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Purpose: This paper aims to evaluate the response of different countries against Covid-19 for three
consecutive periods from January 2020 to October 2022. 16 countries have been chosen based on
their differences in various demographic, cultural, and geographical characteristics.

Design/methodology/approach: Window Data Envelopment Analysis (DEA) model, Malmquist
Productivity Index and DEA with non-controllable input variables have been used over three periods
of 345 days to evaluate the efficiency of health systems of the countries. By the Window DEA and
DEA with non-controllable input variables, the efficiency of the countries in several different periods
has been compared. Also, the scores for the progress of countries' performance during successive
periods have been computed by the Malmquist Productivity Index.

Findings: The performance scores calculated with the window DEA indicated that there is a
difference in the countries' responses. Based on the obtained results, China had the most efficiency
and Italy had the worst efficiency during the three periods. Based on the model of uncontrollable
variables, Egypt had the best performance, although the model did not distinguish among most
countries. The results of the Malmquist Productivity Index method also indicated that countries had
different efficiencies and progress. Based on its results, Malaysia had the most progress, while
Singapore had the least progress during the three periods. China despite its high-performance score
from the window DEA, had not received a good score from the Malmquist Productivity Index and
non-controllable input variables model, which implies the low growth and even retrogression of this
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country during the three periods. According to the results of the window DEA, Italy had progressed,
but this growth has not been enough to make this country's performance efficient.

Research limitations/implications: The selection of different and more precise time intervals based
on COVID-19 variants (alpha, delta and micron) and a wider selection of countries can be considered
in future studies. Considering the amount of vaccination or the type of vaccine and observing its
effects dynamically on the DEA model can be also a potential direction for future research. The
development of window DEA and the Malmquist Productivity Index for uncontrollable variables and
their application to the data of this paper are also suggested. Besides, the selection of input and output
indicators based on other goals can be investigated in future studies.

Practical implications: To increase countries’ efficiency in dealing with epidemics such as COVID-
19, different countries need to know as much as possible about their current situation. One of the ways
to get this recognition is to compare them with other countries with the best performance. In such
conditions, finding relative efficiency and trying to make the inefficient ones efficient is a solution to
increase efficiency. It is possible to identify and extract coping strategies from successful countries
with good performance in dealing with COVID-19, and suitable strategies can be implemented in Iran
according to the required facilities and infrastructure.

Social implication: Appropriate reactions and successful strategies of health systems of countries in
dealing with epidemic diseases such as COVID-19 can be very effective in controlling such diseases
and reducing their negative social and economic impacts. The results of evaluating the efficiency of
different countries along with the review of their strategies can be helpful in this direction.

Originality/value: An attempt has been made to present a new picture of countries' response to the
COVID-19 pandemic by selecting a diverse range of countries, indicators, and relatively long periods
using DEA. Windowed DEA, Malmquist productivity index and DEA with uncontrollable input
variables in a period of almost three years were used for the first time to evaluate the efficiency of
countries' health systems and their progress in dealing with COVID-19.

Keywords: COVID-19, Efficiency, Healthcare system, Window Data Envelopment Analysis,
Malmquist Productivity Index, DEA with non-controllable input variables
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Fig. 2- Selected inputs and outputs for the model
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Table 3- Data of input indicators
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Table 4- Data of output indicators caused by Covid-19
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Table 5- The results of the relative performance of countries in three windows with different lengths
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Fig. 3- Overall comparison of the results of the window analysis method
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Table 6- Comparison of "first period and second period' and "second period and third period" of the Malmquist productivity
index method
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Fig. 4- Overall comparison of Malmguist productivity index results
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Table 7- Periodic comparison of DEA with uncontrolled input variables
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Fig. 5- Periodic comparison of countries' performance from DEA with uncontrollable input variables
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Table 8- Overall comparison of countries’ efficiency and ranking with DEA with uncontrollable input variables

