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Q(^L(/?*#8! )*Z(MA)(?;<MQ! M(Q*9/! [*?;! 2Y!
b*(?/#)(Q(! 8(#+/(+Q,! ?;(! Q?LM=! +(7(#8(M! /<?#K8(!
*)N+<7()(/?Q! */! ?#QT! +(QN</Q(! #/M! 8(Z*&#8!
#&^L*Q*?*</,![;*8(!9#*/Q!*/!9+#))#+!#/M!&<;(+(/&(!
[(+(! 8*)*?(M-! DL+?;(+)<+(,! Q?LM(/?Q! ;*9;8*9;?(M!
?;(!N8#?P<+)aQ!LQ(PL8/(QQ!P<+!*M(#!9(/(+#?*</,!N((+!

P((MK#&T,! #/M! (QQ#=! <+9#/*$#?*</,! ?;<L9;! ?;(=!
(ZN+(QQ(M! )*Z(M! P((8*/9Q! #K<L?! (/q<=)(/?! #/M!
+(N<+?(M! &;#88(/9(Q! QL&;! #Q! Q&+((/! P#?*9L(! #/M!
8*)*?(M! */?(+#&?*7*?=-! J(/8#9;+*QQ*! #/M! hL#;*M*!
1232Y5! P<L/M! ?;#?! &<)K*/*/9! lIEE! [*?;! `+<q(&? A
J#Q(M! E(#+/*/9! 1`JE5! Q*9/*\&#/?8=! *)N+<7(M!
l<+<&&#/! Q(&</M#+=! Q?LM(/?Qa! QN(#T*/9! QT*88Q!
&<)N#+(M! ?<! `JE! #8</(! <+! ?+#M*?*</#8! ?(#&;*/9! #Q!
?;(! lIEE ÀJE! 9+<LN! Q;<[(M! 9+(#?(+! 9#*/Q! */!
mL(/&=,!7<&#KL8#+=,!9+#))#+,!#/M!N+</L/&*#?*</,!
#/M! +(N<+?(M! ;*9;8=! N<Q*?*7(! #o*?LM(Q! ?<[#+M! ?;(!
8(QQ</Q-! nQ*(;! #/M! E((! 1232R5! (Z#)*/(M! ?;(!
*)N#&?Q! <P! +<K<?A#QQ*Q?(M! M*9*?#8! Q?<+=?(88*/9!
&<)N#+(M! ?<! `<[(+`<*/? A#QQ*Q?(M! M*9*?#8!
Q?<+=?(88*/9! </! CDE! )*MM8(! Q&;<<8! Q?LM(/?Q-! :;(!
+<K<?A#QQ*Q?(M! 9+<LN! ;#M! QLN(+*<+! Q?<+=?(88*/9!
N(+P<+)#/&(,! */&+(#Q(M! N8(#Q#/?! ()<?*</Q,! #/M!
(/;#/&(M! N(+Q(7(+#/&(-! G?LM(/?Q! */M*&#?(M!
*/&+(#Q(M! (/9#9()(/?! #/M! Q#?*QP#&?*</,!
;*9;8*9;?*/9! ?;(! #M7#/?#9(Q! <P! Q<&*#88=! */?(+#&?*7(!
?(&;/<8<9*(Q!*/!8#/9L#9(!#&^L*Q*?*</-!

>/! +(QN</Q(! ?<! ?;(! */&+(#Q*/9! 7<8L)(! <P!
()N*+*&#8! +(Q(#+&;,! Q&;<8#+Q! ;#7(! #8Q<! #M<N?(M!
)(?# A#/#8=?*&#8! #NN+<#&;(Q! ?<! M+#[! <7(+#+&;*/9!
&</&8LQ*</Q! +(9#+M*/9! ?;(! (r&#&=! <P! ?(&;/<8<9=A
(/;#/&(M! 8#/9L#9(! 8(#+/*/9-! l(?# A#/#8=Q(Q!
&<)N*8(! +(QL8?Q! P+<)! Q(7(+#8! N+*)#+=!
*/7(Q?*9#?*</Q,! N+<7*M*/9! Q*9/*\&#/?! */Q*9;?Q! */?<!
*)N#&?! Q*$(Q! #/M! )<M(+#?*/9! 7#+*#K8(Q,! ?;(+(K=!
(/;#/&*/9! <L+! &<)N+(;(/Q*</! <P! (_(&?*7(!
*/?(+7(/?*</Q,! ?#+9(?! N<NL8#?*</Q,! #/M! &</?(Z?L#8!
P#&?<+Q! 1hQ[#8M! .! `8</QT=,! 23B35-! E*/! #/M! E*/!
123BS5! &</ML&?(M! #! )(?#A#/#8=Q*Q! <P! RR! 1^L#Q*A5!
(ZN(+*)(/?#8! Q?LM*(Q! NLK8*Q;(M! K(?[((/! 2334! #/M!
23Bf,! (Z#)*/*/9!?;(! (_(&?Q!<P! )<K*8(!?(&;/<8<9*(Q!
</!7<&#KL8#+=!+(?(/?*</-! :;(*+! \/M*/9Q!+(7(#8(M!#!
Q?+</9! N<Q*?*7(! (_(&?! <P! )<K*8(A#QQ*Q?(M!
*/?(+7(/?*</Q! </! 7<&#KL8#+=! +(?(/?*</-!
IMM*?*</#88=,! ?;(! 8(#+/*/9! &</?(Z?,! ML+#?*</! <P!
*/?(+7(/?*</,! #/M! ?;(! 8(7(8! <P! 8(#+/(+! #L?</<)=!
[(+(!*M(/?*\(M!#Q!Q*9/*\&#/?!)<M(+#?*/9!7#+*#K8(Q!
*/mL(/&*/9!?;(!<L?&<)(Q-!>/!?;(*+!)(?# A#/#8=Q*Q!<P!
fY!Q?LM*(Q!QN#//*/9!P+<)!BSS3!?<!23B4,!O;#/9!#/M!
nL/9! 123BS5! (ZN8<+(M! ?;(! (_(&?*7(/(QQ! <P!
?(&;/<8<9=A(/;#/&(M! */Q?+L&?*</! */! CGE-! :;(!
#/#8=Q*Q! +(7(#8(M! #! 8#+9(! <7(+#88! (_(&?! Q*$(,!



!
"#$%&%!'()*+&* ,!' -,!. !"#)#/ ,!0-,!12(!345+/#6!47!8#/95#9(!1(#&2*/9!#/:!8(#+/*/9,!;<;=>;, !??@A?@B!

