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Keywords Abstract: COVID-19 outbreak has changed daily lives deeply, has fallen economies

COVID-19, into recession, and has put social life and public health under unprecedented

OECD Countries, pressure. In this study, it is aimed to evaluate the performances of OECD countries

MCDM in combating COVID-19 and to develop strategies for preventing or controlling a
similar epidemic in the future. To this end, MCDM methods are used to evaluate the
countries according to the criteria which are number of confirmed cases per one
million population, number of deaths per one million population, number of doctors
per 1000 population, number of nurses per 1000 population, number of hospital
beds per 1000 population, and health spending share. SWARA method is employed
to determine the criteria weights. Countries are ranked using TOPSIS, COPRAS, and
ARAS methods according to the weights obtained by SWARA. Borda Count Data
Fusion technique is used for integrated ranking. Japan is the first alternative
according to all rankings and Chile is the last.

COVID-19 ile Miicadelede Hangi OECD Ulkeleri Avantajli?

Anahtar Kelimeler 0z: COVID-19 salgim giinliik hayat1 derinden degistirmis, ekonomileri durgunluga

COVID-19, stiriiklemis, sosyal hayati ve halk sagligim1 benzeri gériilmemis bir baski altina

OECD Ulkeleri, almistir.  Bu c¢alismada, OECD iilkelerinin COVID-19 ile micadeledeki

CRKV performanslarinin degerlendirilmesi ve gelecekte benzer bir salginin dnlenmesi
veya kontrol altina alinmasi icin stratejilerin gelistirilmesi amaglanmaktadir. Bu
amagla, CKKV yontemleri kullanilarak OECD iilkeleri, bir milyon kisi basina
dogrulanmis vaka sayisi, bir milyon kisi basina 61iim sayis, bin kisiye diisen hekim
sayisl, bin kisiye diisen hemsire sayisi, bin kisiye diisen hastane yatag sayisi ve
saghk harcamalarimin GSYIH icindeki pay1 kriterlerine gére degerlendirilmektedir.
Kriterlerin agirliklarini belirlemek icin SWARA yontemi kullanilmaktadir. SWARA
ile elde edilen agirliklar dogrultusunda tilkeler TOPSIS, COPRAS ve ARAS yontemleri
ile siralanmaktadir. Biitiinlesik siralama i¢in bir veri birlestirme teknigi olan Borda
Sayim yontemi kullanilmaktadir. Japonya elde edilen tiim siralamalarda ilk sirada,
Sili ise son sirada yer almaktadir.
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1. Introduction

Inlate 2019, it was reported that there were many pneumonia patients with unknown causes in a seafood market
in Wuhan city, Hubei province, China. In January 2020, the World Health Organization (WHO) first announced that
the cause of these complaints was a new type of coronavirus (2019-nCoV). The outbreak spread to many countries,
especially in Asian countries, after China, and reached an international dimension affecting the whole world. As a
result, WHO accepted this outbreak as an international public health problem. In February 2020, the outbreak was
named COVID-19 pandemic by WHO [1, 2].

COVID-19 continues to cause great harm to individuals, families, communities, and societies around the world.
This pandemic has changed daily lives deeply, has fallen economies into recession, and has put social life and public
health under unprecedented pressure [3].

The spread of COVID-19 on a global scale collapses the health systems of some of the countries and causes
economic disruption. In this study, it is aimed to evaluate the performances of OECD countries in combating
COVID-19 and to develop strategies for preventing or controlling a similar epidemic in the future. Multi-criteria
decision making (MCDM) methods are used to evaluate the countries according to the criteria which are number
of confirmed cases per one million population, number of deaths per one million population, number of doctors
per 1000 population, number of nurses per 1000 population, number of hospital beds per 1000 population, and
health spending share. Firstly, SWARA (Step-wise Weight Assessment Ratio Analysis) method is employed to
determine the criteria weights. Then the countries are ranked using TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution), COPRAS (Complex Proportional Assessment), and ARAS (Additive Ratio Assessment)
methods according to the weights obtained by SWARA. Finally, Borda Count Data Fusion technique is used for
integrated ranking.

In the literature, MCDM methods have been applied in several areas related to COVID-19 outbreak such as helping
doctors hasten treatment [4], selecting an antivirus mask [5], medicine selection for the patients [6], analyzing the
barriers for implementation of public health and social measures [7], risk assessment [8, 9], evaluation of the
challenges of digital health intervention adoption [10], evaluation of urban epidemic situation [11], capacity
evaluation of diagnostic tests [12], evaluation of the impact of the epidemic on supply chain performance [13],
evaluation of the pandemic intervention strategies [14], emergency decision making for treatment of the patients
[15], determining the priority groups for the vaccine [16], identification of dominant risk factor [17], selection of
the best healthcare waste disposal techniques [18], implication for green economic recovery [19].

