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F 3i. 1 df Siry, {2-tailed) Difference Difference Lower Upper

duasdl  Equal variances

assurad 1.238 27 1822 48 i} 10.481 2672 5108 15.854

Equal variances not

assumed 3827 | 43458 i} 10.481 2,669 5101 16.862

el cilipll (@) Lad) gilii (9) Jsé
adlall G Jeanill 3 Gy s o) (50) JSall 8 LS loa) mlm DA (e aag B
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The change management initiative (Lewin's Change Management
Model) and its impact on the organizational culture of the Ministry
of Education in the Sultanate of Oman

Abstract

The study aimed to identify the level of application of the change
management initiative 'Lewin's Change Management Model" in the
Ministry of Education in the Sultanate of Oman, identify the level of
organizational culture in the Ministry of Education in the Sultanate of
Oman, and to identify the impact of the change management initiative
(Lewin's Model) on the organizational culture of the Ministry of Education
in the Sultanate of Oman.The study sample included (321) individuals of
the administrative staff in the Ministry of Education in the Sultanate of
Oman. The researcher relied on the descriptive analytical approach as
the study method and used the questionnaire as the study tool. The
researcher reached several results including the overall mean of the first
axis: Lewin's Change Management Model came with an arithmetic mean
of (3.87), a standard deviation of (1.198), and a (high) response
degree. The overall mean of the second axis: organizational culture
came with an arithmetic mean of (3.71), a standard deviation of (1.116)
and a (high) response degree, and there was a statistically significant
impact of the change management initiative 'Lewin's Change
Management Model' on organizational culture in the Ministry of
Education in the Sultanate of Oman, as the value of (R) (.9363) with a
significance level (.000b).

Keywords: Management Change, Lewin's Change Management Model,

Organizational Culture, Ministry of Education, Sultanate of Oman
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Abstract
This study aimed to study the measuring the level of practice of strategic
leadership skills among leaders of higher education institutions in the
Sultanate of Oman. The study community consisted of administrative
staff in higher education institutions in the Sultanate of Oman and the
study sample included (365) employee. The researcher adopted the
descriptive—analytical approach as the study method and used the
questionnaire as the study tool. The study concluded many results
including that the level of practice of leaders of higher education
institutions of strategic leadership skills came at an average level, and
that higher education institutions are concerned with the decision—

making process by following strategies that help identify the problem and
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find a solution to it, and there are also no statistically significant
differences between the responses of the study sample according to the
variable of the type of institution The educational level and years of
experience is due to the fact that all employees can realize the level of
strategic leadership skills of their leaders in managing work in higher
education institutions. The study recommended many recommendations,
the most important of which is the interest in developing strategic
leadership practices in higher education institutions.
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Abstract :

Women's empowerment is a critical tool for bringing about changes in
their socioeconomic situation. Women gain a greater share of control over
resources-material, human, and intellectual such as knowledge,
information, ideas, and financial resources involving access to money and
control over decision making in the home, community, society, and
nation-through their empowerment. The empowerment of women has
become a focus on developmental efforts worldwide. women have always
sought to communicate and to gain information that will sustain their
livelihoods, increase their opportunities, and improve the quality of their
lives, ICT can provide the tools to do so. Women around the world
understand the value of ICT and on their own initiative make an effort to
use devices such as mobile phones or computers , depending on what
they can afford and what is accessible to them, The real challenge is to
transform these new forms of communication into real opportunities for
growth and development in several fields, such as: women's life,

education, economics, and employment.

Introduction
ICTs (Information and Communication Technologies) are a diverse set of
technological tools and resources for creating, disseminating, storing,

adding value, and managing information. Telecommunications, television
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and radio broadcasting, computer hardware, software, and services, and
electronic media such as the internet and electronic mail are all part of the
ICT sector. More women are working in the communications sector, but
few have reached decision-making positions or serve on governing boards
and bodies that influence media policy. The failure to eliminate gender-
based stereotyping in public and private local, national, and international
media organizations demonstrates a lack of gender sensitivity in the
media. The continued projection of negative and degrading images of
women in electronic, print, visual, and audio media communications must
be changed. Most countries' print and electronic media do not present a
balanced picture of women's diverse lives and contributions to society in
a changing world. Empowering women to be self-sufficient in meeting
their basic needs and increasing women's participation in the information
economy, thereby empowering the country, enabling greater economic

growth and development, and achieving international competitiveness.