 

 

 

117 

L/M(+Q&<+*/9! ?;(! N<Q*?*7(! */mL(/&(! <P! ?(&;/<8<9=!
*/! 8#/9L#9(! (ML&#?*</-! DL+?;(+)<+(,! ?;(!
(_(&?*7(/(QQ! <P! ?(&;/<8<9=! LQ(! [#Q! Q*9/*\&#/?8=!
)<M(+#?(M!K=!P#&?<+Q!QL&;!#Q! [<+T*/9! [*?;!Q)#88!
9+<LNQ! <P! 8(#+/(+Q! #?! ?;(! ?(+?*#+=! 8(7(8! #/M!
()N8<=*/9! 9(/(+#8 ANL+N<Q(! #NN8*&#?*</Q! +#?;(+!
?;#/! 8#/9L#9( AQN(&*\&! 8(#+/*/9! ?<<8Q-! O;(/! (?! #8-!
123225! &</ML&?(M! #! )(?#A#/#8=Q*Q! <P! 2B! Q?LM*(Q! ?<!
(Z#)*/(! ?;(! (_(&?Q! <P! bW! </! 8#/9L#9(! (ML&#?*</-!
:;(! +(QL8?Q! M()</Q?+#?(M! #! )<M(+#?(! N<Q*?*7(!
*)N#&?!<P!bW!</!K<?;!8#/9L#9(!8(#+/*/9!<L?&<)(Q!
#/M!#_(&?*7(!9#*/Q,! [*?;! ;#+M[#+(!?=N(!*M(/?*\(M!
#Q!?;(!</8=!Q*9/*\&#/?!)<M(+#?*/9!7#+*#K8(-!

'(QN*?(!?;(! (ZN#/M*/9!&<+NLQ!<P!()N*+*&#8!#/M!
)(?# A#/#8=?*&#8! Q?LM*(Q! #K<L?! ?(&;/<8<9=sQ!
#NN8*&#?*</! */! 8#/9L#9(! (ML&#?*</,! #! Q*9/*\&#/?!
N<+?*</! <P! ?;*Q! 8*?(+#?L+(! +()#*/Q! P+#9)(/?(M,!
P+(^L(/?8=!&</&(/?+#?*/9!</!N#+?*&L8#+!?(&;/<8<9*(Q!
#/M!8#/9L#9(!QT*88Q-!G=Q?()#?*&!+(7*([Q!#/M!)(?#A
#/#8=Q(Q,! ;<[(7(+! K(/(\&*#8,! 9(/(+#88=! P<&LQ! </!
QN(&*\&!7#+*#K8(Q!<+!*/?(+7(/?*</Q!#/M!Q(8M<)!<_(+!
#! &<)N+(;(/Q*7(! N(+QN(&?*7(! <P! ?;(! +(Q(#+&;!
8#/MQ&#N(! 1l#! (?! #8-,! 232R5-! DL+?;(+)<+(,! ?;(=!
N+(M<)*/#/?8=! P<&LQ! </! L/*7(+Q*?=! (ML&#?*</,!
+(QL8?*/9! */! #! +(8#?*7(! /(98(&?! <P! ?;(! @AB2! &</?(Z?-!
:;*Q! M*QN#+*?=! *Q! (QN(&*#88=! Q*9/*\&#/?! &</Q*M(+*/9!
?;(! M*Q?*/&?! M(7(8<N)(/?#8,! &<9/*?*7(,! #/M!
()<?*</#8! +(^L*+()(/?Q! <P! /</ A?(+?*#+=! 8(7(8!
8(#+/(+Q,! [;<! )#=!+(#&?!M*_(+(/?8=!?<!?(&;/<8<9=A
(/;#/&(M!(ML&#?*</-!>/!<+M(+!?<!K+*M9(!?;(Q(!9#NQ!
#/M! N+<7*M(! #! ?;<+<L9;! <7(+7*([! <P! N+(7#*8*/9!
?+(/MQ,! T(=! &</?+*KL?*</Q,! &<88#K<+#?*7(! M=/#)*&Q,!
#/M! Q;*P?*/9! +(Q(#+&;! ()N;#Q(Q,! #Q! [(88! #Q! #/!
(7*M(/&( AK#Q(M! P+#)([<+T! P<+! PL?L+(! Q?LM*(Q,!
&</ML&?*/9! #! K*K8*<)(?+*&! #/#8=Q*Q! *Q! K<?;! ?*)(8=!
#/M! /(&(QQ#+=! #/M! &</Q?*?L?(Q! ?;(! Q&<N(! <P! ?;(!
&L++(/?!Q?LM=-!!
!
3.! Methodology  

 
5626$7#8#*(/"$9#80.)$
 

:;(! &L++(/?! Q?LM=! #M<N?Q! K*K8*<)(?+*&! #/#8=Q*Q!
*/!<+M(+!?<!L/7(*8! ;<[!?(&;/<8<9=!*/?(9+#?*</! ;#Q!
(7<87(M!K<?;!*/!Q&<N(!#/M!M*+(&?*</!*/!@AB2!&</?(Z?!
QN#//*/9! P+<)! 2333! ?<! 2324-!J*K8*<)(?+*&! #/#8=Q*Q!

N8#=Q!#!&+*?*&#8!+<8(!*/!*/?(+N+(?*/9!#/M!M(8*/(#?*/9!
?;(! &L)L8#?*7(! K<M=! <P! Q&*(/?*\&! T/<[8(M9(! #/M!
?;(! (7<8L?*</#+=!M=/#)*&Q!<P! (Q?#K8*Q;(M!+(Q(#+&;!
\(8MQ! 1'</?;L! (?! #8-,! 232B5-! J=! Q=Q?()#?*&#88=!
#/#8=$*/9! 8#+9(! 7<8L)(Q! <P! L/Q?+L&?L+(M!
K*K8*<9+#N;*&! M#?#,! K*K8*<)(?+*&! Q?LM*(Q! <_(+!
Q&;<8#+Q! #! &<)N+(;(/Q*7(! <7(+7*([! <P! ?;(!
*/?(88(&?L#8! 8#/MQ&#N(-! GL&;! #/#8=Q(Q! &#/! +(7(#8!
+(Q(#+&;!?+(/MQ,!*M(/?*P=!T/<[8(M9(!9#NQ,!9(/(+#?(!
/<7(8!+(Q(#+&;!^L(Q?*</Q,!#/M!#QQ*Q?!+(Q(#+&;(+Q!*/!
N<Q*?*</*/9! ?;(*+! PL?L+(! &</?+*KL?*</Q! [*?;*/! ?;(!
K+<#M(+!Q&;<8#+8=!M*Q&<L+Q(!1'</?;L!(?!#8-,!232B5- 
!
56:6$9*;*$<&++#/;0&)$*)1$=)*+>808$
$

:;(! M#?#! P<+! ?;*Q! K*K8*<9+#N;*&! Q?LM=! [(+(!
+(?+*(7(M! P+<)! ?;(! X(K! <P! G&*(/&(! 1X<G5! O<+(!
O<88(&?*</,!#! [*M(8=!+(&<9/*$(M!M#?#K#Q(!P<+!;*9;A
*)N#&?! Q&;<8#+8=! [<+TQ-! :;(! Q(#+&;! [#Q! &</\/(M!
?<! N((+A+(7*([(M! q<L+/#8! #+?*&8(Q! NLK8*Q;(M! */!
C/98*Q;!P+<)!2333!?<!2324!?<!(/QL+(!+(8(7#/&(!#/M!
&</Q*Q?(/&=-! I!&<)N+(;(/Q*7(!Q(#+&;!Q?+#?(9=! [#Q!
*)N8()(/?(M! L?*8*$*/9! J<<8(#/! <N(+#?<+Q,! [;*&;!
#+(!8<9*&#8!&<//(&?<+Q!1Ie',! hW,!eh:5!?;#?! \8?(+!
Q(#+&;!+(QL8?Q!K=!&<)K*/*/9!<+!(8*)*/#?*/9!N;+#Q(Q,!
?;(+(K=!*)N+<7*/9!Q(#+&;!N+(&*Q*</!1cLQ(/K#L(+!.!
n#MM#[#=,!23235-$

