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1 - �����  

!D �='��-2E F� 6�-47G �� 3H=+ %�I�E� ����J 8K-"	 � �99L	 A� .�/�='  ���D �M�*	 N��O�� 3�95&P N��O�� 6-Q .	�2�+ �D
R9"+ S��T	 � ��U!D�� �?�J ��14�?/ %�� !V�E� !�#=� �/�=' �-W �� O9� 8�2�+ ��� XG ) 3.D-*5� � �19&G1394 375 .( ��

%J-G �� .#;�T+ ��/��2��� 3��=' 8�2�+ 6�-&� Y#	�+ ���E�� �!+���D � ����1+!5E-	 �O���E� 19V�	 XD�Z ��=' � . J� ���9?D
!;B?+ �D 3�=' !5E-	 XG��+ �E� [*"	 XD�Z ��9<�9� �)Zhang et al.,2019, 5 (!D �/�=' O9� ���-+ .W�D �� �!\E�� 61' O��]) �

%�� ����� �-^�?P �� _;�T+ 8�`5+ � 8�2�+ J�6��D �=P .]E�4+ XG6��"D J� ���  14�?/)Wagner & De vries, 2019, 

125 .( ,-4�+ �94a&/ � ��=' �95&P Y��E 1'� !D !P-	 �D %J��+���� J� %��#�E� 3!49+J ��� �� !49=D ����1+ � 8�2�+ 6�-D ��/
 �?9� b-;\+ 3.�4E � .&�1Z)Onibokun, 2019, 69 .(!D��� �<�� 8��]7V ���D �� :JK .����V .�4E .����1+ ��/ � Xc�?+ A��4

!5E-	1���1� �/�=' SE�4+ � .��� J� ��2�� XD�Z�9U .	���M �/�=' !5E-	 � ����1+ Y��?	 �=P 3!49+J ��� �� :JK �9D�1	 d�T	� ��
.+ b-?"+ �-')Prakash et al., 2020, 6 .(!D 14&'-/ �=' %J��+� 6�-47!D �/�=' J� ���9?D �� 19V�	 XD�Z ��2��� F� %0��

=���V�E� e�\+ !5E-	 � ����1+ �� Y��?	 �=P 3�/�. !5E-	 ���E�� �� ��2��� ����E� ��1��� � . ��/��2��� J� .2� �*9*G ��
!49+J �� ��-�!5E-	 � �E� 14&'-/ �=' :-=#+ 3�/�=' ��1��� �) 3�1&"+ � .E��V1399 3336 .(��� J�!\D�� �� !�?D�� � g4	�<4	 �
F� !D �� ����Z �9U �<�� � �E� ��2�� XDS9V�	 ����4� !+���D �D  3��=' �O��!��h��  e�\+ �� 14&'-/ �=' �E� %�-&�) � .���E��

 36���2&/1396 3123.( 

��/�=' 14&'-/ �D F� !�*�� %�� 3SE�4+ .+ �^4+ 8�2�+ 6�-&� Y#	�+ !D1�-' � 81+14;D �� !D N/�V ���9� .��?�� F&V 
14/�-W  ��V)Sujata et al., 2016, 903 .(8�+1W �=' 14&'-/ %��XG��/ ��i-+ ���D 8�2�+ ��=' !c��� .+1/� .3����D�4D ���9?D 

J� 8�+1W 3�/�-�V �=' 14&'-/ �� .��5+ .+144V � .W�D J� �V�'�/ j�+�V �D !5E-	� ����4� ��� 8�+1W OV�&�+  14�?/)Kim, 

2022,12.( A�E �� 14&'-/ �='�1P X2' 3�9W� ��/!5E-	 J� �1� !D � %��V 6���&� �� .I1�J6�-47   !D 619E� ���D �ik+ ��2��� F�
e�\+ ��=' ��=D ����1+ �E� %1' )Ismagilova et al., 2020, 3( . �/�=' ,-� ��� �� 3.+-=#+ �h� J� 8��9i�	�l-)-42	 �9D XD�*�+

./1��+J�E 3-� ��/�E�9E � 1�1P ��/%1�J�E ��-� ��/� ��/�=' !D 14&'-/%1' Y&�^+ .4� � .7�&�P� H�?9E 8�-$1�� )Khan et 

al., 2020( .[*"	 314&'-/ �=' m1/ F� !D 619�TDS?V 3��=' 8�+1W .<Q���X&G 3��V�H�?9E��J ���E � �l��� 3b� 3X*�� ��/
%��� X9;"	 � S9V�	 [��n J� ��='Y&P ��/���� 8�7�n� ����4� � �/�-?4E [��n J� %1' �E� 8�n�]	�� � ) 3�19&G � :�� H=�

1397 3557.(  ��/��2��� .W�D �D -?&/ 8��99L	 ��� !V �E� %1�� �-W �� .	��99L	 O9� ��2��� ��� 3�/�=' �� %���?I 8��99L	 !D !P-	 �D
 �E� �<��)Ford & Wolf, 2020, 47 .(!D�� 6� �D �/�=' �J�E14&'-/ o"D �� %J��+� !V !a�� p�E� ��� �D 14&'-/ 1'� 3H9�?/ ��

.+ !�W�4' ��1��� 14&'-/ �=' 6�-47 �"	 !V �E� ��1��� �-')Al Sha0f & Pokharel, 2022, 2 .( �D 14&'-/ ��2��� �*9*G ��
!5E-	!5E-	 ���E�� �� q���+ m1/ F� �� ��� � %1' S9V�	 ��1��� �R9"+ �!5E-	 � �?�J.+ �#�� ��=' �14��&�.  

4&'-/ �=' �W�E!D 1�0	���E� 6�-47�� � ��=' �95&P 1'� RE-	 %1' 19)-	 8�2�+ N/�V ���D  %1' e�\+ Y��E .49���='
�E� )Law & Lynch, 2019, 48( . !D !P-	 .��`� �94Q ��rW�'��/ 14&'-/ �='3 H=+ J� .2���-)�� ���	��/ !+���D � 6�O��

�E�9E!D ����M !V �E� 6����I.+ �h�1E� )Pereira et al., 2022, 553( .!���� p�E��D%���?I � Y9E� ��/ 6�9+ 8�9D�� J� ��
!�'�_;�T+ ��3 %1' .��E�4' 14&'-/ �=' H=+ X+�7 ��/1�� :314&'-/ .����&2G 314&'-/ �l��� �W�E314&'-/ J�E�  .��^D�P

314&'-/ 314&'-/ �W�E��J 314&'-/ �l-)-42	 �]Z��+ 14&'-/ .�'�1=D ��/ �='14&'-/ �1��� . b-Q��Q F� p�E� X+�-7 ���
4�?/ !Q��s2�1 .+ !V�)�� 8���2�D� .<�-<Q .E��D �� 1��-	14&'-/ �=' X92�	 �� .;"+ ��/ � !5E-	 !D 619E� ���D tsE� 

1�-' %��#�E� ��1��� ��=' ) 3.)��7 � .]"+13953 1( .A�E ��F� J� �9W� ��/ ,-4�+ 8�2�+ �-P� !D !P-	 �D -E!$�7 �� � ��=' �
����9� :��1	 � ���?I �D �<�� �-E J�H�Q ��/!5E-	 ���D .�$�� 3����4� �9I�E� J� ���&G �� 14&'-/ ��/��OD� � m�1/� !D .D��

�E� !���I X2' �/�=' ���1��� .�W�E��J 3����4�H�?9E � 8�+1W 3�/ �)-=E �� �/�=' 61' �	14&'-/ �9?+ 3�9I��� .����1+ ��/
TD%19� 1��)Ye et al., 2018, 794 .(8�+1W 14+J�9� 3�/�=' .�-4V �95M��E� ��1��� � Y��E .��E� . �K�D �7�E !D !P-	 �D

.+ .E�E� X$� F� �J�E14&'-/ ��2��� �D .4�]+ �/�=' ���1��� !D !P-	 8���M 3.���"D !�-I �/ 6��� u� 6�2+� � .49���=' 1��-	
 �-' ��1&;Z)Chamoso et al., 2020, 324 .(!+���D 3�1��� �94Q �D.+ 19V�	 .;c�?+ ��� �D ��=' 6�O�� ��5D� !D �� 8�7�1D� !V 144V

