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Abstract: Coronavirus disease 2019 (COVID-19) continues to spread rapidly all over the world
challenging nearly all governments. The exact nature of COVID-19’s spread and risk factors for such
a rapid spread are still imprecise as available data depend on confirmed cases only. This may result in
an asymmetrically distributed burden among countries. There is an urgent need for developing a new
technique or model to identify and analyze risk factors affecting such a spread. Fuzzy logic appears
to be suitable for dealing with multi-risk groups with undefined data. The main purpose of this
research was to develop a risk analysis model for COVID-19’s spread evaluation. Other objectives
included identifying such risk factors aiming to find out reasons for such a fast spread. Nine risk
groups were identified and 46 risk factors were categorized under these groups. The methodology in
this study depended on identifying each risk factor by its probability of occurrence and its impact
on viruses spreading. Many logical rules were used to support the proposed risk analysis model
and represented the relation between probabilities and impacts as well as to connect other risk
factors. The model was verified and applied in Saudi Arabia with further probable use in similar
conditions. Based on the model results, it was found that (daily activities) and (home isolation) are
considered groups with highest risk. On the other hand, many risk factors were categorized with
high severity such as (poor social distance), (crowdedness) and (poor personal hygiene practices).
It was demonstrated that the impact of COVID-19’s spread was found with a positive correlation
with the risk factors’ impact, while there was no association between probability of occurrence and
impact of the risk factors on COVID-19’s spread. Saudi Arabia’s quick actions have greatly reduced
the impact of the risks affecting COVID-19’s spread. Finally, the new model can be applied easily in
most countries to help decision makers in evaluating and controlling COVID-19’s spread.

Keywords: risk analysis; COVID-19; Saudi Arabia

1. Introduction

Since December 2019, a new epidemic of coronavirus-disease-2019 (COVID-19) has
quickly spread to many countries all over the world with an impact on socioeconomic
status. This epidemic has changed people’s lifestyles causing many problems such as the
loss of jobs and threatening the livelihoods of millions of people, with many businesses
shut down in order to control the virus spread. Most aspects of the economy were affected
negatively all over the world. For example, many flights were canceled and transportation
systems were closed (Saadat et al. 2020).

Efforts have been made to study the novel pandemic. A preliminary review of related
computational and mathematical techniques for handling viral threats, specially COVID-19
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as an example, was presented and a study for the spike protein sequence of COVID-19 virus
was introduced (Robson 2020). A compartmentalized mathematical model concentrating on
the transmissibility of super-spreader individuals for spreading COVID-19 was introduced
(Ndaïrou et al. 2020). Assessment of basic reproduction quantity threshold was conducted
and a study for the local stability of the disease-free equilibrium in terms of the basic
reproduction was introduced. The epidemiological characteristics and early clinical features
of patients with family aggregation of severe acute respiratory syndrome coronavirus
infection were studied (Xia et al. 2020). Huang et al. (2020) presented a study focusing on
speedy asymptomatic spread of COVID-19 during the incubation period for teenagers aged
16–23 years and their characteristics. A prediction for the epidemiologic trend of COVID-19
occurrence was developed using auto-regressive integrated moving average (ARIMA)
models to be applied in the most affected countries of Europe (Ceylan 2020). The ARIMA
models were approved as appropriate models for expecting the prevalence of COVID-19 in
the future. Saudi Arabia was one of the countries that performed very early preventive
actions aiming at an efficient control system to fight the virus (Alshammari et al. 2020).
However, there is an urgent need to evaluate and assess risk factors affecting COVID-19’s
spread to control this more effectively.

The main aim of this research is to introduce and develop a new risk analysis model
that handles qualitatively risk factors affecting COVID-19’s spread. The proposed model
can assess factors priorities and severities that increase COVID-19’s spread. The identified
risks will be used as a case study for applying and verifying the model in Saudi Arabia.
Besides the introduction, study objectives and the research plan, the outlines of this paper
include a literature review covering risk analysis and fuzzy logic models and uses. Fur-
thermore, the study includes developing steps for the proposed fuzzy risk analysis model,
model applications and verification, results analysis and conclusions.

2. Study Objectives

The objectives presented in this study can be summarized in the next points:

1. Understanding the existing literature on critical risk factors and identifying the most
recent studies regarding COVID-19’s spread based on risk analysis.