!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
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!
Figure 1 
The flow diagram for data retrieval, screening, and selection 
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:;(!&#+(PL88=!P<+)L8#?(M!Q?+*/9!*/?(9+#?(M!?;+((!
M*)(/Q*</QH! ?(&;/<8<9=! LQ(! */! (ML&#?*</! 1(-9-,!
U&<)NL?(+A#QQ*Q?(M! 8(#+/*/9,V! U)<K*8(A#QQ*Q?(M!
8(#+/*/9,V!U</8*/(!8(#+/*/9V5,!125!8#/9L#9(!8(#+/*/9!
&</?(Z?Q! 1(-9-,! UC/98*Q;! #Q! #! Q(&</M! 8#/9L#9(,V!
UCDE,V! UCGEV5,! #/M! 1R5! ?#+9(?! N<NL8#?*</! 1(-9-,!
U=<L/9! 8(#+/(+Q,V! UN+*)#+=! Q&;<<8,V! U@AB2V5-!
D*9L+(!B!*88LQ?+#?(Q!?;(!&<)N+(;(/Q*7(!Q(#+&;!Q?+*/9!
#/M! N+<7*M(Q! ?;(! `W>GlI! 1`+(P(++(M! W(N<+?*/9!
>?()Q!P<+!G=Q?()#?*&!W(7*([Q!#/M! l(?#AI/#8=Q(Q5!
m<[! M*#9+#)-! `W>GlI! *Q! #! Q?#/M#+M*$(M!
P+#)([<+T! ?;#?! 7*QL#88=! *88LQ?+#?(Q! ?;(! Q(^L(/?*#8!
N;#Q(Q!<P!#+?*&8(!*M(/?*\&#?*</,!Q&+((/*/9,!(8*9*K*8*?=!
(7#8L#?*</,! #/M! \/#8! */&8LQ*</! ?<! (/QL+(!
?+#/QN#+(/&=! #/M! +(N8*&#K*8*?=! */! ?;(! +(7*([!
N+<&(QQ!1l<;(+!(?!#8-,!233S5-!

:<! #Q&(+?#*/! #+?*&8(! (8*9*K*8*?=,! ?;(! ?*?8(Q! #/M!
#KQ?+#&?Q! <P! #88! +(?+*(7(M! +(&<+MQ! [(+(! )#/L#88=!
+(7*([(M! #&&<+M*/9!?<!?;(!P<88<[*/9!*/&8LQ*</!#/M!
(Z&8LQ*</!&+*?(+*#-!G?LM*(Q![(+(!*/&8LM(M!*P!?;(=!1#5!
&</&(/?+#?(M!</!@AB2!&</?(Z?,!1K5!*/&<+N<+#?(M!#/=!
P<+)!<P!?(&;/<8<9=!*/!8#/9L#9(!(ML&#?*</,!#/M!1&5!
[(+(!M*+(&?8=!+(8#?(M!?<!CDE!<+!CGE!*/Q?+L&?*</!#/M!
8(#+/*/9-! G?LM*(Q! [(+(! +(q(&?(M! *P! ?;(=! 1#5!
(Z&8LQ*7(8=!#MM+(QQ(M!?(+?*#+=!<+! ;*9;(+! (ML&#?*</!
&</?(Z?Q,!1K5!8#&T(M!?;(!*/&<+N<+#?*</!<P!?(&;/<8<9=!
*/! ?;(! */Q?+L&?*</#8! )(?;<M<8<9=,! <+! 1&5!
&</&(/?+#?(M! Q<8(8=! </! (ML&#?<+! N(+QN(&?*7(Q!
[*?;<L?! &</Q*M(+*/9! 8(#+/(+A<+*(/?(M! \/M*/9Q-!
D<88<[*/9! ?;(! #NN8*&#?*</! <P! ?;(Q(! &+*?(+*#,! 4t!
N#N(+Q![(+(!+()<7(M,!+(QL8?*/9!*/!#!\/#8!M#?#Q(?!<P!
24B!NLK8*&#?*</Q!P<+!#/#8=Q*Q-!

:[<!K*K8*<)(?+*&!?<<8Q![(+(!L?*8*$(M!?<!#/#8=$(!
?;(! M#?#Q(?-! bhG7*([(+! [#Q! ()N8<=(M! ?<! &+(#?(!
7*QL#8! +(N+(Q(/?#?*</Q! <P! &<A#L?;<+Q;*N! /(?[<+TQ,!
&<A&*?#?*</! N#o(+/Q,! #/M! T(=[<+M! &<A<&&L++(/&(Q,!
P#&*8*?#?*/9!?;(!*M(/?*\&#?*</!<P!Q*9/*\&#/?!+(Q(#+&;!
&8LQ?(+Q! #/M! &<88#K<+#?*</! P+#)([<+TQ-!
DL+?;(+)<+(,! J*K8*<Q;*/=,! ?;(! [(K AK#Q(M! */?(+P#&(!
<P! ?;(! W! Q<P?[#+(! J*K8*<)(?+*Z,! [#Q! ()N8<=(M! ?<!
L/M(+?#T(! M(Q&+*N?*7(! #/M! N(+P<+)#/&(AK#Q(M!
#/#8=Q(Q,! */&8LM*/9! NLK8*&#?*</! ?+(/MQ! <7(+! ?*)(,!
*M(/?*\&#?*</! <P! ?;(! )<Q?! */mL(/?*#8! Q<L+&(Q! #/M!
#L?;<+Q,! &<L/?+=A8(7(8! &</?+*KL?*</Q,! #/M! ?;()#?*&!
(7<8L?*</-! :;(Q(! ?<<8Q! (/#K8(M! K<?;! ^L#/?*?#?*7(!
#/M! ^L#8*?#?*7(! */Q*9;?Q! */?<! ;<[! ?(&;/<8<9=!
*/?(9+#?*</! */! @AB2! CDEFCGE! (ML&#?*</! ;#Q! K((/!
&</&(N?L#8*$(M,!Q?LM*(M,!#/M!(7<87(M!<7(+!?;(!N#Q?!
?[(/?= A\7(!=(#+Q-!

!
4.! Findings  
 
J(P<+(! N+(Q(/?*/9! ?;(! \/M*/9Q,! *?! *Q! (QQ(/?*#8! ?<!
N+<7*M(! #! M(Q&+*N?*7(! <7(+7*([! <P! ?;(! M#?#Q(?! ?<!
(Q?#K8*Q;! #! &</?(Z?L#8! P<L/M#?*</! P<+! ?;(! #/#8=Q*Q-!
:#K8(!B!N+(Q(/?Q!#!QL))#+=!<P!?;(!M#?#Q(?!+(?+*(7(M!
P+<)! X<G-! :;(! M#?#Q(?! &<)N+*Q(Q! 24B! q<L+/#8!
#+?*&8(Q! NLK8*Q;(M! */! C/98*Q;! K(?[((/! 2334! #/M!
2324,! #7(+#9*/9! 4-B2! M<&L)(/?Q! N(+! =(#+-! :;(Q(!
NLK8*&#?*</Q! [(+(! #L?;<+(M! K=! #! ?<?#8! <P! gYf!
Q&;<8#+Q-!hP!?;(Q(,!YY!#L?;<+Q!&</?+*KL?(M!?<!Q*/98(A
#L?;<+(M! NLK8*&#?*</Q,! [;*&;! #&&<L/?! P<+! Yt!
M<&L)(/?Q-!e<?#K8=,!Bt-BRu!<P!?;(!#+?*&8(Q!+(QL8?(M!
P+<)!*/?(+/#?*</#8!&<88#K<+#?*</Q-!
 