 31+���V 3SE�4+ ��2;&7 �D .��/�=' ��^�� �=�� m1/ !V���J v14/� 1�-9� ��=' 6-<&/ .I1�J ���w�Z� � .7�&�P� 3����4� 3.2�O9�
�?�J 3��1����E� 14&'-/ � ���� .  
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D !P-	!\E�-=D �/�=���V �� �J�E14&'-/ ��2��� !����M ���9?D 3�=�� ����1+ ,-� � 8�`5+ ,-4	 �!D �	.+ �h�1E� . �=���V
%0�� Xc�?+ �D %��-&/ 6� .E�9E � ���w�Z� %�<��P !D !P-	 �D 6��=	!D�� ���E� %�-D �� .!D �=' ���!\E�� � %��#�E� �� 3%�<��P �9&/ �

!D�� ��9I��V��D _;�T+ 8�2�+ N/�V � .����1+ 1�1P ��/b-Q��Q p�E�!5E-	 � .����1+ ��/�E� %�-D :�<�9� 3�� .!�2� �
%J-G �� .��=P :�h� _;�T+ 8K-"	 3!24�� �<�� H=+!D ��=' �!5E-	 �� _;�T+ ��/��2��� !D !P-	 8���M 3����4� 1'� %0�� �

!D ��=' �94Q.+ 6���&� .D-WV��Q v�J�E!P-	 XD�Z 1��� �D �=' ��� �� �95&P 1'� %J��+� ! S]E ��=' 1'� �9&/ � !���� N��O�� ��
8�+1W �9&/� SE�4	 !D !V %1'rW�' x�*	�� �� Y��?	 � .��E�1'�D 19V�	 ��-+ O9� �=' ��� !5E-	 _;�T+ ��/ . ��/��2��� J� .2�

!5E-	 Xc�?+ ����1+ � A��4V ���E�� �� ����M � H=+�� ��E� �J�E14&'-/ ��2��� 3�=' � .��� J�!+���D ���D �� ����1+ � �O��
!5E-	 SE�4+rW�' J� .D-;\+ �W�4' !V �E� ��=D 36��=	 �=' �!5E-	 _;�T+ ��/ :�^�� �J�E14&'-/ ���E�� �� �=' ��� �

��9I .!DrT�+ �J�E14&'-/ � ����4� y�") J� 6��=	 �=' �95M� !2�� ���D 3�<�� 8��]7  �95M� �W�4' � !5)�\+ !D J�9� 3�-'
rW�' _;�T+!5E-	 ��/�E� �=' ��� �� 14&'-/ � ..+ 3�-P-+ �95M� J� b-;\+ �W�4' �D ��*	�� ���E�� �� ���I�9i�	 X+�-7 1��-	

!+���D �� 19V�	 ��-+ � �W�4' O9� �� �95M���� ���Z %14�� �O�� .��� J�4&'-/ �h� J� 6��=	 �=' .E��D 3�� � %�-D �9&/� ����� �J�E1
!5E-	 � ���D��V y�") J� H/ � �E� H=+ ��h� y�") J� H/ �9&/� �����Q 3��!5E-	 ��� !^9�� !V.+ 14&'-/ �=' � ����1+ !D 1��-	

6��"D A��4V 3z9"$�-' �^4+ �=' ���1��� � �/ .rW�' X9;"	 N/�0� ��� m1/ 3%1' 6�9D S)�\+ !D !P-	 �D!5E-	 ��/ � �='
 [n�4+ �� �=�� ��*	�� �� �i-+ X+�-7 � 14&'-/1  �20 �E� 6��=	 �=' �����=' .  

  
1-1- �
�� � !�"#   

%J-G �� .7-4�+ 8�*9*"	� !D �=�� J� .W�D !D !V %1' :�^�� 14&'-/ �='.+ �#�V� !�-&� 6�-47�-' .FP�/1
 6���2&/ � )2022(3  !^9��

D 14&'-/ �=' 1'� .D��J�� �� !V 14���I��1 �W�E��J ��� .;$� 19V�	1'�D ��=' ��/3 �W�E��J !V��QN)�Q Y�� �=P A�� :�I �/-

N9� ��/�E� ��=' �J�E14&'-/ ��� .%��7 �D ���3 !5E-	 �=P 6�1���=' �V���+ �D �=��� 1���� 19V�	 ��2��� ��� .�+2  �
6���2&/ )2021(3 !�'�� %��'� !�2� ��� �D O9�/ �=' [*"	 !V 1���E� .7�&�P� � .�W�E��J 8K-"	 � �99L	 14+J�9� 14&'- .��E�� ��� ��3 

!5E-	 �94a&/ � �=�� �V���+ � 6�1���=' ./�I� N��O�� �D .;$� 19V�	� NTD �� ����4���E� ��=' 8�+1W _;�T+ ��/ .��9?/3  �
6���2&/ )2019(3 rW�' ��*	�� !V 14���I !^9��.4�]+ �=' ��/ �J�E14&'-/ �D .+!5E-	 !D 1��-	� �-' �^4+ 6� ���1��� � �=' . ��

.+ %��'� 14&'-/ :��+ � 14&'-/ �W�E��J 314&'-/ ��w�Z� H=+ rW�' !E !D !49+J ���14��&� .H�1�4 6���2&/ � )2019(3  !^9��
H=+ !V 14���IrW�' ���	!5E-	 �=P 19V�	 ��-+ ��/� D�P 3X+�' 14&'-/ �='!�J 3��w�Z� 3.��P 14&'-/ 1���=' �94a&/ � �W�E�

�E� ..&P5 6���2&/ � )2017(3 !+���D �� �J�^+ �95Z�� N*� .E��D !D�9��{ � !�W���� 14&'-/ �=' ���D �O�� �J�^+ �95Z�� ��/
%��9� �� ��.+ 19#+ 14&'-/ �=' �J�E���41  .  

6���2&/ � ./J19�&P )1401(3  !V 1���� 6���rW�' 6�9+ J�D ��-+ ��/.E�� 6�1/�J �=' �� rW�' � 14&'-/ :��+ rW�' 3
 .����&2G14&'-/ �9��� � ���	K�D S9	�	 !D z\E ���	!�'�1� rW�' �� �/ .D-;\+ �95M� !�])� �1�� . !V ��� 6��� �94a&/ !^9��

14&'-/ :��+ rW�' � �9i�	 �����9D 14&'-/ .��^D�P rW�'3 [*"	 6�O9+ �D �� �9i�	 ����&V=' ����� 6�1/�J �=' �� 14&'-/ �
!�'��1��. 6���2&/ � ����J )1401(3 1���� 6��� !V �$�� .G��n 3�1���=' H9*�?+ �J-+�3.+-&7 �V���+ ��/ �E�9E ���1	 ��/

3.;"+ !P�-D r9wT	 �=P .)�+ A1+ ��^�� 3��=' !Q��s2� ����1+� !5E-	 3SE�4+� !2]' � %��� |�]	�� �W�E��J� 3.E��E�  
��A�	�-� ��^�9��-Z YM� 38�7�n� � %��� �J�E��J� �=P J�D %��� ��/ �-Z 6�+J�E � ����� .$-wW H��G }#G ���D!c��� 3�/�  8�+1W
!D!+���D � .E��V��-D m�G � ����� 8�-$.;+ z\E �� 14&'-/ �)�� [9Z� �O��3 �����9D N*�  .����&2G �-<)� !D 619E� �� ��

14�� 14&'-/ ��='% �<�1���� ..�K-+ )1400(3  !V ��� 6���%�=D �D 14&'-/ �=' �W�E��J J� �14+ �� ��/ ����  6�1���=' 3��-� ��/
.+ 14&'-/ R9"+ � 14&'-/ �)�� 314&'-/ ��w�Z� 314&'-/ .I1�J 314&'-/ �*	�� �� �/�=' ���1��� 1��-	x /�1. !^9���  � .+�' [9*"	

6���2&/ )1400(3 .+ 6��� /�13 !5E-	 �l-)-42	 ��D��V � !49+J �� 14&'-/ ��/  ��4� !D 6��=	 �=���V �� 8�n�]	�� � 8�7�n� ���
J-G �� S9	�	%�/ ��^�� �� �� �9i�	 �����9D !94D� � �2?+ 3g4/�� 3�J-+� 3.4&�� � �94+� 3�+�E � �*	�� � ��=' 14&'-/ .I1�Jx 

���� .I1�J �9#9V. .���9� � 6��?� )1398(3 6�9D !�'��rW�' !V 1�� �� 14&'-/ �=' ��/N' .I1�J 3.���&2G 3�V�G 3:��+ 15D3 
.+ %1��^4I �?�O\9"+ � ��w�Z�1�-' .rW�' !;&P J� .�G�� p�?G� 6�O9+ 3��=' Xc�?+ J� 6�1���=' ./�I� 6�O9+ 319V�	 ��-+ ��/

D J�! O9=^	 3F9����2)� 8�+1W 6�O9+ 3F9���	 8�7�n� 6���� �E� .'J-+� OV��+ ��15	 3A�L�'� 3�<'��I ��15	 3�l-)-42	 �W�E��J !D
�... �E� %�-D .  
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 $"�%1- !$�WN/�0� !49�9� J� ��,-M-+ �D R]	�+ ��/ 

 &��
'  (�� �)*+ ,���� �� ��  -�
	 

W� 8K-"	9� J�� ���D�. 
14&'-/ �=' :E��D. 