4 Sl )93 = LS ) Sl )93 = ssaS s Skl 093 = ssaS
\ | e i Amsy | ) 3 TR FPPE A 3 Jsl 5,85 = babls
| ) sl —,u&u | YO + VAOS oo 33— Olpl ) \ £33 553 = 1L
| | rﬁsm—)ﬁl{;w | ) Jsl 5595 — Ul ) \ pm 5533 = 3L
) | po 5593 = 53K | \ 32 55 = Uk \ \ Jdslosss = e
\T CFOVY Jslisss— s eS| ) 3 Ul I & BRRLVA 0335533
4 « 500V i g eS| YT ATV Jsl sy3 = opl3 3 3 b 335 =
\ 3 i eS| ) 3 T SPTEE o N 7SR A 0 Jsl 5555 = e
\ | Jsloss = Ly | ) 3 eseiasm s | TV rtor 0335533 = yae
*E CATYS STESPRERCH B CEER (4 Jole,sm—old | f8 . yes. pm Ss33 =y
\ | psm b= g | ) 3 e bossm ok | ) 3 Il 585 — ok
YA CYTA Jslbss—aSs| P . osay s Al 3 033 85— A
v « VOFS eSS [T OMA Jilbyss—sil | 3 3 8335 = DS
v ORI Py 93— 4S5 ) \ 338,50 — b \ \ Jsl 6,95 — X
\ ) Jsl 555 — sdoe VLI \al + OAQ) a2 = sl \ \ £33 83— L
\ | £33 535 = sdeie WU [ ) 3 Jsl by93— demsy | ) 3 pm 833 = a
\ | 3 395 = sdota VLl | ) | p s m sy | TR FeA Jsl 53— Ol
Cow —0

ubh::«.ﬁ dle u—i‘ el v /EYY j’\f’ o liesls 6‘.&0]«.: rL«J L..»}Lc J..azu,c olas 6“’)""3 JA}J J.M @L’b

So ey Isb o Gles pmen Dol g5 s (Gl 6la 558 ke a3 (S LISL e e S s
oo b a5 & lazll | o 5 Shee oy siS ol dlo a5 m t e, e 528z«
J=3 e S ) g oS L) 508 nl e 055 o0 0dis (S DLl L) 58T i 5o el 5
P e A S A e by b el e A Gl g e s La S s Sae Uil s g
Ol ) el g ety U OL @S 5 (gl o) 5 (Db ¢ g 55 lid (ol e e Sla 5
Jios ol a8 Selonil dglio @ 4z 55 L o 5T s a1 62 slas ke (slao ad (WLl 5 sdoeze VL
els el sl il 1) 5 Sas o 5 Wl 5528 5 solew J 28 50 1) 5 Ses o 2 oy 5558 (Ul
L Ol Wl e (slay sS85 ol s 1) Ay xS 5 L S le (S50, S ld o)
S 3 05 e 5 4 LS 5 e S ppem 5,5 DS aS ks e cedele YL cacn g, O
e o S (GRS (63055 e b lesls idg ol e 5 L diles SO0 s
AL iz L5282ty 4 Jie pl sy s 528 K03 s (6 i 3 Shes o5 55 5 3l

el oz BB L s ples s Sl 4 035
L e ste gl edd a5 5 03 8 2y 6 5 a3 (slo iy slaesls idyy o Je 3 Ol 5528

ZJ—"“:{ Jj_bl.r@l.:.s C,.w‘ abj..: blSL; GJ}JMJQ)J d‘)ﬂ‘ JJ‘L}JMMQ‘LS.OV.A[J‘:)}JM)J GL’Z.’ w‘ ..b‘.) QL.:,.’