The most relevant streams of research were reviewed and no studies using the SWARA, TOPSIS, COPRAS, ARAS,
and Borda Count methods for the evaluation of OECD countries in combating COVID-19 were found. This study is
expected to fill this gap.

2. Material and Method

In this study, decision models consisting of SWARA, TOPSIS, COPRAS, ARAS, and Borda Count methods were used
to evaluate the performances of OECD countries in combating COVID-19 and to develop strategies. SWARA was
employed to determine the criteria weights. The rankings were obtained using TOPSIS, COPRAS, and ARAS
methods. The final ranking was attained by Borda Count method. This section explains these five methods.

2.1. SWARA method

SWARA method was presented by KerSuliené et al. in 2010 for evaluating the weights of the criteria. Unlike other
multi-criteria methods, SWARA method can value the criteria weights as one weight of criterion is higher or lower
significant than the other criterion [20]. SWARA method has the following steps [20, 21]:

Step 1: Sort the criteria in descending order based on their significances.

Step 2: Determine the relative importance of criterion j in relation to the previous (j-1) criterion, starting from the

second criterion. This ratio is called the comparative importance of average value, (s)).
Step 3: Determine the coefficient (kj) using Equation (1).

k; = : (1)
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Step 4: Determine the recalculated weight (g;) using Equation (2).

1 j=1
9; =19, J>1 (2)
K.

]

Step 5: Determine the relative weights of the criteria using Equation (3).

Wi == (3)

2.2. TOPSIS method

TOPSIS method was presented by Hwang and Yoon [22]. The basic principle of the TOPSIS method is that the
chosen alternative has the shortest distance to the ideal solution and the farthest distance to the negative ideal
solution. TOPSIS method has the following steps [23]:

Step 1: The first step of TOPSIS is decision-making matrix forming. Any problem to be solved is indicated by the
following preferences matrix shown in Equation (4) for applicable alternatives (rows) rated by n criterion (s):

Xll X12 e Xln
X21 X22 X2n
D= (4)
L Xml Xm P an ]

Where m represents the number of alternatives and n represents the number of criteria describing each
alternative. In the decision matrix, X;; is the value that represents the performance value of the alternative i in

terms of the criterion j.

Step 2: Normalize the decision matrix using Equation (5).

I =1..,m;j=1..n)
(5)
Step 3: Form the weighted normalized decision matrix using Equation (6).
V =y, =w; xI; (i=1...m;j=1..,n) (6)
Step 4: Determine the ideal and negative-ideal solutions using Equation (7) and Equation (8).
A" = {vl*v;v:} =A" = {(miaxvij‘ jed ’),(miinvij‘ jeld ”)} 7)
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A ={v1’,v;,...,v;} =A" :{(miinvij‘ je J’),(m?xvij‘ je J”)} (8)

where, J'is related to benefit criteria and J"” is related to cost criteria.

Step 5: Calculate the separation of each alternative from the ideal solution using Equation (9) and the separation
from the negative-ideal solution using Equation (10).

(9)
(10)
Step 6: Calculate the relative closeness (Ci*) to the perfect solution using Equation (11).
* Si_ * -
Ci:—j——j' OSCigl I:L"”m (1D
S, +S,

Step 7: Rank the preference order.

2.3. COPRAS method

COPRAS method was presented by Zavadskas et al. [24, 25]. COPRAS uses uses a stepwise ranking and evaluating
procedure of the alternatives in terms of significance and utility degree [26]. The alternatives are described using
values of discrete indices in COPRAS method. COPRAS can be easily applied to problems involving complex criteria
and a large number of alternatives. COPRAS method has the following steps [27, 28]:

Step1: Form the decision-making matrix using Equation (4).

Step 2: Convert the decision matrix to a normalized decision matrix with the help of Equation (12).

* Xij .
X. = Vi=12,..n
T J (12)
R
i=1

Step 3: Develop the weighted normalized decision matrix D', consisting of the elements .., using Equation (13).

j )
This step aims to obtain weighted dimensional values from comparative indexes.

D'~ d, = x; xw, 13

Step 4: Calculate the sums of the weighted normalized indexes. It is better to have lower values of minimizing

indexes ( S_i ) and to have higher values of maximizing indexes ( S+i ). The sums are calculated by using Equation
(14) and Equation (15).