D��98� b��V .E�4'  �
;"	9X �-�"+  

N/�0� ��� �E�4' m1/ �D.� 
i�	9�	���I��� N/�0��/ +�̀ + �9� 

;V91� �/�0�.  � %1' :�̂ ��
�=P I9�� �/� *"	9	�*. 	�. +J ��9!4 -

� J���D�. � �� 14&'-/ �='9��=4� 
+. 14V.  

3����� p�E��D ��D 14&'-/ �=' 1'� .D��J�� ��1 �W�E��J ��� .;$� 19V�	 -

�J !V��Q 31'�D ��=' ��/�W�E�N)�Q Y�� �=P A�� :�I �/N9� ��/ -

 ��=' �J�E14&'-/ ���14�?/ .%��7 �D  6�1���=' �V���+ �D �=�� 3���

!5E-	 �=P� 1���� 19V�	 ��2��� ���.  

Hajek, P., Youssef, 

A., & Hajkova, V. 

(2022) 

 

�F E9H�? ��+9�-��g4 
4�]+.  8�wT�+ �D

��2+. -��+J. 1P�1 ��D� 
�/�='� '-/14&  

!5E-	� E9H�? 	��h�. 4�]+.  �D
��2+ 8�wT�+. -��+J. 1P�1 ��D� 

�/�='  

14&'-/ �=' [*"	3 �E� .7�&�P� � .�W�E��J 8K-"	 � �99L	 14+J�9� . ��
 �94a&/ � �=�� �V���+ � 6�1���=' ./�I� N��O�� �D .;$� 19V�	 ��E�� ���

!5E-	� NTD �� ����4���E� ��=' 8�+1W _;�T+ ��/.  

Ma, M., Bartocci, E., 

Lifland, E., Stankovic, 

J. A., & Feng, L. 

(2021)  

K�D ��2;&7�  �='
 14&'-/– !5)�\+� 

��-+� ������4 '�9�  �)�G �D
���-��  

�)�G _9$-	 �� ����-� _;�T+ ��/
14&'-/ �='  

rW�' ��*	��.4�]+ �=' ��/ .+ �J�E14&'-/ �D!5E-	 !D 1��-	�  � �='
���1��� �-' �^4+ 6� . 314&'-/ ��w�Z� H=+ rW�' !E !D !49+J ��� ��

.+ %��'� 14&'-/ :��+ � 14&'-/ �W�E��J14��&�.  

Hsiao, Y. C., Wu, M. 

H., & Li, S. C. (2019) 

rW�' X9;"	 �=' ��/
6�1/�J �=' �� 14&'-/  

N/�0� m1/3 rW�' X9;"	  ��/
 �=' [n�4+ z\E �� 14&'-/ �='

�E� 6�1/�J.  

J� rW�' 6�9+.E��D ��-+ ��/ 6�1/�J �=' �� � 14&'-/ :��+ rW�' 3
 .����&2G rW�'14&'-/ �9��� � ���	K�D S9	�	 !D z\E ���	 !�])� �

!�'�1� rW�' �� �/ .D-;\+ �95M�1�� . !V ��� 6��� �94a&/ !^9��
D�P rW�'! ����&V 14&'-/ :��+ rW�' � �9i�	 �����9D 14&'-/ .��P
 �� �9i�	[*"	 6�O9+ �D!�'�� 6�1/�J �=' �� 14&'-/ �=' �����1��.  

./J19�&P  36���2&/ �1401 

 

!c����  .����&2G �-<)�
 �D 14&'-/ ��='
./�0� %14�� ��2���: 

�'� �=' !5)�\+ ��-+  

N/�0� .;$� m1/3 !c����  �-<)�
 ��2��� �D 14&'-/ ��=' .����&2G

 ./�0� %14���E�.  

��=' H9*�?+ �J-+��$�� .G��n 3�1�3.+-&7 �V���+ ��/  ���1	
�E�9E3.;"+ ��/  �=P .)�+ A1+ ��^�� 3��=' !Q��s2� ����1+

!P�-D r9wT	� !5E-	 3SE�4+� !2]' � %��� |�]	�� �W�E��J� 
3.E��E�  A�	�-� ��^�� YM� 38�7�n� � %��� �J�E��J� �=P J�D %��� ��/

�9��-Z �-Z  .$-wW H��G }#G ���D6�+J�E � �����!c��� 3�/� !D 8�+1W -

!+���D � .E��V��-D m�G � ����� 8�-$ �� 14&'-/ �)�� [9Z� �O��
.;+ z\E3 �����9D N*�  14&'-/ ��=' .����&2G �-<)� !D 619E� �� ��

%14�� �<�1����.  

����J  36���2&/ �1401 

  
 8��#	 ,-&^+ ��N/�0� ��� �� %1' 6�9D 8�*9*"	 �D �M�G !49+J 3��� y�") J� X+�-7 ����I�9i�	 6�O9+ N^4E �94a&/ � .E�4'

�E� 14&'-/ �=' ��2��� [*"	 ���E�� �� _;�T+ . ��N/�0�3�9�9� ��/ rW�' �W�4' �-P-+ �95M� .E��D � 14&'-/ �=' ��/
%1' 19V�	3 *	�� �� �i-+ X+�-7 �W�4' !D 3�-P-+ �95M� N^4E �D %��7 �M�G N/�0� �� �+� �=' ��2��� [*"	 � �-P-+ �95M� ��

�E� %1' 19V�	 O9� 14&'-/ .  
  

2 - ��C� (��B� 

N)�Q �D �/�=' 3��=' �95&P 1'� !D �� 1��� � .49���=' ���?I �D �� .��/ !D .+ �� ��� �D �=�� XG !V 1�-'  6�14Q 3.�4E ��/
6�2+��?9� ���� )Haque et al., 2022, 3( .�4� 3�l-)-42	 !;G�+ ��� �� �/�=' F&V !D �9'� ����4�� � 8�7�n� ���%1+�1��  1��� �	

 %��&/ N)�Q ����&V �D �=' 6�4V�E ���D �� .I1�J 14��&�)Kashef et al., 2021( .!+���D J� %��#�E� �D 14&'-/ ��/�=' ��/ ����4�-

�-"+.+ ���Z ��=' 6���1+ ��9�W� �� � X9;"	 3������ �� 6�1���=' 8�7�n� 3  14/�N)�Q ����1+ ���D :JK 8�+�1Z� 14��-�D �	  ��/
14/� :�^�� �� 6�1���=' )Camero & Alba, 2019, 86( . J� ��=' .I1�J ���D :��+ 6� �� !V �E� ��=' 314&'-/ �=' YZ�� ��

�#;	  314&'-/ ��/X9]+-	� !��W � .+ %��#�E� 14&'-/ ��/ H9&w	 ���D ��=' 6���1+ � 144V -+ �� ��=D ��9I 8�7�n� ����4� J� �=' ��
.+ F&V J�� �l-)-42	 � 1��9I )Singh et al., 2020, 45 .(8�n�]	�� � 8�7�n� ����4� J� !V �E� ��=' 314&'-/ �='  N��O�� ���D

%�=D .+ %��#�E� !5+�P ����� %��� z\E 6��D K�D !^9�� �� � %1' !c��� .�)�� 8�+1W �9#9V �-]=D 3.	�9;&7 ��� 14V )Lim et al., 2019, 