Table 1 
Basic Information about the Data 

P"/#9$35$01' !"/<45/ '
E$2"/3*1 ' ,--.^,-,. '
D0<9#"'5+3"' ;0<91*4/'
D0<9#"/'_;0<91*4/'̀ I,- '
P0#<2"15/ ' ,.I '
[11<*4'F90L5?'9*5"'a ' IIO(I '
[%"9*F"'#$5*5$01'3"9'&0#' I(O-b'
P0#<2"15'*%"9*F"'*F" ' .OI, '
[<5?09/ ' (cb '
[<5?09/'0M'/$1F4"H*<5?09"&'&0#/' cc'
D$1F4"H*<5?09"&'&0#/' c6'
X15"91*4'#0H*<5?09/?$3'a' I6OI: '
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!
 
Figure 2 
Annual scientific production 

D*9L+(! 2! *88LQ?+#?(Q! ?;(! #//L#8! Q&*(/?*\&!
N+<ML&?*</! &</&(+/*/9! ?(&;/<8<9=! */?(9+#?*</! */!
@AB2! CDEFCGE! */Q?+L&?*</,! &</Q*Q?(/?! [*?;! ?;(!
Q&<N(! <P! ?;*Q! K*K8*<)(?+*&! #/#8=Q*Q-! :;(! M#?#!
*/M*&#?(Q! #! &</Q*Q?(/?! */&+(#Q(! */! #&#M()*&!
N+<ML&?*</! P+<)! 2334,! )#+T*/9! ?;(! =(#+! ?;(! \+Q?!
#+?*&8(! </! ?;(! ?<N*&! */M(Z(M! */! X<G,! [*?;! #!
Q*9/*\&#/?!+*Q(!&<))(/&*/9! */!2323-! :;*Q! */&+(#Q(!
*/M*&#?(Q! #/! */?(/Q*\(M! Q&;<8#+8=! P<&LQ! </! ?;(!
&</7(+9(/&(!<P!?(&;/<8<9=!#/M!8#/9L#9(!(ML&#?*</!
ML+*/9!#/M!QLKQ(^L(/?!?<!?;(!Ohb>'ABS,!N<QQ*K8=!
N+<N(88(M! K=! ?;(! [<+8M[*M(! ?+#/Q*?*</! ?<! M*9*?#8!
8(#+/*/9! N8#?P<+)Q-!I8?;<L9;! #! Q;#+N! M+<N! *Q!
<KQ(+7(M! */! 2324,! ?;*Q! M(&8*/(! M<(Q! /<?! +(m(&?! #/!
#&?L#8! M(&+(#Q(! */! +(Q(#+&;! #&?*7*?=-! W#?;(+,! *?! *Q!
ML(! ?<! ?;(! P#&?! ?;#?! ?;(! M#?#! P<+! ?;*Q! Q?LM=! [(+(!
(Z?+#&?(M!#?!?;(!K(9*//*/9!<P!IN+*8!2324!#/M!M<(Q!
/<?! &<7(+! ?;(! N+<QN(&?*7(! #+?*&8(Q! */! ?;(! +(8(7#/?!
?<N*&-!
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Table 2  
Top 10 Most Cited Articles 

Author(s) Title Source Title TC C/Y 
Liu, F., Chen, M. C., 
Sun, Y. S., Wible, D. 
& Kuo, C. -H. 
(2010) 

Extending the TAM model to explore the 
factors that affect Intention to use an online 
learning community 
 

Computers and Education 451 28.19 

Yang, Y. -T. & Wu, 
W. -C. I. (2012) 
 

Digital storytelling for enhancing student 
academic achievement, critical thinking, and 
learning motivation: A year-long 
experimental study 
 

Computers and Education 329 23.50 

Sandberg, J., Maris, 
M., de Geus, K. 
(2011) 
 

Mobile English learning: An evidence-based 
study with fifth graders 
 

Computers and Education 198 13.20 

Yang, J. C., Chen, C. 
H. & Jeng, M. C. 
(2010) 

Integrating video-capture virtual reality 
technology into a physically interactive 
learning environment for learning English 

Computers and Education 130 8.13 

     
Tsou, W., Wang, W. 
& Tzeng, Y. (2006) 

Applying a multimedia storytelling website 
in foreign language learning 

Computers and Education 127 6.35 

     
Han, J. -H., Jo, M. -
H., Jones, V. & Jo, J. 
-H. (2008) 

Comparative study on the educational use 
of home robots for children 

Journal of Information 
Processing Systems 

113 6.28 

     
Jeon, J. (2022). Exploring AI chatbot affordances in the EFL 

classroom: Young learners’ experiences and 
perspectives 

Computer Assisted 
Language Learning 

112 56 

     
Verdugo, D. R. & 
Belmonte, I. A. 
(2007) 

Using Digital Stories to Improve Listening 
Comprehension with Spanish Young 
Learners of English 

8#/95#9(!8(#+/*/9!#/:!
1(&2/4649C 

103 5.42 

     
Chen, M. -P., Wang, 
L. -C., Zou, D., Lin, 
S. -Y., Xie, H. & 
Tsai, C. -C. (2020) 

Effects of captions and English proficiency 
on learning effectiveness, motivation and 
aoitude in augmented-reality-enhanced 
theme-based contextualized EFL learning 

Computer Assisted 
Language Learning 

86 21.50 

     
Lee, J. S. & Lee, K. 
(2020) 

The role of informal digital learning of 
English and L2 motivational self system in 
foreign language enjoyment 

Computer Assisted 
Language Learning 

78 15.16 

D4E(-!T/C refers to Total Citation, C/Y refers to Citation per Year!
!
!
!
!
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#EA+&(#$;"#$,*/;&(8$;"*;$*H#/;$0);#);0&)$;&$'8#$*)$&)+0)#$
+#*()0).$/&GG')0;>4$*Q!#L?;<+(M!K=!E*L!(?!#8-!123235-!
:;*Q! Q?LM=! (ZN#/MQ! ?;(! :(&;/<8<9=! I&&(N?#/&(!
l<M(8!1:Il5!K=!*/&<+N<+#?*/9!#MM*?*</#8$7#+*#K8(Q!
?<! */7(Q?*9#?(! ;*9;! Q&;<<8! Q?LM(/?Qs! */?(/?*</Q! ?<!
LQ(!#/!</8*/(!C/98*Q;!8(#+/*/9!&<))L/*?=!1>X*EE5!
*/! :#*[#/-!6?*8*$*/9!G?+L&?L+#8!C^L#?*</! l<M(8*/9!
1GCl5! [*?;! M#?#! P+<)! YRg! Q?LM(/?Q,! ?;(! Q?LM=!
M()</Q?+#?(Q! #! Q?+</9! )<M(8! \?,! QLNN<+?*/9! ?;(!
(Z?(/M(M! P+#)([<+T-! :;(! \/M*/9Q! QL99(Q?! ?;#?!
&<L+Q(! M(Q*9/,! LQ(+AP+*(/M8=! */?(+P#&(Q,! #/M!
*/?(+#&?*7(! P(#?L+(Q! &#/! (/;#/&(! (/9#9()(/?! #/M!
?;(!N(+&(*7(M!#&&(N?#K*8*?=!<P!?(&;/<8<9=!*/!</8*/(!
8#/9L#9(!8(#+/*/9!&</?(Z?Q-$