2. Identifying the risk factors and the main risk groups that affect COVID-19’s spread. It
is essential to produce awareness of these risk factors as well as their probabilities of
occurrence, and declare the degree to which of them has high impacts on COVID-19’s
spread.

3. Developing and designing a new risk analysis model that can be used for risk factors
weighting and prioritizing based on the available data such as probabilities of occur-
rences and impacts of risk factors on COVID-19’s spread with further application
among variable community sectors accordingly. The proposed model can support
decision makers who deal with COVID-19’s spread effects in all country sectors to
analyze their problems and make sound decisions concerning such spread.

4. Collecting data from real case studies to apply the new model in medical sector
and other related sectors in Saudi Arabia. The data will include critical risk factors,
probabilities of occurrences of risk sources, and their impacts on COVID-19’s spread.

5. Applying and verifying the new model using the collected data on case studies in
Saudi Arabia as well as discussing in detail the model results and critical risk factors.
The model can be adopted to satisfy other similar situations in Saudi Arabia.

3. Research Plan

This research focuses on developing a new risk model to assess and analyze risk factors
aiming at a proper control of COVID-19’s spread. The plan of this research methodology
can be summarized in the following steps:

1. Conducting a comprehensive literature reviewing risk sources of COVID-19’s spread
in many countries all over the world. The literature includes a deep review for
the risk analysis models used in assessment similar viruses spread. The literature
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concentrates on identifying risks associated to COVID-19’s spread in developing
countries, especially in Saudi Arabia.

2. Conducting field surveys to identify risk factors at health care facilities in Saudi
Arabia. These surveys will cover some medical organizations and medical staff
involved in the problem of COVID-19’s spread.

3. A full statistical analysis of the survey data is also introduced to assess risk fac-
tors based on their probabilities of occurrence as well as their impacts on COVID-
19’s spread.

4. Developing and proving the proposed risk analysis model to satisfy the research
objectives.

5. Applying and verifying the new model on the selected case study data and receiving
outputs. A comparative analysis for the results from the model outputs with the real
results from the case study is executed.

4. Evaluation of Risks Affecting Diseases

Many recent research works reviewed the evaluation of risk factors affecting diseases.
Risk factors associated with influenza B virus–associated pneumonia was identified using
viral surveillance data during the pandemic season. The data were collected for patients
ages 18 years or older for clinical features, demographics, laboratory. findings, and outcome
while multivariate logistic regression analysis was used for analyzing the collected data
(Dai et al. 2020). A model was developed through combining the Gaussian plum dispersion
model and quantitative microbial risk assessment with Monte-Carlo simulation as an
appropriate explanatory technique to evaluate the risk of acquiring gastrointestinal illness
due to exposure to air comprising rotavirus and norovirus bioaerosols (Pasalari et al. 2019).
Hepatitis E virus is described in many countries as a risk factor for human exposure
(Crotta et al. 2018). A stochastic model was developed for quantifying the risk of infection
through airplanes and cargo travels by means of probability of exposure of at least one
per at-risk period (Oliveira et al. 2018). The gradient boosted regression tree models were
utilized to observe the effects of several potential explanatory factors on the diffusion of
Zika virus, and handled historical data from a variety of sources to evaluate the risks of
future Zika virus outbreaks (Teng et al. 2017). A mathematical framework was developed
as an extension for meta-population model embedding city-to-city contacts to stratify the
dynamics of waves of COVID-19’s spread due to imported, secondary, and other factors
from an outbreak source area with considering control measures (Hossain et al. 2020). An
explanation was introduced for different methods that have been implemented to analyze
the diseases based on the symptoms, historical and clinical data of an individual (Thukral
and Rana 2019). A model was introduced based on autoregressive integrated moving
average in order to estimate the expected daily number of COVID-19 cases in Saudi Arabia
in the four forthcoming weeks (Alzahrani et al. 2020).