7(. !D �<�� 8��]7!D 8�n�]	�� � 8�7�n� ����4� J� 14&'-/ �='�+1W ���D ���OD� 6�-47 .+ %��#�E� 6�1���=' !D .��E� 14V . ���
!5E-	 !D ��-� :-=#+� NTD :�&	 :�<&/ 6�1+ �94a&/ � ��=' ��/  �J�E��=' .+ F&V 14V )Toh et al., 2020, 51.( 
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 ��!&/��5	 �_� �E� ����M 14&'-/ �=' �/ ���D X$� !E 3%1' !c��� :1 (|�]	�� ����Z�D �9;D�Z :%�<�E�  ��/�=' �� _;�T+ ��/
F� �D �� 8�7�n� 14��-�D �	 14'�D !�'�� .E��E� ����4�� !D 1��D 14&'-/1����<D q���'� !D �<�� v2 (%��� �/ :%�<�E� 3%��� 19)-	 6�1D  �/

�7�n� ���1"+ 6�O9+�'�� 14/�-W 8 . 8�7�n� 19)-	 ����D�4D) t27 3-�1�� 3%����... (�� �=' 14&'-/ F� 8���M  v�E�3 ( �V���+
�)�� :14�?/ �9'� ����4�� 6�&/ 14&'-/ ��/�=' 3.�)�� NTD ���&G 6�1D . 14Q�/x�9'� ����4��6

 ���� 1'� A�G �� � S)�P ���J�D3  �+�
X�1]	 ���D  14&'-/ �=' F� !D 61'�E� 8���M F� .�)�� NTD �V���+ 3.5Z�� )White et al., 2021(. 

6�1���=' ���D 14&'-/ ��/�=' ����O+ 3��=' 6���1+ � X+�' !��$ � �/��V �7�E 6��DK�D 6�+J �� .�-P 3!4�O/ N/�V  [��n J� �/
HV .7-4w+ �-/ � �9'�+ !D �/��V 6��sE � ��V ���9� 6��V 3R9"+ }#G��#�E� �D �?�J�l��� YD�4+ J� z9"$ % 3 � �E�� %��#�E�

��=' ��`� ����1+ 3�l��� YD�4+ }#G 3.���P� !D F&V !+���D 6��V !5E-	 ��/� ��1���  � � �/�=' �95M� J� [9Z� 8�7�n� ������
6�1���='  �E�)Lau et al., 2019; Tan & Taeihagh, 2020.(  

!c��� 3�/��2��� �9D �h� m��W� !D !P-	 �D� �E� ����M ��+� 14&'-/ ��/�=' ���D rW�' .�<49#9I7  6���2&/ �)2007( ��=Q 3
%��V 6�-47 �W�E��J � �V���+ 3�J-+� 3�54$ �� 14&'-/ �=' �w471�� . ��w�Z� �w47 N' !D ��� �l-)-42	 %�<���� �� �$�47 ���

R9"+ 314&'-/ q�"	 314&'-/� 14&'-/ .I1�J 314&'-/ :��+ 314&'-/ �?�J 1�1' %��� ���?I 14&'-/ .����&2G . �$�47 ���
!��h� !D !�?D��!D !5E-	 � ��=' 1'� ��/�D�Z� �-wW!*\4+ �����X&G 3��� YD�4+ 38�n�]	�� � 8�7�n� ����4� ��w�Z� � X*�

!��+�E 3.59]n.+ |-D�+ !5+�P ��`7� �V���+ � .I1�J �9#9V 3.��?�� � .7�&�P� � �-')Nasrawi et al., 2016, 544 .(  
g49;9V � q���8 )2009(H�?9E .�?�J X+�5	 �9&/� �D 3.+ 19V�	 14&'-/ ��/�=' ��^�� �� ��=' _;�T+ ��/14V .����� � :��9 

)2011( :��+ 3�l-)-42	 14&'-/ �=' �19;V X+�-7 !V 1�1*�5+ 3)N+��� � ,-4	 3�9Z�W (6�+J�E � �/)�E�9E � .����&2G����I (
14�?/. �9D !���"	�.��=P 8��D�T+ .;;&)�10  .E��D �D19 �9D OV��+ z\E �� !V ���1���E� rW�' %��#�E� ��-+ F9+��V� � .;+ 3.;;&)�

rW�' 314���I ���Z%��� !c��� ��1��� 14&'-/ ��/�=' ���D Y+�P ��/ 1��) 36���2&/ � .&	�G1400 3324 .( ��-w	1  .+-=#+ A1+
.+ 6��� �� N/�0�1/�.  

  

 
�./�� 1 - +-=#+ A1+. N/�0�  

  

 ��� 012/

�
3��� 

4+�� ���

 ��� 56�����

:��+ )6�1���=' (

14&'-/ 

14&'-/ �V�G 

 14&'-/ ��w�Z� 

14&'-/ .����&2G 

14&'-/ .I1�J 

R9"+ �?�J

14&'-/ 

 3����4�� !D :��+ .E��E�

4� ��-E .+��+ 6�+J�E 3����

 �W�E��J 3.�G�� p�?G�

 � g49V��� 3!W�Q��... 

 OV��+ ��15	 3A�L�'� u��

 .29����2)� 8�19)-	 3.'J-+�

%�<�E� 8�+1W 3.���P� ��/

 �l-)-42	 �W�E��J 3�����

 314&'-/ 8�-$ !D :�P A��4V

 � �&49E 3%J-+ ��15	 ...�9+ � ��+ 

 !9#w	 H�?9E 3%14�K� ������

 ���Q H�?9E 3b�M��

 ��*	�� �� �i-+ X+�-7

14&'-/ �=' 

�W�E��J �94+� 3J�D 8�7�n� 3�/

%��� YD�4+ 3����1+ � �/��=� 3�/

 _�V���+ 3����4� 3.��?��
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3 - D��EF (��� G��  

N/�0� ��� y�") J� � ���D��V ,-� J� �M�G OP .E�4'N/�0���/ .#9$-	 -�E� .&V ,-� J� �94a&/ � .;9;"	 . ���N/�0�  .4�]+
%��� ������I �D.���&9� ��/ ).��19+ (�E� .�OD�%��� ������I �NE�� ��OD� [��n J� .��19+ ��/�E� %�-D !+�� .NE��z\E �� ��I 
���I :�^�� ��� .!5+�P � ��� ���+�N/�0� 7-M-+ !V !5)�\+ ��-+ ,-M-+ !D !P-	 �D. !5+�P 3�E� .wwT	�  � 6�E�4'��V
%J-G 6�wwT�+� !+���D � �J�E�='%�-D ��=' �O��1�� .  

!5+�P�  ���+�0�N/� !D�E� %�-]� rT�+ 3p��E� XD�Z ��+� �-]� X9)� .%J-G �� !���I :�^�� 8�*9*"	 !D !P-	 �D�  � 6�E�4'��V
����1"+ � 6�wwT�+ ��15	 3.��D !)-;I ��� [��n J� 3!5+�P ��� !D .E��E� �� �-P-+ ��/100 rwT�+ !*\4+ �� ��� 1  �20 

NE�� � .��E�4' 6��=	 �=' ��9�W� �� !+�����I ���Z �=�� . ,-&^+ J�100  3%1' Y�J-	 :��93 NE��1' X9&2	 !+�� . .����N/�0�  J�
!5+�P [��n� 1' 19��	 � :�^�� 6�<]T� .X9;"	 .����� !D !P-	 :�O) !D !P-	 �D!+�4�E�� �� �/  J� %��#�E� �D rW�' ��� 6�O9+ 3�h� ��-+

S��M  !V ���I ���Z !]E�"+ ��-+ u�]���V ��#)� .45� ���1���E� � q�+ ��1*+ J� ���9D 6� 6�O9+7/0 �E� A-]Z XD�Z !V %1' !]E�"+ .
 ��� ��N/�0� 6-+J� J����+� ��/ %��� X9;"	 �=P:�� �� �/ ��O��p�..�.p�.p�. 1' %��#�E� .A1+ J� �94a&/ ����W�E 8K��5+ �J�E
:�� �� ��O��p-+� ��I�9i�	 6�O9+ N^4E � A1+ H9E�	 �=P1' %��#�E� 14&'-/ �=' ��2��� �� _;�T+ X+�-7 �� .  