Background

1. Research question

What is the relationship between ICT and women empowerment?
ICT reduces the importance of time and distance in organizing business
and production-related activities. As a result of technological
advancements, women now hold a large proportion of the jobs outsourced
by large corporations. Women can thus work from anywhere and at any
time to supplement their income and become more financially
independent and empowered. Companies such as Ford and General
Electric have recently expanded into Asia, employing many women with

basic information technology and data management skills. New fields of
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employment, such as telemarketing and medical transcription, have also
created numerous job opportunities for women. Women empowerment is
a process whereby women become able to organize themselves to
increase their own self-reliance, assert their independent right to make
choices and control resources which will assist in the challenging and
eliminating their own dependency.

By using ICT, women in rising economies can seriously change their

social, political, and monetary lives by:

Education development.
Increase employment opportunities.

Poverty reduction.

> W e

Less violence.

2.  Education development

Education is the main way to give women the knowledge and
confidence. To participate in the development process. ICT provides
the knowledge and resources that can empower women. There are
four styles of learners, but each technology has its own solution by
provide learners with the tools they are needing for development:
“* Visual learners who prefer to see things drawn out or in graphs to
understand concepts. ICT provides photos, figures, and charts.
% Auditory learners who like to listen and hear information to
process it optimally. ICT provides Audio clips to teach information
on each topic
% Verbal learners who enjoy reading and writing and enjoy word
play. ICT provides books, articles, and many websites for reading
information.

+ Kinesthetic that are hands-on; they like to perform the task.
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3. Increase employment opportunities

ICT generates new job opportunities Income will increase. This
encourages women to enter this challenge. The following life aspects
are affected with ICT and especially women’s life: increasing
women's access to the labour market and improving entrepreneurship
through ICT; increasing average household income in villages;
empowering women; and reducing information asymmetry through
ICT, better Governance, indigenous Knowledge, simple Family

Communication, greater Social Awareness.

4. Poverty reduction.

ICT can contribute to better women employment opportunities in
developing countries, both through improved labor market
facilitation and direct employment. Electronic job boards allow
employers and employees to match work skills and availability to

meet their needs.

5. Less violence.
It is to raise awareness and change regarding social norms, especially
the acceptance of violence. And empowering women financially not

to depend on men economically.

Methods
conceptual model with the key components being investigated in

current research.

v ICT
. Ease of use.
= Usefulness
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Results

Use.

Social capital

Bridging
Bonding

Self-efficacy

Empowerment

Goal
Internalization
Perceived
Control
Competence

Impact

ICT use would have a positive impact on self-efficacy. Higher levels

Empowerment
+ Goal
Internalization
¢+ Perceived
Control
*  Competence
¢ Impact

Social Capital
+ Bridging
+ Bonding

Self-Efficacy

Moderatad Relatiouskdp

Fig. 1. Conceptual model.

of ICT ease of use and usefulness would have a positive relationship

with ICT use to support direct selling activities. According to

previous research, people are more likely to use the new ICT if they

find the interaction with technology clear and easy to understand.
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Also defined utility as the extent to which one feels that the use of
ICT improves job performance. Many scientists have found that user
perceptions of the usefulness of ICT have a significant impact on

acceptance and use.

Discussion

Women's empowerment through ICT needs both familial support (a
computer literate member, Finances, Encouragement), And
institutional support (Women's rights laws, interested trainer,
Interested trainer, Proximity of the training center). Suggestion:
Women's empowerment needs for collaborative efforts between
researchers, program implementers, politicians, as well as different
women's communities to provide technology devices and training at

reasonable prices.