S, :Zdij 1=12,...k (14)
j=1

S_i = Z dij j:k+1,k+2,...,n (15)
j=k+1
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Step 5: For each alternative, determine the Relative Significance ( Qi ) by using the Equation (16). The greater the

Qi , the higher the efficiency/priority of the alternative.
_ i=1 i
Q=S +—L1— vi=12,..m (16)

Step 6: Determine the priority. Quantitative utility (U;) for the alternatives gives an absolute prioritization and is
calculated using Equation (17) as follows:

U, {&}100% (17)

max
where (Qmax) is the maximum relative significance value. The candidate alternatives’ utility values range from
0% to 100% [29].
2.4. ARAS method

ARAS method was submitted by Zavadskas and Turskis for the solution of MCDM problems in 2010. In ARAS
method, a utility function value that determines the complicated relative efficiency of a feasible alternative is
directly proportional to the comparative impact of the main criteria values and weights. ARAS method has the
following steps [30]:

Step 1: Form the decision-making matrix using Equation (18).

X=Xy = X5 = X | 1=012,...,m j=12..,n (18)

Xml cee mj cee an

In the decision matrix, X; represents the performance value of the alternative i in terms of the criterion j, and X;

is the optimal value of criterion j.

In the decision problem, if the optimal value of criterion j is not known Equation (19) and Equation (20) are used.

XO' :miaXX

i if max X; is preferable (19)

ij

*

X0 = miin X;.,if miin X; is preferable (20)

Step 2: Normalize all initial criteria values. The normalized matrix X' is as follows:

X(l)l Xf’)j Xén

X'=| X o X 0 Xy | 1=042,...,m;j=12,..,n (21)
_Xr,nl Xr'nj Xr'nn

The criteria whose preferred values are maximum are normalized using Equation (22).
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X, (22)
ij

B AP
%j = X Xi=m (23)
ij
;Xij

Step 3: Form the normalized-weighted matrix X as Equation (24). The criteria can be assessed with weights
0< w; <1. The sum of the weights W; is limited as in Equation (25). The normalized-weighted values of the

criteria )A(ij are calculated using Equation (26).

)A(Ol )A(Oj )A(On

X=[ % - % - % | i=012,..,mj=12..,n (24)
_)zml Koj )“(mn_

n

ijzl (25)

J=1

X =Xjw;;  1=012,.....m (26)

Step 4: Determine the values of the optimality function (S:) using Equation (27).

n
=

The best result has the greatest value and the worst result has the smallest value. The greater the value of the
optimality function S;, the more efficient the alternative.

Step 5: Calculate the utility degree K; of the alternatives using Equation (28). The degree of the alternative utility
is defined by a comparison of the variant with the best So. K; is in the interval [0,1] and can be ordered in an
increasing sequence.

K, :g—(‘), i=01..,m (28)

2.5. Borda Count method

Borda Count method was submitted by Borda in 1784 [31]. The method orders the alternatives according to the
rankings created by more than one method and offers a single ranking [32]. Borda scores (bi ) of the alternatives

for each criterion is determined by Equation (29) [33].
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bizzk(N_ ik) (29)

where, N is the number of alternatives and I;, is the rank of alternative / under criterion k. In the Borda Count

method, a score of zero is assigned to the least preferred alternative of the decision maker, and a score of (N-1) is
assigned to the most preferred alternative, and the Borda scores are obtained [34].

3. Results

In this study, it is aimed to evaluate the performances of OECD countries in combating COVID-19 using MCDM
methods. In this respect, firstly an expert team consisting of three staff working in the pandemic hospitals in
different regions of Turkey was built. Then the criteria were determined by the experts as follows:

Criterion 1 (Cz): Number of confirmed cases per one million (1M) population,
Criterion 2 (C2): Number of deaths per 1M population,

Criterion 3 (C3): Number of doctors per 1000 population,

Criterion 4 (C4): Number of nurses per 1000 population,

Criterion 5 (Cs): Number of hospital beds per 1000 population,

Criterion 6 (Cs): Health spending share (As a % of Gross Domestic Product).

The values for C1, and C2were obtained from ISC COVID-19 Visualizer on 25 June 2020 [35]. The values for C3, Cs,
Cs, and Cs were obtained from ‘Health at a Glance 2019’ [36].

In light of the above information, the decision matrix was formed for 36 OECD member countries in the relevant
year as in Table 1.

