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Abstract:

The digital economy is a recent variable in economic growth as it enhances the
production of various factors and increases productivity through direct and indirect
mechanisms. This study aims to examine the relationship between the digital economy and
economic growth in Egypt and Libya, including the period 2021-2023. This is based on the
theory of import-led growth; The standard model includes assessment of the impact of
three variables: capital formation as a percentage of GDP, labour force participation as a
percentage of the total population in age groups (15-64), and digital readiness for the digital
economy. The results showed that technological progress and digital readiness had a
positive impact on the studied economic growth in Egypt and Libya. Based on these results,
in addition to developing digital governance to encourage the business environment,

enhance trust and transparency, and attract domestic and foreign investment.

Keywords: digital economy, economic growth, Egyptian and Libyan, longitudinal data

model.
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GDP; = By + (1 CAP; + B,LAB;, + [3;DIG;, + Uy

1Jg

Lgilily pdbaa g (oubil) 73 gall) ol il Ciy a5

' el Gl s’

" "n- “ wl:é sbju

' il Gl el 38

(A5 i) Adpal) dpazll iyhsa

2015 ¥eall &bl Sl

(e J_)ﬂ\ ‘_\:\_«AJ‘L_UJ-S:\A
Sleay) sl miLull | Gpp

Al lil) A gal) duaiill i
19 9 el ol

laa) ol bl (e dus

Sl sl Jeal | cAP

(s i) Adgal) dpazdl iyhsa

(World Bank ,2022)

45l s Ol Jlaa) e da s

Jaall 368 L.?J A&l LAB

23

(22022 pawd) s gl )



(16 — 15) Lipesll (16-15 o Llee)

Aadllall Lol s

X . sl il djalall iy dige
(esdly allall DLty (gaiia) 1l DIG

4. )
(World Economic Forum =3l

different issues)

Lald) dae) e uaal)

((GDP) Maa¥! adll i) po 3yall et Gll3 b Loy eabidie Lobad) cydige 1 Jsand) Giaye
(Hlaay) Anall bl (e Lgia A€ JlaaY) Jlall ) cpsSig (ol sail) el (535
s WS Lle 64515 (s adjlect sl il Il (e Dghe LS Aalall (5l Sl Janas
gy siiall e alall Luallall dcdlall 1,8 (e (DIG) Lasisisally 4yl djalall jdise
S iy eByphaiall LasloSill 815 Jre cdpef Clpdige (Ao p—dsall 1o Jai iy L allall
e Y1 O pardiinn ¢pdll AU Augial) Auailly Linsl i€l Sty Halal) win) LYl LaslsiSall
ilglly e B anan e JSV i oall (gaall Gl (ajes eyl ) cls)adl
LS RV J gandl)

iy sdsale SS90 o uad by ey gl by o duhall sda 8 bl 3gail adias
gl A e owlidl) mgeill 5o 2iusg o(Gujarati (2012) culajie saad 40a duia)

iy Cus (Bl g pm s Y z3sal) 8 il @il of e ST ALY As ) o
Gilalaall b olad) Cuiatl 138 L85 e Chariall Clily 058 o A ulidl) g3kl (o alidl) il
23 BB V) gl GBI sl sl Capad g Al all ld il an ) hLady g 8kl

paal) @iy (huaiall duiadl Judladl by ol LY Adgise SISV Akl sangl) s L)

24 (22022 sammd) pe al )l aaad)



-(Wagner (2006 5 Hlouskova & )9 LS cddghall calilull dalid) sasgll i clylis) o

Al Hlasy) eha) &

Chuy Ling Levin Hlod) e

Breitung _lasl e

Im-Pesaran-Shin ladl e

Fisher-ADF lail e

Fisher-PP ,lod) e

copl Lol e

-(Levin) Fisher-ADF _laal — Levin, inand Chu laa) Laag olial e duhyall paidivg

Claie Ll gl ¢ A1 Al (e AalSie 7 3gailly drecaiall clpaiadll o (3) 5 (2) (slsas (o el

A Jo¥) Bdll AaT aey AL

2 Jsaa

Levin, Lin & Chu 334l jas jlid)

Levin, Lin & Chu ,Laa)

; slaily culds ; slaly cult Gl yartiall
olal gl el G0 s sladl ol s (o <l
Intercept Intercept
None intercept None intercept
& Trend & Trend
kKK _ * K K _ *k_ *kk_
**%.5.53028 2.05418 GDP
14.5394 8.71887 2.30396 8.56202
ok ok _ * Kk _ EX * 3k k_
**%*.9,14171 *x*_2.78588 CAP
5.41447 4.52017 5.91783 4.94646
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*okok_ ok k_ *okok_ *okk_
***_4.85785 1.18062 LAB
13.4821 5.04691 3.05652 5.39170
* Kk _ *ok ok _ *k ok _ * %k _
**%*.10.1940 4.00753 DIG
10.5154 7.51484 4.19223 4.01522
1 A Aeal (ggia Jia "F*' g /5 daudy Al (ggiae )" i
Ll Jaas U5 Eviews1l meliy aladiul Gaaldl J8 (e deadl)
3 s
Fisher-ADF 3as Il jis jLai
Fisher-ADF ,Lasl
sladly culs <l O slaily s i)
RICE RN 7 el 7 el >
Intercept ol Intercept
None intercept intercept
& Trend None & Trend
***68.4649 ***84.6891 **%*72.5736 *31.6803 *33.2959 *¥**46.4629 GDP
**%98.9709 **%58.7201 **%*42.5743 26.7248 29.7651 **37.8120 CAP
**%73.4411 **%48.2267 **39.4279 19.8786 22.3802 **%*45.5288 LAB
**%105.621 **%40.8377 ***55.7420 2.43010 26.1382 26.6770 DIG

L Ay daadl (ggine i " * 5 /5 Ay daadl (s5ina ) " i
Ll s oL Eviews1l gmeliy alatiuls Gaaldl J8 (e deadll
13 bl o dia JalSs ADle @llia cil€ 13) Lo 2aSE & oz gaill o J8 (A dsjall B
138 &z dgaill i Sy (Bo il dipla DA e Wbt ) (Kb B8 e e Clpatiall CuilS

L) Qs Jlat¥l dalaing clyprial) (u (s2al Byl AN Lo lacY) 3 3ah 4ty ¢ gyl




Ghpaiall el et =S (Engle & Granger (1987 Ji (o i diall JalSill o 5gha a3
Dl e gy wall i bl JalSall 4 ald ol i . Lagin 2aY) Aligh A8l (S Lo Anlill ye
)l a2an 05 (1987 <Engle & Granger) ziseid) 8 cilysial) oo Jal) dlishy (saall 0w
13) Lea (3223l Kao's Residual Co-Integration s Pedroni's Residual Co-Integration <l)liasl
3258 Y ¢ ouLEAY) ST jhall doca i) e 3l Al bl G jide JalSs dDle Gl <l

-(1999 K ¢2004 <Pedroni) zisall A il o b JlSs d8le

4 Jgi>

& idial) Jalill Kap Residual Jdd)

Kao Residual Co-integration

Null Hypothesis: No

cointegration

T-test p-value

-1.374075 0.0847

Ll Qs U5 Eviews1l gl aladialy Gl Jé e sl

5 Jgi
dl yidal) Jalill Pedroni Residual J.id)

Null Hypothesis: No co-integration

Alternative hypothesis: common AR coefs. (within-dimension)

statistic prob
-0.145464 0.5578
1.4622230 0.9282
-2.547737 0.0054
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Null Hypothesis: No co-integration

Alternative hypothesis: common AR coefs. (within-dimension)

-2.410369 0.0080

Alternative hypothesis: individual AR coefs(between-dimension)

3.284234 0.9995
-5.908641 0.0000
-2.7411176 0.0031

Ll s U Eviews1l meliy aladiuls Gaaldl Jd (e aeadll
cdg ol Slae¥) b0l Y ) EEl dasll) cilly gz 3le pladt ) dgleall 3 8,8 Behadl) (aial
Al )yl 73y cAaanall OLS Ayl e lly cdalia jads z3les 2535 @llia . il
daadae bl el e dudghal) Ll s dranal) OLS ik Jolami )y dall a5l 3001
Al B o dgat ey Aiasl) Jalailly jaaliall Gy ClBUAY] luaal) 8 336 Yy dxie) Judlag
Ly Gily—de Und 20ls el oyl 7 3gas (it Lty cCigg 208 JSV AL _adie jual Cilalesy
iy 8 Loy cchylad) B eha] & ¢ i z3sai Joaall paail dgie)l Laliilly yeabiall ¢ iRy
o hlaa¥) s gl cuyell . Glawsle Hladly Caelcadll mileY lodls Lllaal i jlas)

L asalll COlabea i) JiaY) Ll oIS dnlall ey sl 2 dga
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6 Jgi>

Likelihood Ratio Test JLial

Redundant Fixed Effects Test

Effects Test statistic prob
Cross-section F 781.282686 0.0000
Cross-section Chi-square 495.955680 0.0000
Period F 0.684452 0.7210
Period Chi-square 7.525214 0.5826
Cross-section / period F 428.977333 0.0000
Cross-section/ period Chi-square 500.560772 0.0000

Ll s U5 Eviews1l meliy aladiuls Gaaldl Jd (e deadl)

7 Joi>

Lagrange Multiplier Test \sal

Lagrange Multiplir Tests for Random Effects

Test Hypothesis

Cross-Section Time Both
363.4161 2.041114 365.4572
Breusch- Pagan
(0.0000) (0.1531) (0.0000)
19.06347 -1428676 12.46969
Honda
(0.0000) (0.9235) (0.0000)
19.06347 -1428676 12.08391
King-Wu
(0.0000) (0.9235) (0.0000)
23.53442 -1.277612 11.15536
Standardize Honda
(0.0000) (0.8993) (0.0000)
23.53442 -1.277612 10..66589
Standardize- King-Wu
(0.0000) (0.8993) (0.0000)
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363.4161
(0.0000)

Gourieroux, et al. - -

Ll s U5 Eviews1l geliy aladiuls Gaaldl J (e i jdeadll

8 Jyi>

Hausman Test JLia)

Correlated Random Effects- Hausman Test

Chi-sq. Statistic Prob

Cross-Section random 48.647076 0.0000

Ll s U5 Eviews1l geliy alativls Gaaldl J (e i jdeadl)
ai g Anlll il 7 3gas Aiyha aladiuls 7 3saill Cilabea 50 (9) Jsan diacaiall wilisll ma s
BaL el sSall (golall Jlall Gy Jliie by (salaai®Y) gaill Baliy 8  Maal)ll 0psSll dadl (e
sl o il 1agd A6l mn) dagina (53 il agag are M il s sl gLy
Gr—adll b Anall ) an) e Alaadl) ool da s aalss ) @lld (ghad Sy ¢ salaiEl)
Al Jae Biadl 5all DA llly

9 Jgi>

(Fixed Effects Model) 4Gl < , 5l 73 gad jafS il

T- Claleal) jaa8s
P-value
statistic Coefficient
0.8950 0.132355 0.000694 CAP
0.0000 11.68515 0.056639 LAB
0.0157 2.455102 0.220609 DIG
0.0000 17.24359 4.916403 Constant
0.8181 R2 uaadll Jalza
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158.1 F-statistic

0.0000 Pro(F-statistic)

Lol Jalas oL Eviews1l galin aladiul dald) 18 (e sl
an) 8 Alalall (goall AL e da i Jadis (3 ¢ (galai®Y) gaill oSBT (slat Lasdg
b palan Cus gl saill o duladly dilias) A2 13 ik al o sl il el ¢l
DEEIL Glaty Lad A8L ) byl il pe 13 il 105.0 Jlsier Nlaa) Al il 5ol
el daadylly anglgisall Anjalall o ) gital) o5 . gl gail e oyl S )
5L (5355 /5 il AN da iy (baly peme B ol saill o Adloas) AN, e il
oy 1305 .22.0 laey (gol—aBY) saill L 5obylawosia ) >—d5all 3a 8 Basly AkE ke
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das ge Gl BeUS Gy weatg Ay il 508l et ) o0 Mag L das i)y L3I Bl )