Conclusions

Empowering women in this way contributes to their participation. In
the political and economic decision-making process, The
empowerment needs for collaborative efforts between researchers,
program implementers, politicians, as well as different women's
communities to provide technology devices and training at

reasonable prices.
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Abstract

The spatial statistical models or Bayesian methods have been used widely
to analyze and study the patterns of geographical distributions for a rare
disease or small geographical area. Cancer is the ever-increasing health
problem and most common cause of medical deaths around the world.
Additionally, cancer has the highest prevalence of diseases in Libya.
Libya, as the study area, was selected to perform this research and to
estimate its relative risk for liver cancer. Cancer data and population
censuses of the country for the time period 2020 were used in this study.
The objectives of this study are analyzing and identifying the unusual
high and low risk of Libya as a pattern and as the process (the liver cancer
mapping) based on the Standardized Morbidity Ratio (SMR), a traditional
approach to measuring the relative risk of the disease, and Poisson-
gamma model. Also to understand and assess the relationship of liver
cancer disease and its high risk of a study area. Regions of the study were
extracted by using GIS system. Then, observed liver cancer cases data
and the population data were coupled to perform the analysis using
WInBUGS software. This study starts with a brief review of these
models, starting with the SMR method and followed by the Poisson-
gamma model, which we then apply to liver cancer incidence in Libya.

All results are compared using maps and tables. The study concludes that
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the Poisson-gamma model gives better relative risk estimates compared
to the classical method. The Poisson-gamma model has can overcome the
SMR problem when there is no observed liver cancer in an area.

Keywords: Libya, Liver Cancer, SMR Method, Disease Mapping,

Relative Risk Estimation, Poisson-gamma Model.

1. INTRODUCTION AND RESEARCH AIM

Cancer is the ever-increasing health problem and most common cause of
medical deaths around the world; cancer disease impacts everyone "the
rich or poor people, the old or young, women or men and kids. There are
several risk factors that cause cancer. Worldwide, alcohol use, physical
inactivity, tobacco use and unhealthy diet are the main cancer risk factors,
as well as some chronic infections are known as risk factors for cancer,
which have main relevance in low- and middle-income countries,
including, Libya. In Libya, cancer is the one of the most cause of
mortality and morbidity after a car accident and cardiovascular disease [
(Singh and Al-Sudani, 2001). Therefore, cancer is a significant problem
in public health in Libya (Aglia et al., 2014; El Mistiri et al., 2010). For
instance, liver cancer has the highest prevalence of disease digestive
cancer in Libya, in specially, it has high incidence in west and north
regions of Libya (Alramah et al., 2019; Alhdiri et al., 2016; Bodalal et al.,
2014; Bodalal & Bendardaf, 2014; Alragig et al., 2015).

Medically, liver cancer is cancer that usually starts in the cells that line
the inside of the liver. i.e. Just cancers that begin in the liver are called
liver cancer. This cancer can occur along the liver and it can occur
anywhere along the liver. It occurs when cells in the liver mutate and
grow uncontrollably. Abnormal cells that accumulate to form cancers in

the liver that can grow to invade nearby structures and spread to other
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parts of the body. A “liver cancer risk factor” is anything that increases
the risk of developing liver cancer. Many of the most important risk
factors for liver cancer are beyond the control, such as age, family
history, and medical history. Also, there are some risk factors you can
control, such as overweight, low physical activity, and alcohol
consumption.

The current study was proposed due to the lack of data on incidence and
mortality for liver cancer in Libya. We aimed to examine the distribution
of overall liver cancer malignancies diagnosed in Libyan healthcare
system with respect to descriptive cancer epidemiology indicators.
Therefore, the main aim of this research is the liver cancer mapping for
describe geographic of disease risk and identifying unusual high and low
risk areas. The areas or regions of Libya vary in size, shape, and
population size (Fig. 1). In this study, we discuss and demonstrate the
most common methods used in the study of disease mapping, which are
classical method that known as Standardized Morbidity Ratio (SMR) and
Poisson-gamma model. We will focus on its application to liver cancer
data in Libya. This study is organized as follows. First, in Section 2, we
review and describe the classical method in estimating relative risk using
SMR method. This includes the definition of SMR and its drawbacks.
Then we move to describe and overview of the earliest application of
Bayesian methodology, that called as “Poisson-gamma model” which is
applied and used by Lawson et al. (2003), will be in Section 2. Section 3
describes the cancer data used in our application and presented findings.
As well as several results presented in this section based on these two
methods, which are applied to observed liver cancer data in Libya in
order to demonstrate and identify a better method of estimating liver risk.