  

3-1- ���3�5/�89�:	 �- &���/ ��� 5;�8	  

!D 6��=	 �='��OD 6�-47 6���� �=���V ���	�E� !4+�� �� !V�E� %1' YZ�� J�])� .D-4P ��/ .6��=	 �='3  J� N9D .�5E�700 
��+-;9V ���� �G�?+ YD�+ .!�'� !D A�&' J� �=' ��� %-V ��1"+ �9+��� !D b-4P J� � ��V !D b�U J� 38���E�-) !D ��' J� 3J�])� ��/

�E� %1' . !D ����� 8�&9?*	 �h� J� 6��=	 �='22  3!*\4+123  � !9G��355 .+ H9?*	 !;"+ �-')36��=	 �����=' ���E 1396 .(
 �2?+ � p-#� ���&'�E p�E��D O9� �=' ��� �95&P1395 �D �)�D 38679936  � �#�2907239  �E� %�-D ��-��W)36���� ��+� OV�+ 

1395 .(H=+ J�.+ �=' ��� �J�E14&'-/ 8�+�1Z� ���	 !D 6�-	m�#' 8�wZ�4+ �� �J�E3 F9����2)� �+�E !��+�E3  � .D���� !��+�E
.����-W 6�I��� ����1+ 314&'J�� � .T���	 ��/�4D ./1��+�E3 !��+�E XU��+ � Y��4$ %J-G ��/3 6�2+ !��+�E 6��"D 8�9;&7 �-"+ 3

!��+�E � A�=� !��+�EF9���	 A��4V ��/ �-&� %��'� . !*\4+ �� N/�0� ��� ��1  �20 6��=	 �='  � �=' K�D :-=#+ �� 8��#	 �h� J�
 �9����=' �E� !���I ���Z !5)�\+ ��-+ .  

 

 
�./�� 2 - 5Z-+ !�*�9� 4+ � 6��=	 �=' [n�1  �20 6� ��  
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4 - 1"�" ���	
�;9�$ � ����  

.I0�� .E��D!�-&� !D |-D�+ ��/� .+ 6��� ���+� !V 1/�1/44 1$��  A��5+41  J� �#��V���+6�I144V  � 6���+ ��9/55  1$��
%��� X92�	 6��J �� A��5+1�� . !�-&� �E XZ�1G O9� .4E �h� J� �94a&/25  ��V�1G � A�E68 %�-D A�E �E�. 3/4%�� �� 1$���  .4E

25  �	35  3A�E8/10  �9D 1$��36  �	45  3A�E2/31  �9D 1$��46 �	 55  3A�E2/46  �9D 1$��56  �	65  � A�E5/7  �9D O9� 1$��66 
 �	68 !�'�� ���Z A�E1�� . 8�9w"	 �9L�+ �h� J�5/6  3t��?9) 1$��8/68  � t��?9) �-� 1$��7/24 '�� ���V� O9� 1$��!�1�� . %��7
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 !*\4+20  41 

9 003/0  
97/1  

 !*\4+1  52 45/3  

  

  

4-5- 5����
�  �X�	 F	��'�6 �1/��Y 4+���� �
3��� ��� ���  0G�
	1  "20  &���/ ��� 5@	�' F�@2/ �6  

rW�' ��*	�� �=P !+��� ��14�?/ �i-+ .#;�T+ .;+�-7 36��=	 �=' �� 14&'-/ �=' ��/ .!5)�\+ !D !P-	 �D� ^�� J� N9D 3%1' :�
18 �-' !�W�4' �i-+ .;V X+�-7 �=�� [��n J� �	 ���I ���Z X9;"	 X+�7 .!5)�\+ ��� N9���  ��*	�� �� �i-+ X+�-7 .��E�4' ���D

rW�'��1*+ 6��=	 �=' �� 14&'-/ �=' ��/ .V.:�.��14 �D �D��D )652/0 (!D6��� !V %1+� �E�%14/�� %��� SE�4+ �95M� ���D �/
"	�E� .;+�7 X9; . J� ���9D 1��D ��1*+ ���50/0 1'�D .�;	��D ��1*+15  �D �D��D O9�72/1944 !D z\E �� � %1+� �E�99 1$��  6�49&n�

 ����45+)000/0 (�E� .  

  
$"�% 7- ��1*+ .V.:�.�� �;	��D � rW�' ��*	�� �� �i-+ X+�-7 �� 14&'-/ �=' ��/ [n�4+1  �20 6��=	 �='  

4+��  &���	  

.V.:�.��  65/0  

�;	��D  72/1944  

!P�����J� �  153  

�����45+  000/0  

  

>#�" ���1	: �/�9L�+ t������ XV J� X+�7 �/ H=E �<��9D �6��� 31'�D ��I�OD 6� ��1*+ !Q �/ � �E%14/��  6� ���9D �9i�	 � �9&/�
�E� ��]/�� . A�1P �����)8 (.+ 6��� H=E �����9D A�� X+�7 !V 1/�)63/46 1$�� ( !D |-D�+ ��/�9L�+ XV t������ �99]	 �� ��

�E� !�'�� 6��=	 �=' �� 14&'-/ �=' ��/ rW�' ��*	�� . �D :�� X+�7 �94a&/52/22  :-E X+�7 � 1$��36/14  �9L�+ J� 1$��
.+ �99]	 �� !�?D��144V .A�1P ��3 ���� 1$�� 3�=�� J� F� �/ %0�� ��1*+ 3%1' ���T�E� X+�-7 ��15	 .������ � X+�-7 J� F� �/ t��

�E� %1' �Vd �=�� t������ 1$�� .5&^	.  
  

$"�% 8- rW�' ��*	�� �� �i-+ X+�-7 [n�4+ �� 14&'-/ �=' ��/1  �20   6��=	 �='  
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F	�'  >#�" ���1	  >#�" ���1	 ]�����" �)��  ]�����" 583�/ �)��  

$"�  39/8  63/46  63/46  

O"�  05/4  52/22  16/69  

O��  58/2  36/14  52/83  

  

4-6- O��F	��' ���^?  

�14&'-/ �=' [*"	 � x�*	�� �� �i-+ X+�-7 ��15	 �995	 ���D  I�OD �=�� %0�� ��1*+ !V 14���I ���Z ����� ��-+ .;+�-7 36��=	��  J�1 
1'�D . ��15	 p�E� ��� �D!E %0�� ��1*+ !V 6�V X+�7�  �17 J� ��I�OD �=��1  ���T�E� 3%�-D1' .�A�1P � )9 ( ����*+ 319V�	 ��-+ X+�-7
%0��� �E� %1' �Vd :�1V �/ .;+�7 ��D � �=�� .!+��� ��� :�� !DrW�' p�E� �D  6�V X+�-7 ��� ����I.cOP X+�-7 �� �/ !�W���� �	

�E� %1' .  

 - $"� F	�' :�����  6������  !V�#/ L�+9� ���I��D A�� X+�7 ��� %1'1�� .��� L�+9�/� 63/46 ��� J� 1$���t��  X+�-7 XV
�*	�� �� �i-+� rW�'�/� ]	 �� 6��=	 �=' �� 14&'-/ �='99� %��V1�� .!D�-n;V. ���I��D X+�-7 !D !P-	 �D� � �� %1'�� 

A�� 6�V X+�7 3!�E�»� X+�-7��=�« :�����I� '1.   
 - F	�' O"� :����� + 6���. !V 1/�N' L�+9� ���I��D :�� X+�7 ��� %1'�1� .��� L�+9�/� 52/22 ��� J� 1$���t��  XV

�*	�� �� �i-+ X+�-7� rW�'�/� ]	 �� 6��=	 �=' �� 14&'-/ �='99� %��V1�� .!D�-n;V. ���I��D X+�-7 !D !P-	 �D�  �� %1'
��� :�� 6�V X+�7 3!�E� 3"»� X+�-7��?�.« :�����I� '1.   

 - F	�' O�� :����� + 6���. !V 1/� �4�L�+9� �X+�7 � :-E ���I��D� %1'1�� .��� L�+9�/� 36/14 ��� J� 1$���t��  XV
�*	�� �� �i-+ X+�-7� rW�'�/� ]	 �� 6��=	 �=' �� 14&'-/ �='99� %��V1�� .!D�-n;V. ���I��D X+�-7 !D !P-	 �D�  �� %1'

��� :-E 6�V X+�7 3!�E� 3»+�-7X ���4��« :�����I� 1' . A�1P7 � 6�V X+�-7 ;$�. �*	�� ��� 4a&/ � 14&'-/ �='9� 
�+�9J� L�+ !D |-D�+9� �� rW�'+ 6��� �� �/.1/�.  