:;(!Q(&</M!)<Q?!&*?(M!#+?*&8(,!90.0;*+$8;&(>;#++0).$
,&($ #)"*)/0).$ 8;'1#);$ */*1#G0/$ */"0#I#G#);4$ /(0;0/*+$
;"0)J0).4$ *)1$ +#*()0).$ G&;0I*;0&)K$ =$ >#*(L+&).$
#EA#(0G#);*+$8;'1>,![#Q!&</ML&?(M!K=!"#/9!#/M!XL!
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Q?LM=! */7(Q?*9#?(Q! ?;(! &</7(+9(/&(! <P! &#N?*</*/9,!
8(#+/(+! N+<\&*(/&=,! #/M! ?;(! #NN8*&#?*</! <P! IW! */!
CDE!Q(o*/9Q![*?;!;*9;!Q&;<<8!Q?LM(/?Q-!:;(!+(QL8?Q!
;*9;8*9;?! ?;(! &#N#&*?=! <P! IWA(/;#/&(M! */Q?+L&?*</!
?<! &L8?*7#?(! )<+(! (/9#9*/9! #/M! QL&&(QQPL8!
8#/9L#9(! 8(#+/*/9! (ZN(+*(/&(Q,! N#+?*&L8#+8=! [;(/!
&LQ?<)*$(M! ?<! 8(#+/(+Qs! #K*8*?=! 8(7(8Q! #/M!
QLNN8()(/?(M![*?;!7*QL#8!#*MQ!QL&;!#Q!&#N?*</Q-!

D*/#88=4$!"# $(&+#$ &,$ 0),&(G*+$ 10.0;*+$ +#*()0).$ &,$
D).+08"$ *)1$ -:$ G&;0I*;0&)*+$ 8#+,L8>8;#G$ 0)$ ,&(#0.)$
+*).'*.#$#)W&>G#);$K=!E((!#/M!E((!1232B5!*Q!&*?(M!tf!
?*)(Q! =*(8M*/9! #/! #7(+#9(! &*?#?*</! Q&<+(! <P! B4-Bg!
N(+! =(#+-! :;*Q! Q?LM=! (Z#)*/(Q! ?;(! */mL(/&(! <P!
*/P<+)#8! M*9*?#8! 8(#+/*/9! (ZN(+*(/&(Q! </! 8(#+/(+Qs!
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)<?*7#?*/9! Q(8PAQ=Q?()-! :;(! \/M*/9Q! */M*&#?(! ?;#?!
*/P<+)#8,! ?(&;/<8<9=A)(M*#?(M! 8(#+/*/9! &#/!
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Figure 3 
Publication timeline of the most productive authors
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Table 3  
Most Productive Authors 

Author Name TP % 
Chen, N. S. 6 2.39 
Wang, J. 5 1.99 
Li, Y. 4 1,09 
Bai, B. 3 1.59 
Benlaghrissi, H. 3 1.19 
Cheung, A. 3 0.75 
Hsieh J. C. 3 0.67 
Huang, S.  3 0.92 
Jeon, J. 2 0.42 
Lee, J. S. 2 0.67 

!
IMM*?*</#8!Q*9/*\&#/?!&</?+*KL?<+Q!#+(!X#/9,!k-!

14! NLK8*&#?*</Qd! B-SSu5,! E*,! "-! 1Y! NLK8*&#?*</Qd!
B-3Su5,! #/M! J#*,! J-! 1R! NLK8*&#?*</Qd! B-4Su5,! #88! <P!
[;<)! ;#7(! M()</Q?+#?(M! */&+(#Q(M! N+<ML&?*</,!
(QN(&*#88=!#P?(+!2323-!E*,! "-!Q?#/MQ!<L?! /<?!qLQ?!P<+!
NLK8*Q;*/9! P+(^L(/?8=,! KL?! #8Q<! P<+! ;#7*/9! ;*9;8=!
&*?(M![<+T,!#Q!Q;<[/!K=!?;(!8#+9(!#/M!M#+T!&*?#?*</!
KLKK8(Q!*/!D*9L+(!R-!:;(!()(+9(/&(!<P!+(&(/?!#&?*7(!
&</?+*KL?<+Q!8*T(!J(/8#9;+*QQ*,!n-,!k(</,!k-,!#/M!E((,!
k-!G-,! (#&;! [*?;!?[<!<+!?;+((!NLK8*&#?*</Q,!Q*9/*\(Q!
?;(! M=/#)*&! #/M! 9+<[*/9! 8#/MQ&#N(! <P! Q&;<8#+8=!
*/7<87()(/?!*/!?;*Q!\(8M-!:;(Q(!\/M*/9Q!*/M*&#?(!#!
M=/#)*&! +(Q(#+&;! 8#/MQ&#N(,! &;#+#&?(+*$(M! K=! ?;(!
</9<*/9! &</?+*KL?*</Q! <P! (Q?#K8*Q;(M! [+*?(+Q! #/M!
?;(!+*Q(!<P!/([!7<*&(Q!*/!?;(!#+(#-!

I! ?;+(( A\(8M! N8<?! [#Q! #8Q<! &+(#?(M! ?<! (Z#)*/(!
?;(! &<++(8#?*</! #)</9! #L?;<+! T(=[<+MQ,!
&</?+*KL?*/9!#L?;<+Q,!#/M!?;(*+!#QQ<&*#?(M!&<L/?+*(Q!
[*?;*/! ?;(! +(#8)! <P! ?(&;/<8<9= A(/;#/&(M! C/98*Q;!
8#/9L#9(! 8(#+/*/9-! D*9L+(! Y! *88LQ?+#?(Q! K<?;! ?;(!
M<)*/#/?! Q?LM=! ?;()(Q! #/M! ?;(! 9(<9+#N;*&#8!
M*Q?+*KL?*</! <P! #&#M()*&! &</?+*KL?*</Q-! `+*)#+=!
Q?LM=!#+(#Q! (/&<)N#QQ!CDE,!8#/9L#9(!8(#+/*/9,! (A
8(#+/*/9,! M*9*?#8! Q?<+=?(88*/9,! 7<&#KL8#+=! 8(#+/*/9,!
K8(/M(M! 8(#+/*/9! #/M! #+?*\&*#8! */?(88*9(/&(,!
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Figure 4 
Three-field plot of author’s keywords (DE), authors (AU) and authors’ countries (AU_CO)!
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)L8?*N8(! L/*7(+Q*?*(Q! P+<)! :#*[#/,! n</9! @</9,!
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Q*9/*\&#/?! #&#M()*&! P<&LQ! #/M! */7(Q?)(/?! */! ?;(!
QLKq(&?! [*?;*/! ?;*Q! #+(#-! :v+T*=(! 8<&#?(M! */! ?;(!
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Table 4  
Top 10 Most Productive Universities 
Z1$%"9/$5+'d*2"' E=' a '
Z1$%"9/$5$'G">*1F/**1')*4*+/$*' ' ,I ' bO:('