-(Kretschmer et al.,)2013
N &ileall Alaly JlaeY) 5ol Grant o dant ) L llg dun il bl ) Ayl
oasSall leasl) waig 3l JlaeYl ziles gk (3 oo Lol Caali Lgild cagaally cDlaladl)
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palafig dnadyllg mnyall (GUaill daal a8 deal sall .(2020) YLD ool Slay) .2
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e daals Llall Cila,al
) Aae ia¥ g oL@y diall) 555 . (2017) sl ooad dueliia¥y dolady) alll .5
dial t 0 Al dabaiall 8 LS Cladindl gai Joatlly  abl) sl @Y Jon Ll
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(AR
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Abstract

The aim of this study is to analysis time series with using (Box-Jenkins) method
(Identification, Estimation, Diagnostic checking of model and forecasting) to find the
best forecasting model to the number of patients with Subrata Cancer Center
province by using the monthly data for the period (2017-2021). The result of data
analysis show that the proper and suitable model is ARIMA((),l,O). According to
this model the research forecast the number of patients the next two years in
monthly bass, so the forecasting values epresented the scours time series data
that deal to the efficiency of the model. The study recommends the using of the
suggested model to predict future number of atients and the importance of
documenting all patient data for future use in scientific research that would benefit

the public interest.
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Abstract

The aim of this study is to examine the role of banking supervision (On-site
and Off-site Supervision) on the performance of commercial banks in Libya,
In order to achieve this goal, the descriptive, analytical survey approach was
adopted to Describe The Phenomenon by relying on the questionnaire tool,
SPSS 23 version software has been used to process and analyze the data.
The study finds that on-site supervision and off-site supervision have a
statistically significant impact on improving the performance of commercial
banks in Libya. Therefore, the study recommends that increasing attention
to training the employees of the Libyan commercial banks to apply the
international standards of banking supervision for the advancement of the

Libyan banking sector.

Key Words: banking supervision, banks' performance, On-site Supervision,

Off-site Supervision
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Abstract :

Using time series techniques, this paper examines the relationship between the unemployment rate
and economic growth in Libya . Since both the unemployment rate and economic growth in
Libya are integrated of order one during The period study1990-2022, the existence of cointegration
is a prerequisite for the successful model of their relationship. The Autoregressive Distributed
Lag (ARDL) test shows that economic growth is cointegrated with and the unemployment rate
in long and short-run negatively and is statistically significant . To make sure the results obtained
is robust from ARDL model, and check for the robustness of estimated results .Were used
Recently Developed econometric Methodologies as the Modified Least Squares Method
(FMOLS) , Dynamic Ordinary Least Squares Method (DOLS) , and Canonical Cointegration
Regression (RCC) . The results of these methodologies models showed . That unemployment
rate and the economic growth are negatively and significantly related in Libya , these results
are very close to each other and very similar that make sure the results obtained is robust from
ARDL model, this mean that results and our estimates , can reliable of their to test that
relationship. Furthermore, the lag-augmented vector autoregression (Granger-causality) approach
shows that there exists unidirectional Granger causality from unemployment rate to the economic
growth . Hence, the fluctuations in economic growth are partially explained by unemployment
rate .

KEY WORDS: Unemployment Rate , Economic Growth , Autoregressive Distributed Lag (ARDL) , Fully

Modified Least Squares Method (FMOLS), Dynamic Ordinary Least Squares Method (DOLS) ,Canonical
Cointegration Regression (CCR).
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1-Introduction.

Unemployment rate is a situation that every country fights and must fight in order
to survive economically. The phenomenon of unemployment rate negatively affects
not only the economy but also the socio-cultural life of countries. For this reason,
countries are in an effort to develop policies to reduce unemployment rate. One of
the most effective methods to reduce unemployment rate is to create new
employment opportunities and improve economic growth Ceylan and Sahin,( 2010,
p. 158).

The, imports increase along with exports in these countries. The increase in
exports and imports increases the demand for a certain amount of labor and this
increase in labor demand reduces the unemployment rate. In these countries, which
experience an increase in the rate of economic growth due to the increase in exports,
the economic growth may be affected by unemployment rate to a limited extent.

This study will selected modern econometric methods to estimate the impact of
unemployment rate on the performance of the Libyan economy. These selected
methods have several advantages compared to other standard methods. The lack of
theoretical and applied models that explicitly address the issue of the effects of
unemployment rate on economic growth has not prevented many researchers from
trying to estimate the effects of unemployment rate on economic growth. But the
evidence so far is inconclusive. although the inclusion of the unemployment rate
among the determinants of growth remains unclear. A number of recent articles have
attempted to assess the impact of current inflation on economic growth in the Libyan
economy within the framework of many methods. This document adheres to the
application of many methods to estimate the impact of unemployment rate on the
performance of the Libyan economy. This method has several advantages compared
to other standard methods as follows: (i) First and foremost, it prevents the selected
models from omitting the evaluate relevant variables:(ii)selected models allow to

study for a variety of effects of unemployment rate on economic growth including
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those which the effect in long and short run on economic growth : (iii)in this
framework a clear distinction can be made between level rate of inflation effects
on economic growth , according the selected methodologies .This paper tries, in
several ways, to verify the robustness of the empirical link and casualty between
unemployment rate and economic growth:(iv)on a practical level, this study provides
additional empirical evidence on the ongoing debate about the type and direction of
the relationship between unemployment rate and economic growth in Libya in the
short and long-run in Libya using Modern selected methodologies which in turn
contributes to increasing the empirical studies on this relationship in the literature
of development and economic growth .

The Importance of paper is empirical investigation isto determinate the nature
of the relationship among these variables in the Libyan economic context, i.e.
determinate of this relationship is in the short-run and/or the long-run, and the
determination of causality direction between these variables. to fill this gap by
documenting the nature of the causal relationships between the variables.
Furthermore, the periods used by most of the featured studies are not inclusive
enough to capture the prevailing trend in these economic variables , so the main
hypothesis of this study is the unemployment rate in Libyan economic have
negative and significant significantly effect on economic growth in the short and

long run, and not vice versa.

2-Theoretical framework.
2-1-The Concept of Unemployment rate its types:

According to Jhingan, E., Devlin, R. H., & lwama, G. K. (2003), unemployment
rate can be thought of as the number of unemployed people in an economy, often
expressed as a percentage of the labor force. Unemployment rate is also defined as

the number of people who are willing and able to work, since they will be available
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to work at the prevailing wage, but there will be no work for them. Classical
economists often define unemployment rate as the excess supply of labor over labor.
demand that is caused by the adjustment in the real wage. Classic or real wage
unemployment rate occurs when real wages for jobs are above the market
equilibrium level, causing the number of job seekers to exceed the number of
vacancies Karikari-Apau, E., & Abeti, W. (2019)Also Keynesian economists define
unemployment rate, also known as low-demand unemployment rate, as something
that occurs when there is not enough aggregate demand in the economy to provide
work for everyone who wants to work. as defined by the International Labor
Organization (2009), it is a state of unemployment rate that occurs when people do
not have a job and have actively sought it.

If we look at the latest definitions of unemployment rate; It is seen that people who
have not been able to get a job due to lack of some qualification or who have not
been able to have a job due to social incompatibility are called unemployed.
unemployment rate phenomenon. Economists distinguish between various types and
overlapping theories of unemployment rate, including cyclical or Keynesian
unemployment rate, frictional unemployment rate, structural unemployment rate,
and classical unemployment rate. Some additional types of unemployment rate that
are occasionally mentioned are seasonal unemployment rate, extreme
unemployment rate, and hidden unemployment rate, and cyclical unemployment rate
that occurs during the recession and recession periods of the economy (Yildirim et
al., 2010). : 364) .

According to the International Labor Organization (ILO) Stewart, B. M. (1933),
unemployment rate refers to the proportion of the labor force (aged 15-64) that does
not have a job but is available and looking for work. The unemployment rate, which
is the number of unemployed divided by the number of people in the labor force, is

the most common measure of unemployment rate.
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2-2 -The relationship between unemployment rate and economic

growth:

One of the successful tools to achieve high economic growth has been the
reduction of unemployment rate. This tool is especially powerful for developing
countries. Thus, unemployment rate serves as a very important macroeconomic tool
in the hands of policymakers to affect the performance of their economies. There
have been several economic theories to explain the relationship between these two
variables. One of those theories is Okun's Law, Okun [2], which holds that growth
and unemployment rate are inversely related .

The relationship between unemployment rate and economic growth is a matter of
debate among economists, so the relationship varies depending on the situation of
the country's economies. For example, the coexistence of high unemployment rate
and rapid growth in developed countries after World War Il suggests that
unemployment rate will negatively affect economic growth. Kreishan, F. M. (2011).
However, despite the ongoing high economic growth in many countries in the 1970s,
this caused unemployment rate rates to decline. instability in the economies of these
countries and the view that unemployment rate negatively affects economic growth.
Banda, H., Ngirande, H., & Hogwe, F. (2016).
There are very few theories that match much of the empirical literature. in the
opinion that inflation negatively affects economic growth. But some of the theories
conform that inflation positively affects growth or that inflation has no effect on

economic growth.

3-Literature review.
This part describes the main scientific articles that study the incidence of
unemployment rate on economic growth. The relationship between unemployment

rate and economic growth in the literature, found no clear cause for the relationship
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and compelling evidence, such as a negative relationship between unemployment
rate and economic growth in Libya. economy. This implies that the relationship
between these economic variables is far from being empirically established.
Therefore, studies in these areas seem inconclusive. The different results obtained
by empirical studies do not allow researchers to draw an unequivocal conclusion on
the subject. Besides. In some of these literatures, economists have been trying to
explain the relationship between unemployment rate and economic growth in the
short and long run, which include general information about unemployment rate and
economic growth. The historical relationship between unemployment rate and
economic growth is the starting point for the main economic debates. and
developments and has been the subject of several studies in the economic literature
as follows:

The study by Gabrisch, H. and Buscher, H. (2006). investigated the dynamics of
unemployment rate and output in t post-communist countries that joined the EU in
2004. We used a model related to Okun's Law; and applied some tests to the
regression data and results. The regression coefficients showed that the trend of the
productivity rate is high and that high unemployment rate intensity has been
observed in output growth since 1998. Therefore, we conclude that labor market
rigidities do not play an important role. in explaining the high unemployment rate
rates. However, economic growth is dominated by productivity growth and the
employment component of aggregate demand is too low to substantially reduce the
high level of unemployment rate.

The study by Al Freijat, S. Y., & Hammouri, Q. (2022) had as its main objective to
reveal the impact of economic growth on unemployment rate rates in Jordan.
Evaluating Okun's Law during the period 1980-2022. Autoregressive distributed lag
(ARDL) models were used to estimate the model. The results showed: that there is
a long-term cointegration relationship between the variables, where there is a long-

term equilibrium between the variables at a level of 1%. This means that the rate of
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economic growth contributes to the creation of new jobs in Jordan. Jordan's high
economic growth is helping to create new jobs. There is also an inverse correlation
between Jordan's economic growth and unemployment rate rates according to the
ARDL model. This means that an increase in economic growth rates of 1% leads to
a decrease in unemployment rate rates of 0.15%. This means that increasing Jordan's
economic growth rates contributes positively to addressing the unemployment rate
problem. The study recommended that the government should take measures aimed
at increasing Jordan's economic growth rates.

The study by Chand, K., Tiwari, R. and Phuyal, M. (2017) tried to find out the effect
of economic growth on the unemployment rate in India. The Gross Domestic
Product has been considered as an indicator of economic growth for the study. Data
on economic growth and the unemployment rate have been collected from
secondary sources such as the World Bank database. Correlation and regression
analyzes have been used to study the nature and degree of effect of economic growth
on the unemployment rate. It has been found that there is a strong negative
correlation between economic growth and the unemployment rate. In addition, it was
found that economic growth explains 48% of the cause of the change in the
unemployment rate. The findings are in line with Okun's law.