  

$"�% 9- rW�' ��*	�� �� �i-+ X+�-7 �� 14&'-/ �=' ��/ [n�4+1  �20 6��=	 �='  

F	��'  >#�" ���1	  ��`�	 )4+��(  ��6 5@	�'  

����� F	��'  63/46  

.�V���+ ����1+ � .+��+ ��/��=� ���?I  71/0  

14&'-/ ����4� ��^�� ���D �����=' .��+J�E 8�92�	 �-P�  90/0  

�E�� X9=?	14&'-/ ����4� [��n J� 6�1���=' !D .�-I  72/0  

�=' �J�E14&'-/ ���D ��2� %��I��V X92�	 � .5&P ��V :�^��  89/0  

4&'-/ ����4� ��^�� ���D �����=' � .$-wW 3.�1+ ��/��=� .5&P ����1  67/0  

�W�E��J !D 6��� �9&/������=' �� 8�7�n� ����4� ��/  77/0  

!�-&� J� %��#�E���=' 14&'-/ ����4� .P��W [�-+ ��/  89/0  

5��R�� F	��'  52/22  

� �V���+ 3��&�7� ...�-"+ ����4� 8�+1W ���?I �� 6�1���='  83/0  

14&'-/ ����4� J� 6�1���=' ./�I� � N���  90/0  

����-� ����� !D �]?� 6�1���=' �14&Z�7  85/0  

!49+J �� 6�1���=' �J-+�����4� ���=' 14&'-/ ��/  89/0  

�d 6K-B?+ N��� � ./�I�����4� J� RD�  72/0  

����4� ���P� �� 6�1���=' �V���+��=' 14&'-/ ��/  81/0  

��"�
; F	��'  36/14  

 ����1+ �� J�D 8�7�n� !D .E��E�!5E-	 ��=' �  90/0  

!5E-	�W�E��J ��=' 14&'-/ ��/  80/0  

��=' 8�7�n� �94+� ���?I  86/0  

����4� 6�-D p��E� ����=' .	�7�n� � .n�]	�� ��/  56/0  

!4�O/ ����1+8�n�]	�� � .	�7�n� ����4� �  73/0  
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5 - I	� - �� ���
�� �  �	
 �" J�;.� ����� ����
 '�A�� DK� �L�&M��  $�! L� ������ ��� "�2$

���;�� NO"���  

 S)�\+ ��N9�rW�' �95M� 31' .��E�4' !49+J ��� �� �i-+ X+�-7 �94a&/ � 14&'-/ �=' ��/ . J� %��#�E� �D NTD ��� �� A�G
A1+�*	�� 31'� �� %1' .��E�4' X+�-7 �9i�	 .E��D !D 3�J�E x��=	 �=' �� 14&'-/ �=' ��2��� [*"	 ��E� %1' 19V�	 6 . �=P
!c���� )1+.  J� .D�^	14&'-/ �=' ��2��� ��*	�� � [*"	 �� _;�T+ X+�-7 �9i�	:�� J� %��#�E� �D 3��O�� p-+� .;9;"	 A1+ �1�D� 3

�19��	 .;+�716 !]	�+�  J� F� �/ !D |-D�+ A��rW�'�/ )18 ��-+ ( J� F� �/ 3�-V�+ A1+ !+��� �� � %��V H9E�	 ��X+�-7 
%1' .^4E��]�7�1�� .X+�-7  �� .����V� .;+�7 X9;"	 A1+ J� %��#�E� �D �-V�+18 !*]n .;$� X+�7%1' �14D %1' .��E�4' X+�-7 � 1��

%1' .^4E ��]�7� �19��	 .;+�7 X9;"	 J� %��#�E� �D 1��)  ����w	3 .( !D |-D�+ .;+�7 ��D .E��D �����18 ���I�9i�	 rW�' .+ 6��� -

1/�3 1*+ J� .;+�7 ��/��D ��3/0 6��� � %�-D ���9D%14/��  SE�4+ �95M�rW�' �� X+�-7�/  %1' H9E�	 A1+ ���E� . A1+ ���
.+�� 14&'-/ �=' ��2��� ��*	�� � [*"	 �� _;�T+ X+�-7 �9i�	 1��-	 N9� � .D��J��14��&� .49D .  

 
�./�� 3 - ;+�7��D. L�+ !D |-D�+9�/�� %1' %1/��+ )_;�T+ X+�-7 (�*	�� � [*"	 ��� �����2 14&'-/ �='  

rW�' �9;V �J��D J� t�!;G�+ ��� �� A�G 3�/3  1' H9E�	 14&'-/ �=' ��2��� ��*	�� � [*"	 �� _;�T+ X+�-7 �9i�	 A1+)��-w	 
4 .(6�&/.+ %1/��+ !V�-n�-7 �-V�+ A1+ �� �-'!D ���I�9i�	 X+%1' !���I �h� �� 6�=4� 8�-$1�� . !D |-D�+ .;+�7 ��/��D .E��D

 J� �	K�D �-V�+ A1+ ��/�9L�+3/0  A1+ �� !���I ���Z ��/�9L�+ A-]Z XD�Z �95M� �<���� � %�-D�E� . _;�T+ X+�-7 �9i�	 �99]	 6�O9+
�*	�� � [*"	 ��x  �D �D��D 14&'-/ �=' ��2���83/0 V �E� .+�&	 !X+�-7  1���� �*D�\+ ���1���E� � ���=4�9� ����*+ �D A1+) ��-w	4 .(

�*	�� � [*"	 �� 14��-	 .+ A1+ �� %1' %��#�E� X+�-7 J� F� �/ YZ�� ��x 14'�D �i-+ 14&'-/ �=' ��2��� .A�1P ����� )8 ( �94Q !D O9�
!�2�.+ %��'� ��rW�' J� F� �/ � 144VD SE�4�+ 3�J��D ��/.+ ���1���E� � ���=4�9� ����*+ �14'�D .  

a1 

a 2 

a 3 

a 4 

a 5 

a 6 
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a 8 

a 9 

a10 

a11 

a12 

a13 

a14 
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r 1 

r 2 

r 3 

r 4 

r 5 

r 6 

r 7 

r 18 

r 17 

r 16 

r 15 

r 14 

r 13 

r 8 

r 9 

r 10 

r 11 

r 12 

0.43 

0.34 
0.36 

0.45 

0.30 

0.46 
0.60 

0.77 

0.93 

0.85 

0.87 

0.57 

0.33 

0.68 
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0.68 
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�./�� 4 - !)��5+ .��=� A1+� i�	 ����W�E9� �*	�� � [*"	 �� _;�T+ X+�-7� �����2 6��=	 �=' �� 14&'-/ �='  

 A�1P)8 (rW�'[*"	 �� _;�T+ X+�-7 �9i�	 A1+ �9;V .D��J�� ��/ .+ 6�9D �� 14&'-/ �=' ��2��� ��*	�� �1��&� . ����� j����=�
rW�' J� X$�G.+ 6��� .��=� A1+ �J��D ��/!49+J �� �� :JK �Z� � ��]�7� � �E� ����-W�D b-W �J��D J� A1+ !V 1/��  .E��D

�*	�� � [*"	 �� _;�T+ X+�-7 �9i�	x �E� ���� �� 14&'-/ �=' ��2��� . ��� YZ�� �� z\E � .<�-<Q �E� !�?��-	 A1+����I�9i�	 D ��!-
� !c��� � �99]	 .D-W 1��&) A�1P10 .(J� rW�' !;&P.+ !49+J ��� �� H=+ ��/ !D 6�-	.E 6�O9+.m�.��.17  �D �D��D98/0 6�O9+ 3!���� 

�����D ��\W 8�5D�+ �9<��9+  �D �D��D07/03  �D �D��D ��;/ rW�'158 *+ �D !V �-&� %��'����=4�9� ���� 1���� �*D�\+ ���1���E� �.  
  

