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Abstract

Background
The spread of the novel COVID-19 virus has raised many questions on the performance of the national
and global healthcare systems.

Methods
In this paper, we present the results of a study on how the decision-making speed at the national and city
levels on dealing with the spread of the Corona virus has impacted the rate of mortality by means of
Analytic Hierarchy Process (AHP) and Bubble chart.

Results
We considered variables such as the level of infrastructures in health, Information Technology, and
human development in China and 5 other countries as all these factors could affect the rate of mortality
in those countries as well. For each country, the data has been collected and analyzed starting with the
time when the �rst patient was detected as a positive case up to three weeks later. For the time of
decision-making, the data which could be used to illustrate the delay or promptitude of decisions included
date of �rst death, date of quarantine, and the date of aviation suspension.

Conclusion
Our �ndings support the hypothesis that the timing of a government’s decision, either proactive or
preemptive, along with its level of sophistication in urban and social infrastructures, can impact the
mortality rate of contagious diseases such as COVID-19.

Introduction
The 21 century has witnessed three major coronavirus epidemics thus far; with the third one, COVID-19,
turning into a pandemic. A handful of national governments in countries, such as South Korea and
Taiwan, used the “lessons learned” from the two previous epidemics to prepare for similar crisis. Many
others, such as Iran and the United States did not bother to plan for these days. And there are many
among citizens who are seriously questioning governments’ inaction. In this paper, we present the results
of a research on how the speed of decision making at the national level, the countries’ health
infrastructures and social structures have affected the mortality caused by the latest pandemic in a case
study of 6 countries.



Page 3/17

The �rst infectious disease of the 21st century was the Sever Acute Respiratory Syndrome (SARS). It
turned into an epidemic in 2002. Its consequences included social and economic disruptions.
International trade and tourism were greatly affected, streets in many cities were deserted, and public
health systems were crippled [86, 87]. Nonmedical public health interventions were employed to contain
the epidemic. These included closing schools, forbidding mass gatherings, limiting international travel
and screening travelers at borders, �nding and isolating those who were infected, and quarantining the
related ones by means of contact tracing. By 2003, SARS had spread to 29 countries, infected 8,098
people, and killed 774 of them [88].

The second deadly epidemic disease was the Middle East Respiratory Syndrome (MERS); �rst reported in
Saudi Arabia in 2012 [89]. As in SARS, the virus transmitted among people through close contact,
affecting the respiratory system. The common symptoms included severe shortness of breath, fever, and
cough. The failure of the Saudi Arabian government’s rapid response increased the number of infected
patients over time. As of March 2020, 2,521 MERS cases were con�rmed globally with 866 deaths due to
the illness, mainly in Saudi Arabia.

On January 7, 2020, Chinese authorities con�rmed that they had identi�ed a novel coronavirus as the
cause of the pneumonia [2] [3]. On March 11, 2020 the World Health Organization (WHO) declared the
outbreak of the coronavirus a pandemic, which it de�nes as "global spread of a new disease". WHO chose
the COVID-19 for the name of the disease. At the time of this writing, the virus has spread rapidly around
the world, affecting more than 202 countries and territories, infecting over three million and killing more
than 240,000 people.

The past 4 months have shown differences between decision time and clock time [1]. The virus has
created severe threat for public health and global and local economies [5]. COVID-19 is transmitted from
human-to-human; and therefore, authorities in national governments have employed nonmedical public
health interventions as in SARS and MERS, mentioned above (for a list of current interventions refer to [6]
and [7]).

WHO has also drafted a response plan and strategies for global actions and authorities are advised to
take action in line with those strategies. In most countries, governments have implemented similar
protocols. The results, however, are not the same in terms of mortality and number of infected citizens.
Furthermore, in crisis planning, decision making and management, there is a need to decrease discomfort
to citizens while increasing effectiveness of interventions since those affected and their families are not
just numbers in statistics [8, 9, 10].