d*5$01*4'J"159*4'Z1$%"9/$5+'_$1'E*$L*1`' I( ' (O:6'
E?"'J?$1"/"'Z1$%"9/$5+'0M'e01F'G01F'' Ic ' .O.6'
@"$Q$1F'd092*4'Z1$%"9/$5+' I, ' cO6b'
E?"'A&<#*5$01'Z1$%"9/$5+'0M'e01F'G01F' II ' cO:b'
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!
Table 5  
Top 10 Most Productive Countries 
Country Name TP % 
China 79 31.47 
The USA 26 10.35 
Spain 18 7.17 
Malaysia 14 5.57 
Iran 13 5.17 
Indonesia 10 3.98 
Korea 10 3.98 
Türkiye 8 3.18 
The UK 8 3.18 
Saudi Arabia 6 2.39 
!

:;(! 9(<9+#N;*&#8! M*Q?+*KL?*</! <P! +(Q(#+&;! </!
?(&;/<8<9=! */?(9+#?*</! */! @AB2! CDE! #/M! CGE!
*/Q?+L&?*</! P+<)! 2333! ?<! 2324! */M*&#?(Q!
&</Q*M(+#K8(! 98<K#8! M*_(+(/&(Q! */!#&#M()*&!
N+<ML&?*</-!D*9L+(!4!*/M*&#?(Q!?;#?!O;*/#!8(#MQ!?;(!
\(8M! [*?;! 2g3! #+?*&8(Q,! +(N+(Q(/?*/9! #! Q*9/*\&#/?!
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Figure 5 
Global research map: Technology in K-12 EFL/ESL (2000-2025) 
$ $
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#+?*&8(Q! 9(/(+#?(M! K=! ?<N! 23! &<L/?+*(Q,!
M*_(+(/?*#?*/9! K(?[((/! G*/98(! O<L/?+=!
`LK8*&#?*</Q! 1GO`5! #/M! lL8?*N8(! O<L/?+=!
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P<+(*9/! +(Q(#+&;! &<88#K<+#?*</Q-! :;(! ?;*+M! )<Q?!
N+<ML&?*7(! &<L/?+=! *Q! GN#*/,! [;*&;! (Z;*K*?Q!
K#8#/&(M! <L?NL?! [*?;! #! /<?*&(#K8(! N(+&(/?#9(! <P!
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M()</Q?+#?(! )<M(Q?! <L?NL?! 8(7(8Q,! #&&<)N#/*(M!
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Figure 6 
The single country and multiple country publications of top twenty countries 
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Figure 7 
The map of collaborating countries 
!
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#/M! e<+?;! I)(+*&#! 1(-9-,! O#/#M#,! ?;(! 6GI5-!
G*)*8#+8=,! ?;(! 6GI! *Q! #8Q<! &(/?+#8,! (/9#9*/9! */!
&<88#K<+#?*</! [*?;! /#?*</Q! */! K<?;! CL+<N(! 1(-9-,!
GN#*/,! >?#8=5! #/M! E#?*/! I)(+*&#! 1(-9-,! O<8<)K*#5,!
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K=! #! P([! 9+<LNQ! <P! N+<)*/(/?! /#?*</Q,! #8?;<L9;!
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Figure 8 
Trend topics (authors’ keywords) 
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Figure 9 
Keyword co-occurrence (by author’s keywords) 
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Figure 10a 
Co-authorship by authors (All authors) 
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Figure 10b 
Co-authorship by authors 
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Figure 11 
Co-citation of cited authors 
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Figure 12 
Co-citation of cited sources 
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Figure 13 
Articles published with a cognitive, affective or cognitive and affective perspective 
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?;(! \(8MsQ!9+<[*/9!M(M*&#?*</!?<!#!&<)N+(;(/Q*7(!
L/M(+Q?#/M*/9! <P! P#&?<+Q! Q?())*/9! P+<)! 8(#+/(+Q!
#/M!8(#+/*/9!*/!CDEFCGE!Q(o*/9Q-!

!
!
!
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5. Discussion 
 
:;(! N+(Q(/?! K*K8*<)(?+*&! Q?LM=! N+<7*M(Q! #!
&<)N+(;(/Q*7(! <7(+7*([! <P! ?;(! */?(9+#?*</! <P!
(ML&#?*</#8!?(&;/<8<9=!*/!@AB2!CDEFCGE!Q*?L#?*</Q!
P+<)! 2333! ?<! 2324,! ()N;#Q*$*/9! &<9/*?*7(! #/M!
#_(&?*7(! 8(#+/*/9! <L?&<)(Q-! :;(! +(QL8?Q! /<?! </8=!
7#8*M#?(! ?;(! */&+(#Q*/9! [<+8M[*M(! */?(+(Q?! */!
?(&;/<8<9=A(/;#/&(M! 8#/9L#9(! 8(#+/*/9! KL?! #8Q<!
+(7(#8! +(9*</#8,! ?;()#?*&,! #/M! )(?;<M<8<9*&#8!
M*Q&+(N#/&*(Q!*/!Q&;<8#+8=!&</?+*KL?*</-!

:;(! \+Q?! +(Q(#+&;! ^L(Q?*</! [#QH!ab"*;$ 08$ ;"#$
/'((#);$ (#8#*(/"$ 8;*;'8$ &,$ ;#/")&+&.>$ '8#$ 0)$ DP-cDT-$
+#*()0).$0)$;"#$ZL2:$/&);#E;de!:;(!\/M*/9Q!+(7(#8(M!
#! Q?(#M=! */&+(#Q(! */! Q?LM*(Q! </! ?(&;/<8<9=!
*/?(9+#?*</! */! ?;(! @AB2! &</?(Z?! K(?[((/! 2334,! ?;(!
=(#+! ?;(! (#+8*(Q?! #+?*&8(! [#Q! */M(Z(M! */! ?;(! X<G!
M#?#K#Q(,! #/M! 2324-! :;(! )#+T(M! */&+(#Q(! */!
NLK8*&#?*</Q! N<Q?A2323! &#/! K(! #o+*KL?(M! ?<! ?;(!
Ohb>' ABS! N#/M()*&,! [;*&;! )#+T(M8=! */&+(#Q(M!
?;(! (ZN8<+#?*</!#/M!*)N8()(/?#?*</!<P!?(&;/<8<9=!
*/! 8#/9L#9(! (ML&#?*</-! :;*Q! <KQ(+7#?*</!
&<++(QN</MQ![*?;!I8#T+#Q;!#/M!W#$#T!1232B5,![;<!
;*9;8*9;?(M! ?;(! */&+(#Q*/9! Q*9/*\&#/&(! <P! M*9*?#8!
8(#+/*/9!?<<8Q!*/!)*?*9#?*/9!?;(!(_(&?Q!<P!M*Q+LN?(M!
P#&(A?<AP#&(! (ML&#?*</-! :;(! N#/M()*&! Q(()Q! ?<!
;#7(!#&?(M!#Q!#!&#?#8=Q?,!#&&(8(+#?*/9!?;(!#M<N?*</!
#/M! #&#M()*&! */7(Q?*9#?*</! <P! M*9*?#8! N8#?P<+)Q!
#/M! ?(&;/<8<9=! */! 8#/9L#9(! */Q?+L&?*</! 1O;(/! .!
IKML88#;,!232Y5-!

