov, 2022; Yiiksel, 2021).

Veri Zarflama Analizi (VZA), etkinlik sinirlarini belirleyerek bagimsiz karar verici birimlerin
(KVB) performansimi dlgen 6nemli bir yontemdir ve 6zellikle kamu sektdrii, saglik ve egitim alanlarinda
kullanilmaktadir (Selamzade & Ozdemir, 2020; Ersoy & Tehci, 2024). VZA, girdi-¢ikt1 oranlarina
dayali olup, girdi yonelimli analizler minimum girdi ile maksimum ¢ikt1 elde etmeyi, ¢ikti yonelimli
analizler ise mevcut girdilerle en yiiksek ¢iktiy1 hedeflemektedir (Coelli, 1998; Yiiksel & Yigit, 2020).
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Charnes, Cooper ve Rhodes (CCR), 1978 de sabit 6lgekli model yaklagimimi gelistirmis ve Karar
Verici Birimlerin (KVB) etkinliklerini agirliklarla 6lgen bir formiil olugturmuslardir. Bir KVB’nin yr
(r=1,2,...,8) ¢iktilarim1 xi (i=1,2,...,m) girdilerinden {irettigi varsayildiginda, degiskenler iizerinde
hesaplanan ur ve vi agirliklar kullanilarak asagidaki denklem ile etkinlik formiilii yazilir (Charnes et

al., 1978):
23—, Ur¥ro
g = Z=aiTe
TR, vixio 0

Caligmada da kullanilan yontem olan ¢ikti odaklt VZA mevcut girdiler ile ¢iktilarin optimize
edilmesi i¢in (1) formiiliindeki payda 1’e esitlenerek asagidaki formiil ile etkinlik diizeyi tespit edilir:
(Charnes et al., 1978).

Max 8= E;=1 UpVio (2)
Kisitlar:  2i=1ViXie =1, U >0; v; >0

Banker, Charnes ve Cooper (BCC) ise 1984’te dlgege gore degisken getirili model yaklagimini

sunmustur (Cooper et al., 2011). BCC modeli CCR modeline = Z;"‘:l 5= L usitinin eklenmesi ile
elde edilmektedir (Banker et al., 1984). Bu kisit, Aj>0 sart1 ile birlikte, n tane KVB’nin farkh
kombinasyonlarinin, ancak i¢biikey bir etkinlik {ist sinir ¢izgisi kapsaminda gerceklesmesini miimkiin
kilmaktadir.

CCR ve BCC modelleri karsilastirildiginda, CCR skoru ve BCC skorunun orani 6l¢ek etkinligini
belirlemektedir (Seiford ve Thrall, 1990; Selamzade et al., 2023). Olgek etkinligi birden biiyiik
olmamaktadir.

Veri Zarflama Analizlerinde tam etkinlik skoru alan KVB’lerden hangisinin daha etkin
oldugunun belirlenmesi i¢in Siiper Etkinlik modeli gelistirilmistir (Seiford ve Thrall, 1990). Cikt:
yonelimli 6lgege gore sabit getirili Siiper Etkinlik skorlarmin hesaplanmasi i¢in asagidaki formiil
kullanilmaktadir:

Max ¢ (3)
Yo A = Xp; Z}!zl Aj_vj = 0Vo; Q, /1}' =0 j=0

J=1054
Kisitlar: j*0 =0
Olgege gore degisken getirili Siiper Etkinlik analizinin yapilmasi igin ise (3) formiiliine
Z;: 1 /lj =1
j+*0 kisit1 eklenmektedir (Cooper, Seiford ve Zhu, 2011).

Amac ve Veriler

Caligmada, 2020 yili igin G20 iilkelerine ait veriler Diinya Bankasi, Worldometers Koronaviriis
veritabam ve Avrupa Hastalik Onleme ve Kontrol Merkezi (European Centre for Disease Prevention
and Control - ECDC) web sitesi veri tabanindan elde edilmistir. Brezilya ve Giiney Afrika igin 2020
yilina ait hekim ve hemsire verilerine ulasilamadigi igin en giincel 2021 verileri kullanilmistir.
Caligmada kullanilan bir diger degisken olan Covid-19 6liim oranlar1 ise 30-31 Aralik 2020 tarihleri igin
elde edilmistir. Avrupa Birligi'nin Covid-19 6liim oranlari, ECDC web sitesinden elde edilen veriler
kullanilarak yazarlar tarafindan Excel programinda hesaplanmistir. Etkinlik analizleri DEA-SOLVER-
LV(V3) programi kullanilarak gergeklestirilmigtir. Caligmada kullanilan girdi ve ¢ikti degiskenleri
Tablo 1°de sunulmustur.
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Tablo 1. Girdi ve Cikti Degiskenleri ve Tanimlari