This study by Obi, C. K. and Jones, U. (2022) investigated the causal relationship
between unemployment rate and growth, with reference to Nigeria. The
autoregressive distributed lag model was adopted, after subjecting data from the
World Bank development indicators and the Central Bank of Nigeria online bulletin
to the stationarity test and the Bound test using Peasaran and Shin Bounds. The
results of the analysis have shown that Nigeria has not made the most of its human
resources, as reflected in the high unemployment rate, worsened by the outbreak of
the coronavirus disease. This lack of utilization of human resources has negatively
influenced the country's economic growth, although it is not a major determinant of

growth. The result further asserted that the unemployment rate exhibits a ripple
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effect, implying that unemployment rate from previous years persists for a long
period of time, and as a result, the unemployment rate of the current and previous
year increases.

The study by Hjazeen, H., Seraj, M. and Ozdeser, H. (2021) aimed to investigate the
impact of unemployment rate on the Jordanian economy during the period 1991
2019. This study used the autoregressive distributed lag (ARDL) model to
investigate the relationship between the unemployment rate and the other variables.
In addition, we employ the ARDL bootstrap cointegration approach to examine the
correlation and long-run relationship between variables. The empirical finding
indicated a long-term relationship between unemployment rate and economic
growth, education, the female population, and the urban population in Jordan. the
finding showed the negative link between economic growth and unemployment rate,
and a positive relationship between education, female and urban population and
unemployment rate in Jordan.

The study by Aderemi, T. A., Ojelade, L. O., Ogunsanwo, O. F., Olowo, S. O., &
Efunbajo, S. A. (2022). He examined the relationship between economic growth and
unemployment rate in Nigeria in the framework of ARDL and ECM. The finding
that originated from the study could be summarized as follows: economic growth
and the unemployment rate rate have a significant positive relationship in the short
term. This implies that the Nigerian economy experienced jobless growth in the short
term, but the opposite is true in the long run. Finally, this study recommends that if
inclusive growth (unemployment rate reduction) is the goal of policy makers in
Nigeria, policies should be undertaken in the country that ensure productivity growth
in all sectors of the economy and discourage the import.

The study by Fung, Y. V. and Nga, J. L. (2022) using panel data from 39 countries
collected between 2006 and 2016 and using the Granger causality test indicated a
one-way causal effect of economic growth on entrepreneurship and unemployment

rate. However, despite their correlation, no causal link was found between
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entrepreneurship and unemployment rate. The variance decomposition results
revealed that the most important factor causing changes in entrepreneurship is the
entrepreneurship indicator itself, implying that only specific business policies can
affect the components of the entrepreneurship indicator and improve this indicator.
The study by Shah, S. Z. A., Shabbir, M. R. and Parveen, S. (2022) has attempted to
analyze the impact of unemployment rate on the growth rate during the period from
1974 to 2020 in Pakistan. This study has employed the autoregressive distributed lag
(ARDL) technique for empirical research. The economic growth rate is a dependent
variable, used as an indicator of economic growth. In the present study, the
explanatory variable is unemployment rate. The empirical findings of the study
showed that unemployment rate and statistically significant impact on economic
growth. There is short-term cointegration between the variables. It is suggested from
the results that the government should adopt adequate measures to generate
employment opportunities to accelerate economic growth and reduce unemployment
rate in the country.

The article by Louail, B. and Riache, S. (2019) analyzed Okun's law in the Saudi
economy by examining the impact of the production gap on the unemployment rate
gap and the contribution of economic growth to the reduction of unemployment rate.
He used the autoregressive distributed lag bounds test technique to examine the
existence of Okun's law in the Saudi economy during 1991-2017. The empirical
results revealed the existence of Okun's law in the Saudi economy and that there was
a significant negative impact of the gross domestic product gap on unemployment
rate.

The study by Akeju, K. F., & Olanipekun, D. B. (2014) aimed to test the validity of
Okun's law in Nigeria. To examine the relationship between the unemployment rate
and economic growth, the error correction model (ECM) and the Johasen
cointegration test were used to determine the short- and long-term relationships

between the variables used in the study. The empirical findings showed that there is
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both a short- and long-term relationship between the unemployment rate and output
growth in Nigeria. Hence the need to incorporate fiscal measures and increase the
attraction of foreign direct investment (FDI) to reduce the high unemployment rate

in the country.

4- Methodology.
4-1- Data Set And Econometric Model:

The study tested the relationship between unemployment rate and economic growth
(Gross Domestic Product) ,worked as an economic growth indicator, Annual data
covering the period from 1990 to 2022 were employed. unemployment rate and
economic growth were obtained from the statistical bulletin of the Central Bank of
Libya (CBL), Arab Monetary Fund (AMF) and international financial statistics
of the International Monetary Fund (IMF) (different Publications ).
In order to examine the effect of unemployment rate economic growth , the

following model will be applied:

(€] e (11,1 = I I TSRS (1)
The econometric equation can be stated thus:
GDPt=ap+ FAUMPLTt + &l (2)

Where, gross domestic product(GDP) = economic growth , UMPLT =
unemployment rate.

Model is possible to apply whether the series is purely 1(0) or purely I(1) or
combination of both. Many authors have claimed the merits of ARDL model against
traditional cointegration tests. Alam and Quazi (2003) pointed out that the ARDL
model is applicable even with the endogenous problem of explanatory variables.
Further, unlike to the EG technique, ARDL model can be used to explore short-run
dynamics along with the long-run relationship Poon (2014) showed that estimated
unrestricted error correction model is adequate only when the model satisfies the
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assumption of the classical linear model. There are series of diagnostic tests in the
ARDL model to confirm whether the estimated error correction model satisfies these
assumptions are Diagnostic Tests we will use their.
The ARDL model as equation 4 below is presented as follows. Poon (2014)

Ay =ct EL V1hye-; +Z?=1 Volxe i tPyxey ©)

oy tes

Where A is the difference operator, p is the lag length, €t is the random error term .
Yt represents gross domestic product (economic growth ) , Xi represents

unemployment rate (UMPT) . The cointegration between economic growth and
(UMPT) can be tested for HO of “no cointegration” by imposing restrictions on the
joint significance of parameter as HO: B1 =p,= =0 against the H1:8:#0, 2 #0, The
null hypothesis can be tested through computing F-statistics and comparing it against
the lower and the upper bounds critical values of Pesaran (2001). If the F-statistic >
upper bound critical value at 5% level then, the HO is rejected. It implies there is a
long-run relationship between targeted variables. If the F-statistic < lower bound
critical value, which means there is no long run relationship. Finally, if the F-statistic
lies between the lower bound and the upper bound critical values, the inference is
inconclusive. While employing ARDL mode. We will use modern and developed
econometrics cointegration technique, as Fully Modified Fully Modified (FMOLS)
test, , Dynamic Least Squares (DOLS) and Canonical Cointegration Regression
(CCR) to reaffirm the results obtained from the ARDL model.

The effect of the independent variables can be explained in the short run. Error
correction term. The error correction term ectt—1 denotes the response of stabilizing
disequilibrium system. In the existence of co-integration, ectt—1 should be negative

and significant also the value of ectt—1 should be higher, it can be adjusted the speed.
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4-2 - Augmented Dickey-Fuller Unit Root Test:

Before ARDL analysis, stationary of variables should be tested because it is
necessary to check the relationship between variables. To verify the stationary level
for all variables, the ADF test was used. The hypotheses are as below:

HO: Variable is not stationary or there is a unit root.

H1: Variable is stationary or there is no unit root.

There are two approaches to confirm the stationary level of the data. The first
approach is if the p-value is greater than 5 percent, the null hypothesis cannot reject.
The second approach is that the null hypothesis can be rejected if test statistics of a
variable is more than the critical value in absolute term. For ARDL analysis, the unit
root test should be ensured that no variables are I (2). And also the combination of |
(0) and I (1) can be used in ARDL model Nkoro, E., & Uko, A. K. (2016).

4-2-Fully Modified Fully Modified( FMOLYS):
Philips and Hansen (1990) developed a fully modified OLS (FMOLS) estimator,
which uses a semi-parametric correction to eliminate problems arising from the
internality problem. A fully modified OLS estimator is obtained by correcting the
bias and internality problems in the classical OLS estimator. FMOLS estimation
steps are as follows (Phillips and Hansen, 1990: 101-102).

- First, explanatory regression errors (w, ) and cointegration regression errors (s,)
are found using the OLS method .
- One-way long-run covariance matrix (4 ) and covariance matrix (Q,) are estimated
using error terms in the first step .

-The dependent variable is converted to solve the internality problem

Vi = Ve — @12 0255 Uppeereeiiieiiiiiieiiiniiieeiiereinecnnnees ( 4)
Ugp = AWipeneniininiiiiiiiiiiiiiiiiiiiieiiitieiiiacieietacetatassetssacssnsnns (5)
Vi = Ve = PAXfeeeeieieieiiieiieiiiiieiieereereereeseereeraeraesaesassasassans (6 )
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As a final step, the FMOLS estimator is obtained

R T T -1
oo = [B] = (3w - ) (Y x|
14 t=1 t=1

Its expression in the above equation( 47, ) is the deviation correction

j'IZ = 212 - 6\)12 .ﬁizl 222 ..................................... ( 10 )

7z aFMOLS

t e e 11 )
FMOLS = (g, T x7) (

4-2-Canonical Cointegration Regression (CCR)
Canonical cointegration regression was developed by Park (1992). It is very similar
to the FMOLS estimator and differs from the FMOLS estimator in that it uses
stationary transformations in the data ( X;, Y ) to correct for the internality and bias
in the OLS. CCR estimation steps are as follows (Park, 1992: 130-131)
- As in the FMOLS estimation phase, first, explanatory regression errors  (w, ) and
cointegration regression errors (g,) ) are found wusing the OLS
method.

- As in FMOLS, one-way long-term covariance matrix (4) and covariance matrix

(@,) are estimated. In the CCR,it is also necessary to obtain the (X)simultaneous
covariance matrix .

- The dependent and independent variables are transformed to solve the internality

problem.
X;= Xp = (E71A2) Bpeeerereerenrerreeeenieeeressesseseesessessesessesseseesessessesens ( 12)
yi=y _(i-lfxﬁ +[A° ])a 13 )
t t 2PoLs 9521&\)12 [oovesescenncessscancenscsaniioncannons

A
In this equation = lAlZl equal.
Az

141 (22022 sammd) pe al )l aaad)



Finally, the CCR estimator is obtained by applying OLS to the transformed data.

Occr = [g] = (2{=lx;‘y;)(2{=1xzx;")_1 ...................................... (14 )

Dynamic Least Squares (DOLYS) 4-3-

In order to solve the problem of bias and endogenity in the OLS estimator, Stock

Watson (1993) suggested extending the cointegration regression with lag (q) and

antecedents (r) of the explanatory variables. A general DOLS model can be written
as follows (Stock and Watson, 1993: 792-793).

r
yt =X;-B+D’1ty1 + z 6]AXt_]+ gt"'"'"'"""""""""""'( 15)
Jj=-q

A X, by adding lags and antecedents of , to the DOLS model, innovations in
explanatory variables with cointegration regression errors become steeper, and thus
the problem of endogeneity and bias is eliminated.

DOLS approach is more advantageous than Johansen and FMOLS approaches.
Because in the Johansen method, the parameter estimation in one equation is
affected by the model building error in another equation, but since the DOLS method
works with a single equation, such a problem is not encountered. In addition, in order
to use the DOLS method, there must be a cointegration relationship between the

dependent and explanatory variables.

5-The empirical And Discussion Results .

In the literature, there are two schools of thought: the first suggests that
economic growth does not have an impact on economic growth in the economy.
However, the second stream suggests that unemployment rate has a negative impact
on economic growth in the sense that unemployment rate impedes economic growth
and increases economic recession. Our econometric study aims to provide answers
to the questions of the relationship between unemployment rate and economic

growth in the Libyan economy. So, to verify the effect of unemployment rate, we

142 (22022 sammd) pe al )l aaad)



Lkm:Y\J‘JLJ\qé‘Liut)Jal;A

assess the long-run and short-run relationship and also the causality of the
relationship between unemployment rate and economic growth in the Libyan
economy.