5. Using Fuzzy Techniques in Disease Assessment

In the medical area, most medical concepts are fuzzy (Massad et al. 1999). These con-
cepts usually are difficult to formalize and measure (Vieira et al. 2019). Fuzzy logic is intro-
duced as an important technique for modelling imprecision in medical fields (Zadeh 2008).
Fuzzy logic can be introduced in support of many decisions to solve inaccuracy, uncertainty
and incompleteness of data (Zadeh 2008). It can deal with the parties with unclear and in-
definable boundaries (Pereira et al. 2007). The medical research area was one of the primary
fields in which fuzzy techniques was applied (Reyna and Adam 2003). Arji et al. (2019) pre-
sented a classification for fuzzy logic application in an infectious disease (Arji et al. 2019).
On the other hand, an innovative hybrid clustering technique was presented based on
combining K-means, fuzzy C-means, and hierarchical clustering to expect the direction of
DNA mutation trends (Kindhi et al. 2019).
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6. Field Survey and Data Collection

The methodology in this study is conducted based on field surveys using brainstorm-
ing sessions. The inputs and output of the proposed model and the rules linking them are
proposed in the form of many logical rules. The brainstorming technique is considered one
of the most important data collection systems for identifying information (Issa et al. 2013).
The first brainstorming sessions group included four sessions which were conducted with
medical specialists for the purpose of confirming model inputs and output. The most
fitting linguistics for model inputs and output were also recognized through the sessions.
The proposed logical rules which represent the relations among inputs and output were
presented and confirmed. The second brainstorming sessions group included three sessions
which were focused on applying the model results and its appropriateness for application
in Saudi Arabia.

7. Risks Affecting the Spread of Coronavirus Disease 2019 (COVID-19)

The effects of fast testing and social distancing in controlling the spread of COVID-19
can be investigated as risk factors affecting this virus spread (Aldila et al. 2020). Many me-
teorological parameters and air pollutant data concern temperature, humidity and diurnal
temperature range were collected to explore the effect on the daily deaths numbers due to
COVID-19 (Ma et al. 2020). The connection between the regional climate parameters over a
global scale and COVID-19 fast spread were studied and analyzed (Iqbal et al. 2020). The
effect of temperature and relative humidity factors on COVID-19’s spread was introduced
using individual-level data in many countries (Lin et al. 2020). Results confirmed that high
temperature facilitates the transmission of the disease. On the other hand, high relative
humidity increases COVID-19’s spread when temperature is low, while high relative hu-
midity reduces COVID-19’s spread when temperature is high. Mobility habits factor was
studied and the effect of it was quantified in the spread of COVID-19 through a multiple
linear regression model. It was declared that most of the countries located in the relatively
lower temperature areas exposed a fast growth in the COVID-19 cases than the countries
located in the warmer climatic regions despite their better socio-economic conditions.

Shiina et al. (2020) confirmed a high correlation between perception and anxiety
about COVID-19 infection (Shiina et al. 2020). COVID-19’s spread is affected effectively by
the population density and wind (Coşkun et al. 2021). The number of cases may not be
affected by the number of sunny days and air pollution. In other research, it was concluded
that the proportion of infected individuals in areas with high temperatures is lower than
countries of low temperatures, whereas temperature and humidity are gradually affecting
the pandemic spread (Varotsos and Krapivin 2020). Another risk group was studied and
concerned by the importance of the people’s responses to and impressions about the media
reports, and the vital role of specialists and governments in endorsing the public under
self-quarantine (Yan et al. 2020).

As explained before, an introductory list of risk factors affecting COVID-19’s spread
was prepared based on intensive literature review. Table 1 is clarifying that the total
identified risk factors are 46 and categorized in 9 risk groups. It is clear that Group 5
(Early preventive actions) included maximum risk factors numbers (12 risk factors affecting
Covid-19 spread). On the other hand, Group 2 (Travel within the country) and Group 6
(Health conditions) included 3 risk factors for each as the minimum numbers of factors in a
certain group.
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Table 1. The identified risk factors affecting the spread of coronavirus disease 2019 (COVID-19)
under 9 groups.

Factor No. Risk Factor

Risk Group 01: Travel Abroad

1 Destination: To far places or to area with high epidemics
2 Transit
3 Long duration and Prolonged stay
4 High contact rate between passengers and crews
5 Poor compliance to personal protective measures
6 Cheap flights or using economic class

Risk Group 02: Travel Within the Country

7 Far destination
8 Crowded public transport
9 Poor compliance to personal protective measures

Risk Group 03: Daily activities

10 Poor social distance
11 Poor compliance to personal protective measures
12 Crowdedness
13 Reusable items

Risk Group 04: Home Isolation

14 Lack of consciousness
15 Poor Personal hygiene practices
16 Lack of separate healthy isolation room
17 Lack of single use items
18 Lack of awareness and compliance of contacts at home