Doktor 1000 kisi basina genel ve uzman doktor sayist
Hemsire 1000 kisi basina saglik kurumlarinda ¢alisan tim hemsire ve ebe sayist

Girdiler SH$ Cari ABD dolari cinsinden kigi basina saglik igin cari harcamalar
Cari ABD dolar1 cinsinden kisi bagina yerel kaynaklardan gelen saglik i¢in kamu
KSH$ harcamalar1

CSHS Cari ABD dolar1 cinsinden kisi basina cepten saglik harcamalari

DYS Toplam yil olarak dogumda beklenen yasam siiresi

Y1l ortasinda tahmin edilen 1000 kisi basina y1l i¢inde meydana gelen 6liim sayisini
KOO gosterir (tersi)

Cari y1lda 1000 canli dogum bagina 28 giinliik yasa ulasmadan dlen yenidogan
YOO sayisidir (tersi)

Cikular BOO Cari y1lda 1000 canli dogum basina bir yasina ulasmadan 6len bebek sayisidir (tersi)

Cari yilda yeni dogmus bir bebegin bes yasina gelmeden 6lme olasiliginin 1000'delik
cOO durumudur (tersi)
TVS Yiiz bin niifusa diisen COVID-19 Vaka sayist (tersi)
Ovs Yiiz bin niifusa diisen COVID-19'dan 6len sayis1 (tersi)

TVS ve OVS hari¢ tiim veriler Diinya Bankasi istatistiklerinden elde edilmistir.
https://data.worldbank.org

TVS ve OVS verileri Worldometers Coronovirus Data ve Avrupa Birligi'nin Covid-19 Vaka ve
Oliim istatistiklerinden elde edilmistir. https://www.worldometers.info/coronavirus/

https://www.ecdc.europa.eu/en/publications-data/archive-historical-data-testing-volume-covid-
19

https://www.ecdc.europa.eu/en/publications-data/download-historical-data-20-june-2022-
weekly-number-new-reported-covid-19-cases

G-20 iilkelerinin saglik sistemlerinin verimlilik tahminlerinin yapilmasi i¢in Tablo 2‘de sunulmusg
Modeller olusturulmustur.

Tablo 2. Girdi ve Cikt1 Degiskenleri ve Tanimlari
Versiyon  Modeller Girdiler Ciktilar

Model 1  Doktor Hemsire SH$ | DYS KOO COO
Versiyon1  Model 2 Doktor Hemsire SH$ | YOO BOO COO

Model 3 Doktor Hemsire SH$ | TVS OVS

Model 4 SH$ KSH$ CSH$ | DYS KOO COO0
Versiyon 2 Model 5 SH$ KSH$ CSH$ | YOO BOO COO

Model 6 SH$ KSH$ CSH$ | TVS OVS
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G-20 iilkelerinin saglik sistemlerinin 2020 yili itibariyle COVID-19 déneminde ¢ikt1 yonelimli
etkinliginin hesaplanmasi, yani mevcut girdiler ile ¢iktilarin optimize diizeylerine gore iilkelerin etkinlik
diizeyinin belirlenmesi igin 2 farkl1 girdi versiyonu ile 6 model olugturulmustur. Versiyon 1’de yiiz bin
kisi bagma diisen doktor ve hemsire sayisi ile kisi basina saglik harcamasi, Versiyon 2’de ise cari ABD
dolar1 cinsinden kisi basina saglik i¢in cari harcamalar, kamu saglik harcamalar1 ve cepten saglik
harcamalart girdi degiskeni olarak kullanilmigtir. Her iki versiyon i¢in olusturulan modellerde ¢ikti
degiskeni olarak 6nce dogumda beklenen yasam siiresi, kaba 6lim hizi ve ¢ocuk 6liim orani; sonra
yenidogan, bebek ve 6liim oranlari; son olarak ise COVID-19 pandemisi doneminde yiiz bin kisi basina
diisen vaka ve 6liim sayisi ¢ikt1 degiskeni olarak ele alinmustir.