Most of the previous studies have investigated the short- and long-term relationship
between unemployment rate and economic growth for time series using simple
methodologies but have neglected the study of that relationship using modern
methodologies in this framework. For this reason, our work tries to fill this gap by
applying the new time series approaches. The method of (FMOLS), (DOLS) and
(RCCQ).

5-1- Unit Root Test Results:

The results of the ADF unit root test presented in Table (1, 2) reveal that all the
variables of (UMPLT) and (economic growth ) are not significant at level I (0). at
1%, 5%, 10% percentage level. while the results in table (3, 4) show that all the
variables are stationary in first difference, 1(1) at 1%, 5%, 10% percent significance
level. Having established the steady state of the variables, now we can using the

ARDL testing procedure to determine whether the variables are integrated .

Table- 1: ADF test results of (ECONOMIC GROWTH

Dickey-Fuller test for unit root Number of obs = 30

Interpolated Dickey-Fuller
Test 1% Critical 5% Critical 10% Critical
Statistic Value Value Value

Z(t) -2.448 -3.716 -2.986 -2.624

MacKinnon approximate p-value for Z(t) = 0.1286
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Table- 2- ADF test results of( UMPLT).

Dickey-Fuller test for unit root Number of obs = 30
Interpolated Dickey-Fuller
Test 1% Critical 5% Critical 10% Critical
Statistic Value Value Value
Z(t) -0.594 -3.716 -2.986 -2.624

MacKinnon approximate p-value for Z(t) = 0.8724

Table- 3 ADF test results of( DECONOMIC GROWTH ).

Dickey-Fuller test for unit root Number of obs = 28

Interpolated Dickey-Fuller

Test 1% Critical 5% Critical 10% Critical
Statistic Value Value Value
Z(t) -5.920 -2.655 -1.950 -1.601

Table- 4- ADF test results (DUMPLT).

Dickey-Fuller test for unit root Number of obs = 28

Interpolated Dickey-Fuller

Test 1% Critical 5% Critical 10% Critical
Statistic Value Value Value
Z(t) -9.138 -2.655 -1.950 -1.601

5-2-Lag Length Selection:

In the table 5 the two optimum lag is selected. In such data set, we cannot take
lag more than 2 to attain unbiased results of ARDL bounds testing. we must Choose
the model that gives the lowest value according to the information criterion is
selected as the appropriate model .Table 5 and figure 1 shows the model that gives
the lowest value according to the information criterion is selected as the appropriate
model is (2.0) table to estimate ARDL model , according to the Akaike

information Criterion.
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Table -5 :VAR Lag Order Selection Criteria.

VAR Lag Order Selection Criteria
Endogenous variables: GDP UM...
Exogenous variables: C

Sample: 1990 2022
Included observations: 31

Lag LogL LR FPE AIC SC HQ
0 -58.69249 NA 0.172034 3.915644 4.008160 3.945802
1 -36.37475 40.31592 0.052830 2.733855 3.011400 2.824328
2 -27.09801 15.56098* 0.037754* 2.393420* 2.855996* 2.544208*
* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarzinformation criterion
HQ: Hannan-Quinn information criterion
. matrix list e(lags)
e(lags)[1,2]
GDP UMPLT
ri 2 0
Figure 1: Akaike Information Criteria.
Akaike Information Criteria
2.14 —
2.12 —
2.10 —
2.08 —
2.06 —
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Table- 6: The Appropriate ARDL Model (2.0).

Sample: 1990 2022
Included observations: 31

Model LogL AIC* BIC HQ Adj. R-sq Specification

2 -27.584637  2.037719 2222749 2.098034 0.492257 ARDL(2,0)

5-3-nalysis Cointegration tests:

The length of the lag was according to the Akaike information Criterion and
set using the Schwarz Criterion is two lag , as a result, the ARDL(2, 0) model
obtained. The F-statistical estimation from the ARDL(2, 0) model , shows the
values of the lower critical bound 1(0), and of the upper critical bound I(1) are in
table 7. we can summarize that If we compare the F-statistics value (14.000) with
the upper critical bound value 1(1) at the significance level of 10 %, 5%, 2.5% |,
1%, (4.78),(5.73), (6.68), (7.89) respectively , ,then the F-statistic value is larger
than the upper critical bound 1(1) value at the previous significance levels. Also
If we compare the T-statistics value (-5.157) with the upper critical bound value 1(1)
at the significance level of 10 %, 5% , 25% ,1 %, (-2.9), (-3.22), (-3.50) , (-
3.82) respectively , then the T-statistic value is larger than the upper critical bound
I(1) value at the previous significance levels Thus the null hypothesis stating that no
cointegration rejected, are rejected . In the other words, there is cointegration
between unemployment rate and economic growth . Since the co-integration result
in Table 6 suggests a long run relationship among the variables, the estimated long-

run and short-run coefficients can presented in Tables 8, 9.
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Result of ARDL (2, 0) Bound Test for Cointegration.: Table- 7

Pesaran/Shin/Smith (2001) ARDL Bounds Test
HO: no levels relationship F
t

= 14.000
= -5.157

Critical values (©0.1-0.01), F-statistic, Case 3

[I_e] [I_1]
L_es L_os5

[I_e] [I_1]
L_e25 L_e25

[I_o] [I_1]

[I_e] [I_1]
L_e1 L_o1

L1 L1

k_1 4.04 4.78 | 4.94 5.73 | 5.77 6.68 | 6.84 7.84
accept if F < critical value for I(©) regressors
reject if F > critical value for I(1) regressors

Critical Vvalues (©0.1-0.01), t-statistic, Case 3

[I_e] [I_1]
L_es L_es5

[I_e] [I_1]
L_e25 L_e25

[I_o] [I_1]

L_o1 L_o1

[I_oe] [I_1]
L_1 L_1

k_1 | -2.57 -2.91 | -2.86 -3.22 | -3.13 -3.50 | -3.43 -3.82
accept if t > critical value for I(©®) regressors
reject if t < critical value for I(1) regressors

5-3-1-Long Run Analyses:

After finding the cointegration between the variables, the next step is to find out
the short and long run impact of unemployment rate on economic growth . In the
long run the coefficients of the lagged value of [economic growth (-1)] and
[economic growth (-2)] (.2814154 and 0.3438335 ) respectively , were revealed
based on the ARDL is not statistically significant at 5 per cent significance level
respectively as manifested by their respective probability values of (0.124 and
0.0530) respectively. Table- ( 8 ) demonstrates the long run coefficient of
unemployment rate as in the equation 16 below , is as manifested by is values of
(-1.091551") , where the results indicate that unemployment rate has negative effect
on economic growth and it is statistically significant at 5 percent level of significance
Pv(0.000). A 1 percent rise in unemployment rate, other things remaining the same,
will lead to decrease economic growth by 1.09 percent. This indicate that there is
long relationship between UMPLT and economic growth . This finding supports
the view by Abbas, S. (2014), Anghel, M. G., Anghelache, C., & Manole, A. (2017)
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and Makaringe, S. C., & Khobai, H. (2018), who reported negative and significant

impact of unemployment rate on economic growth.

Table- 8- The ARDL(2, 0) Result.

ARDL(2,0) regression

Sample: 1995 - 2022 Number of obs = 28
F( 3, 24) = 13.65
Prob > F = 0.0000
R-squared = 0.6304
Adj R-squared = 0.5842
Log likelihood = -22.935765 Root MSE = 0.5929
GDP Coef. Std. Err. t P>|t] [95% Conf. Interval]
GDP
L1. .2814154 .1767004 1.59 0.124 -.0832763 .6461071
L2. -.3438335 .1692839 -2.03 0.053 -.6932182 .0055513
UMPLT -1.091551 .2514269 -4.34 0.000 -1.610471 -.5726317
_cons 4.602636 .9088096 5.06 0.000 2.726945 6.478327

ECONOMIC GROWTH = 0.2814154*ECONOMIC GROWTH (-1) - 0.3438335*ECONOMIC
GROWTH (-2) - 1.091551*UMPLT +
B.B02636. ..o (16)

5-3-2-Short Run Analyses:

The table 9 show results in the short run the coefficients of the value of
[economic growth (.3438335 ) , was revealed based on the ARDL is not statistically
significant at 5 per cent significance level as manifested by it is probability values
of 0.0530 , also we revealed based on the ARDL as equation 17 cointegrating
equation 18 , that coefficient of UMPLT is -1.027422 is statistically significant at
5 per cent significance level respectively as manifested by their respective
probability value of(0.000) in the short run {long run (LR) } , mean that even with
this coefficient value . The sign of estimate of lagged error term, i.e. t-1 ECM , is
negative and it is statistically significant with the probability value of , 0.000 at 5%
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significance level . This further confirms established long run relationship between
UMPLT and economic growth . The t-1ECM is-1.062418 indicates that changes
from short run to long run is corrected by 1.06 percent over each one year with
high significant significance, probability values of ( 0.000) . The constant(C) was
revealed to be statistically significant with the probability value of , 0.000
respectively. The coefficients of all the variables with respect to this study are in
concord with the theoretical expectation The coefficient for UMPLT -1.027422
IS negative. This implies that as UMPLT , increases by 1 percent, economic growth
will concurrently economic growth will reduce by -1.027 percent . which is in
conformity with the theoretical expectation . According to Statistical theory, the
F-Statistics is which measure the parameters on how the parameters estimates are
jointly significant, we found a strong statistically significance of the variables with
the probability value of 0.000 as in table 8, we conclusion that the unemployment
rate is statistically significance in affecting economic growth in Libya.
Furthermore, the R? value is 0.6304 (63. 30%). This implies that 63.30 per cent total
variation in economic growth was explained by UMPLT with only 18.6 per cent
captured in the error. This brings us to the goodness of fit of the regression, which
is very high and remains high after adjusting for the degree of freedom as indicated
by the R? or Adj R-squared). The result of the Durbin-Watson statistics is 2.1266
which is > R? (0.81406) this indicates that the model of this study is no spurious

which implies that the outcome is meaningful.
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Table- 9- The Error Correction Term Result .

ARDL(2,0) regression

Sample: 1995 - 2022 Number of obs = 28
R-squared = 0.5464
Adj R-squared = 0.4897
Log likelihood = -22.935765 Root MSE = 0.5929
D.GDP Coef. Std. Err. t P>|t| [95% Conf. Interval]
ADJ
GDP
L1. -1.062418 .2060222 -5.16 0.000 -1.487627 -.6372091
LR
UMPLT -1.027422 .1799564 -5.71 0.000 -1.398834 -.6560098
SR
GDP
LD. .3438335 .1692839 2.03 0.053 -.0055513 .6932182
_cons 4.602636 .9088096 5.06 0.000 2.726945 6.478327

ECONOMIC GROWTH = 0.2814154*ECONOMIC GROWTH (-1) - 0.3438335*ECONOMIC
GROWTH (-2) - 1.091551*UMPLT

Cointegrating Equation:
D(ECONOMIC GROWTH ) =-1.062418*(ECONOMIC GROWTH (-1) - (-1.027422*UMPLT +
B.802636)). .. ettt (18)

The tables (10 .11 ,12 ) show results of diagnostic tests the probability value of
the LM version to the diagnostic tests of serial correlation ,  functional form
heteroscedasticity and normality test were more than 5 % that mean indicated that
the model has passed the correlation test, functional form test and the
heteroscedasticity and normal distribution test . and CUSUM result was shown in

the diagram Figure 2 that estimated model was stable.

150 (22022 sammd) pe al )l aaad)



Jee Y15 JWall & il 5 laa

Table- 10: The Breusch-Godfrey Serial Correlation LM.

Breusch-Godfrey LM test for autocorrelation

> p—
lags(p) | chi2 df Prob > chi2
|
s —
1 | 1.622 1 0.2028
s —

HO: no serial correlation

Table- 11: The white heteroskedascity test.