NI By s Jodomn 5 Fidaoun ot o gy oo 31 o3l b V4= 555 L alilin 53 bay 528 Sl (b o118

alis YOVY 5 YeTY cladla 5o of GLLS LYY 5 YeYs ladle s Ol 5538 LIS das e o3l o5
B 5 ES a8y J b 3 5 g s o Sl Sl (Il sy s Ol gl das e OLES =l ol s
935S eery Ol (S S lle (S50 00 ot ls Jde 55 (i ol sdoezas VU 5 W) 51 s (s el SG
hglie 3 LS (A 1S (sla aze e 55 ol g 5 Ol ) (530l (slas 38 51 Ay o TLISL Bl
S o o e 5 sl baesss 53 LIS Glay p2S i 5550 0 2o BG5S el JS
Sl axls e 5 biedls Lids Lo gladie calises ol 5l 5l (80 40 b anddS wlie la s
Olpt 48 Cns g a0 a2 s s opl O 2al 5, cpl 51 edles S s 2 15 05508 slay5i8 LIS Koo
@l ol il el 3y ba sl s 1y (6l e il 5 3 S acslie OUT L 1) e cpl s
ol e 3 (Jlie gl s o0 oLl OF 3550 G a5 35ls Sdillas L tagly S0 L o 55 O sy
Gl e Ly Lsesls gy Jodowi Uy 5 o 5538 5 Ly s S 0 51LSU o5 LSl 5 Ul gla s 58
o=l o 5 (VoY) O 5 des p a8 Il 5 ol 0350 by 538 p 561,18 6 eme 5 5d8 ¢ Sisd 28
Bgio s Shas o 5508 55 Shee o 5 0ml DS (o ls LISl 5 Ul (sla, 528 oSty 42e

.J)‘b b
S S a7

iy S s aw leslinal LN A- 0 S Sdes Golen L abilis 3 1 La) 528 LIS dlis

Sl S o SIS Sl b baesls g a5 S Sl Gt la (o glaesls
Jelos e S o s o |y sl pspie Jdo 2 aS il a5 LU Ll g Sslite oo b e 4w
s kS o dslie Un 528 5 Lae ey 505 L 15 O 5 5,68 s o311 6810 5hoas 1y 6 iy ,n LIS cslo ey
Cnar o) (lgnorr SIS clamaz S oo S 1o e 8,55 aland 0993 A Ay 53 Cwd Sl et
5Aalss 4 0leys Ay pa nd 35T o1 VA-y 58 @ e s (ST s, oo (L 0 (VL 513!
5 S e Ep VS Sl At Szl 5l e Fr o oo Olyea edldl sl ol B Ao s Lo 52
i Sl e 55 b bl 6l 5588 V9 B a8 8 s s NAods S 5l 30 gl e
§ S B s (e O (o5 LIl Ol s (DS oo ¢ LIS (gla s 58 Jold sy 528 ()
il sla Sy s Lasslis (5 8 o 55 b gl bl 45 W50 e sdonta VUl 5 4S5 i ¢ s
el i oS o Ale (65558 s o 0L sl s ) S el 03 gLk 5 (S 8 ¢ ome
LS Slme yad 5 b sl 35S e S o sl s 55T ol ey il dibe 53 15 G1IS
Ll (5458 b 5 ol 25 K03 aiomd dms 653 41 0555 a3l 558l 2aS A SasOLES ) oS ol
o=l esle iy s il a5 Ll 8 0 s Ol (e Sl (sl o skl 4l L UL
o5=nS sl Bl gaiid S slagessss e mld iomes (ol o355 SIS O s Shes 03 SIS (51 155



VEY j:‘Li ARd vil?i An A)L».:: NY 69> gC)L:l.a&).,\t‘J_}: c"ij‘i"\"’): L)'.:"Ajji//\/\

oS Ll 5 (05 Sl 5 Ws i) sy slacils olulp 5383 5 olite slaesl Sl

A&y ot OF SBT sdaliie 5 STy £ 53 b 5 O graliaSTy Olgpe 05,5 150 55 sl G oy 0 5 Ly p2S
edgy oo Gladde dan gl g Gl b G SO ey i et Jie 5y (Sl
sl o5 Ui ol sloasls (6l LT (6,8 50 5 i 58 (olo it (8l St S llo Ll 5 o 2y

Lf.")“";uf‘”)ﬂ ‘L;T Lsum‘“)}i 3 jii-’ alaal u»Lw‘j{ XS NI 5LQUA}U UL”;"W"};J

!