Bulgular

Tablo 3’te G-20 {ilkelerinin saglik sistemlerinin Versiyon 1 i¢in olusturulan modeller ile CCR ve
BCC yontemleri ile yapilmis etkinlik analizleri tahmin sonuglart sunulmustur. Her ii¢ model i¢in yapilan
CCR, dolayis1 ile hem de BCC analizlerinde Hindistan, Endonezya ve Kore Cumhuriyeti etkin olmustur.
Ayrica Model 1 ve Model 2°de Japonya, Cin HC ve Italya etkin olmustur. CCR analizinde etkin olmay1p,
BCC analizinde etkin olan iilkelere bakildiginda Model 1°de Rusya Federasyonu, Tiirkiye ve Suudi
Arabistan, Model 2’de Rusya Federasyonu, Model 3’te ise Avustralya etkin olmustur. Her ti¢ model ile
yapilan CCR ve BCC analizlerinde en az etkinlik skoru alan iilke ABD olarak tahmin edilmistir. Model
1 i¢cin CCR yontemi ile yapilan analizlerde Rusya Federasyonu, Tiirkiye ve Suudi Arabistan %90’ 1n
iizerinde etkinlik skoru almistir ki, BCC yontemi ile yapilan analizde bu iilkeler tam etkin olmuslardir.
Model 1 igin yapilan BCC analizinde tam etkinlik puani almayan 11 {ilke de %90’1n {izerinde etkin
olmuslardir. Model 2 i¢in yapilan analizler sonucunda yalmz Tiirkiye %90°1n iizerinde skor almis, diger
iilkelerin aldig1 skor %70’in altinda kalmigstir. Model 3 i¢in yapilan analizler sonucunda yalniz Japonya
ve Avustralya %60 civarinda skor almis, diger iilkelerin aldigi skor ise %35’in altinda olmustur.

Tablo 3. Versiyon 1 i¢in Olugturulan Modeller ile Etkinlik Analizi Sonuglari

Ulkeler Model 1 Model 2 Model 3
CCR BCC RTS CCR BCC RTS CCR BCC RTS
Arjantin 0,514 0,962 C 0,478 0,546 D 0,054 0,055 C
Avustralya 0,500 0,996 C 0,444 0,632 C 0,589 1 D
Brezilya 0,491 0,957 C 0,479 0,498 C 0,054 0,059 C
Kanada 0,633 0,983 C 0,519 0,525 I 0,062 0,079 C
Cin HC 1 1 C 1 1 C 0,052 0,054 C
Almanya 0,542 0,959 C 0,528 0,651 C 0,040 0,055 D
Fransa 0,567 0,974 C 0,531 0,575 C 0,023 0,031 D
Hindistan 1 1 C 1 1 C 1 1 C
Endonezya 1 1 C 1 1 C 1 1 C
Italya 1 1 C 1 1 C 0,043 0,044 C
Japonya 1 1 C 1 1 C 0,618 0,650 D
Kore Cum. 1 1 C 1 1 C 1 1 C
Meksika 0,783 0,919 C 0,608 0,660 I 0,322 0,342 C
Rusya Fed. 0,933 1 D 1 1 C 0,083 0,107 C
Suudi Arabistan 0,993 1 D 0,664 0,676 D 0,188 0,191 C
Giliney Afrika Cum. 0,738 0,922 C 0,481 0,483 C 0,124 0,133 C
Tiirkiye 0,915 1 D 0,915 0,949 C 0,206 0,249 C
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Birlesik Krallik 0,678 0,962 C 0,634 0,645 C 0,029 0,030 D
ABD 0,397 0913 C 0,326 0,375 C 0,013 0,019 D
Avrupa Birligi 0,617 0,961 C 0,609 0,679 C 0,029 0,033 D
Ortalama 0,765 0,975 0,711 0,745 0,276 0,307