White's test for Ho:
against Ha:

chi2(9)
Prob > chi2

l10.02
©.3489

Cameron & Trivedi's decomposition

homoskedasticity
unrestricted heteroskedasticity

of IM-test

Source chi2 df P
Heteroskedasticity 10.02 9 ©.3489
Skewness 3.8 3 ©.3796
Kurtosis ©.36 1 ©.5488
Total 13.46 13 0.4131

O r N W »M U O N K

Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
- Jarque-Bera
-1.0 -0.5 0.0 0.5 1.0

Mean
Median

Probability

Series: Residuals
Sample 1990 2022
Observations 33

2.54e-16
0.047998
1.240520

-1.214606
0.653225

-0.081571
2.063315

1.242993
0.537140@R

Figure - 2: CUSUM test
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5-3-3-Long-run relationship from DOLS, FMOLS, and CCR:

According to the usual tests of the unit root on the time series, all the series used in
our study are integrated of the same order . which enables us to estimate our
FMOLS, CCR, and DOLS , to make sure the result obtained is robust. from, and
provide a check for the robustness of results and reliable estimated of their
cointegrating equation estimated using developed econometric methodology
ARDL , which the revealed the existence of a long-term relationship between
UMPLT and economic growth in our model. Cointegrating equation was estimated
using recently developed econometric methodologies FMOLS, CCR, and DOLS.
,The results are in Tables 7,6,5, below show the long-run relationship . FMOLS,
CCR and DOLS estimation results of the relationship model between ECONOMIC
GROWTH and UMPLT are very close to each other and very similar. According to
the three equations 6,7,6. and estimation results , according to the FMOLS
estimation results a one percent increase in the UMPLT decreases the economic
growth by 0.399661 percent, according to the DOLS estimation results, a one
percent increase in the UMPLT decreases the economic growth by 0.387358 percent
, also according to the CCR estimation results, a one percent increase in the UMPLT
rate decreases the economic growth by 0.399086 percent.

That indicates to the negative relationship between UMPLT and economic growth

However, explanatory power in previous developed econometric methodologies of
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UMPLT semi equal , also the R- square (R? ) is semi equal . Our major concern,
however, is to find the nature of relationship between ECONOMIC GROWTH and
UMPLT , that is found to be negative and strong statistically significance In all

estimated models in tables ( 12 ,13,14). with the probability value less than 5%

Table- 12: Fully Modified Least Squares (FMOLS) Results.

Dependent Variable: GDP
Method: Fully Modified Least Squares (FMOLS)

Sample (adjusted): 1991 2022

Included observations: 32 after adjustments

Cointegrating equation deterministics: C

Additional regressor deterministics: @TREND

Long-run covariance estimate (Prewhitening with lags = 1 from AIC
maxlags = 2, Bartlett kernel, Newey-West fixed bandwidth = 4.0000)

Variable Coefficient Std. Error t-Statistic Prob.
UMPLT -0.987659 0.261486 -3.777106 0.0007
C 4.367761 0.665768 6.560482 0.0000
R-squared 0.422773 Mean dependent var 1.924124
Adjusted R-squared 0.403532 S.D. dependent var 0.872342
S.E. of regression 0.673722 Sum squared resid 13.61703
Long-run variance 0.769501

ECONOMIC GROWTH =-0.971909421743*UMPLT +
43243917948 ..., (20)

Table- 13: Dynamic ordinary least squares method (DOLS) Results.

Dependent Variable: GDP
Method: Dynamic Least Squares (DOLS)

Sample (adjusted): 1992 2021

Included observations: 30 after adjustments

Cointegrating equation deterministics: C

Fixed leads and lags specification (lead=1, lag=1)

Long-run variance estimate (Bartlett kernel, Newey-West fixed bandwidth =

4.0000)
Variable Coefficient Std. Error t-Statistic Prob.
UMPLT -0.768834 0.369839 -2.078835 0.0480
C 3.690269 1.003157 3.678654 0.0011
R-squared 0.437154 Mean dependent var 1.869591
Adjusted R-squared 0.347099 S.D. dependent var 0.859514
S.E. of regression 0.694507 Sum squared resid 12.05850
Long-run variance 0.708522
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ECONOMIC GROWTH =-0.76883360102*UMPLT +
3.6902688865........cccieiiiiiiii (21)

Table- 14: Canonical cointegration regression (RCC) Results.

Dependent Variable: GDP
Method: Canonical Cointegrating Regression (CCR)

Sample (adjusted): 1991 2022

Included observations: 32 after adjustments

Cointegrating equation deterministics: C

Long-run covariance estimate (Bartlett kernel, Newey-West fixed bandwidth

= 4.0000)
Variable Coefficient Std. Error t-Statistic Prob.
UMPLT -0.979273 0.270736 -3.617074 0.0011
C 4.345091 0.699165 6.214688 0.0000
R-squared 0.423086 Mean dependent var 1.924124
Adjusted R-squared 0.403856 S.D. dependent var 0.872342
S.E. of regression 0.673539 Sum squared resid 13.60964
Long-run variance 0.666079

ECONOMIC GROWTH =-0.979273073507*UMPLT +
4.34509090283........cciiiiiiiiiien yeeen(22)

5-4Granger Causality Test:

Results of Granger causality, in table 15, show that UMPLT has the causality
on economic growth While, the causality does not run in opposite direction. This
implies that decrease in UMPLT in the Libya leadsto increase economic growth
and vice versa. As evident from the analysis,

Table- 15: Granger Causality Test Results ( lags=2).

Pairwise Granger Causality Tests

Sample: 1990 2022

Lags: 2

Null Hypothesis: Obs F-Statistic Prob.
UMPLT does not Granger Cause GDP 31 4.43969 0.0219
GDP does not Granger Cause UMPLT 1.32831 0.2823
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6-Conclusion.

In this paper, we examine the relationship between the unemployment rate and
economic growth in Libya . We distinguish our work from the existing literature
by using time series techniques such as the ARDL test for cointegration, the DOLS
and FMOLS methods, and a Granger causality . Since our focus is on Libya , an
empirical analysis based on Libya time series data serves our purpose. Our main
findings can be summarized as follows: (i) the unemployment rate and economic
growth are integrated of order one: (ii the unemployment rate is cointegrated with
the economic growth , and the parameter of unemployment rate is basic on
economic growth model : (iii) basic economic growth and the unemployment
rate are negatively and significantly related to the basic economic growth in the
long and short run :(iv)the results showed the impact of unemployment rate are
robust negatively , negatively related when we tested , the DOLS , FMOLS and
CCR tests for cointegration models are very close to each other and very similar
that make sure the results obtained is robust from ARDL model, this mean that
our results and our estimated can reliable of their ; (v) the positive impact of
economic growth is not robust to decrease unemployment rate when we examine
that effect :(vi) there exists unidirectional Granger causality from unemployment
rate to the economic growth , but not vice versa.

This study concludes by saying that combating the challenges of the rising
unemployment rate level in Libya is not a small task for policy makers and economic
managers in Libya. The consequences of a growing unemployment rate
phenomenon are so damning cannot afford them. So this study recommend , the
Libya government must develop proper economic policies to encourage self-
employment and entrepreneurship to overcome high unemployment rates and
achieve high economic growth rates , government should embark on increase labor

intensive technique of production , with capital intensive technique of production
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. At the end authorities should diligently endeavor to properly plan for economic
progress and sustainable development , in order to avoid many economic problems

as unemployment problem .

7-References :

-Abbas, S. (2014). Long term effect of economic growth on unemployment rate
level: In case of Pakistan.Journal of Economics and Sustainable
Development, 5(11), 103-108.

-Aderemi, T. A., Ojelade, L. O., Ogunsanwo, O. F., Olowo, S. O., & Efunbajo, S.
A. (2022). Economic growth and unemployment rate in Nigeria: an empirical
perspective. World Review of Entrepreneurship, Management and Sustainable
Development, 18(5-6), 622-634.

-Akeju, K. F., & Olanipekun, D. B. (2014). Unemployment rate and economic
growth in Nigeria. Journal of Economics and Sustainable Development, 5(4), 138-
144,

-Alam, I., & Quazi, R. (2003). Determinants of capital flight: An econometric case
study of Bangladesh. International Review of Applied Economics, 17(1), 85-103.
-Anghel, M. G., Anghelache, C., & Manole, A. (2017). The effect of unemployment
rate on economic growth. Romanian Statistical Review Supplement, 65(7), 174-186.
-Balami, J. E. (2006). Unemployment rate statistics and what they mean. Monthly
Labour Bulletin, Washington DC; US Department of Labour .

-Banda, H., Ngirande, H., & Hogwe, F. (2016). The impact of economic growth on
unemployment rate in South Africa: 1994-2012. Investment Management &

Financial Innovations, 13(2), 246.

156 (22022 sammd) pe al )l aaad)



-Ceylan, S., & Sahin, B. Y. (2010). Asymmetry in the relationship between
unemployment rate and economic growth. Dogus University Journal, 11(2), 157-
165.

-Chand, K., Tiwari, R., & Phuyal, M. (2017). Economic growth and unemployment
rate rate: An empirical study of Indian economy. Pragati: Journal of Indian
Economy, 4(2), 130-137.

-Daly, M. C., Fernald, J. G., Jorda, O., & Nechio, F. (2013). Output and
unemployment rate dynamics. Federal Reserve Bank of San Francisco working
paper, 32.

-Freijat, S. Y., & Hammouri, Q. (2022). The Impact of Economic Growth on
Unemployment rate in Jordan during the period 1980-2022. Central European
Management Journal, 30(4), 1384-1391.

-Fung, Y. V., & Nga, J. L. (2022). An Investigation of Economic Growth, Youth
Unemployment rate and Inflation In ASEAN Countries. International Journal of
Academic Research in Business and Social Sciences, 12(1), 1731-1755.

-Gabrisch, H., & Buscher, H. (2006). The relationship between unemployment rate
and output in post-communist countries. Post-communist economies, 18(3), 261-
276.

-Hjazeen, H., Seraj, M., & Ozdeser, H. (2021). The nexus between the economic
growth and unemployment rate in Jordan. Future Business Journal, 7(1), 1-8.

- Jhingan, E., Devlin, R. H., & lwama, G. K. (2003). Disease resistance, stress
response and effects of triploidy in growth hormone transgenic coho
salmon. Journal of Fish Biology, 63(3), 806-823.

- Karikari-Apau, E., & Abeti, W. (2019). The impact of unemployment rate on
economic growth in China.

-Kreishan, F. M. (2011). Economic growth and unemployment rate: An empirical

analysis. Journal of social sciences, 7(2), 228-231.

157 (22022 sramnd) sds al ) dsl)



-Louail, B., & Riache, S. (2019). Asymmetry relationship between economic growth
and unemployment rate rates in the Saudi economy: Application of Okun’s law
during the period. International journal of advanced and applied sciences, 6(10),
83-88.

- Makaringe, S. C., & Khobai, H. (2018). The effect of unemployment rate on
economic growth in South Africa (1994-2016).

-Nkoro, E., & Uko, A. K. (2016). Autoregressive Distributed Lag (ARDL)
cointegration technique: application and interpretation. Journal of Statistical and
Econometric methods, 5(4), 63-91.

-Obi, C. K., & Jones, U. (2022). Does Unemployment rate Cause Economic Growth
In Nigeria?. Himalayan Journal of Economics and Business Management, 3(1).
-Park, J. Y. (1992). Canonical cointegrating regressions. Econometrica: Journal of
the Econometric Society, 119-143.

-Phillips, P. C., & Hansen, B. E. (1990). Statistical inference in instrumental
variables regression with | (1) processes. The Review of Economic Studies, 57(1),
99-125.

- Poon, W. C. (2014). Monetary conditions in the Philippines: An assessment from
DOLS and ARDL. Journal of Asia-Pacific Business, 15(4), 290-306.

-Shah, S. Z. A., Shabbir, M. R., & Parveen, S. (2022). The Impact of Unemployment
rate on Economic Growth in Pakistan: An Empirical Investigation. iRASD Journal
of Economics, 4(1), 78-87.