Risk Group 05: Early Preventive Actions

19 Late border control and quarantine measures
20 Incomplete restriction of international and domestic flights
21 Poor screening programme
22 Shortage of surveillance data
23 Shortage of protective supplies at health care centers
24 Lack of remote health education programme
25 Lack of appropriate treatment protocol
26 Delayed curfew when needed
27 Poor ability for remote/online working
28 Lack of areas for isolation and quarantine
29 Inappropriate disposal of garbage and sewage
30 Lack of financial support

Risk Group 06: Health Conditions

31 Underlying health conditions
32 Age extremities
33 Pregnancy

Risk Group 07: Hospitals and Healthcare Buildings

34 Shortage of isolation hospitals
35 Lack of PPE supplies
36 Shortage of medications and inappropriate treatment protocols
37 Lack of infection control programme

Risk Group 08: Meteorological Factors or Microclimatic Conditions

38 Poor airflow and ventilation
39 High humidity
40 inappropriate air temperature
41 Lack of exposure to sunlight
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Table 1. Cont.

Factor No. Risk Factor

Risk Group 09: Socioeconomic Status

42 Lack of financial support
43 Inappropriate sick leave system
44 Lack of remote health education
45 Low Per capita income level
46 Low level of culture and education

8. Risk Analysis Model for COVID-19 Spread (RAMCS)

The main aim of the Risk Analysis Model for COVID-19 Spread (RAMCS) is to
qualitatively assessing the risk factors affecting COVID-19 spread in a suitable and easy
way. In general risk concepts, some risk factors occur a lot and their effect on a particular
objective is very little. On the other hand, there are risk factors that rarely happen, but
they have a severe impact on a specific objective. To deal with this problem as in many
recent research works in the assessment of risk factors, the risk factors are handled by
combining their two characteristics (probability of occurrence and impact on a certain
objective) (Issa 2012a). COVID-19’s spread is considered an important objective which
represents a significant relation for assessing this spread. It is better to note that the RAMCS
is wide-ranging and with trivial alterations can be simply modified and applied to any
kinds of viruses.

The Probability Index (PI), and Impact Index for Viruses Spread (IIVS) are two pro-
posed inputs indices selected in this model to represent the probability of occurrences and
the impact of a certain risk factor on COVID-19 spread. Five main phases represent the
fuzzy logic process as summarized in Figure 1.
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On the other hand, A new index is proposed as a result of combining PI and IIVS based
on fuzzy logic process and namely Fuzzy Index for Virus’s Spread (FIVS). It is introduced
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as an output of the proposed model for the purpose of evaluating the risk factors affecting
viruses spread. FIVS specifies the rank or the importance of a certain risk factor to assess
the expected viruses’ spread.

8.1. Membership Functions

Membership functions are recognized to represent a numerical meaning for each
linguistic variable and signifies the fuzziness degree of the proposed labels (Issa et al. 2019;
Issa and Ahmed 2014). The ranges of input and output values corresponding to each label
can be classified by membership functions. Using the membership functions, inputs and
output values can increasingly vary from being fully applicable to completely inapplicable.

The degree of membership in fuzzy classes can be located in-between 0 and 1 values
(Pereira et al. 2007). Issa et al. (2019) conducted many agreement tests to prove that the
triangle shape is the most suitable in cases similar to the current case in this investigation
(Issa et al. 2019). The form of the proposed triangle membership function was used in many
risk assessment fuzzy models and has been selected depending on pervious researchers’
work (Issa 2012b; Tah and Carr 2000). The triangular shape is proposed as a membership
function in the proposed model for all inputs and output sources as shown in Figure 2.
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Figure 2. Membership functions used for proposed model.

The labels used in the field survey of this study were designed to satisfy the linguistic
variables used in the fuzzy set in the proposed model. For example, the fuzzy label used in
the probability of occurrence for a certain risk factor are Trivial, Minor, Moderate, Major
and Extreme. On the other hand, the labels (Rare, Unlikely, Moderate, Likely and Very
Likely) were used to represent the degree of impact of a risk factor on COVID-19 spread.
Furthermore, the output index (FIVS) was represented by 5 labels (Very Low (VL), Low (L),
Medium (M), High (H) and Very High (VH)). Each label is linked to a fuzzy set as described
in Figure 2. The overlap ratio, and overlap robustness were calculated and checked.