Tablo 4’te G-20 {ilkelerinin saglik sistemlerinin Versiyon 2 i¢in olusturulan modeller ile CCR ve
BCC yontemleri ile yapilmis etkinlik analizleri tahmin sonuglart sunulmustur. Her ii¢ model i¢in yapilan
CCR, dolayisi ile hem de BCC analizlerinde Hindistan ve Endonezya etkin olmustur. Ayrica Model 4’te
Japonya, Cin HC, Tirkiye ve Giiney Afrika ve Model 5°te ise Japonya, Cin HC ve Tiirkiye etkin
olmustur. CCR analizinde etkin olmayip, BCC analizinde etkin olan iilkelere bakildiginda Model 4’te
Rusya Federasyonu, Kore Cumhuriyeti ve Suudi Arabistan, Model 5’te Gliney Afrika Cumhuriyeti,
Rusya Federasyonu ve Kore Cumhuriyeti, Model 6’da ise Japonya, Giiney Afrika Cumhuriyeti, Kore
Cumbhuriyeti ve Avustralya etkin olmustur. Her {i¢c model ile yapilan CCR ve BCC analizlerinde en az
etkinlik skoru alan iilke ABD olarak tahmin edilmistir.

CCR yontemi ile yapilan analizlerde Model 4’te Suudi Arabistan, Model 5’te Rusya Federasyonu
ve Model 6’da Japonya %90’1n tizerinde etkinlik skoru almstir ki, BCC yontemi ile yapilan analizde bu
iilkeler tam etkin olmuslardir. BCC yontemi ile yapilan analizlerde Model 4’te Avustralya, Model 5’te
Italya ve Model 6’da Suudi Arabistan %90’ iizerinde etkinlik skoru almistir. Model 4 igin yapilan
BCC analizinde tam etkinlik puani almayan 11 iilke de %90’1n iizerinde etkin olmuslardir. Model 5 i¢in
yapilan analizler sonucunda yalmz Rusya Federasyonu CCR ve Italya BCC analizlerinde %90’
iizerinde skor almis, diger iilkelerin aldig1 skor %80’in altinda kalmistir. Model 6 i¢in yapilan analizler
sonucunda CCR modelinde Japonya yiiksek sayilabilecek %70,7; Kore Cumhuriyeti ise %56,2 oraninda
etkinlik skoru almis, diger iilkelerin hem CCR hem de BCC tahminlerinde aldigi skor ise %40’ 1n altinda
kalmstir.

Tablo 4. Versiyon 2 i¢in Olugturulan Modeller ile Etkinlik Analizi Sonugclari

Olkeler Model 4 Model 5 Model 6
CCR BCC RTS CCR BCC RTS CCR BCC RTS
Arjantin 0,497 0,962 D 0,496 0,584 D 0,023 0,055 D
Avustralya 0,459 0,999 D 0,457 0,632 C 0,377 1 D
Brezilya 0,516 0,950 D 0,507 0,525 C 0,033 0,063 D
Kanada 0,361 0,972 D 0,356 0,471 C 0,030 0,076 D
Cin HC 1 1 C 1 1 C 0,017 0,037 D
Almanya 0,459 0,958 C 0,459 0,649 C 0,030 0,060 D
Fransa 0,636 0,983 D 0,609 0,611 I 0,021 0,045 D
Hindistan 1 1 C 1 1 C 1 1 C
Endonezya 1 1 C 1 1 C 1 1 C
Italya 0,750 0,990 D 0,750 0,990 D 0,011 0,035 D
Japonya 1 1 C 1 1 C 0,707 1 D
Kore Cum. 0,683 1 D 0,704 1 D 0,562 1 D
Meksika 0,467 0,909 C 0,467 0,601 C 0,073 0,211 D
Rusya Fed. 0,819 1 D 0,984 1 D 0,045 0,107 D
Suudi Arabistan 0,984 1 D 0,808 0,818 C 0,193 0,260 D
Giliney Afrika Cum. 1 1 C 0,797 1 I 0,342 1 I
Tiirkiye 1 1 C 1 1 C 0,201 0,247 D
Birlesik Krallik 0,478 0,952 D 0,470 0,558 C 0,013 0,032 D
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ABD 0,202 0,913 D 0,193 0,375 C 0,008 0,019 D
Avrupa Birligi 0,600 0,959 D 0,600 0,688 D 0,016 0,037 D
Ortalama 0,696 0,977 0,683 0,775 0,235 0,364