:;(! Q(&</M! +(Q(#+&;! ^L(Q?*</! [#QH!ab"0/"$
8;'10#84$ *';"&(84$ 0)8;0;';0&)84$ *)1$ /&');(0#8$ "*I#$ M##)$
G&8;$ A(&1'/;0I#$ 0)$ ;"#$ N#+1de! :;(! \/M*/9Q! */M*&#?(!
?;#?! #8?;<L9;! #! &</Q*M(+#K8(! /L)K(+! <P! #L?;<+Q!
;#7(!K((/!N+<ML&?*7(!*/!?;(!\(8M,!/([!&</?+*KL?<+Q!
#+(! ()(+9*/9,! Q*9/*P=*/9! #/! */&+(#Q*/9! */?(+(Q?! */!
?;(! */?(+Q(&?*</! <P! ?(&;/<8<9=! #/M! 8#/9L#9(!
(ML&#?*</-!:;(!)<Q?!N+<8*\&!*/Q?*?L?*</Q!#+(!8<&#?(M!
*/! l#8#=Q*#,! O;*/#,! #/M! :#*[#/,! [*?;! k#N#/! #/M!
:v+T*=(! #8Q<! &</?+*KL?*/9,! #8K(*?! [*?;!
&<)N#+#?*7(8=!P([(+!NLK8*&#?*</Q-!!

O;*/#! L/(^L*7<&#88=! 8(#MQ! ?;(! \(8M,! [*?;! #!
NLK8*&#?*</! &<L/?! QL+N#QQ*/9! ?;#?! <P! ?;(! 6/*?(M!
G?#?(Q,! ?;(! Q(&</MA;*9;(Q?! &</?+*KL?<+,! K=! #?! 8(#Q?!
?;+((P<8M-! I! QLKQ?#/?*#8! N<+?*</! <P! O;*/#sQ!
N+<ML&?*</!#+*Q(Q!P+<)!*/?+#A/#?*</#8!&<88#K<+#?*</,!

&</Q*Q?(/?! [*?;! l#! (?! #8-! 1232R5! [;<! ;*9;8*9;?(M!
?;(! Q?+</9! M<)(Q?*&! +(Q(#+&;! (&<Q=Q?()Q! */! C#Q?!
IQ*#-! O</7(+Q(8=,! /#?*</Q! [*?;! )<+(! )<M(+#?(!
+(Q(#+&;!<L?NL?,!*/&8LM*/9!?;(!6GI,!ILQ?+#8*#,!#/M!
GN#*/,!M()</Q?+#?(M! ;*9;(+!8(7(8Q!<P! */?(+/#?*</#8!
&<88#K<+#?*</-!:;(!\/M*/9Q!L/M(+Q&<+(!?;#?!?;(+(!*Q!
#! /((M! P<+! 8#+9(+! */?(+/#?*</#8! &<88#K<+#?*</-!
W(9*</Q! 8*T(! IP+*&#! #+(! )#+T(M8=!
L/M(++(N+(Q(/?(M,! 8*T(8=! ML(! ?<! 8*)*?(M!
?(&;/<8<9*&#8!*/P+#Q?+L&?L+(!#/M!#!8#&T!<P!(ML&#?<+Q!
&<)P<+?#K8(! [*?;! */&<+N<+#?*/9! ?(&;/<8<9=! */?<!
8#/9L#9(! */Q?+L&?*</! 1O+<)N?</! (?! #8-,! 232B5,! #Q!
[(88! #Q! ?;(! M<)*/#/&(! <P! C/98*Q;! #/M! ?;(!
)#+9*/#8*$#?*</! <P! /</AX(Q?(+/! (N*Q?()<8<9*(Q!
1@LK<?#,!23225-!

:;(! ?;*+M! +(Q(#+&;! ^L(Q?*</! [#Q!aC&B$ "*8$ ;"#$
,&/'8$&,$;"08$+0;#(*;'(#$#I&+I#1$&I#($;0G#de!I/!#/#8=Q*Q!
<P! ?+(/M*/9! ?<N*&Q! #/M! ?;(*+! (7<8L?*</! */M*&#?(Q! #!
M=/#)*&! #/M! (ZN#/M*/9! +(Q(#+&;! P<&LQ-! >/*?*#8!
+(Q(#+&;! )<Q?8=! &</&(/?+#?(M! </! 9(/(+#8! M*9*?#8!
?(&;/<8<9*(Q! #/M! PL/M#)(/?#8! )(?;<M<8<9*(Q,!
*/&8LM*/9! OIEE,! lIEE,! K8(/M(M! 8(#+/*/9,! #/M!
m*NN(M! 8(#+/*/9-! h7(+! ?*)(,! ;<[(7(+,! )<+(!
*//<7#?*7(!?<<8Q!#/M!)(?;<MQ,!QL&;!#Q!I>,!IW,!bW,!
Q<&*#8! /(?[<+T*/9! #NN8*&#?*</Q,! #/M! /(L+#8!
/(?[<+TQ! ;#7(! K((/! */&8LM(M! */! ?;(! +(Q(#+&;!
?<N*&Q-!W(&(/?!Q?LM*(Q! */M*&#?(!#/! */&+(#Q*/9!P<&LQ!
</! ?;(! #_(&?*7(! #/M! &<9/*?*7(! #QN(&?Q! <P! 8(#+/*/9,!
[*?;! ?;(! T(=[<+MQ! QL&;! #Q! )<?*7#?*</,!
(/9#9()(/?,!#/M!Q(8P A(r&#&=!P+(^L(/?8=!#NN(#+*/9!
#8</9Q*M(!8#/9L#9(!N+<\&*(/&=,!QN(#T*/9,! [+*?*/9,!
#/M! &<)NL?(+! 8*?(+#&=-! :;*Q! Q*9/*\(Q! #! )<+(!
&<)N+(;(/Q*7(! #NN+<#&;! ?<! 8#/9L#9(! 8(#+/*/9!
+(Q(#+&;,! #! ?+(/M! ?;#?! #8*9/Q! [*?;! ?;(! 9+<[*/9!
*/mL(/&(! <P! `<Q*?*7(! `Q=&;<8<9=! */! 8#/9L#9(!
(ML&#?*</!1'([#(8(!.!l#&>/?=+(,!23BYd!E((!.!E((,!
232B5-!