Table 1. The decision matrix

C1 C2 C3 Cs Cs Cs
Australia 294.9 4.0 3.7 11.7 3.8 9.3
Austria 1,937.4 76.9 5.2 6.9 7.4 10.3
Belgium 5,254.5 838.9 3.1 11.0 5.7 10.4
Canada 2,701.6 224.0 2.7 10.0 2.5 10.7
Chile 13,118.0 235.7 2.5 2.7 2.1 8.9
Czech Republic 994.6 31.7 3.7 8.1 6.6 7.5
Denmark 2,177.9 104.1 4.0 10.0 2.6 10.5
Estonia 1,494.9 52.0 3.5 6.2 4.7 6.4
Finland 1,293.5 59.0 3.2 14.3 3.3 9.1
France 2,470.6 455.3 3.2 10.5 6.0 11.2
Germany 2,301.8 107.3 4.3 129 8.0 11.2
Greece 316.8 18.2 6.1 3.3 4.2 7.8
Hungary 425.9 59.6 3.3 6.5 7.0 6.6
Iceland 5,345.2 29.3 3.9 14.5 3.1 8.3
Ireland 5,142.2 348.3 3.1 12.2 3.0 7.1
Israel 2,503.1 35.6 3.1 5.1 3.0 7.5
Italy 3,950.1 573.5 4.0 5.8 3.2 8.8
Japan 142.1 7.6 2.4 11.3 13.1 10.9
Korea 244.5 5.5 2.3 6.9 12.3 8.1
Latvia 589.0 159 3.2 4.6 5.6 5.9
Lithuania 662.7 28.7 4.6 7.7 6.6 6.8
Luxembourg 6,602.5 175.7 3.0 11.7 4.7 5.4
Mexico 1,484.6 181.3 2.4 2.9 1.4 5.5
Netherlands 2,906.6 355.8 3.6 10.9 3.3 9.9
New Zealand 314.4 4.6 3.3 10.2 2.7 9.3
Norway 1,618.1 45.7 4.7 17.7 3.6 10.2
Poland 867.2 36.9 2.4 5.1 6.6 6.3
Portugal 3,933.0 151.3 5.0 6.7 3.4 9.1
Slovak Republic 294.3 5.1 3.4 5.7 5.8 6.7
Slovenia 741.2 52.4 3.1 9.9 4.5 7.9
Spain 6,284.5 605.8 3.9 5.7 3.0 8.9
Sweden 6,023.9 511.0 4.1 10.9 2.2 11.0
Switzerland 3,625.3 226.2 4.3 17.2 45 12.2
Turkey 2,254.8 59.3 19 2.1 2.8 4.2
United Kingdom 4,510.6 632.3 2.8 7.8 2.5 9.8
United States 7,327.5 373.1 2.6 11.7 2.8 16.9
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3.1. Determination of the criteria weights using SWARA method

In this subsection weights of the criteria were obtained using the SWARA method. In this context, firstly the experts
sorted the criteria in descending order based on their significances. Then, the comparative importance of average
value (s;) was obtained as in Table 2. Finally, the weights of the criteria were obtained as in Table 3. As shown in
Table 3, C1 (number of confirmed cases per 1M population) is the most significant criterion affecting the evaluation
process with weight of 0.294, while Cz (number of deaths per 1M population) has the least important with 0.103.

Table 2. The comparative importance of average values

Expert 1 Expert 2 Expert 3

Rank G Sj G S G Sj

1 C1 - C1 - Cs -

2 C2 0.90 Cs 0.60 C3 0.95

3 Cs 0.40 Cs 0.20 C1 0.90

4 Cs 0.35 C3 0.70 Cs 0.85

5 C3 0.50 C2 0.45 Cs 0.75

6 Ca 0.20 Cs 0.40 2 0.55

Table 3. Weights of the criteria

. Expert 1 Expert 2 Expert 3 Final
G wj wj wj wj
C1 0.397 0.355 0.131 0.294
C2 0.209 0.075 0.026 0.103
C3 0.074 0.109 0.248 0.144
Cs 0.061 0.185 0.071 0.106
Cs 0.110 0.054 0.484 0.216
Cs 0.149 0.222 0.040 0.137

3.2. Ranking the alternatives using TOPSIS, COPRAS, ARAS, and Borda Count methods

The alternatives were ranked using SWARA based TOPSIS, COPRAS, and ARAS methods in this subsection. Then
the final ranking was obtained using Borda Count method as in Table 4, and Figure 1. When the results are
evaluated, Japan is the first alternative according to all rankings and Korea is the second. According to the final
ranking obtained by Borda Count method, Korea is followed by Slovak Republic and Australia, respectively.
Moreover, Chile is the last according to the final ranking. Chile is preceded by Spain.
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Table 4. The rankings