Bu bulgular 2020 yilinda G-20 {ilkelerinin saglik sistemlerinin Model 1 ve Model 4 i¢in yapilan
BCC analizi sonucunda degisken ol¢ek durumunda yasam siiresi, kaba 6liim hizi ve ¢ocuk 6liim orani
gibi saglik statiilerinde ¢ok biiylik degisiklige gerek olmadigi ve neredeyse etkinlige yakin oldugu
sOylene bilmektedir. Fakat bu tespit ¢ikt1 degiskeninin yenidogan, bebek ve cocuk 6liim oranlarinin
oldugu Model 2 ve Model 5 ve COVID-19 vaka sayis1 ve 6liim oranlarinin oldugu Model 3 ve Model 6
icin gecerli olmadig1 sdylenebilmektedir. Model 2 ve Model 5 ile yapilan analizlerin sonucunda etkin
olan iilkeler ve etkinlige en yakin skoru alan iilkeler diginda diger tiim iilkelerde yenidogan, bebek ve
cocuk Oliim oranlarinin diisiiriilmesine yonelik saglik sistemlerinin daha fazla ¢aba harcamasi gerektigi
soylenebilmektedir. Model 3 ve Model 6 i¢in yapilan CCR ve BCC analiz sonuglarindan ise Etkin olan
iilkeler ve etkinlige en yakin skor alan Japonya disinda diger tiim iilkelerin saglik sistemlerinin COVID-
19 pandemisinin baslamis oldugu 2020 yilinda ¢ok pasif ve etkinsiz oldugu goriilmektedir.

Tablo 5’te tiim modeller i¢cin CCR yontemi ile yapilmus stiper etkinlik skorlar1 sunulmustur. Tablo
5’ten goriilityor ki, Model 2’de Japonya, Model 3’te Endonezya, diger modellerde ise Hindistan diger
iilkelerden daha yiiksek siiper etkinlik skoru almistir.

En az siiper etkinlik skoru alan {ilkeler ise Kore Cumhuriyeti (Model 1 ve Model 3), Rusya
Federasyonu (Model 2) ve Endonezya (Model 4, Model 5 ve Model 6) olmustur.

Tablo 6’da tiim modeller i¢gin BCC yontemi ile yapilmis siiper etkinlik skorlari sunulmustur.
Tablo 6’dan goriilityor ki, Model 1 ve Model 4’te Suudi Arabistan, 2 ve Model 5’te Japonya, Model 3
ve Model 6’da ise Kore Cumbhuriyeti en yiiksek siiper Etkinlik Skoru almustir.

Tablo 5. Siiper CCR etkinlik skorlar

Model 1 Model 2 Model 3
Ulke Skor Ulke Skor Ulke Skor
Hindistan 2,732 Japonya 1,679 Endonezya 2,782
Italya 1,314 Hindistan 1,519 Hindistan 1,687
Endonezya 1,293 Cin HC 1,369 Kore Cum. 1,597
Cin HC 1,245 Italya 1,314
Japonya 1,199 Endonezya 1,311
Kore Cum. 1,172 Kore Cum. 1,165
Rusya Fed. 1,080
Model 4 Model 5 Model 6
Ulke Skor Ulke Skor Ulke Skor
Hindistan 3,898 Hindistan 2,249 Hindistan 2,378
Japonya 1,646 Japonya 1,758 Endonezya 2,182
Giiney Afrika Cum. 1,594 Cin HC 1,198
Tiirkiye 1,149 Tirkiye 1,118
Cin HC 1,029 Endonezya 1,087

Endonezya 1,005
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En az siiper etkinlik skoru alan iilkeler ise Kore Cumhuriyeti (Model 1 ve Model 3), Rusya
Federasyonu (Model 2) ve Endonezya (Model 4, Model 5 ve Model 6) olmustur.

Tablo 6’da tiim modeller i¢gin BCC yontemi ile yapilmis siiper etkinlik skorlari sunulmustur.
Tablo 6’dan goriilityor ki, Model 1 ve Model 4’te Suudi Arabistan, 2 ve Model 5’te Japonya, Model 3
ve Model 6’da ise Kore Cumhuriyeti en yiiksek siiper Etkinlik Skoru almistir.