$"�% 10 - rW�'rW�' ��*	�� � [*"	 �� _;�T+ X+�-7 �9i�	 A1+ �9;V .D��J�� ��/14&'-/ �=' ��/  

4+��  ����
�  ����1	  0�12/ 5���� $�	  

�c-2E� ��V18  -  32/8  

���J� !P��19  -  45/3  

.]?� �c-2E� ��V20    5 <  21/3  

.*9]\	 �J��D21  9/0>  98/0  

�����D ��\W 8�5D�+ �9<��9+ !���22 08/0<  07/0  

��;/ rW�'23 75 >  158  

%1��&9Z�D YD�+ :�� !���24 0  03/0  

�J��D .�-29� rW�'25  9/0>  97/0  

��-D ��;�4D %1' 6�+�� rW�'26 9/0>  94/0  

a1 

a 2 

a 3 

a 4 

a 5 

a 6 

3��� ��� 012/�
  

a 7 

a 8 

a 9 

a10 

a11 

a12 

a13 

a14 

a15 

a16 

a17 

a 18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�X�	 F	��' 

z 

r 1 
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r 3 

r 4 

r 5 

r 6 

r 7 

r 18 

r 17 

r 16 

r 15 

r 14 

r 13 

r 8 

r 9 

r 10 

r 11 

r 12 

0.4

4 0.3

6 0.9

7 

0.4

4 

0.2

9 

0.4

5 

0.6

9 

0.8

7 

0.9

4 
0.8

5 
0.8

8 0.5

8 0.3

0 0.6

6 0.8

6 0.6

4 0.7

9 

0.8
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0.5

0 

0.2
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-

0.0
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0.0

0.0 



 

 

��
��

�8
9

-
 '

�;
&

��



14
03

- 
?�

" 
1�

��
�

 -?
�"

 @
�

 - 
AB


 %

$�
$�

��
��

 

38 

!��$ �]?�.�-P27 1-0  341/0  

  

 A1+ �9;V �J��D .E��D J� t� [*"	 �� _;�T+ X+�-7 �9i�	�*	�� �x 6��=	 �=' ���D 14&'-/ �=' ��2��� �D X*�?+ ��/�9L�+ �i� 3
���I ���Z .E��D ��-+ N/�0� !�?D�� �9L�+ .6�&/.+ %1/��+ !V�-n �-') A�1P9( %1' �Vd X+�-7 N*� 3�*	�� � [*"	 ��x  ��2���

 14&'-/ �=' z\E �� 6��-<TE�� 6�9+ ��99 �E� ����45+ 6�49&n� 1$�� .D �	K�D.���"D �]?� 6�-28  ��1*+ J� %1' �����D58/2 ) �]?�
 J� �	K�D .���"D58/2  �����45+ �<�����E� �9L�+(6��� O9� 3%14/��  �����45+�9i�	 N/�0� X*�?+ �9L�+ )X+�-7 (!�?D�� �9L�+ �D 

)�*	�� � [*"	x 14&'-/ �=' ��2��� (�E� ..+ ,-&^+ �� !V ��V 6�-47 �94Q 6�-	18 �D X+�7!;&P J� %1' .E�  ��/��=� ���?I
 [��n J� 6�1���=' !D .�-<TE�� X9=?	 314&'-/ ����4� ��^�� ���D �����=' .��+J�E 8�92�	 �-P� 3.�V���+ ����1+ � .+��+

!�-&� J� %��#�E� 314&'-/ ����4��W�E��J !D 6��� �9&/� 3��=' 14&'-/ ����4� .P��W [�-+ ��/ �� 8�7�n� ����4� ��/
'J �� 6�1���=' �J-+� 3�����=+!49� ����4� N��� � ./�I� 3��=' 14&'-/ ��/B?+�d 6K-!5E-	 3����4� J� RD�p �W�E��J-

� 8�n�]	�� � .	�7�n� ����4� !4�O/ ����1+ 3��=' 8�7�n� �94+� ���?I 3�=' 14&'-/ ��/... .+ �=' [*"	 � x�*	�� �� 14��-	
i-+ 6��=	 �=' ���D 14&'-/ �14'�D . N*� 6�O9+ .E��D18 .+ 6��� ���I�9i�	 X+�7 ��1*+ 1/��9i�	  XV83/0  X+�-7 ,-&^+ �� � %�-D

.+ %1' .E��D ��1G 1��-	83 N*� 3t������ 1$��1��&� �99]	 �� �-P-+ �95M� ��*	�� � 14&'-/ �=' [*"	 �� �]�+ 8��9i�	 � .4���� .  
A1+ ����� p�E� �D3 ��I�9i�	 �����9D ����-� ����� !D �]?� 6�1���=' �14&Z�7 X+�7 !D |-D�+ ��94/0  �����9D YZ�� �� !V �E�

.+ �#�� 14&'-/ �=' [*"	 � x�*	�� �� �i-+ X+�-7 6�9+ �� �� �� �9i�	1��&� .?+ N��� � ./�I�B�d 6K- �99]	 �D ����4� J� RD�88/0  �
��V X92�	 � .5&P ��V :�^�� �94a&/  ��2� %��I �D �=' �J�E14&'-/ ���D ��1*+87/0 !]	� �� X+�-7 ����I�9i�	 :-E � :�� ��/

%1' !�W�4' 6��=	 �=' ���D 14&'-/ �=' [*"	 � x�*	�� �� %1' .E��D1�� . ,-&^+ ��18  �� �i-+ X+�-7 6�-47 �"	 %1' .E��D X+�7
�*	�� � [*"	x  ���I�9i�	 36��=	 �=' ���D 14&'-/ �=' ��2���14�?/ A�1P �� X+�7 �/ F92#	 !D ����I�9i�	 ��� 6�O9+ !V 11  ���OI

�E� %1' .  
  

 $"�%11 - %��+��*	��  � [*"	 �� _;�T+ X+�-7 �9i�	 .�-9E�I� A1+ S���M ��/x  [��n J� 6��=	 �=' �� 14&'-/ �=' ��2���
A1+����W�E 8K��5+ �J�E  

F1�R	 ��`�	 
 ��`�	

��R6�" 

 ��R�

5���26 
F� �X� 

 D:�

�����
8	 

.�V���+ ����1+ � .+��+ ��/��=� ���?I    
  
  
  
  
  
  

�1/��Y  "

 ��� 012/

�
3��� 

23/9 44/0  003/0 

14&'-/ ����4� ��^�� ���D �����=' .��+J�E 8�92�	 �-P�  32/6 36/0 001/0 

14&'-/ ����4� [��n J� 6�1���=' !D .�-<TE�� X9=?	  43/8 37/0 000/0 

 .5&P ��V :�^���=' �J�E14&'-/ ���D ��2� %��I��V X92�	 �  12/8 87/0 000/0 

14&'-/ ����4� ��^�� ���D �����=' � .$-wW 3.�1+ ��/��=� .5&P ����  45/8 77/0 001/0 

�W�E��J !D 6��� �9&/������=' �� 8�7�n� ����4� ��/  43/8  60/0  000/0 

!�-&� J� %��#�E�4&'-/ ����4� .P��W [�-+ ��/��=' 1  10/7  45/0  000/0 

� �V���+ 3��&�7� ...�-"+ ����4� 8�+1W ���?I �� 6�1���='  32/7  29/0  000/0 

14&'-/ ����4� J� 6�1���=' ./�I� � N���  09/9  44/0  000/0 

����-� ����� !D �]?� 6�1���=' �14&Z�7  12/8  94/0  000/0 

����4� !49+J �� 6�1���=' �J-+�' 14&'-/ ��/��=  98/8  85/0  001/0 

�d 6K-B?+ N��� � ./�I�����4� J� RD�  43/6  88/0  000/0 

����4� ���P� �� 6�1���=' �V���+��=' 14&'-/ ��/  67/6  58/0  000/0 

!5E-	 � ����1+ �� J�D 8�7�n� !D .E��E��=' �  54/7  30/0  020/0 

!5E-	�W�E��J ��=' 14&'-/ ��/  12/8  66/0  000/0 

��=' 8�7�n� �94+� ���?I  897/7  86/0  000/0 

����4� 6�-D p��E� ����=' .	�7�n� � .n�]	�� ��/  456/9  64/0  001/0 

!4�O/ ����1+8�n�]	�� � .	�7�n� ����4� �  901/7  79/0  000/0 
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6 - �K�;����5  

N)�Q J� ��� 6��D �=P ����4� � ����4�� ��?D J� %��#�E�%J-G ��/� W �=' 6�-47 �"	 !V %�-D ���2/�� 3��=' _;�T+ 8�+1
.+ %��D :�� 6� J� 14&'-/�-' .6�V %0�� !D ��2��� �94Q !D !P-	 8���M p�E� �9&/ �D�E� .E�E� � H=+ �/�=' . J� O9� 6��=	 �='

W�' J� �=' ��� �����-W�D 6�O9+ � �?9� .4��?+ 3_;�T+ Xc�?+ � %�<��P !D !P-	 �D ,-M-+ ���r.+ 14&'-/ �=' ��/ !D 1��-	
!5E-	�  ���1��� � ��=D�1��&� F&V 6 .N/�0� ��� ��3 rW�' y�") J� 6��=	 �=' �-P-+ �95M� N^4E �D %��7 14&'-/ �=' ��/