SWARA &

SWARA &

SWARA &

Countries TOPSIS Borda COPRAS Borda ARAS Borda  Total Borda Borda
Score Score Score Score Rank
Rank Rank Rank
Australia 11 25 3 33 3 33 91 4
Austria 6 30 13 23 12 24 77 12
Belgium 31 5 20 16 20 16 37 21
Canada 23 13 27 9 28 8 30 25
Chile 36 0 36 0 36 0 0 36
Czech Republic 7 29 10 26 11 25 80 11
Denmark 19 17 21 15 22 14 46 20
Estonia 16 20 19 17 19 17 54 19
Finland 17 19 17 19 17 19 57 16
France 18 18 18 18 18 18 54 18
Germany 3 33 11 25 10 26 84 8
Greece 12 24 6 30 6 30 84 7
Hungary 5 31 8 28 7 29 88 6
Iceland 28 8 23 13 21 15 36 23
Ireland 30 6 30 6 31 5 17 31
Israel 21 15 29 7 29 7 29 26
Italy 27 9 31 5 30 6 20 30
Japan 1 35 1 35 1 35 105 1
Korea 2 34 2 34 2 34 102 2
Latvia 10 26 9 27 9 27 80 10
Lithuania 4 32 7 29 8 28 89 5
Luxembourg 32 4 26 10 27 9 23 28
Mexico 24 12 35 1 34 2 15 32
Netherlands 22 14 25 11 24 12 37 22
New Zealand 15 21 5 31 5 31 83 9
Norway 14 22 15 21 14 22 65 15
Poland 9 27 14 22 15 21 70 14
Portugal 26 10 24 12 25 11 33 24
Slovak Republic 8 28 4 32 4 32 92 3
Slovenia 13 23 12 24 13 23 70 13
Spain 34 2 32 4 32 4 10 35
Sweden 33 3 28 8 26 10 21 29
Switzerland 20 16 16 20 16 20 56 17
Turkey 25 11 34 2 35 1 14 33
United Kingdom 29 7 33 3 33 3 13 34
United States 35 1 22 14 23 13 28 27
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Figure 1. The rankings of the alternatives
4. Discussion and Conclusion

In this study, OECD countries were evaluated by the MCDM methods according to the specified criteria in
combating COVID-19. First, the weights of the criteria were determined according to the expert opinions with the
help of SWARA. Then 36 countries were ranked using TOPSIS, COPRAS, and ARAS methods. The final rankings
were obtained by Borda Count method. The main advantage of the proposed method is that it allows decision-
makers to approach complex decision-making problems with a highly methodological basis for decision support.

According to the SWARA method, C: (number of confirmed cases per 1M population) was the most significant
criterion affecting the evaluation process with weight of 0.294. Some of the countries were caught unprepared by
COVID-19, and they were late to fight the virus. This is an important factor in the high number of confirmed cases.
The number of confirmed cases can be reduced by some strategies for preventing or controlling COVID-19 such as
the use of masks, complying with social distancing and hygiene rules, travel and transportation restrictions,
temporary closure of places where people are located, isolation, and quarantine. C2 (number of deaths per 1M
population) had the least importance with 0.103 according to the SWARA. In the coronavirus crisis, it is a fact that
the regions with lower values of welfare, and weak healthcare systems are more disadvantaged. However, there
are different factors that affect the number of deaths. The most important of these is the age factor. Studies have
determined that COVID-19 may have more serious mortality in people aged 65 and over. For example, Germany,
despite being more advantageous than Turkey according to C3 (number of doctors per 1000 population), Cs
(number of nurses per 1000 population), Cs (number of hospital beds per 1000 population), Cs (health spending
share), and although C: (number of confirmed cases per 1M population) is similar for the two countries, the
mortality rate in Turkey is much lower than in Germany. At this stage, the low share of the 65 and older population
in the total population in Turkey, and treatment methods are some of the advantages of Turkey in combating
COVID-19.

After the criteria weights were obtained, the alternatives were ranked using SWARA-based TOPSIS, COPRAS, and
ARAS methods. Then the final ranking was obtained using Borda Count method. Japan is the most advantageous
country among OECD countries in the fight against COVID-19 according to all rankings and Korea is the second.
According to the final ranking, Korea is followed by Slovak Republic and Australia, respectively. Chile is scored
lowest. Chile is preceded by Spain and United Kingdom.

For future work, the performance of the countries may be evaluated by including criteria such as the median age,
and the ratio of the population with chronic disease in the total population.
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