References

Banker, R. D., & Morey, R. C. (1986). Efficiency analysis for exogenously fixed input and output.
Operational Research, 34, 513-521. https://doi.org/10.1287/opre.34.4.513.

Bootsma, M.C., & Ferguson, N.M. (2007). The Effect of Public Health Measures on the 1918
Influenza Pandemic in US Cities. Proceedings of the National Academy of Sciences of the United
States of America, 104 (18), 7313-7314. https://doi.org/10.1073/pnas.0611071104.

Boroumand, Y., Ghasemi, A., & Shirazi, M. (2021). The Efficiency of Governments' Policies to
COVID-19: A Top-Down Approach Based on DEA Window Analysis. Preprints, 2021020101.
https://www.preprints.org/manuscript/202102.0101/v1.

Breitenbach, M. C., Ngobeni, V., & Ayte, G. (2020). The first 100 days of COVID-19 coronavirus—
How efficient did country health systems perform to flatten the curve in the first wave? Munich
Personal RePEc Archive, 8872. https://mpra.ub.uni-muenchen.de/8872/.

Breitenbach, M. C., Ngobeni, V., & Aye, G. C. (2021). Global healthcare resource efficiency in the
management of COVID-19 death and infection prevalence rates. Frontiers in Public Health, 9,
638481. https://doi.org/10.3389/fpubh.2021.638481.

Cooper, W. W, Seiford, L. M., & Tone, K. (2007). Data envelopment analysis, a comprehensive text
with models, applications, references and DEA solver software. New York: Springer.
https://doi.org/10.1007/b109347.

Correia, S., Luck, S., & Verner, E. (2022). Pandemics depress the economy, public health
interventions do not: Evidence from the 1918 flu. The Journal of Economic History, 82(4), 917-
957. https://doi.org/10.1017/S0022050722000407.

Gourinchas, P.-O. (2020). Flattening the Pandemic and Recession Curves. In R. Baldwin, & B. Weder
di Mauro (Eds.), Mitigating the COVID Economic Crisis: Act Fast and Do Whatever It Takes.
Economic Policy Research Press, 31-39
http://viet-studies.net/kinhte/ COVIDEconomicCrisis.pdf#page=38.

Gaeta, G. (2020). Data analysis for the COVID-19 early dynamics in Northern Italy. arXiv preprint
arXiv: 2003.02062. https://arxiv.org/pd/2003.02062.pdf.

Ghasemi, A., Boroumand, Y., & Shirazi, M. (2020). How do governments perform in facing COVID-
19? Munich Personal RePEc Archive, 99844, https://mpra.ub.uni-muenchen.de/99844/.

International Water Association (IWA). (2021). IWA Country Classification. https://iwa-
network.org/wp-content/uploads/2015/12/2021-Country-Classification-Update.pdf.

Md Hamzah, N., Yu, M. M., & See, K. F. (2021). Assessing the efficiency of Malaysia health system
in COVID-19 prevention and treatment response. Health care management science, 24, 273-285.
https://doi.org/10.1007/s10729-020-09539-9

Mohamed, S.R., Ramli, N., Mohd, A.H. (2014). Extended Non-controllable Variable Input-Output
Oriented Model in DEA Analysis. Proceedings of the International Conference on Science,
Technology and Social Sciences (ICSTSS) 2012. Springer, Singapore. https://doi.org/10.1007/978-
981-287-077-3_67.



https://doi.org/10.1073/pnas.0611071104
https://www.preprints.org/manuscript/202102.0101/v1
https://mpra.ub.uni-muenchen.de/8872/
doi:%2010.3389/fpubh.2021.638481
https://doi.org/10.1017/S0022050722000407
http://viet-studies.net/kinhte/COVIDEconomicCrisis.pdf#page=38
https://arxiv.org/pdf/2003.02062.pdf
https://mpra.ub.uni-muenchen.de/99844/
https://iwa-network.org/wp-content/uploads/2015/12/2021-Country-Classification-Update.pdf
https://iwa-network.org/wp-content/uploads/2015/12/2021-Country-Classification-Update.pdf
https://doi.org/10.1007/978-981-287-077-3_67
https://doi.org/10.1007/978-981-287-077-3_67

N Bl gy odomn 3 Fidaun b o pidgy oo 31 a3litl b V4= 555 L allin 53 ba) 528 S lapins o118

Our World in Data. (2022). Coronavirus (COVID-19) Deaths. https://ourworldindata.org/covid-
deaths.