-Stewart, B. M. (1933). The International Labor Organization and Unemployment
rate. The ANNALS of the American Academy of Political and Social Science, 166(1),
53-65.

-Stock, J. H., & Watson, M. W. (1993). A simple estimator of cointegrating vectors
in higher order integrated systems. Econometrica: journal of the Econometric
Society, 783-820.

158 (22022 sammd) pe al )l aaad)



-Yildirnm, H., & Basegmez, H. (2016). Analysis and forecast of Turkey

unemployment rate. Global Journal of Mathematical Analysis, 5(1), 11-15.

159 (22022 sammd) ps gl ) daad)



(bl SLaTBY) Cliagla aladialy (2022 - 1990) 3l SIS Lund (B alai®y) sallly Alad) Jana Co ABDlal) Jidas
.(CCR) s (DOLS) s (FMOLS) 5 (ARDL) Liia 5 ghal)
235 e galall bldall

dodaal) A4S ¢ ALY ad ¢ & jLiial) MY Wil £ Azala

1 uedla
Lo -l 8 (golaiBY) pailly Aladl Jaen G DM 3 485500 o3a Canst ¢ Aial) Jedlad) b aladaly
Ol ¢ 2022-1990 byl 558 s V) ds)all e cplalSia Lud (3 ol sailly Alad) Jaes o
Al il A i) ziset paag lagBlal mali zisal ol Jyd o dal dalSil) asag
AN 535 ol IS reailly Jishall (gaal) Ao AlUail) Jana pe dasljie (g3laiBY) gaill of (ARDL) dcygall
¢ 8psial) ) Al (pe (3ally ¢ ARDL #3505 (5 D58 Lgale Jgemall o il il of o oSl L Aglian
danh ¢ (FMOLS) dlaedll (gyrall clasyall Csll€ Gian gyshaall ouldll slaiBy) Cilingia aladial
238 zila il ciglsl L(RCC) sl dalsall awi€ll jlaai¥ly ¢ (DOLS) dualinall (gysnall cilasyall
e V3n B ) o368 ¢ Ll (b Sy ol IS8 Glatise alai®Y) sailly Alladl Jaae o ¢ ilngial)
O i 1389 ¢ ARDL #3508 (g0 58 Lgale Jpemnll 23 Al 3l o ey Laa 13s dgaliing anll Lgdans
COEU I stV med el ¢ lld e sdle LADLY @l ey lgle slaeV) (Ko Ll ml
Ol ¢ g gl paill ) Al Jana (e olal) Lslal dase A8 S5m0 (Faasad) —aila) ddlasal

A Jaea Wi ol (sl paill & i)
dasyka ¢ (ARDL) degall dgiajl) cljiall 513 jlaai¥l ¢ (galeai@¥) saill ¢ Alad) Jaee :dualidal) cilals

oSl 5laayl ¢ (DOLS) dSsaliall (gyaeall cilanyal) disyla ¢ (FMOLS) (el dlanal) (gyacall ilasyall

-(CCR) & i) 7 Lol

160 (22022 sammd) pe al )l aaad)



Using Segmentation and Classification Techniques on Dermoscopic Images for Skin
Cancer Detection

Khalid Eltayef!, Yongmin Li? and Xiaohui Liu?
!Department of Data Analysis, Faculty of Accounting, Gharyan University
2Department of Computer Science, Brunel University, London
Khalid.Eltayef@Gu.edu.ly , Yongmin.Li@Brunel.ac.uk ,
XiaoHui.Liu@brunel.ac.uk

Abstract

Melanoma is one of the fatal forms of skin cancer, and has become more common,
especially among white-skinned people exposed to the sun. Early detection of melanoma
is essential to increase survival rates, since its detection in an early stage can be helpful
and curable. Working out the dermoscopic clinical features of melanoma is an important
step for dermatologists, who need an accurate way of reaching the correct clinical
diagnosis, and to ensure the right area gets the right treatment. In this paper, we present a
comprehensive approach including image enhancement, segmentation of lesions and
melanoma detection, to allow for early detection of malignant melanoma disease. As an
image enhancement, the Gabor filter, image sharpening, Sobel filter and image inpainting
methods are integrated to delete unwanted objects (noise). The lesion border segmentation
is performed by combining the Particle Swarm Optimization and the Markov Random
Field approaches. To be able to determine the lesions types, the K-means is applied on the
segmented lesion, to separate it into homogeneous clusters, where important features are
extracted, then an Artificial Neural Network is trained by representative features to classify
the given lesion as melanoma or not. The whole experimental results obtained on a public
database PH2 and compared with existing methods in the literature have shown that our
proposed approach is accurate, robust, and efficient in the segmentation of the lesion

boundary, as well as its classification.

KEY WORDS: Skin lesion, image segmentation, dermoscopic images, melanoma, and lesion

classification.
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I. INTRODUCTION

Skin cancer can be classified into melanoma and non-melanoma. Melanoma is a
malignancy of the cells which gives the skin its colour (melanocytes) and it can
invade nearby tissues. Moreover, it spreads through the whole human body, and it
might cause to patient death. While non-melanoma is rarely spread to other parts of
the human body, and it does not cause death at all. Malignant melanoma is
considered as one of the most fatal forms of human skin cancers, which led to
increase the mortality rate. In the last few decades, the incidence of melanoma has
increased significantly, especially among white-skinned people who are exposed to
the sun. For instance, in North America melanoma became the fifth common cancer
among males and the sixth common cancer among females, while the fourth most
common in Australia [1] [2] [3]. Also according to the reports of the western world,
melanoma is considered to be the seventh most common malignancy in women, and
the sixth most common in men [4]. Nevertheless, it is also the most treatable type of
skin cancers if detected or diagnosed at an early stage [5]. It can often be cured with
a simple excision.

Dermoscopy is one of the major tools for the diagnosis of melanoma, it is widely
used by dermatologists, due to its value in early stages for malignant melanoma
detection. It provides better visualization of several pigmented structures such as
streaks, dots, pigment networks and blue-white areas, which are invisible to the
naked eye [6] [7] [8]. Since one or two features alone are not able to identify the
given lesion as melanoma or not. Thus, by using dermoscopy images, the
dermatologists become more confident in distinguishing the lesions type by utilizing
the ABCD rule to analyse four parameters (Asymmetry, Border, Colours and
Diameter) [1] [9].

Due to the existence of hair and reflection artifacts on images, also many melanoma
borders are often invisible or fuzzy, and the interpretation of the images is time

consuming and subjective. The Computer Aided Diagnosis (CAD) became essential
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and necessary, in order to get rid of all these issues and assist the specialists to
interpret images clearly, and get the right decision for their diagnosis. In addition,
such systems reduce the time required for diagnosis, and increase the accuracy of
the final results. CAD systems have been proposed by many research groups to
identify various structures in medical images. Depending on medical knowledge,
CAD systems try to mimic the performance of the dermatologists for determining
the given lesion as normal or abnormal skin [10] [11]. Integrating dermoscopy
techniques with CAD systems is very important research field in the recent years,
since it assists the physicians in obtaining meaningful information from images,
which in turn can be used to identify melanoma correctly.

The region border is considered to be one of the main key dermoscopic structures,
that refer to melanoma or nonmelanoma disease. For instance, the aforementioned
ABCD criteria can be obtained from the region shape, which have a key role for
melanoma diagnosis. Therefore, effective segmentation of this significant structure
can improve the productivity of dermatologists by reducing their time required while
diagnosis process. However, the segmentation of all dermoscopic structures and the
distinction between lesions type are considered one of the challenging issues, due to
the containing of several artifacts such as uneven illumination or lightening
reflection, hair, and presence of noise. In addition, the low contrast between the
lesion and its surrounding skin. This paper compiles of different fields such image
pre-processing, segmentation, feature extraction, and classification, all of which
make important contributions to the extraction of the skin region structures and its
classification. The focus of this paper is to handle issues in the detection of the skin
borders regions, considered to be the most important indicator of melanoma disease,
in addition to distinguish skin lesions types. The rest of the paper is organized as
follows. The previous methods are reviewed in Section Il. Image borders detection
method is described in Sections I1l. Experimental results of lesion segmentation is

presented in Section IV. Sub-region clustering, feature extraction and lesion
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classification are presented in Sections V. Experimental results of lesion
classification is presented in Section VI. Finally, conclusions are drawn in Section
VII.

1. PREVIOUS WORKS

Several methods tried to apply image processing techniques for different purposes,
including image enhancement, pigmented lesion segmentation, and lesion
classification. In this paper, we categorized the previous work as: skin lesion

segmentation and skin lesion classification.

A. Previous Work Related to Lesion Segmentation

Threshold method was used by Pirnog et al [12] for the purpose of extracting the
lesion area from surrounding health skin, using dermoscopic images. The RGB
image was converted into HSV representation, the image histogram of the saturation
(S) image component was computed. Therefore, the threshold value was determined
and used to segment the image into two parts: foreground which was denoted to the
lesion area and background which was indicated the normal skin.

Celebi et al [13] presented a fusion based method to segment the accurate lesion
boarders in dermoscopic images. In their work, they applied several thresholding
methods for a group of images using fusion of four algorithms, which includes
Otsu’s algorithm, Kapur’s algorithm, Huang’s algorithm, and Kittler’s algorithm.
Abbas et al [14] presented an unsupervised approach for multiple lesion
segmentation using a modified region-based active contours (RACs) scheme.
Iterative histogram thresholding was performed on luminance image in order to
initialize level set automatically. Then a localized region-based active-contour
model was applied on the segmented lesions. Their method was able to segment the

lesion border properly, whether the boundary lesion is clear, and has a good contrast




with the normal skin (background), but it was failed to detect the lesions which has
a smooth transition with the surrounding healthy skin.

Abbas et al [15] also proposed a novel perceptually oriented approach for melanoma
border detection by combing region and edge-based segmentation techniques. In
their method, the RGB images were transformed to CIE L*a*b* colour space, then
lesion contrast was enhanced by adjusting and mapping the intensity values of the
lesion pixels in the specified range using the three channels of CIE L*a*b*.
Therefore, A hill-climbing method was performed to detect the region-of-interest
(ROI) and an adaptive thresholding was applied to determine the optimal lesion
border.

Based on clustering algorithms, Lee and Chan [16] proposed a method based on
fuzzy c-mean approach (FCM) by using type-2 fuzzy set algorithm, for the purpose
of obtaining an optimum threshold value, and delineating the cancerous boundaries
from the skin images correctly.

A new approach for lesion segmentation is proposed by Pennisi et at [17]. Closing
operation is used to remove the hair and few outlier pixels; therefore two
segmentation processes are implemented in parallel, providing two different images.
One image is built by detecting the skin region and the other one is created by
applying edge detected with Delaunay Triangulation. Finally, the authors combine
these tow images to extract the final lesion area.

Barata et al [18] proposed two systems for melanoma detection. The texture and
colour features have been used based on local and global features. Histogram
computation, peak detection and threshold estimation were implemented to get
adaptive threshold and segment the pigmented skin lesion.

Based on deep learning approaches, a new method for accurate segmentation of skin
lesions was proposed by Jafari et al [19]. After the input image was pre-processed,
the extraction of colour and texture descriptors from images were used to feed the

deep Convolutional Neural Network (CNN) and outputted a label for each image
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pixel. According to that, the mask which is referred to the region of interest (affected
lesion) was extracted from its surrounding skin. As a final step the mask was refined
by applying post processing operations.

Another approach based on deep convolutional neural network for skin lesion
detection was proposed by Yuan e al [20]. Several effective training strategies were
implemented to solve the limited data problem during training a deep network. The
segmentation performance of the lesion boundaries was improved by the use of
several techniques including adam optimization, batch normalization, and Jacquard

index based loss function.

B. Previous Work Related to Skin Lesion Classification

Sheha et al [21] presented an automated method for melanoma diagnosis using a set
of dermoscopy images. The authors extracted several features based on gray level
Co-occurrence matrix (GLCM), and they used multilayer perceptron classifier
(MLP) to classify between Melanocytic Nevi and Malignant melanoma.