Finally, we close with some discussion and conclusion in Section 4.
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2. METHODOLOGY

2.1. Standardized Mortality Ratio Method

In disease mapping, SMR is the commonest statistics used in spatial
studies. The main aim of the SMR is to estimate the RR of a certain
disease in a certain map, which may be interpreted as the probability that
a person within a specified region contracts the disease divided by the
probability that a person in the population contracts the disease. In the
field of epidemiology studies, SMR represents either standardized
mortality ratio or the standardized morbidity ratio, when mortality refers
to death while morbidity refers to the incidence.

However, in general notation, suppose that Oi, where 1=1, 2, ..., H (H
indexes the areas or regions. In other words, geographical regions or
regions), indicates the observed cases of a certain disease of the study,
and let Ei represents the expected cases or counts based on the known risk
factors. Using these values as obtained from the available data, we can
calculate the relative risk 01 for area 1, which 1s the SMR defined as

SMR =6, =% (1)

Samat and Percy (2008) used the Equation (1) for the SMR in their study
and applied it to dengue disease mapping in Malaysia. According to
Lawson et al., (2003), although SMR is used commonly as measure to
estimate the true relative risk, but at the same time, it has some problems
associated with the use of it. SMR is based on a ratio estimator, the mean
and variance of SMR are very highly dependent on expected count Ei.
Furthermore, if there are areas with no observed count data,
mathematically the SMR is necessarily zero (see Equation 2). Meza
(2003) showed that this problem of SMR makes the interpretation of
SMR difficult, and it should be done with caution and also who points out

other problems of using SMR, which that the SMR is a reliable measure
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of relative risk for large geographical regions such as countries or states,
but is unreliable for small areas such as counties.

>1 (is very Larg) the expected numbers of cases are small
If SMR<=0 no obversed count data or cases (2)
<1 (is very small) the exp ected numbers of cases are larg

However, to be able to overcome these problems which are resulting from
the use of SMR method, many researchers have led to produce other
alternative methods to estimate the relative risk of the disease. One of
these methods was the use of Bayesian methods. In this research, we
suggested very common method to estimate the relative risk of a disease,

as will discuss in next section.

2.2. Poisson-gamma Model

As earlier mentioned, disadvantages of SMR in disease mapping such as
in areas where there are no observed count data or cases, so necessarily
the SMR will be zero, have been encouraged several researchers to
provide a set of methods to estimate the relative risk of a particular
disease. These methods include the employ of Bayesian methods. A study
by Clayton and Kaldor (1987), were the first to suggest the Poisson-
Gamma model, which supposed that the relative risk has the Gamma
distribution. However, Lawson et al., (2003) confirmed that the Poisson -
Gamma model is one of the earliest examples of Bayesian mapping.

In this model, for i=1 ,2, ..., H study areas and j=1,2,...,C disease sites, Let

(7

iEi:% pe the observed count, expected count and relative risk

ijr —ij

parameter in the ith area, respectively. Then the numbers of new cases O,

are assumed to follow a Poisson distribution with period time, as follows:

O, | E;.6; ~ Poisson(E, 6;) 3)

ij ~ij
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Then the relative risks ¢, have a gamma distribution with parameters a

and [

6, ~ Gamma (e, B) (4)
There was a comparison between Poisson-Gamma model and SMR
method which has been done by Lawson et al. (2003). This study
showed that the use of the Poisson-gamma model gives a smoother map
with less extreme values for relative risk estimates. However, adjustment
in this model is difficult and there is no possibility for allowing spatial
correlation between risks in the neighbouring areas. In other words,
among the advantages of the Poisson-Gamma model that is simple and
easy to use, but it is unable to deal with spatial correlation between
neighbouring areas and relative risks. Therefore, the problems of this
model have motivated many researchers to propose other alternative

models to estimate the risk.