8.2. Fuzzy Logical Rules

The Fuzzy IF-THEN rules are usually taken as a specific description of dependencies
among objects (Novák and Lehmke 2006). These rules are considered the basis of the
composition or reasoning process of the fuzzy system model. Generally, a fuzzy rule can
be denoted by IF (antecedent) and THEN (consequent). The rule signifies the association
between the input variables and the output variable in terms of linguistic variables instead
of mathematical formulas. The logical rules follow the common-sense behavior of the
model and can be signified in terms of linguistic labels relations represented by membership
function.

As explained, the assessment of risk magnitude through risk factors characteristics
can be done by linking two fundamental parameters; probability of occurrence and impact
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on a certain objective. Consequently, the relationship in this proposed model (two inputs
and one output system) should be represented through logical rules for the two inputs
(probability of occurrence and impact of each risk factor on COVID-19’s spread) and the
output (the severity of risk factor) which are considered the accessible data. The inputs
are introduced through PI and IIVS while the output is via FIVS. The proposed linguistic
variables are introduced in the brainstorming sessions that explained in the methodology
as a first step. The linguistic variables for inputs and outputs as outcomes from this step
are summarized in Table 2.

Table 2. Fuzzy associative memories (FAMs) rules and linguistic variables for inputs and output of
the proposed model.

Scale
Impact on COVID-19 Spread

Rare Unlikely Moderate Likely Very Likely

Pr
ob

ab
ili

ty

Trivial Very Low Very Low Low Low Medium
Minor Very Low Low Low Medium Medium

Moderate Low Low Medium Medium High
Major Low Medium Medium High Very High

Extreme Medium Medium High Very High Very High

To construct the logical rules in the proposed model, assume the association between
the two input parameters (PI and IIVS) for each risk factor was hypothesized. Meanwhile,
the output of the model represented the importance or severity of the risk factor as a result
for the combined effect of the two inputs. This association can be represented by a double
premise rule such as:

If (the probability of occurrence) and (Impact on COVID-19’s spread) then (risk factor
severity).

The double premise rule can be transformed to the following mathematical relation
If (PI) and (IIVS) then (FIVS).
There are many relationships that can be obtained with varying values of PI, IIVS,

and FIVS. These relationships can be signified using Fuzzy Associative Memories (FAMs)
as proved in previous research (Tah and Carr 2000). The interrelations in the FAMs are
calculated comparable to those proved before (Tah and Carr 2001). The final rules can be
clarified in the matrix shown in Table 2.

In the selected method, Zadeh Operators used (AND) which refers to minimum
inferencing. The method for defining the rule strength is completed by taking the minimum
fuzzy input which is equivalent to the consequent rule strength. If there are any consequents
that are on the same level, then the maximum rule strength between similar consequents is
denoted as maximum. These rule strength values can be stated as a fuzzy output. Equation
(1) represents the relation between inputs and output of the model through intersection
relation.

FIVS = PI ∧ IIVS (1)

where ∧ refers to the intersection between the two inputs. Examples of defined logical
rules according to the FAMs matrix can be drawn as follows:

If PI is Minor and IIVS is Likely then FIVS is Medium.
If PI is Major and IIVS is Moderate then FIVS is Medium.
If PI is Trivial and IIVS is Likely the FIVS is Low.

All rules which are used in the proposed model with a weight equal to 1. According
to the FAMs matrix, there are twenty-five rules will be used in the proposed model.

Once the probability of occurrence and the impacts of the risk factors on COVID-19’s
spread are identified, the severity or importance of the risk factors will be evaluated using
the FIVS, which can be computed using the proposed model.
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8.3. Model Verification

In order to verify the model results, the risk factors can be ordered according to their
severity indices values via multiplying the probability of occurrence by the impact of the
risk factor on COVID-19’s spread. The Severity Index for Virus’s Spread (SIVS) can be
calculated using Equation (2) as follows:

SIVS = PI × IIVS (2)

On the other hand, the results of applying the model for the 46 risk factors affecting
COVID-19’s spread in Saudi Arabia are conducted. Table 3 shows a comparison of the
SIVS and FIVS values for all identified risk factors. A correlation coefficient test was
introduced using the Spearman’s test for ranking the factors due to FIVS and SIVS. The
correlation coefficient factor was calculated and its value was 0.818 representing a high
positive correlation between SIVS and FIVS and verifying the model results.