Tablo 6. Siiper BCC etkinlik skorlar

Model 1 Model 2 Model 3

Ulke Skor Ulke Skor Ulke Skor
Suudi Arabistan 2,120 Japonya 1,750 Kore Cum. 2,198
Italya 1,337 CinHC 1,492 Avustralya 1,102
Cin HC 1,276 ltalya 1,337 Endonezya 1
Japonya 1,247 Rusya Fed. 1,307 Hindistan 1
Rusya Fed. 1,222  Kore Cum. 1,169
Kore Cum. 1,199 Endonezya 1
Tiirkiye 1,059 Hindistan 1
Indonezya 1
Hindistan 1

Model 4 Model 5 Model 6

Ulke Skor Ulke Skor Ulke Skor
Suudi Arabistan 2,168 Japonya 2,952 Kore Cum. 2,572
Japonya 1,690 Cin HC 1,347 Endonezya 2,351
Kore Cum. 1,284 Rusya Fed. 1,307 Avustralya 1,247
Rusya Fed. 1,222  Kore Cum. 1,227 Japonya 1,142
Cin HC 1,207 Tirkiye 1,139 Giiney Afrika Cum. 1
Tiirkiye 1,154 Endonezya 1,124 Hindistan 1
Endonezya 1,008 Giiney Afrika Cum. 1
Giiney Afrika Cum. 1 Hindistan 1
Hindistan 1

Tablo 6’dan goriilityor ki Model 1, Model 2 ve Model 3’te Endonezya ve Hindistan, Model 4,
Model 5 ve Model 6’da Giiney Afrika Cumhuriyeti ve Hindistan en az siiper etkinlik skoru almistr.

Tartisma

Bu c¢alismada G-20 fiilkelerinin saglik sistemlerinin COVID-19 dénemindeki etkinligi Veri
Zarflama Analizi (VZA) yontemiyle degerlendirilmistir. Saglik sistemlerinin performansimi analiz
etmek amaciyla kullanilan modellerin sonuglari, literatiirdeki benzer c¢aligmalardan elde edilen
bulgularla uyum géstermekte ve bu calismalari tamamlayic niteliktedir. ilk olarak, Selamzade ve
Ozdemir (2020) ¢alismalarinda OECD iilkelerinin COVID-19 ile miicadelede etkinliklerini VZA
yontemiyle incelemis ve 8 lilkenin etkin oldugunu raporlamiglardir. Bu ¢alisma, COVID-19 vaka ve
oliim oranlarinin dikkate alindig1 modellerde, diisiik etkinlik skorlarinin pandeminin erken déneminde
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saglik sistemlerinin hazirliksizligim ortaya koydugunu gostermistir. Benzer sekilde, bu ¢alismada da
ABD ve Avrupa Birligi gibi yiiksek gelirli iilkelerin bazi modellerde diisiik etkinlik skorlar1 aldigi
goriilmiistiir. Sener ve Yigit (2017), OECD iilkelerinin 2013 y1l1 saglik sistemi verimliligini analiz etmis
ve 14 {ilkenin tam etkin oldugunu belirtmislerdir. G-20 iilkelerini kapsayan bu ¢alismada ise Hindistan,
Endonezya ve Giiney Koremin her iki versiyonda da yiiksek etkinlik skorlar1 alarak liderlik ettigi
goriilmiistiir. Bu bulgu, Hindistan ve Endonezya'min diisiik maliyetli saglik hizmetleri sunma
kapasitesine igaret etmektedir. Kiigiikaycan (2021), COVID-19 pandemisiyle miicadelede OECD
iilkelerinin performansimi degerlendirmis ve Olim oranlarinda 6nemli farkliliklar oldugunu tespit
etmistir. Bu ¢alismanin bulgulari, COVID-19'un iilkeler arasinda etkisinin cesitlilik gosterdigini
dogrulamaktadir. Ornegin, bu calismada Japonya'nin saglik sisteminin pandemi doneminde yiiksek
etkinlik skorlar1 elde ettigi goriilmektedir. Ersoy ve Aktas (2022), Arslan ve Aras (2023) ¢aligmalarinda,
gelir gruplaria gore iilkelerin COVID-19 donemi saglik sistemi performansini analiz etmis ve yiiksek
gelirli iilkelerin biiyiik oranda etkin oldugunu rapor etmistir. Bu ¢alismada, yiiksek gelirli iilkelerin yan1
sira Hindistan ve Endonezya gibi gelismekte olan iilkelerin de etkinlik skorlarinin yiiksek oldugu
belirlenmistir. Eze, Idemili ve Lawani (2024), 191 iilkenin saglik sistemlerinin evrensel saglik
kapsamina ulagmadaki etkinligini incelemis ve 41 iilkenin etkin oldugunu bulmustur. Caligmamizdaki
sonuglar, saglik harcamalarmin dagilimindaki dengesizliklerin etkinlik diizeylerini dogrudan
etkiledigini gostermektedir. Yesilaydin (2019), OECD filkelerinin saglik gostergelerini bulanik veri
zarflama analizi ile degerlendirmistir. Bulgularimiz, 6liim oranlarmin etkinlik analizinde kilit
degiskenlerden biri oldugunu ortaya koymaktadir. Tirkoglu ve Abis (2024), G-20 iilkelerinin 2009-
2020 yillarindaki saglik gostergelerini analiz etmis ve 3 {ilkenin her y1l tam etkin oldugunu raporlamstir.
Caligmamizda Hindistan, Endonezya ve Giiney Kore’nin tam etkinlik gosterdigi tespit edilmis, bu
iilkelerin saglik politikalarindaki basarilar1 vurgulanmistir. Son olarak, Karakas Geyik, Satman ve
Kalyoncu (2022), ¢ok kriterli karar verme yontemleriyle G-20 iilkelerinin COVID-19 miicadelesindeki
performanslarini incelemis ve 3 iilkenin digerlerine kiyasla daha basarili oldugunu belirtmistir.
Caligmamizda da Japonya ve Hindistan’in COVID-19 doéneminde 6ne ¢ikan {ilkeler arasinda oldugu
gOrilmustiir.