3.  THE APPLICATION: RELATIVE RISK OF DISEASE
USING SMR METHOD AND POISSON-GAMMA MODEL TO
LIVER CANCER MAPPING

This section explains and displays the outcome of the applications of
existing relative risk estimation methods, corresponding to the classical
model based on the standardized morbidity ratio and one of earliest
examples of Bayesian mapping methods based on the Poisson-gamma
model using observed liver cancer in Libya. Models were fitted to data
using WinBUGS software, which is a package designed to carry out wide
variety Bayesian Models, EXCEL to get relative risks and standard error
for SMR. Then, all of these outcomes are compared and displayed in the
table and maps, to reveal the best-fitted model for relative risk estimation

for liver cancer disease mapping in Libya.
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3.1. Cancer Data

In this applied, ecological research, information of the Libyan regions for
one-year 2020 was analyzed, which is obtained from Africa Oncology
Institute (AOI) These administrative regions are Alnikat, Zawia, Aljafara,
Tripoli, Almergaib, Musrata, Sirt, Benghazi, Almarg, Aljabal Alakhader,
Darna, Albatnan, Nalut, Aljabal Algarbi, Wadi Shatee, Aljufra, Ejdabiya,
Ghat, Wadi Alhiya, Sabha, Morzuk and Alkufra. A geographical system
of Libya’s regions is explained in Figure 1, where ID, name and
population for each region in the map are shown. Liver cancer disease
data is used to illustrate the SMR model and Poisson-gamma model to
estimate the relative risk of disease (Libyan National Statistics Figures,
2011; Alhdiri et al., 2016; Abusaa, 2008).

m Regions Population )
Zawia Aliafara
1 (Alnikat 300000 — Tripoli AMjabal Alkhader
2 |Zawia 302000 ‘\fﬁh 7, _Amergaio Aimarg > }/Dam
Ay B - |
3 |Aljafara 254000 A s S Mot ganghani ({9 | aF—
4 |Tripoli 1101000 o e e [ 2.
5 |Almergaib 457000 | 13'“,mjﬂha| A, ol == . f'u. LA Iha.tnan;'}
6 |Musrata S67000 v Iaﬂlgarl:i & 7 S 17 )
i Sin ( ¢
7 | sirt 143000 \ Hamg | 14 O /" 0 . \
8 |Benghazi 681000 | B o Al ! Ejdabiya |
9 |Almarg 194000 Y et . Aljufra .
10 |Aljabai Alakhader | 216000 L 15 Wedishawe g 16 J . —
173000 T e —Sabha F— =
11 |Darna \_Wadi f‘;;’n paha. s ]
12 | Albatnan 169000 « Ghat —<i9alhiya, [~ b
13 |Nalut 101000 N qg
14 |Aljabal Algarhi 322000 b ']I Morzuk ‘
15 |Wadi Shatee 81000 - Alkulra
16 | Aljufra 71000 N
17 | Ejdabiva 195000 e T T
18 |Ghat 32000 - ~_
19 |Wadi Alhiva 79000 |
20 | Sabha 133000 .
21 |Morzuk 81000 . .
22 (Alkufra 64000 T

Figure 1. Names of 22 Geographic boundaries, Code on the map and

population of all regions in Libya (Source: Alhdiri et al., 2016).
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Figure 2. Total number of Liver cancer cases reported for each region in
Libya, 2020

In this study, from 1 January 2020 to 31 December 2020, the total
number of liver cancer disease involving all regions in Libya is 35 cases.
Fig. 2 present the total number of liver cancer cases reported for each area
in Libya in the year of 2020. Obviously, we can see that Zawia region
shows the highest number of cases which is 8 cases. The second highest
case is at Alnikat which reported 5 cases of liver cancer. There are ten
regions which are free from liver cancer disease which are Almergaib,
Sirt, Benghazi, Aljabal Alakhader, Darna, Albatnan, Wadi Shatee,
Aljufra, Wadi Alhiya and Alkufra.