Table 3. Severity Index for Virus’s Spread (SIVS) and Fuzzy Index for Virus’s Spread (FIVS) values and ranking for all
identified risk factors affecting COVID-19 spread.

Factor No. Group No. Risk Factor PI IIVS SIVS FIVS Rank Due to
FIVS

10 G03 Poor social distance 0.38 0.68 0.26 0.469 1
12 G03 Crowdedness 0.39 0.68 0.27 0.468 2
15 G04 Poor Personal hygiene practices 0.29 0.66 0.19 0.452 3
14 G04 Lack of consciousness 0.32 0.63 0.20 0.424 4
37 G07 Lack of infection control programme 0.31 0.62 0.19 0.416 5

11 G03 Poor compliance to personal protective
measures 0.39 0.62 0.24 0.413 6

8 G02 Crowded public transport 0.28 0.61 0.17 0.408 7
31 G06 Underlying health conditions 0.41 0.38 0.16 0.387 8

9 G02 Poor compliance to personal protective
measures 0.31 0.58 0.18 0.384 9

18 G04 Lack of awareness and compliance of contacts
at home 0.38 0.53 0.20 0.384 10

5 G01 Poor compliance to personal protective
measures 0.24 0.57 0.14 0.376 11

13 G03 Reusable items 0.32 0.57 0.18 0.376 12
27 G05 Poor ability for remote/online working 0.19 0.55 0.10 0.373 13
19 G05 Late border control and quarantine measures 0.15 0.62 0.09 0.369 14
16 G04 Lack of separate healthy isolation room 0.34 0.56 0.19 0.367 15
25 G05 Lack of appropriate treatment protocol 0.14 0.58 0.08 0.357 16
26 G05 Delayed curfew when needed 0.14 0.56 0.08 0.357 17
7 G02 Far destination 0.39 0.33 0.13 0.345 18

23 G05 Shortage of protective supplies at health care
centers 0.13 0.61 0.08 0.345 19

35 G07 Lack of PPE supplies 0.13 0.62 0.08 0.344 20
41 G08 Lack of exposure to sunlight 0.36 0.33 0.12 0.34 21
38 G08 Poor airflow and ventilation 0.25 0.53 0.13 0.339 22
17 G04 Lack of single use items 0.33 0.49 0.16 0.338 23
30 G05 Lack of financial support 0.12 0.61 0.07 0.332 24
46 G09 Low level of culture and education 0.32 0.39 0.12 0.332 25

4 G01 High contact rate between passengers and
crews 0.24 0.52 0.12 0.329 26

32 G06 Age extremities 0.45 0.32 0.14 0.328 27
33 G06 Pregnancy 0.32 0.33 0.11 0.327 28

1 G01 Destination:To far places or to area with high
epidemics 0.21 0.51 0.11 0.317 29

40 G08 inappropriate air temperature 0.29 0.32 0.09 0.295 30
45 G09 Low Per capita income level 0.29 0.35 0.10 0.295 31
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Table 3. Cont.

Factor No. Group No. Risk Factor PI IIVS SIVS FIVS Rank Due to
FIVS

36 G07 Shortage of medications and inappropriate
treatment protocols 0.14 0.48 0.07 0.283 32

42 G09 Lack of financial support 0.25 0.29 0.07 0.276 33
39 G08 High humidity 0.25 0.39 0.10 0.272 34

20 G05 Incomplete restriction of international and
domestic flights 0.14 0.46 0.06 0.267 35

6 G01 Cheap flights or using economic class 0.21 0.38 0.08 0.252 36
34 G07 Shortage of isolation hospitals 0.14 0.42 0.06 0.238 37
24 G05 Lack of remote health education programme 0.15 0.42 0.06 0.236 38
28 G05 Lack of areas for isolation and quarantine 0.15 0.42 0.06 0.236 39
44 G09 Lack of remote health education 0.12 0.41 0.05 0.232 40
29 G05 Inappropriate disposal of garbage and sewage 0.18 0.41 0.07 0.228 41
43 G09 Inappropriate sick leave system 0.15 0.39 0.06 0.22 42
2 G01 Transit 0.16 0.32 0.05 0.207 43
3 G01 Long duration and Prolonged stay 0.16 0.31 0.05 0.207 44

22 G05 Shortage of surveillance data 0.12 0.38 0.05 0.206 45
21 G05 Poor screening programme 0.15 0.36 0.054 0.203 46

8.4. Model Limitations

Developing and applying any model is associated by some limitations. There are three
major limitations in this study concern the proposed risk analysis model for COVID-19’s
spread as follows:

1. The number of linguistic terms applied in the model inputs or output are restricted
to five only. Using more than five linguistics, particularly in model inputs, may give
more accurate results because it allows the user or respondents to select a linguistic
variable among a number greater than five.