In this paper, we look at how the differences in speed of decision making in response to the spread of
COVID-19 in different countries, along their level of IT and smart infrastructures, income levels, and
healthcare infrastructures have thus far affected the rate of mortality in those countries.

Related work

https://www.who.int/csr/don/12-march-2020-mers-qatar/en/
https://www.aljazeera.com/news/2020/03/pandemic-declares-coronavirus-major-global-threat-200311170432758.html
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Governments adopted a number of different approaches to cope with SARS and MERS, in 2002 and 2012
respectively. The past experiences from those outbreaks could have been used to prepare for the next
one. Speci�cally, the world’s public health system was tested for its capacity to respond rapidly and
decisively. For example, the MERS outbreak was exacerbated by inappropriate responses by major
institutions in many countries [92]. National and local governments failed to deliver timely information
about the status of the epidemic and response procedures related to MERS. 

Thus, preparedness could be analyzed within the realm of governments’ decision making processes.
There are a variety of factors that in�uence decision-making at the national and local levels, in line with
strategic thinking [16], on how to intervene to stop the spread of the virus. Glasser et al. [90] argue that the
factors which contribute to containment include reduction “in time from symptom onset to clinical
presentation and diagnosis during the course of [the] outbreak, together with increasingly effective
isolation and other infection-control procedures”. Thus, increased speed in decision making can lead to
shortening intervals between the onset of clinical symptoms and isolation of patients with coronavirus
and this, in turn, reduces the extent of transmission.

The literature on previous attempts to deal with the COVID-19 includes a review of the role of information
dissemination and IT infrastructure as well. Yang and Cho [91], point out that when reliable information is
lacking, people incline toward rumors and tend to believe inaccurate information from social media and
the internet. This increases the level of perceived risk and public distrust of governments which, in turn,
makes the healthcare decisions and efforts less effective. Pan et al. [93], also point to Singapore’s
successful intervention in containment of the SARS outbreak which included “streamlined
communications, information exchange, and data �ow, and signi�cantly eased collaboration among
government agencies, private businesses, foreign agencies, and the public”. The idea was to optimize
leadership, speed, and coordination by keeping the public up-to-date and helping both public and private
sectors to respond to crisis situations.

Furthermore, public participation in cities could play considerable role in increased e�ciency of local
governmental decisions [17]. Administrators and decision makers at municipalities have implemented
different methods and tools to inform their communities, such as social networks [18], online methods
based on arti�cial intelligence [19], and through devices used in smart cities [13] [11].

Risk communication is referred to as an action of “exchanging information about health and/or
environments between interested parties” [94]. Such information includes the factors of health and
environment risk itself and policy decisions for controlling and managing those risks. In this respect, it is
accepted that Coronavirus is a global crisis [5]; and therefore, it needs a global crisis management based
on substantive rationality, in which not only national but also international threats are considered in
preemptive and reactive decisions [9]. Healthcare o�cials at the national levels should be empowered to
make globally accepted decisions [22, 95].

In the following sections, the concepts and variables mentioned above are discussed in detail within a
quantitative methodology to better understand the impacts of decision makers’ approach toward COVID-
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19.

Methodology
Strategic decision-making practices can impact the health of society and, in a pandemic, may be crucial
in controlling the mortality rate. Thus, in this paper, we present the results of a research on how the speed
of decision making at the national and local level has affected the mortality caused by the novel COVID-
19. For this purpose, in our research, we have used a multiple-case study approach and multi-criteria
analysis to look at the decisions made by governments in confronting the pandemic.

a) Case selection

A total of six countries are selected as our cases in this study. Here, China is considered as the
benchmark of our analysis because it was the �rst country in the world which announced the COVID-19
outbreak within its borders [27]. In order to choose the other cases for our study, we focused on a logical
strategy which could help us to draw conclusions based on rational reasoning [24]. Therefore, �ve
countries were chosen with differences in time of their �rst death, location, population and infrastructure.
Four cases contain the most infected people in their region according to the World Health Organization
(WHO) situation reports [28]. The sixth country is chosen here because of its proximity to the City of
Wuhan where the outbreak apparently began.