3.2. The Results

The outcomes for the relative risk estimation using the Poisson-gamma
mode and the SMR for 2020 are displayed in table 1. Table 1 presents
two obvious differences in terms of the value of relative risk. Ten regions
have value of relative risk equal to zero, in the absence of cases of
observed liver cancer based on analysis using the SMR method. These
regions are Aljafara, Sirt, Benghazi, Aljabal Alakhader, Darna, Albatnan,
Wadi Shatee, Aljufra, Wadi Alhiya, and Alkufra. Based on SMR method,
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susceptible people within the region of Nalut have the highest risk of
contracting liver cancer, while susceptible people within the above
regions have the lowest risk of liver cancer when compared with people
in the overall population. The corresponding values of relative risk are
between 10.575 and 0, respectively. Conversely, by using Poisson-
gamma model, the finding shows opposite results where the value of
relative risk is not zero although there are regions with no observed
counts of liver cancer cases, which can be a disadvantage of the SMR
approach. However, the Poisson-gamma model does not suffer from this
drawback and generates positive estimates of relative risk in regions that
have no observed case.

The latter model can overcome the drawback of SMR, which is when
there are no observed cases in particular areas. In addition, from table 1,
Zawia, Nalut and Alnikat have a high value of relative risk during 2020.
Estimation using the Poisson-gamma model shows that susceptible
people within the region of Nalut have the highest risk of about 3.668,
while susceptible people within the regions of Benghazi have the lowest
risk of about 0.216.

In addition, the results in table 1 displayed that a small population (small
number of people in the i region) has low expected counts, but SMR and
standard error are high (see 18" region, Ghat). Conversely, region with
high population (high number of people in the i region) has high
expected counts, but SMR and standard error are low (see 4™ region,
Tripoli). Generally, SMRs have the greatest uncertainty because they
have small population then standard error are high. Therefore, we can
say that the relative risks based on Poisson-gamma model provide a more
stable risk estimate such as yielding low standard error than using the
classical method (SMR).
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Table 1. Observed, Expected and Relative risk of liver Cancer

Disease based on SMR Method and Poisson-gamma Model for the

year 2020
N | Region O; E; Relative Risk Relative Risk
based on SMR based on Poisson-
Method Gamma Model
RR SD RR SD
1 | Alnikat 5 | 1.773 2.82 1.261 2.314 ]0.023
2 | Zawia 8 | 1785 | 4.482 |1.585 3.429 ]0.039
3 | Aljafara 1 |2683| 0373 |0.373 0.582 | 0.009
4 | Tripoli 3 | 6507 | 0461 |0.266 0.556 | 0.005
5 | Almergai 0 | 2701 0 0 0.289 0.009
b
6 | Musrata 2 3351 | 0597 |[0.422 0.726 | 0.007
7 | Sirt 0 | 0.881 0 0 0.589 |0.013
8 |Benghazi | 0 | 4.025 0 0 0.216 |0.008
9 | Almarg 1 | 1147 | 0.872 |0.872 1.034 |0.012
10 | Aljabal 0 1.277 0 0 0.486 0.011
Alakhade
r
11 | Darna 0 | 1.023 0 0 0.528 |0.0122
12 | Albatnan 0 | 0.999 0 0 0.551 |0.014
13 | Nalut 4 | 0597 | 6.701 |3.3505 3.668 | 0.0602
14 | Aljabal 3 1.903 1.576 0.9101 1.468 0.012
Algarbi
15 | Wadi 0 |0.479 0 0 0.762 |0.013
Shatee
16 | Aljufra 0 | 0.419 0 0 0.805 |0.016
17 | Ejdabiya 1 | 1152 | 0.868 |0.868 1.025 |0.0102
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18 | Ghat 2 0189 | 10575 |7.478 | 3.323 |0.078