Sonug¢

Bu caligmada, G-20 iilkelerinin saglik sistemlerinin COVID-19 pandemisi siirecindeki etkinligi,
Veri Zarflama Analizi (VZA) yontemi kullanilarak incelenmistir. Elde edilen bulgular, {ilkelerin saglik
insan kaynaklar1 ve finansal kaynaklarini ne derece verimli kullandigim1 ve saglik ciktilarinin
iyilestirilmesine olan etkilerini gdstermektedir. Ozellikle hekim ve hemsire sayisi gibi insan kaynagina
dayali girdilerin saglik sistemlerinin pandemiye kars1 verdigi yanit tizerinde kritik bir rol oynadig: tespit
edilmistir. Bu bulgu, saglik hizmetlerinin kesintisiz ve etkin bir sekilde sunulabilmesi i¢in insan
kaynaklarina yapilan yatirimlarin énemini ortaya koymaktadir.

G-20 tlkeleri arasinda saglik sistemlerinin etkinligi agisindan Onemli farkliliklar oldugu
gbzlemlenmistir. Daha geligsmis saglik altyapisina ve daha yiiksek insan kaynagma sahip iilkeler,
pandemi sirasinda daha iyi saglik ¢iktilar1 elde etmis ve saglik hizmetlerini daha siirdiiriilebilir bir
sekilde yonetebilmistir. Buna karsilik, saglik hizmetlerine erisimin simirli oldugu ve saglik is giicii
yetersiz olan iilkelerde, 6liim oranlarinin daha yiiksek ve saglik sistemlerinin pandemiye kars1 direncinin
daha zayif oldugu belirlenmistir.

Caligmanin 6nemli bulgularmdan biri, saglik harcamalarinin GSYH igindeki pay1 ile saglik
ciktilart arasindaki iligki olmustur. Saglik harcamalarinin artirilmasi, saglik sistemlerinin pandemi gibi
ani krizlere kars1 esneklik ve diren¢ kazanmasina yardimci olmustur. Ancak, sadece finansal kaynaklarin
yeterli olmadigini, bu kaynaklarin etkin bir sekilde yonetilmesi gerektigini de ortaya koymaktadir.
Ozellikle saglik harcamalarinin insan kaynag1 ve altyapi ile uyumlu bir sekilde kullanilmasi, sistemin
genel etkinligini artirmaktadir.
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Pandemi siiresince, saglik sistemlerinin sadece hasta tedavisi ile sinirli kalmayip, ayn1 zamanda
koruyucu saglik hizmetleri sunma kapasitesi de test edilmistir. Bu baglamda, hekim ve hemsire
sayisindaki artigin, yalnizca hasta bakimi degil, ayn1 zamanda toplum sagligin1 korumada da énemli bir
rol oynadig1 goriilmiistiir. Caligmanin bulgulari, bu saglik personelinin artmasinin hem COVID-19
kaynakli 6liim oranlarimi azaltmada hem de dogusta beklenen yasam siiresi gibi uzun vadeli saglik
gostergelerini iyilestirmede etkili oldugunu gostermektedir.