:;(! \/#8! +(Q(#+&;! ^L(Q?*</! [#Q! aC&B$ *(#$
/&.)0;0I#$*)1$*H#/;0I#$+#*()0).$A#(8A#/;0I#8$(#A(#8#);#1$
0)$ ;"08$M&1>$&,$+0;#(*;'(#de!:;(!#/#8=Q*Q!<P!#KQ?+#&?Q!
*/M*&#?(M! #! N+<)*Q*/9! ?+#/Q*?*</! P+<)! (Z&8LQ*7(8=!
&<9/*?*7(! +(Q(#+&;! ?<! ML#8AN(+QN(&?*7(!
)(?;<M<8<9*(Q!?;#?!*/&<+N<+#?(!K<?;!&<9/*?*7(!#/M!
#_(&?*7(! (8()(/?Q-! :;*Q!?+#/Q*?*</!Q*9/*\(Q!#! )<+(!
;<8*Q?*&! L/M(+Q?#/M*/9! <P! 8#/9L#9(! #&^L*Q*?*</,!
+(&<9/*$*/9! ?;(! +(8#?*</! <P! &<9/*?*</! #/M! ()<?*</!
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*/! )#*/?#*/*/9! (/9#9()(/?! #/M! N+<)<?*/9! M((N!
8(#+/*/9! */! CDE! #/M! CGE! &</?(Z?Q! 1G</9! .!
b(+)L/?,!232B5-!!

!
5. Conclusion  
 
:;*Q! K*K8*<)(?+*&! #/#8=Q*Q! */7(Q?*9#?(M! ?;(!
*/?(88(&?L#8,! &</&(N?L#8,! #/M! Q<&*#8! 8#/MQ&#N(! <P!
?(&;/<8<9=!*/?(9+#?*</! */!@AB2!CDEFCGE!(ML&#?*</!
P+<)!2333!?<!2324-!:;(!+(QL8?Q!*/M*&#?(M!#!M=/#)*&!
#/M! +#N*M8=! #M7#/&*/9! \(8M,! &;#+#&?(+*$(M! K=! #!
Q*9/*\&#/?! QL+9(! */! #&#M()*&! N+<ML&?*</,!
(QN(&*#88=! */! ?;(! #P?(+)#?;! <P! ?;(! Ohb>'ABS-! :;(!
\/M*/9Q! +(7(#8(M! Q*9/*\&#/?! &</?+*KL?<+Q,! /#?*</Q,!
<+9#/*$#?*</Q,! #/M! */M*7*ML#8! Q&;<8#+Q,! [;<! ;#7(!
*/mL(/&(M! ?;(! M*Q&*N8*/(,! #8</9Q*M(! N+<)*/(/?!
+(Q(#+&;! ?<N*&Q-! :;()#?*&! (7<8L?*</! *88LQ?+#?(Q! #!
Q;*P?! P+<)! ?+#M*?*</#8! (ML&#?*</#8! *QQL(Q! ?<! )<+(!
Q<N;*Q?*&#?(M,! */?(+#&?*7(,! #/M! 8(#+/(+AP<&LQ(M!
?(&;/<8<9*&#8! *)N8()(/?#?*</Q-! :;(! #/#8=Q*Q!
;*9;8*9;?(M! #/! */&+(#Q*/9! P<&LQ! </! ()<?*7(!
7#+*#K8(Q! */! #MM*?*</! ?<! &</7(/?*</#8! &<9/*?*7(!
<L?&<)(Q,!*/M*&#?*/9!#!?+(/M!?<[#+MQ!)<+(!;<8*Q?*&,!
Q?LM(/?A&(/?(+(M! +(Q(#+&;! P+#)([<+TQ-! :;(!
+(Q?+*&?(M!&<88#K<+#?*</!#)</9!/#?*</Q!#/M![+*?(+Q!
*/M*&#?(Q! ?;#?! ?;(! M*Q&*N8*/(! *Q! 8#+9(8=! *Q<8#?(M!
/(&(QQ*?#?*/9! )<+(! */&8LQ*7(! #/M! 98<K#88=!
*/?(9+#?(M!+(Q(#+&;!(/M(#7<+Q-!!

I8?;<L9;! ?;*Q! Q?LM=! <_(+Q! #! ?;<+<L9;!
K*K8*<)(?+*&!*/7(Q?*9#?*</!<P!?(&;/<8<9=!*/?(9+#?*</!

*/! @AB2! CDEFCGE! (ML&#?*</,! *?! *Q! /<?! [*?;<L?!
8*)*?#?*</Q-! D*+Q?,! ?;(! M#?#Q(?! [#Q! (Z&8LQ*7(8=!
M(+*7(M! P+<)! ?;(! X<G! M#?#K#Q(-! X;*8(! X<G! *Q! #!
;*9;8=! +(9#+M(M! #/M! +(NL?#K8(! */M(Z,! (Z&8LQ*7(!
+(8*#/&(! </! *?! )#=! ;#7(! 8(M! ?<! ?;(! <)*QQ*</! <P!
+(8(7#/?! +(Q(#+&;! */M(Z(M! */! <?;(+! Q*9/*\&#/?!
M#?#K#Q(Q!QL&;!#Q!G&<NLQ,!CW>O,!<+!c<<98(!G&;<8#+-!
DL?L+(! Q?LM*(Q! &<L8M! */?(9+#?(! )L8?*N8(! M#?#K#Q(Q!
?<! (/QL+(! )<+(! &<)N+(;(/Q*7(! &<7(+#9(! <P! ?;(!
8*?(+#?L+(-!G(&</M,!?;(!#/#8=Q*Q!*/&8LM(M!</8=!N((+A
+(7*([(M! q<L+/#8! NLK8*&#?*</Q! [+*o(/! */! C/98*Q;-!
IQ! #! +(QL8?,! N<?(/?*#88=! Q*9/*\&#/?! &</?+*KL?*</Q!
NLK8*Q;(M! */! <?;(+! 8#/9L#9(Q! <+! */! #8?(+/#?*7(!
P<+)#?Q! QL&;! #Q! K<<T! &;#N?(+Q,! &</P(+(/&(!
N+<&((M*/9Q,! <+! M*QQ(+?#?*</Q! [(+(! (Z&8LM(M-!
D*/#88=,!?;(!#/#8=Q*Q![#Q!&</ML&?(M!K#Q(M!</!?*?8(Q,!
#KQ?+#&?Q,! #/M! T(=[<+MQ! +#?;(+! ?;#/! PL88! ?(Z?Q-!
X;*8(!?;*Q!#NN+<#&;!P#&*8*?#?(Q!?;(!*M(/?*\&#?*</!<P!
8#+9(AQ&#8(! ?+(/MQ,! *?! )#=! <7(+8<<T! /L#/&(M!
M(K#?(Q! <+! ()(+9*/9! *M(#Q! /<?! (ZN8*&*?8=! +(m(&?(M!
*/! )(?#M#?#! \(8MQ-! >/&<+N<+#?*/9! PL88A?(Z?! M#?#! */!
PL?L+(! Q?LM*(Q! )#=! <_(+! #! )<+(! */AM(N?;!
L/M(+Q?#/M*/9! <P! ?;()#?*&! M(7(8<N)(/?! #/M!
)(?;<M<8<9*&#8!M*7(+Q*?=-!IQ!#!&</&8LM*/9!+()#+T,!
PL?L+(! +(Q(#+&;! Q;<L8M! N+<)<?(! &+<QQA+(9*</#8!
&<88#K<+#?*</,! N#+?*&L8#+8=! [*?;! L/M(++(N+(Q(/?(M!
+(9*</Q,! #/M! N8#&(! 9+(#?(+! ()N;#Q*Q! </! ?;(!
M(7(8<N)(/?!<P!N+<ML&?*7(!8#/9L#9(!QT*88Q!?;+<L9;!
?(&;/<8<9*&#8!*/?(9+#?*</-!
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