In WHO’s 60th situation report [29], Republic of Korea contains the most total con�rmed COVID-19 cases
in the Western Paci�c Region after China. Among the European countries, Italy is at the top of the list of
mortalities and has the most total con�rmed case of COVID-19 thus far. Our next case is Iran, located in
the Eastern Mediterranean Region. Iran’s total con�rmed cases are more than any other country in the
region. In the Americas, the United States has the largest number of total con�rmed cases and mortality.
We also decided to select Hong Kong since it holds Chinese nationals while maintaining separate
governing and economic systems from that of mainland China [30].

(b) Data collection and analysis

In our research design, the main source of data on the latest pandemic is WHO’s website which contains
both rich and o�cial data on all countries. For the other criteria in our analysis, we collected data from
the o�cial sites of governments and other published peer-reviewed papers. The collected data covered
the six domains which together impact the decision-making in each country and their statistics in regard
to mortality from the virus: 1) number of total con�rmed cases, 2) number of total deaths, 3) population,
4) decision-making time, 5) infrastructures 6) human development. The time-span for the data used here
is from 21 January to 20 March of 2020. For each country, however, the data from the �rst death up to
three weeks has been collected and analyzed beginning with the time when the symptoms showed and
the �rst patient in that country was detected as positive [31] in order to achieve an equal judgment in our
comparison between the countries.
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To begin the data analysis according to the research design, a detailed description of each case was
created and the appropriate information compatible with the objectives of this study were gathered. The
latest United Nations Population Division data is also used for collecting data on each country’s
population [32] [33]. Next, we needed data on the three main criteria used here for the comparison
purposes. For the time of decision-making, the data which could be used to illustrate the delay or
promptitude of decisions include: date of �rst death, date of quarantine, and the date of aviation
suspension. Then, we reviewed journal papers and o�cial sites to determine each country’s level of
infrastructure in terms of (a) Information Technology and smart cities and (b) healthcare system [35] [36].
Finally, we needed to look at the economic condition and knowledge level of society in each country in
order to gain an understanding of the social standing of our cases. We used the Human Development
Index (HDI) for this criteria. The HDI re�ects social structure, health and welfare, level of knowledge, and
the overall quality of life [38].

In general, we used both quantitative and qualitative data. For the latter, expert judgement was used for
analysis. The analytic hierarchy process (AHP) [67] has been employed as the most suitable method to
analyze both qualitative and quantitative information [68]. In order to create a better visual understanding
of the interconnections across domains of research, cases are shown in Fig 2. Also, the characteristics
across the three factors which are involved in the decision-making in our cases - urban and social
infrastructure, reaction promptness and proportion of mortality to the total infected population - is
discussed in the �nding section below.

Results
Table 1 presents a view of the countries and the related variables. As discussed above, the cases are from
different regions of the world. All have faced the COVID-19 outbreak and have used different strategies to
contain it. As mentioned, China is our benchmark of the contagion. This country has a population of
about 1.5 billion people, followed by the United States with near 330 million people. Hong Kong, has the
lowest population among our cases with 7.5 million people.

The recent literature points to the fact that the novel virus affects the older members of society more than
the young. Thus, the median age shown in the table, which divides the population into two numerically
equally sized groups, could have an effect on the results [39] [6].

The numbers of total con�rmed infected persons and deaths are critical here since this numbers
indicates how far the decisions for containment of the pandemic have affected the societies in each
country. All the con�rmed cases were counted from the date of �rst death in each country up to three
weeks later.

China’s �rst death was reported on February 2, 2020. In its �rst three weeks after that, the highest number
of infected cases and deaths were reported by 14411 and 304 respectively. [40]. Soon after, other
countries began to report the spread of the virus. Italy has the highest rate of deaths in Europe. In the �rst
three weeks period, 1268 people died of COVID-19 which is higher than China in the same period [41]. Iran
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and the United States are ranked as the third and fourth place of deaths respectively [42] [32]. Republic of
Korea has reported 7979 total infected case and 66 total deaths [29]. Hong Kong has the lowest
con�rmed case (81) during the �rst three weeks [43].