19 | Wadi 0 | 0.467 0 |0 0.756 | 0.014
Alhiya

20 | Sabha 4 0786 | 5089 |2544 | 3.166 |0.0502

21 [Morzuk | 1 | 0479 | 2089 |2089 | 1602 |0.019

22 [Alkufra | 0 | 0.378 0 |0 0.838 |0.023

“RR” denotes Relative Risk, “SD” denotes standard deviation, and values
highlighted in bold denotes highest or lowest relative risk or expected
cases

Fig. 3 shows the relationship between the relative risk and standard error
based on SMR method and Poisson-gamma model. From this Fig. 3a, it
can be seen that the relative risk increases as standard error increases.
While in Fig. 3b shows that the relative risk of disease using Poisson-
gamma model produced higher precision of estimate than classical

method.

b. Relative Risk of Disease Using

a.Relative Risk of Liver Cancer Disease
Poisson-gamma Model

Using SMR Method 01
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Figure 3. a) Relative risk based on SMR method vs standard error; b)
Relative risk based on Poisson-gamma model vs standard error
For the purpose of this study, a comparison of the bar graphs using these
two methods is also made in Fig. 4 in order to help ascertain which
method produces a better relative risk estimation for liver cancer data in

Libya.
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Fig. 4 shows the estimated relative risk based on the SMR method and
Poisson-gamma model for each region in Libya in the year of 2020. From
Fig. 4, it can be seen that majority of the regions in Libya have SMR less
than one. Hence, it can be concluding that those regions have smaller
observed number of liver cancer cases compared to expected number of
liver cancer cases. From Fig. 4a, there are seven regions with SMR
greater than one which is the region of Alnikat, Zawia, Nalut, Aljabal
Algarbi, Ghat, Sabha and Morzuk, while in Fig. 4b using Poisson-gamma
model, nine regions with relative risk greater than one, which are Alnikat,
Zawia, Almarg, Nalut, Aljabal Algarbi, Ejdabiya, Ghat, Sabha and
Morzuk. Most these regions are located at the North, south and Northwest
of the country. The highest relative risks are at the regions of Ghat and
Nalut with recorded the value of 10.575 and 3.668 using SMR and
Poisson-gamma respectively. These regions can be said having an excess
death in the study population because the ratio of the observed divided by
the expected deaths is greater than one. Among all regions in Libya, there
are ten regions with zero relative risk using SMR method, which are the
regions of Almergaib, Sirt, Benghazi, Aljabal Alakhader, Darna,
Albatnan, Wadi Shatee, Aljufra, Wadi Alhiya and Alkufra. Likewise, the
Poisson-gamma model does not suffer from this drawback and generates
positive estimates of relative risk in regions that have no observed cases.

Moreover, the results of relative risk estimation based on the methods
presented in table 1 and Fig. 4 show that the susceptible people within
these regions are more likely to contract liver cancer compared to people
within the overall population of the country, whilst susceptible people
within the other regions are less likely to contract liver cancer compared

to people within the overall population
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Figure 4. a) Bar graph of the estimated relative risk based on the SMR
method for each region in Libya; b) Bar graph of the estimated relative

risk based on Poisson-gamma model for each region in Libya

3.3. Disease Maps of Relative Risk Estimates for Liver Cancer in
Libya

Disease maps are used to represent the different levels of risk for liver
cancer, which covered all 22 regions in Libya. Diseases maps graphically
display statistical outcomes for relative risk estimation and are an

inferential and fundamental decision-making tool. In this study, multiple
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colors are applied in the maps to identify and display among the hot areas
which have high or low risk of liver cancer incidents for all regions in
Libya. The results represent the hot points of liver cancer incidents. Fig. 5
shows the risk maps for liver cancer based on the SMR method and the
Poisson-gamma model. All these maps show the results for each region in
Libya during the year 2020.