Oneriler

Veri Zarflama Analizi yontemi ile yapilan etkinlik degerlendirmesi, iilkelerin saglik
sistemlerindeki mevcut eksiklikleri ortaya koyarken, hangi alanlarda iyilestirme yapilmasi gerektigine
dair de yol gostermektedir. Caligmanin bulgulari, saglik is giicli ve kaynaklarinin verimli kullaniminin
pandemilere karsi daha dayanikli saglik sistemleri olugturmanin temelini olusturdugunu ortaya
koymaktadir. Bu dogrultuda, insan kaynaginin artirilmasi ve saglik hizmetlerine yapilan yatirimlarin
etkin kullanilmasi, gelecekte karsilasilabilecek saglik krizlerine hazirlikli olma agisindan kritik 6neme
sahiptir.

Son olarak, bu calisma, saglik politikalar1 ve saglik yonetimi alaninda yapilan aragtirmalara
onemli katkilar sunmaktadir. G-20 iilkeleri gibi hem gelismis hem de gelismekte olan iilkelerden olusan
bir grubun analiz edilmesi, saglik sistemlerinin kiiresel bir kriz karsisinda nasil farkli tepkiler verdigini
anlamamiza yardimci olmustur. Bu baglamda, iilkeler arasinda yapilan karsilagtirmalar, politika
yapicilara saglik sistemlerini giiclendirmek ve gelecekteki saglik krizlerine karsit daha iyi hazirlikh
olmak i¢in gerekli stratejileri gelistirme konusunda yol gosterici olabilir.

Gelecekteki arastirmalar icin bu ¢alisma, saglik sistemlerinin verimliligini degerlendirmek iizere
farkl1 yontemler ve veri kaynaklar1 kullanilarak genisletilebilir. Ozellikle gelismekte olan iilkelerde
saglik hizmetlerine erisim ve kaliteyi artirma yoniindeki politika dnlemleri, pandemi sonras1 donemde
daha da 6nem kazanmaktadir. Saglik sistemlerinin verimliligini artirmak ve pandemilere kars1 daha
dayanikli hale getirmek i¢in ¢ok yonlii yaklagimlar benimsenmesi gerektigi agiktir.

Beyan ve Aciklamalar

1. Arastirmacilarin katki orami beyami: Makalenin tamami Fuad Selamzade tarafindan
hazirlanmistir,

2. Cikar catismasi: "Herhangi bir ¢ikar ¢catigmasi bulunmamaktadir.”" ifadesini yaziniz.

3. Etik Raporu: Caligma insan veya hayvan denekler iizerinde yapilmadigi i¢in etik kurul onay1
gerekmemektedir.

4. Arastirmanin Modeli: Bu ¢aligma bir aragtirma makalesi olarak siniflandirilmigtir. Analiz,
COVID-19 salgim sirasinda G-20 iilkelerindeki saglik sistemlerinin verimliligini degerlendirmek igin
ozellikle CCR (Charnes, Cooper ve Rhodes) ve BCC (Banker, Charnes ve Cooper) modellerini
kullanarak Veri Zarflama Analizi (DEA) yontemi kullanilarak yiiriitiilmistiir. Bu yontemler, birden
fazla girdi ve ciktiya sahip karar alma birimleri (DMU'lar) arasinda goreceli verimliligin
degerlendirilmesine olanak tanidigi ve saglik kaynaklari ve sonuglarinin karmagik etkilesimini analiz
etmek icin saglam bir cergeve sagladigi icin secilmisti. CCR modeli dlgege gore sabit getirileri
varsayarken, BCC modeli dlgege gore degisken getirileri hesaba katarak kapsamli ve ayrintili verimlilik
degerlendirmeleri saglar.
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