Barata et al [22] proposed a new approach to extract pigment networks from
dermoscopy images using a bank of direction filters and many morphological
operations. Two distinctive properties: region pigment network intensity and
geometry were used, and several features were extracted. Then, an Adaboost
algorithm was used to classify the given region as either normal or abnormal.
Bag-of-Features (BoF) model for the classification of melanoma in dermoscopy
images was implemented by Barata et al [10]. The authors used two different types
of local descriptors: colour and texture, and their performance was evaluated
separately. The same research group presented a new method to classify skin cancer
images as melanoma or non-melanoma [23]. colour features and texture features
were used based on colour histograms in three different colours (HSV, L*a*b*, and
Opponent) and gradient related histogram. All used features were extracted globally

and locally from each image. Therefore, the authors investigated the best way to
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combine the features by applying two strategies (early and late fusion). A Random
Forests classifier yielded the best results.

Celebi et al [24] proposed a machine learning method for automated quantification
of clinically significant colours in dermoscopy images. The K-means clustering
approach was used to cluster each image with an optimal K value, which was
estimated separately using five commonly used cluster validity criteria.

An automatic framework for detection of melanoma from dysplastic nevi was
proposed by Rastgoo et al [25]. They combined several extracted features such as
colour, shape, size and texture features with well-known texture features such as
local binary pattern, grey-level co-occurrence matrix, histogram of gradients and the
Gabor filter. Support Vector Machines (SVM), gradient boosting and random forest
methods were used to evaluate the performance of their work.

Eltayef et al [26] proposed an automated skin cancer diagnosis system on
dermoscopy images using pigment network structures. Five features were extracted
from the segmented image (pigment network) and used to feed the Artificial Neural
Network as classification stage.

A new methodology for colour identification in dermoscopy images was introduced
by Barata et al [27]. The authors used the Gaussian mixtures model to learn a
statistical model for five colours (black, dark brown, light brown, blue-gray and
white). Therefore, the learned mixtures were used to assess the colours of a larger
set of images. Alfed et al [28] introduced a new method for improving a bag-of-
words approach by combining colour histogram features and first order moments
with the Histogram of Oriented Gradients (HOG). Three classifiers methods were
used in their work K-Nearest Neighbors (KNN), SVM and AdaBoost, where the
SVM achieved the best results.

A novel computational method was presented by Oliveira et al [29] for extracting
skin lesion features from images based on asymmetry, border, colour and texture

analysis, for the purpose of determining skin lesions type. Their approach was based
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on an anisotropic diffusion filter, an active contour model without edges and a
support vector machine, in order to reduce the noise presented in images, segment
the lesion borders and perform lesion classification stage respectively.

Another work presented by Yu et al [30] which the authors adopted residual learning
techniques to train deep neural networks, thus designed a Fully Convolutional
Residual Network (FCRN) of more than 50 layers for both the segmentation and the
classification phases, in order to obtain an accurate skin lesion recognition. The SVM
and the Softmax classifiers were used to obtain two predictions of the lesions and
their average was performed to acquired the final results.

Yang et al [31] also presented a new approach to perform the segmentation and the
classification of the given skin lesions by using a multi-task deep neural network.
Their network consisted of three components for the robust analysis of the skin
dataset including: segmentation of the lesion boundaries, categorization of
dermoscopic data into melanoma or non-melanoma, and detection of features to
categorize the lesions into melanoma or non-melanoma.

Seja et al [32] proposed a framework to localize and classify the skin lesion as
melanoma or not. Initially, an algorithm, namely U-net, was utilized to segment the
region of interest (ROI) from each single image, then the local binary patterns (LBP),
histogram of oriented gradients (HOG), and edge histogram (EH) were applied over
the ROIs to compute the chrominance, shape, size, and structural information of
lesions. In the end, the computed keypoints were utilized to train the SVM, KNN,
and Random Forest (RF) classifiers to identify the skin samples with moles that were
classified as melanoma or benign lesions.

Another approach was presented by Rehman et al [33] for skin lesion segmentation
and recognition. After performing the pre-processing stage, the lesion segmentation
from the input images was applied by employing the seed region growing and graph-
cut approaches. Therefore, the features from the segmented lesions were computed

by using the speeded-up robust features (SURF) and histogram of oriented gradients
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(HOG) descriptors. Finally, the extracted features were used to train the support
vector machine (SVM) classifier for purpose of lesion categorization

Nazi et al [34] introduced a new approach for automated detection and localization
of melanoma lesions from dermoscopy images. The authors used U-Net algorithm

for segmenting out the affected area lesion of interest (ROI) from surrounding skin.

Fig. 1. Example of hair detection process and inpainting images: original image (first column), hair detection

mask (second column) and inpainted image (third column).

For determining the lesions type, a deep CNN model was applied to compute the
image features, which were later utilized to train the SVM classifier.

Nawaz et al [35] presented a fully automated method for segmenting the skin
melanoma at its earliest stage by employing a deep-learningbased approach, namely
faster region-based convolutional neural networks (RCNN) along with fuzzy k-
means clustering (FKM). Several clinical images were utilized in order to test the
presented approach. Their method started with removing the noise and illumination
problems from images, thus, the faster-RCNN algorithm was applied to detect the

lesion as normal or abnormal skin.

I1l. IMAGE BORDERS DETECTION METHOD

As an initial step, the quality of the image is improved by detecting and removing
several artifacts. Then, the skin lesion which is suspected to be melanoma or non-
melanoma is segmented from the surrounding healthy skin by applying Particle
Swarm Optimization (PSO) with Markov Random Field (MRF) methods. The details




of the whole algorithm can be seen in [36], and an overview of the segmented method

Is presented as follows:

A. Image Pre-processing

Pre-processing stage is responsible for detecting and reducing amount of artifacts
from images, with the purpose of enhancing their quality . Therefore, this step is
mandatory, since many dermoscopy images contain several types of noise, such as
reflection artifacts and hairs which cover the lesion areas. Incorrect segmentation of
pigmented lesions can be obtained if hairs covering the images and lightening
reflection are not detected and removed. Therefore, to handle this issue we apply an
image enhancement operation to the blue channel of the input (RGB) image, which
displays a good contrast between the border of the lesion area and the background,
similar to the work presented in [11]. A simple threshold method is used to detect
the reflection artifacts. Every single pixel (x,y) can be detected and classified as a
reflection artifact if its intensity value is higher than threshold Tgy and if its intensity
value minus the average intensity laq(x,y) of its surrounding neighborhood is higher
than thresholds Tg,. For the purpose of detecting the hair from images, a bank of 64
directional filters is implemented, and the image is filtered by each directional filter
with different parameters. Then, the difference of Gaussians is performed followed
by finding the local maximum at each pixel location. Therefore, image sharpening
is applied on the outcome image from Gabor filter; then Sobel filter is performed on
the sharpened image with threshold value to classify each pixel as hair or
background. After reflection artifacts and hairs are detected, their binary masks are
multiplied by RGB images. This operation leads to appearance of gaps, which can
be filled by propagating the information from known region (neighborhood pixels)
into the unknown region. Image inpainting method is implemented to fill in the

unknown regions and remove the hairs with reflection artifacts. Patch priorities (data
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term and confidence term) are computed in the borders of the unknown regions based
on their neighbors. And therefore, the patch with the highest priority is filled out
with data extracted from the source region. Then the patch priorities are updated.
This continues until no more gaps exist. More information about the whole process

is provided in [22] [26]. Examples are illustrated in Fig 1.

B. Skin Lesion Segmentation

The purpose of image segmentation is to separate the affected lesions from the
surrounding healthy skin. It is the most important phase for analysing images
properly, since it affects the subsequent steps accuracy. Therefore, the Particle
Swarm Optimization (PSO) and the Markov Random Field (MRF) are combined for
the purpose of delineating the actual lesions by minimizing the energy function. The
image segmentation is formulated as an optimization problem of the energy function
with MRF theory. The PSO method is used to perform the initial labeling based on
the optimal threshold value, which was obtained by maximizing the fitness function.
Then, an additional local search is performed for each segmented image by
integrating it with MRF method. Accordingly, the pixels are reassigned to different
classes based on the minimum cost. This process continues until stopping criterion

is met. The whole process can be found in [36].

Table |
Segmentation performance on the complete dataset se-sensitivity, sp-specificity, ac-accuracy and

dsc-dice similarity coefficient.

Method SE SP AC DSC
PSO [38] 0.7826 0.9709 0.9187 0.8481
FCM [39] 0.8880 0.9517 0.9339 0.9040
JSEG [40] 0.7108 0.9714 0.8947 0.7554
SRM [41] 0.1035 08757 0.6766 0.1218
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Otsu [42] 0.5221 0.7064 0.6518 0.4293
Level Set [43] 0.7188 0.8003 0.7842 0.6456
ASLM [17] 0.8024 0.9722 0.8966 0.8257

FCM and MRF [36] 0.9320 0.9800 0.9400 0.9105
Proposed Method 0.9388 0.9800 0.9474 0.9231

Fig. 2. Results of lesion detection: the ground truth (left) and the proposed method (right).

IV. EXPERIMENTAL RESULTS OF LESION SEGMENTATION

The proposed approach was tested on a database of 200 images [37]. The manually
segmented images were also available and used as ground truth. The proposed
method was able to delineate the actual lesion and provide high performance of
automatic image segmentation. An examples of manual segmentation together with
the results by the method of skin lesion segmentation are shown in Fig. 2. The result
from the proposed method shows that the detected edge is close to the real boundary
of the skin lesion and almost the whole lesion was detected and delineated.

In addition to the visual observations (qualitative evaluation), the gquantitative
evaluation was also carried out by comparing the performance of the method against
a selection of seven alternative methods. The total experimental results on the same
dataset (200) images are presented in Table I. All results confirm that the proposed

approach outperforms the eight methods, in terms of all evaluation criteria.
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It is worth mentioning that the images were assigned according to their medical
diagnosis; therefore we were able to carry out a finer analysis, by implementing the
validation of the three diagnostic classes (common moles, atypical nevi and
melanomas) separately. Table Il illustrates the experimental segmentation results of
80 common mole images only. It can be seen that, for our method, the sensitivity
raises from 0.9388 to 0.9651, the specificity slightly increases from 0.9758 to
0.9784, the accuracy increases form 0.9474 to 0.9740. and the dice similarity
coefficient raises from 0.9231 to 0.9361. In addition, the performance of our method
is still the highest against the other methods, in terms of all the evaluation metrics.
This indicates that, the proposed approach achieves higher results in segmenting
images of common moles.

The region segmentation performance of 80 atypical nevi images only, is shown in
Table I1I. It is also very clear that the proposed approach outperformed all alternative
methods in almost all used criteria. in particular, the sensitivity rises from 0.9388 to
0.9589, the accuracy increases form 0.9474 to 0.9653. and the dice similarity
coefficient raises from 0.9231 to 0.9321. With respect to the specificity, we observed
that it reduced to 0.9709, but it still is a satisfactory result. Consequently, even in the
case of atypical nevus, which are considered as benign lesions, the proposed
approach still obtains higher segmentation results.

On the other hand, a huge decrease can be observed in the quality of segmentation
results when only melanoma images (40 images) are processed. The overall
segmentation performance results of 40 melanoma images are shown in Table IV.
In particular, the proposed method presents a large decrease in terms of four criteria:
the sensitivity decreases to 0.8459 compared to the one in Table I (0.9388), the
specificity reduced from 0.9800 to 0.9595, the accuracy becomes 0.8605 instead of
0.9474 and the dice similarity coefficient decreases from 0.9231 to 0.8821.
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TABLE Il
Segmentation performance on 80 common healthy images se-sensitivity, sp-specificity, ac-

accuracy and dsc-dice similarity coefficient.