Mapping issues related to aggregated data are discussed in (Lawson,
2006) and also other issues related to the interpretation and representation
of disease risk in a map were presented by other researchers (Pickle et al.,
1999; Lewandowsky et al., 1993; Pickle & Herrmann, 1995; Mungiole et
al., 1999). For the interpretation of thematic maps, this study applied
multiple colors to illustrate and differentiate among the high and low risk
regions for liver cancer incidents that are considered in this study for each
region in Libya. Therefore, each region will be categories into five
different levels of hazard. These levels are very high, high, medium, low
and very low with their intervals of [(<0.5), [0.5,1), [1,1.5), [1.5,2) and
[2, )] respectively. In our application, depending on the concept, and
definition of relative risk that is given in several studies, we choose these
intervals to cover the range of observed values. In addition, we mean by
the dark shade in the map the highest risk (very high) and by the lightest

shade the very lowest risk (very low).
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a) SMR method b) Poisson-Gamma model
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Figure 5. (a) Disease Map of estimated relative risk of liver cancer in
Libya based on SMR method, 2020; (b) Disease Map of estimated
relative risk of liver cancer in Libya based on Poisson-gamma model,
2020
Fig. 5a for the SMR map shows that there are six regions with very high
risk of liver cancer, which are Alnikat, Zawia, Nalut, Ghat, Sabha and
Morzuk. There was only one regio with high risk, Aljabal Algarbi. This is
followed by one region have high risk, which was Aljabal Algarbi and no
regions have medium risk. The regions of Musrata, Almarg and Ejdabiya
with low risk and the regions of Aljafara, Tripoli, Almergaib, Sirt,
Benghazi, Aljabal Alakhader, Darna, Albatnan, Wadi Shatee, Aljufra,
Wadi Alhiya and Alkufra with very low risk. The Poisson-gamma model
map in Fig. 5b shows that the regions of Alnikat, Zawia, Nalut, Ghat, and
Sabha have very high risk of liver cancer occurrences, while the region of
Morzuk has high risk. The regions with medium risk are Almarg, Aljabal
Algarbi, and Ejdabiya. The regions Aljafara, Tripoli, Musrata, Sirt,
Darna, Albatnan, Wadi Shatee, Aljufra, Wadi Alhiya, Alkufra have low
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risk, while the other three regions with very low risk include the regions
of Almergaib, Benghazi and Aljabal Alakhader.

Here, comparisons between the SMR method and Poisson-gamma model
for only one-year 2020 show no evident differences in terms of the
estimated risks based on both maps considered. Therefore, disease maps
are mostly meant to be a better presentation tool for identifying areas,
which have very high, or high risk of liver cancer disease, so that further

interest could be provided to these priority regions.

4. DISCUSSION AND CONCLUSION

The study findings for relative risk estimation using Poisson-gamma
model that is suggested in this study provides an important approach to
assessing future risk compared to the SMR method. Some previous
interpretations which had been explained are expected to be used as a
reference in order to control and prevent liver cancer disease before it
occurs.

These finding also showed that the Poisson-gamma model can overcome
the drawback of SMR especially when there is no observed liver cancer
case in certain regions. The maps show that the high risks are
concentrated in the north-west part of the study area (the country) and
least as we head south and east. It is identical in terms of population
concentration congestion in the north and the least concentration of
population as we head south and east. The regions with the highest risks
are located in the west probably due to oil installations in this area such as
Mellitah Oil and gas B.V, the Zawia Oil Refining Company and Bouri
Oil Field, as well as the electrical power stations (Alsaker, 2013). The
higher risk of these areas, the more serious attention of government

policy and financial support are needed. Susceptible people within
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regions located in the eastern part of the country have the lowest risk
based on both methods when compared to the people in the overall
population.

In this manner, individuals at hazard will be more mindful and
comprehend through logical clarification that likelihood of contracting
liver growth later on. For further advancement, it is relied upon to utilize
other better techniques or models recommended or proposed in the

writing to improve estimation of relative hazard.
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