Table 1
An overview of case countries

Country Territory Population Med.
Age

Total Con�rmed
Case (3 weeks)

Total
deaths (3
weeks)

China Western Paci�c
Region

1,439,323,776 38 14411 304

Republic of
Korea

Western Paci�c
Region

51,269,185 44 7979 66

Italy European region 60,461,826 47 17660 1268

Iran (Islamic
Republic of)

Eastern
Mediterranean
Region

83,992,949 32 9000 354

United States of
America

Region of the
Americas

331,002,651 38 10442 150

Hong Kong Western Paci�c
Region

7,496,981 45 81 2

In Table 2, the three main criteria of our research are shown. We call the �rst criteria as “decision-making
speed”. This is the time span in which all countries announced their �rst death: from 11 January to 29
February 29. As shown, in China, the �rst death was reported in 11 January [44]; this date in Republic of
Korea was 21 February [45]; and in Italy it was 22 February [46]. The �rst reported death in Iran and the
United States were February 20th and 29th respectively [20, 47]. The date of the �rst reported death in
Hong Kong was February 4, 2020 [49].

Time of quarantining is also important because the delay in quarantining leads to faster virus spread. It
can also indicate the hesitation in a country’s decision-making process [50]. In China, quarantine was
enforced for Wuhan with a population of 11 million people on 22 January [44] [51]. In Italy, however, the
government implemented national quarantine almost one month later, on 21 February of 2020 [52] [53].
Iran, instead of quarantine, called for social distancing and self-isolation. The dates in which the
countries suspended airline activities are shown in the next column as well.

The second criteria is shown in Table 2 is infrastructure. Two types of infrastructure are important here:
Information Technology (IT) and healthcare. We categorized our sample countries into developed,
developing, and underdeveloped based on their level of infrastructure in these two aspects. As discussed
in the previous sections, smart cities provide a context for IT related activities. In this paper, it is not our
intention and there is no room for a detailed discussion on the concept of smart cities, their requirements
and their bene�ts to the citizens and the healthcare system in detail. It su�ces here, however, to assume
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that those countries with greater number of smart cities have a better infrastructure for certain activities
such as more extensive use of social networks, more e�cient exchange of information about health
between interested parties, and working from home. Thus, for the comparison purposes, we used the
number of smart cities as a novel measure of IT infrastructure in our sample countries.

Furthermore, on healthcare infrastructure, we looked at the health care system’s capabilities using Global
Health Security index (GHS) [61]. This index scores and ranks countries’ health security across six
categories, 34 indicators and 85 sub-indicators and could show the amount of risk impact on various
national health. According to this data, the United States and Republic of Korea are the most prepared
countries in health security. Iran is ranked lowest in the list of our sample countries. It should be noted
that Hong Kong, as part of China, is not included in the GHS Index as a country [62].

Our third criteria is social structure. The Human Development Index (HDI) is used here to compare our
sample countries on indices such as Income [63], level of education [64] and life expectancy of citizens
[65]. As shown in the Table 2, Hong Kong is ranked the highest in HDI index, followed by the United States
and Republic of Korea.

Table 2 Comparison of countries using the three main criteria

Discussion And Findings
The variables used in this research are discussed and the �ndings are presented below:

First, the decisions at the national and local governments in regard to limiting the activities of the
population during the pandemic are related to the number of people infected and the number of deaths.
Obviously, it is not possible for any country to test all citizens for COVID-19 infection. Therefore, in this
research, instead of using the proportion of mortality to the population of each country, we used the
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proportion of mortality to the con�rmed cases by each nation (Fig. 1). In Fig. 2, the size of each bubble
demonstrates the extent of the proportion in each country in our sample. Here, Italy and Iran have the
highest proportion with 7.18 and 3.93 percent over the �rst three weeks period after the �rst reported
death, respectively. The Republic of Korea has the lowest proportion (under 1 percent). The United States,
despite having the best healthcare infrastructure (as shown in Table 1), is second to Korea. Both China
and Hong Kong have about 2 percent of mortality to the con�rmed cases. The reason for the Republic of
Korea’s success during the �rst three weeks could be attributed to its government’s strategic decisions in
response to COVID-19 outbreak as well as its infrastructures.