Method SE SP AC DSC
PSO [38] 0.7535 0.9711 0.9479 0.8156
FCM [39] 0.9182 0.9835 0.9670 0.9083
JSEG [40] 0.6977 0.9783 0.9370 0.7265
SRM [41] 0.0751 0.9332 0.7250 0.0611
Otsu [42] 0.4777 0.7832 0.6911 0.3658
Level Set [43] 0.7069 0.8262 0.7996 0.5856
ASLM [17] 0.8717 0.9760 0.9477 0.8690

FCM and MRF [36] 0.9531 0.9783 0.9680 0.9242
Proposed Method ~ 0.9651 0.9784 0.9740 0.9361

TABLE Il
Segmentation performance on 80 atypical mole images se-sensitivity, sp-specificity, ac-accuracy

and dice similarity coefficient.

Method SE SP AC DSC
PSO [38] 0.8334 0.9702 0.9432 0.8867
FCM [39] 0.9173 0.9739 0.9594 0.9258
JSEG [40] 0.7435 0.9708 0.9236 0.7768
SRM [41] 0.1042 0.8954 0.6812 0.0919
Otsu [42] 0.5515 0.7579 0.6779 0.4372
Level Set [43] 0.7364 0.8237 0.7985 0.6532
ASLM [17] 0.8640 0.9733 0.9271 0.8689

FCM and MRF [36] 0.9457 0.9781 0.9631 0.9295
Proposed Method 0.9589 0.9709 0.9653 0.9321

Nevertheless, it produced the highest results and outperformed alternative methods.
In summary, the proposed approach achieved very good results, in terms of the four
criteria, when dealing with the whole dermoscopy images (200). In addition, the

accuracy of all evaluation metrics was increased when dealing with the benign
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lesions (common moles and atypical nevi), while it decreased when melanoma
Images are processed.

From the promising results obtained in the identification of the pigmented region
areas, we deem it is necessary to provide a new method of melanoma detection, in
order to improve the productivity of dermatologists by reducing their time required
while diagnosis process. Consequently, a new fully automated approach for lesion

detection is presented in the following section .

V. LESION TYPE DETECTION METHOD

It is well- known that, the skin lesion classification methods are usually based on the
feature extraction. Therefore, the extraction of representative features of the lesions
under analysis is a very important stage for efficient classification [29]. For this
purpose, the optimal way to extract the desired features from images was performed,
using an improved method to segment the lesion and split it into several

homogeneous groups as described below. The full method can be seen in [44].

TABLE IV
Segmentation performance on 40 melanoma images se-sensitivity, sp-specificity, ac-accuracy
and dice similarity coefficient.

Method SE SP AC DSC
PSO [38] 0.7549 0.9763 0.8127 0.8348
FCM [39] 0.8079 0.8516 0.8235 0.8489
JSEG [40] 0.6746 0.9593 0.7591 0.7710
SRM [41] 0.2234 0.7512 0.4148 0.2852
Otsu [42] 0.5971 0.4870 0.5524 0.6064

Level Set [43] 0.7073 0.7015 0.7249 0.7503
ASLM [17] 0.5404 0.9597 0.6615 0.6524
FCM and MRF [36] 0.8203 0.9799 0.8389 0.8588
Proposed Method 0.8459 0.9595 0.8605 0.8821
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Fig. 3. Segmentation and clustering: Blue scale image (pre-processed)(top left), segmented binary image (top right),
segmented blue scale image, i.e. the lesion (bottom left) and result of clustering (bottom right).

A. Sub-Region Clustering

Our aim is to divide the segmented lesion into a few clusters, with a more
homogeneous distribution of pixels for each clusters. A simple K-means approach is
used for this purpose. The outcomes (binary masks or segmented lesions) from the
previous step are multiplied by gray scale images (see bottom left image in Fig 3),
in order to be able to separate the pixels whose located inside the lesion into several
groups. The K-means clustering method is used since it is very simple and has low
computational complexity. In addition, the number of clusters (k) usually could be
determined easily. Hence the number of clusters has been experimentally obtained
and set as k=5. The Euclidean distance is used to calculate the distance between the

image pixels and the centroids of the clusters. Each single pixel was assigned to the




appropriate cluster, based on its distance. Thus, the location of each cluster was
updated and the pixels were re-assigned. This process continues until no more
changes to cluster membership. The final result of this step is several homogeneous
clusters, which can be used for the subsequent step of feature extraction. An example

can be seen in Fig. 3.

B. Feature Extractions

Hundreds of features can be acquired from each dermoscopy image and used as an
image descriptor. However, not all of them are appropriate for lesion classification.
Too many irrelevant features make the classifier complicated and require more
computational time, which additionally reduces the classification accuracy. The best
features have to be able to represent the characteristics of the regions in skin cancer
images. Therefore, the suitable number of features should be extracted by
performing an optimal way. Based on that, the segmented lesions can be used to
extract several numbers of features, as an optimal way to deal with the region area
alone. The density and the regular distribution of the blue colour are the main
properties and can be used to identify the images. In this work, three colour moments
with colour histogram are used as features, for the purpose of determining the skin
lesion type.

1) colour Moments: Colour moments can be used for the purpose of
distinguishing images based on their colour distribution. Typically, probability
distributions are characterized by the number of uniqgue moments [28]. Therefore,
they can be used as colour features. The first colour moment can be interpreted as
the average colour in each sub region inside the lesion area, and can be calculated

using the following equation:

|
_,r’D?"

N
Bi=
i=1

=

(1)
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where N is the total number of image pixels inside the sub region and Pi is the pixel
value. The second colour moment used as a feature is the standard deviation, which

can be obtained by taking the square root of the variance of the colour distribution.

1 &
01 = | (5 D_(pi — E)?)
J NS . ()

where E;is the average value and N is the total number of the pixels inside the sub
region.

The third colour moment used in our method is the skewness, which means how
asymmetric the colour distribution is, and therefore, it gives useful information about

the shape of the colour distribution. Skewness can be calculated as:

J1
Si = J (5 D _(pi = E)*)
N
. 3)

2)  Colour Histogram: It is a way to represent the distribution of the composition
of colours in images. It shows the number of pixels in each type of colour. The

histogram associated with the blue colour component I.,c €{3} is given by:

he(i) = % Zb,:(fﬂ(:l:._y})i =1.... 8,
.y

(4)
where N is the number of pixels inside the sub region, i is histogram bin, B in the

number of bins and b(.) is the characteristic function of ith

y o | Ie(z,y) £ 1th colour bin
Pellel® ) = { 0  otherwise }

()
The bins are defined by dividing the colour component range into intervals with the
same width. For all histograms, the number of bins is given by:

B. €{5,10,15,20}, (6)
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and it was found that the best performance was achieved when the number of bins
set as 10. Thus, the elements of each sub region are sorted into 10 equally spaced
bins between the minimum and maximum values of it.

For the purpose of representing the image, colour moments and colour histogram
features are concatenated into one vector. The same number of features was acquired
from all dermoscopic images, ten features from colour histogram, and three features
related to the colour moment. These features are used as an image descriptor;

therefore they can be used as input to the classifier.

C. Skin Lesion Classification

Based on the extracted features from images. The classification process of skin
lesions has to be performed very well, because it supports the decision of the
dermatologists when diagnosing melanoma. Therefore, the Artificial Neural
Network (ANN) with the Radial Basis Function (RBF) as an activation function, is
used as a classifier, for the purpose of determining the image type as melanoma or

not.

VI. EXPERIMENTAL RESULTS OF LESION CLASSIFICATION

The network was constructed by two-layers (hidden layer and output layer) with 100
neurons in the hidden layer. The proposed approach was evaluated on a public
database PH2 [37] which provides 200 dermoscopy images. Each image in the
database was classified by the dermatologists as either normal or abnormal. The
extracted features from all images were used as an input to the ANN classifier, with
the ground truth labels as the output. The training and testing process was performed
by using a 5-fold stratified cross-validation method. The obtained results of our
method can be seen in Table V. It indicates that our approach achieved promising

results regarding all aforementioned evaluation criteria.
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The average of the sensitivity, specificity and accuracy were approximately 99.00%,
85.00% and 96.00% respectively. This means the method was able to distinguish
between lesions type with high accuracy. Moreover, the FNR and MSE averages
were quite low, which means a few melanoma images were classified incorrectly as

non-melanoma.

Quantitative comparison between various methods is difficult since different
datasets and criteria have been used. However, we were able to evaluate the
performance of our approach against Barata et al [22] [10] [23], Alfed et al [28],
Eltayef et al [26], Marques et al [45], Barata et al [46], Barata et al [47], Riaz et al
[48], Barata et al [18] and Lei et al [49] as they have the same objectives and they

are based on the same database.

TABLE V
Results of lesion classification in dermoscopy images.
Fold SE SP AC FNR MSE
1 0.9874 0.9000 0.9698 0.01257 0.0470
2 1.0000 0.8750 0.9748 0.0000 0.0420
3 0.9748 0.8250 0.9447 0.0251 0.0592
4 0.9937 0.8250 0.9597 0.0062 0.0474
5 0.9811 0.8250 0.9497 0.0188 0.0514
Mean 98.74% 85.00% 95.97% 0.0125% 0.0494%
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TABLE VI
Performance comparison with several methods.

Method SE SP AC BAC
Barataetal [22] 91.10% 82.10% 86.20  86.60%
Barataetal [10] 93.00% 85.00% ——  89.00%
Barataetal [23] 98.00% 90.00% ——  94.00%
Alfed et al [28] 91.00% 85.00% ——  88.00%

Eltayefetal [26] 92.30% 95.00% 90.00  93.65%
Marques et al [45] 94.10% 77.40% 79.10%  85.75%
Barataetal [46]  85.00% 87.00% 87.00% 86.00%
Barataetal [47] 92.5% 76.30% 84.30% 84.40%

Riaz et al [48] 84.00% 94.00%0 ——  89.00%
Barataetal [18] 96.00% 80.00% ——  88.50%
Lei et al [49] 87.50% 93.13% 92.00% 90.31%

Proposed method 98.74% 85.00% 95.97% 91.87%

To facilitate the performance comparison between our method and the alternate
approaches, parameters such as sensitivity (SE), specificity (SP), accuracy rates
(AC) and balance accuracy (average of sensitivity and specificity, denoted as BAC)
are computed for each method against the ground truth. Table VI shows the results
of performance comparison. Out of the four criteria, the proposed method performed
better than all other methods by SE and AC, but it is not as good as Eltayef [26] and
Barata [23], in terms of SP and BAC respectively. However, it is worth mentioning
that the ground truth was used as the segmented images in both methods, while we
did both segmentation and classification from the original images. Also, the work
presented in [23] requires more computational time, because a number of image
patches are used for feature extraction and this could be expensive when the patch

size is large. In addition, the late fusion strategy was used in their work, which needs
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extra time to classify each type of features separately. Consequently, we can say that
our method was able to achieve higher accuracy in identifying melanoma skin cancer
when compared to the state of the art methods. This gives a clear indication that, the

method can be used as a way to help doctors to detect melanoma early.

VII. CONCLUSIONS

A fully automatic method of lesion segmentation and detection using dermoscopic
images is presented in this paper. The Gabor filter, image sharpening, Sobel filter
and image inpainting methods are carried out to detect and remove the hairs and
other artifacts from the images. Lesion boundaries are delineated by integrating the
PSO and the MRF methods. In each iteration, the segmented images obtained by
using PSO method are combined with the MRF method in order to do local search
and minimize the energy function. Therefore, each pixel is reassigned to a different
class depending on its neighbourhood pixels. Consequently, K-means is applied on
the segmented lesion and the desired features are extracted at the sub-region (cluster)
level. These features are fed into an ANN with Radial Basis Function as an activation
function for final melanoma classification. The proposed method achieved
approximately 95.0% accuracy, 94.0% sensitivity, and 98.0% specificity on a public
dataset of 200 images. A comparison against a selection of seven alternative methods
shows that the proposed method performs the best in terms of sensitivity, specificity
and accuracy. All the above indicate that this approach is able to deal with light
reflection, the presence of hair and other artifacts and provide high accuracy of skin

lesion segmentation and detection.
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