2. There is no chance for a case of zero risk probability of occurrence, or impact on
COVID-19’s spread choice. For example, minimum value for inputs is 0.1, not zero.

3. The model is limited to qualitatively analyzing risks and it cannot determine the
quantitative effects of such risks on COVID-19’s spread.

9. Model Application and Results

The proposed model was applied for the identified forty-six risk factors affecting
COVID-19’s spread in Saudi Arabia. The PI, and IIVS are the existing indices which are
used as inputs for the risk model as explained before. On the other hand, the FIVS index is
the model output which can be used for assessing the factors affecting COVID-19’s spread.

In this research, field surveys were conducted to collect data concerning the previous
identified risk factors in Saudi Arabia for the purpose of model application and validation.
The data were collected from a series of brain-storming sessions in medical organizations
as explained before. The data collected from all respondents and the model was applied.
The average for inputs indices and results are summarized in Table 3. According to results
in this table, it can be observed that risk factor No. 10 (poor social distance) comes in
first priority according to its FIVS value, and followed by factor No. 12 (crowdedness).
However, risk factor No. 15 (poor personal hygiene practices) occupied the third order due
to its FIVS value. On the other hand, the least importance risk factor was No. 21 (poor
screening program) which comes in last ranking (rank No. 46) preceded by risk factor
No. 22 (shortage of surveillance data).

9.1. Inputs and Output Variables Correlations

Statistical analysis was conducted to show the direction and strength of the rela-
tionship among inputs and output of the model. Spearman’s and Kendall’s correlation
coefficient tests are two well-known procedures of non-parametric rank correlations that
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are used to determine the strength of a relation between any two groups of data. Both
correlation coefficients range from −1 to +1 (Liebetrau 1983). A value of +1 or −1 refers to
a complete degree of association between the two groups of data. When the correlation co-
efficient values decrease towards 0, the association between the two groups is weaker. The
(+) sign refers to a positive relationship, while the (−) sign refers to an adverse relationship.
The difference between the Spearman and Kendall lies in that Spearman’s coefficient can
reach the value of 1 not only for linearly related variables but also some types of non-linear
relationship. Nevertheless, Kendall’s coefficient is equal to 1 for a wider range of situations
than Spearman’s correlation coefficient. The results of the two tests are summarized in
Table 4. It is clear that a high agreement degree was achieved between IIVS and FIVS
indices, while this positive relation decreases in the case of PI and FIVS indices. It can be
noted that there is no relation between PI and IIVS.

Table 4. Results of Spearman and Kendall tests for risk model inputs and outputs.

Input/Output PI and IIVS PI and FIVS IIVS and FIVS

Spearmann −0.001 0.558 0.739
Kendall −0.004 0.413 0.582

Figure 3 summarizes the average means for the developed three indices. It is clear
that the average mean for IIVS represents the maximum values followed by FIVS while PI
represents the lowest values.
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9.2. Box Plot Analysis

The boxplot can offer a fast-visual summary that easily describes data characteristics
such as the center, range, and any points located outliers (Tukey 1977). On the whole,
the box contains half of the data and the higher edge of the box shows the three-quarters
percentile, while the lower edge represents the quarter percentile. The median can be
denoted by a line drawn in the intermediate of the box. The data range (minimum and
maximum values of the data sets) can be represented by ends two lines unless the data
contain outliers’ values. The outliers are represented by remarks placed below the value of
Q1− 1.5(IQR) or above the value of Q3 + 1.5(IQR), where Q1 is the quarter percentile, Q3 is
the three quarters percentile, and IQR can be calculated as the difference between Q3 and
Q1. The outliers are categorized on the graph with a small circle or point above or below
the range.