Peykani, P., Farzipoor Saen, R., Seyed Esmaeili, F. S., & Gheidar-Kheljani, J. (2021). Window Data
Envelopment Analysis Approach: A Review and Bibliometric Analysis. Expert Systems, 38(7),
e12721. https://doi.org/10.1111/exsy.12721.

Salehzadeh, S. J., Hejazi, S. R., & Rezvan, M. T. (2023). An approach based slack variables in
network data envelopment analysis to incorporate dynamic effects. Iranian Journal of
Management Studies. http://doi.org/10.22059/ijms.2023.340611.675017.

Tone, K. (2004). Malmquist Productivity Index. In: Cooper, W.W., Seiford, L.M., Zhu, J. (eds),
Handbook on Data Envelopment Analysis. International Series in Operations Research &
Management Science, 71. Springer, Boston, MA, 203-227. https://doi.org/10.1007/1-4020-7798-
X 8.

The World Bank Group. (2022). Population, total.
https://data.worldbank.org/indicator/SP.POP.TOTL?end=2021&name_desc=false&start=2021.

University of Oxford. (2022). Oxford Covid-19 Government Response Tracker (OxCGRT).
https://github.com/OxCGRT/covid-policy-tracker.

World Population Review. (2022). Countries by Population Density.
https://worldpopulationreview.com/country-rankings/countries-by-density.

World Health Organization (WHO). (2022). Global Health Expenditure Database.
https://apps.who.int/nha/database/Select/Indicators/en.

World Health Organization (WHO). (2022). Daily cases and deaths by date reported to WHO.
https://covid19.who.int/data.

' Wuhan

>~ COVID-19

’- World Health Organization

*_ Data Envelopment Analysis (DEA)

>~ Salehzadeh et al.

6. Window Data Envelopment Analysis (WDEA)
7. Malmquist Index (MI)

8- DEA with non-controlable input variables
’- Non-Pharmaceutical Interventions (NPI)
1 Correia et al.

- Bootsma & Ferguson

"2_ Gourinchas

. Md Hamzah et al.

' Network Data Data Envelopment Analysis (NDEA)
1. Breitenbach et al.

1. Ghasemi et al.

. Boroumand et al.

'8_ Decision Making Unit (DMU)

_ Input-oriented (I0)

2_ Output-oriented (00)

?1_ Peykani et al.

. Gaeta

. Malmquist

*_ Total Factor Productivity

_ Frontier Technology

*%_ Tone

?7_ Catch-up

%%_ Frontier-Shift

¥_ Cooper et al.

30_ Banker & Morey


https://ourworldindata.org/covid-deaths
https://ourworldindata.org/covid-deaths
https://doi.org/10.1111/exsy.12721
https://doi.org/10.22059/ijms.2023.340611.675017
https://doi.org/10.1007/1-4020-7798-X_8
https://doi.org/10.1007/1-4020-7798-X_8
https://data.worldbank.org/indicator/SP.POP.TOTL?end=2021&name_desc=false&start=2021.
https://github.com/OxCGRT/covid-policy-tracker
https://worldpopulationreview.com/country-rankings/countries-by-density
https://apps.who.int/nha/database/Select/Indicators/en
https://covid19.who.int/data

VEY j:‘Li ARd L}J*l?i An B)L&njd NY 69> cC)L:l.a&).,\t‘J_}: C"ij‘i“\"’): L);.Aj}l/q'

31 Non-controllable Variable Model
2. Mohamed et al.

33_ University of Oxford

**_ The World Bank Group

> World Population Review

3¢_ Our World in Data

37_ International Water Association