In the �rst three weeks of the COVID-19 crisis, countries’ decision making time to take action against the
spread of virus differed. WHO had warned governments that movement restrictions may be ineffective
and could only hurt the economies of the countries unless such restrictions are enforced in the very early
days after the �rst infected person is identi�ed. [75]. That is the case for other decisions such as social
distancing and quarantining of persons as well [76]. Therefore, timing is vital to overcome the spread of
the disease.

In this regard, governments also suspended �ights to and from China [77] [78]. Some countries, such as
Iran and the United States, however, delayed the implementation of this decision for a few weeks. In the
Republic of Korea, not only self-isolation was implemented, movements of many of the infected people
were traced and those whom had come to contact with them were quarantined [79]. This was either
ignored or weakly implemented in the other countries. In Italy, despite huge numbers of deaths per day,
the government took its time to quarantine the entire country [80]. On the other hand, Hong Kong had
proactively implemented travel restrictions on passengers coming from the mainland and designated the
Lady MacLehose Holiday Village in Sai Kung as a quarantine center immediately [81] [82]. In Fig. 2, the
mortality rate as a dependent variable to decision time by the sample countries is shown between
preemptive and permissive actions, relative to their level of infrastructure from weak to strong, using the
AHP analysis.

Conclusion
This study demonstrated that a correlation exists between the authorities’ decision time, as well as the
social and IT infrastructures and the mortality rate in our cases during the COVID-19 crisis. As shown in
the bubble chart (Fig. 2), those countries with bigger bubbles are placed near to the lower left corner.
These countries, which have weaker IT and healthcare infrastructure, have made a more permissive
decision. The countries located in this area of the chart, are Iran and Italy. Both countries have bigger
bubbles than other cases. It should be noted that the bubble for Iran is smaller than that of Italy but is
located well in the lower left corner. This contradiction may be due to the possibility that the statistics
released by each country on the number of infected and/or the deaths are not accurate. Another
important factor could be the median age as mentioned in previous sections. The Italian population is
much older than the Iranian one which could account for the considerable difference in the mortality rate.
On the opposite, the United States, which according to the HDI and GHS data as well as the number of
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smart cities has the best urban and social infrastructure among our sample, seems to have been in a
better position in the �rst three weeks to deal with this pandemic. Its bubble along with the Republic of
Korea is the smaller than the other countries. The government of Korea, geographically located near
China, has made preemptive decisions in this regard. Despite the fact that Hong Kong has the high
proportion of mortality to the number of infected people in the �rst three weeks, its healthcare
infrastructures are well developed as compared to other sample countries.

Finally, our �ndings support the assumption that the timing of a government’s decision, being proactive or
preemptive, in the decisions along with its level of sophistication in urban and social infrastructures, can
impact the mortality in contagious diseases such as COVID-19. As shown in the chart, there are two areas
that are separated with arcs. These are located in the corners and depict the manageability; meaning that,
by moving from permissive decision to preemptive one and from weak infrastructure to strong, the �ght
with this pandemic would be more manageable for authorities in a given country. The chart could be used
as a hierarchical chart for predicting the risk of death and the spread of infection among citizens,
especially for those countries in which COVID-19 is not serious yet and for the future pandemics.
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Figures

Figure 1

Proportion of mortality to the number of con�rmed cases in the �rst three weeks after the �rst death in
each country
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Figure 2

Bubble chart showing the rate of morality relative to time of decision and infrastructures