In this study, a boxplot analysis is drawn as shown in Figure 4 for the purpose of
summarizing and comparing the groups of data for the three indices. It is noted that there
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are no outliers for all indices which indicate that all values are reliable and close. The
extreme values appear in the IIVS whereas the smallest values appear in PI. On the other
hand, the maximum range value was for IIVS (0.39) followed by PI (0.33) whereas the
lowest range value is for FIVS (0.27).
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9.3. Risk Groups Analysis

Table 5 summarizes the statistical data for the model output (FIVS) for the 9 identified
risk groups. It is noticed that the maximum number of risk factors were in Group 05 (Early
preventive actions) while Group 02 (Travel within the country) and Group 06 (Health
conditions) are affected by 3 factors only for each group representing minimum risk factor
number in a group. However, the maximum mean is for Group 03 (Daily activities) with
a value 0.43 followed by Group 04 (Home isolation), while lowest mean value (0.271) is
for Group 09. Although Group 05 contains maximum number of risk factors (12 factors),
however it does not represent the largest range. On the other hand, Group 07 represents
greater range while it contains 4 risk factors only. According to mean values, it can be
concluded that Group 03 is the riskiest group followed by Group 04. Although Group 05
does not have a high mean value, it is considered a very important group due to the high
number of risk factors controlling such a group.

Table 5. The mean and range values for the nine risk groups affecting COVID-19.

Group No. Group Name Factors Numbers
in Group Mean Range

1 Travel Abroad 6 0.28 0.17
2 Travel Within the Country 3 0.38 0.06
3 Daily activities 4 0.43 0.09
4 Home Isolation 5 0.39 0.11
5 Early Preventive Actions 12 0.29 0.17
6 Health Conditions 3 0.35 0.06
7 Hospitals and Healthcare Buildings 4 0.32 0.18

8 Meteorological Factors or
Microclimatic Conditions 4 0.31 0.07

9 Socioeconomic Status 5 0.27 0.11

10. Applying the Model to Other Case Studies

The following steps summarize the application of the proposed model in other coun-
tries, or different case studies:
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1. Identifying all risk factors affecting the epidemic. The risk factors and risk groups
defined in this study may be suitable and can be utilized and modified.

2. Defining the objectives which will be affected by the epidemic such as virus spread.
3. Collecting data concern the risk factors characteristics such as probability of occur-

rence and the impact on the identified objectives.
4. Defining the logical rules and the relation among inputs and the output as introduced

in the proposed model.
5. Applying the model on all risk factors and studying the results to support any required

decisions.

11. Conclusions

This research presents a new qualitative risk analysis model created on a fuzzy logic
tool to evaluate the risk factors affecting COVID-19’s spread. The model is developed to
assess and prioritize the identified risk factors by relating the probability of the occurrence
and impact on COVID-19 spread. Based on literature and field surveys, 46 risk factors
were identified and categorized under nine risk groups. The model uses 25 logical rules for
describing the relations among risk factors. Three new indices were developed to represent
inputs and outputs of the model. The model has been tested and verified in Saudi Arabia.
Conclusions from this study can be specified as follows:

1. Poor social distance and overcrowding are the most important risk factors. On the
level of risk groups, (daily activities) is the most important risk group followed by
(Home isolation) risk group.

2. Although risk group (Early preventive actions) was affected by 12 risk factors which
give it great importance, the impact of such group is insignificant. This result is
achieved due to the application of preventive measures by the Saudi government.

3. By studying the statistical results due to relation among the three developed indices,
it was concluded that average mean for IIVS represents the maximum value among
the three indices followed by FIVS, then PI. On the other hand, the maximum range
value is for IIVS followed by PI, while the lowest value is for FIVS. The maximum
values for risk factors appear in the IIVS and minimum values appear in PI. There
is significant correlation between IIVS and FIVS while the correlation between PI
and FIVS is positive with no significance. In contrast, it can be noted that there is no
association between PI and IIVS.

4. The existing model can be applied in all countries using slight modifications and
it is not restricted to Saudi Arabia. Applying the fuzzy logic technique appended
flexibility and ease of usage in addressing the problem.

5. It is recommended that in medical health facilities key risk factors obtainable in this
study to be considered as well as the proposed model for the assessment of risk factors
affecting any virus’s spread.

6. As the proposed model represents a new technique in epidemics science, it is recom-
mended for extending this work to cover risk management processes. The proposed
model determines the qualitative effect only for the risk factors for COVID-19’s spread,
so the model should be extended to cover quantitative risk analysis. Furthermore, the
model should be studied to support decisions based on quantitative risk analysis to
solve many epidemic problems.
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