!*\4+ �� ��� .D-4P � .)�&' ) [n�4+1  �20(�*	�� ���E�� �� �i-+ X+�-7 !V 1' .5E 3x 9;"	 � .��E�4' O9� �-P-+ �95M��-' X .  
��N/�0� ��� rW�' �95M� !V ��� 6��� 314&'-/ :��+ 314&'-/ �V�G 314&'-/ ��w�Z� X+�' 6��=	 �=' �� 14&'-/ �=' ��/

R9"+ � 14&'-/ .I1�J 314&'-/ .����&2G_5M � �?9� SE�4+ 14&'-/ �?�J���� �-P� !49+J ��� �� ���9?D ��/ . �<�� 8��]7 !D
��=	 �=' �����-W�D 6�O9+rW�' J� 6���1���E� 1G �D � %�-D _95M 14&'-/ �=' ��/ )A-]Z XD�Z (!;$��� ���� ����J . 6��=	 �=' !�])�

rW�' .W�D ��!;&P J� �/: �V�' �-P�+ ���^	 ��/k!4�O/ 6�O9+ 3.D����J�D �� �i 61����I ���D  �� A�L�'� �95M� 3�U��� 8�Z��
� g4/�� 3Y��4$ NTD...6�4V�E �V���+ 3 � ����4� q��� 3�&49E 3%J-+ ��15	 rW�' 3.7�&�P� �9)�5� �� S;n���... ���M� p�?G� 3

!9#w	 H�?9E ��15	 �94a&/ � !2]' 1��D ��4=� �9#9V !D .E��E� J� 6�4V�E� �E� %�-D ����-W�D .\E-�+ �95M� J� 3b�M�� . �� �+�
�E� !�'�� %��'� �-P-+ R���' 6�-D _95M J� ����� ,-&^+ ..+ 6��� ����� X9;"	!?��*+ �� !V 1/�� !*\4+ ���  .45� !5)�\+ ��-+

!*\4+� !*\4+ � ���� ���Z 6��=	 A�&' �� !V F�� !*\4+ �]?� !D 3���� ���Z 6��=	 b-4P �� !V �?9D�  �� ���=D �95M� J� F�
!49+J� rW�' J� �����-W�D���� ���Z 14&'-/ �=' ��/ .���� �� ��24V !�])�D �! .+ 19��	 �� !�2� ��� .D-W14V !*\4+ !V�  �� O9� F�

_5M O9� !*\4+ ��� � %1' .D��J�� RE-�+ 1G ��/���9?D �E� .E�E� !P-	 14+J�9� !V ���� . ����� �D [9*"	 J� NTD ��� !^9��
N/�0���/ 6���2&/ � H�1� )2019(6���2&/ � ./J19�&P 3 )1401(6���2&/ � .+�' 3 )1400( 3.���9� � 6��?� )1398 (H/.��-W ����3 

 �� !V��QN/�0���/ rW�' �Vd  �D %��7 O9� %1' �VdrW�' 6�-47 �"	 %1' .E��D ��/ �� �=�� _5M �D 314&'-/ �=' H=+ ��/
�E� %1' 19V�	 O9� !5)�\+ ��-+ ��/�=' .!D%��73 N/�0� ����/ ?2� �95M� J� �/�=' _;�T+ [n�4+ !V 1���� 6��� y�") J� .��

rW�'8��#	 � 14�?9� ����-W�D 14&'-/ �=' ��/���� �-P� ��=' [n�4+ 6�9+ .=P-	 XD�Z ��/.  
 3%1+� �E� !D ����� p�E� �D18  � rW�'3 .+ .;$� X+�7�*	�� �� 14��-	�  �i-+ 6��=	 �=' �� 14&'-/ �=' [*"	 � �-P-+ �95M�

14'�D .8��]7 .;$� X+�7 !E 14�?/  X+�7 J�����4� � .��?�� 3���=� .rW�' J� X+�-7 ��� J� F� �/.cOP ��/�9L�+ �� �/ X92�	 �	
%1'1�� !+���D �D !V.+ �=�� ��-*	 � �O���-&� F&V 14&'-/ �=' [*"	 !D 6�-	 .%1' .��E�4' X+�-7 ����� p�E� �D3  ����J ����I�9i�	

D 1���� 6��=	 �=' �� 14&'-/ �=' [*"	 ��!!�-I �� X+�7 314&'-/ �=' ��2��� [*"	 �� �� �9i�	 �� N*� �����9D 3 ����� p�E� �D !V
�E� !�'�� ����-� ����� !D �]?� 6�1���=' �14&Z�7 .?+ N��� � ./�I�B�d 6K- X92�	 � .5&P ��V :�^�� 3����4� J� RD�

	 3.�V���+ ����1+ � .+��+ ��/��=� ���?I 3�J�E14&'-/ ���D ��2� %��I��V ����4� [��n J� 6�1���=' !D .�-<TE�� X9=?
� ��=' 8�7�n� �94+� ���?I 314&'-/ ����4� ��^�� ���D �����=' � .$-wW 3.�1+ ��/��=� .5&P ���� 314&'-/ ... �<�� J�

.+ b-?"+ 14&'-/ �=' ��*	�� � [*"	 �� �i-+ X+�-71�-' . 8�*9*"	 �����FP�/ 6���2&/ � )2022(6���2&/ � �+ 3 )2021( ��9?/ 3
6���2&/ � )2019(6���2&/ � .&P 3 )2017(6���2&/ � ����J 3 )1401 (6���2&/ � .+�' � )1400 ( N/�0� J� NTD ��� ����� �D O9�

H/ ��� �� !V ��Q v���� .��-WN/�0��/ �*	�� !;&P J� .;+�-7 �9&/� �D O9�x �W�E��J�*	�� 36�1���=' �V���+ 3�/�=' �� ����4� ��/x 
N��� � �J-+� 6�1���='!�?D ��^�� 3;n��� ��/��=� X92�	 � .��?�� YD�4+ !D !P-	 36�1���=' �V���+ ���D .*�-�	 ��/] .+��+ � !��
�E� %1' 19V�	. ��=4�9� 14Q N/�0� ����� !D !P-	 �D .;V .+ !c����-':  

 - .+ ��=4�9�rW�' !V �-'� X92�	 !;&P J� .��?�� X+�-7 �D R]	�+ ��/� 6�1���=' ./�I� � N��� 3.+��+ ��/��=... 
!D 14&'-/ �=' �D |�]	�� �� !+���D .�E��1'�D 19V�	 ��-+ � �O��.  

 - .+ ��=4�9��*	�� 314&'-/ ����4� ��^�� ���D �����=' .��+J�E 8�92�	 !V �-'x 1D��.  
 - =4�9� �<�� J� �=' �J�E14&'-/ ���D ��2� %��I��V X92�	 � .5&P ��V :�^���E� 8���.  
 - .+ ��=4�9��W�E��J !V �-'!5E-	 ��/� _5M � 14&'-/ �='!49+J ��� �� .���P� 8�9;&7 �=P �-P-+ ��/3 

��-)�� � .��E�4'�-' �14D.  
 - .+ ��=4�9�!+���D �=' ����1+ �� J�D 8�7�n� !D .E��E� �=P :JK �W�E��J �-'v�-' �O��  
 - .+ ��=4�9� �� 6�1���=' �V���+ !V �-'����4� ���P� 19V�	 ��-+ 6��=	 �=' [n�4+ .+�&	 �� ��=' 14&'-/ ��/

1'�D.  
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�H��
� 
1
-  Hajek 

2
- Ma 

3
- Hsiao 

4
- Nadeem 

5
- Jamei 

6
- Internet of things 

7
- Giffinger 

8
- Dirk and Keeling 

9
- Nam and Pardo 

10 
-The International Telecommunication Union 

11
- Levene 

12
- Sig 

13
- H0: μ1= μ2 

14
- KMO 

15
- Bartlett Test 

16
- CFA 

17
- CFI 

18
- CMIN 

19
- DF 

20
- CMIN/DF 

21
- CFI 

22
- RMSEA 

23
- HOELTER 

24
 RMR 

25
 GFI 

26
 NFI 

27
 PRATIO 

28
- CR 

-6�
	  

− �V 3:�V� 1&"+ 3./J19�&P !+-w5+ 3%��J�M� }��G 3H��+ 36�9&�)1401.( rW�' X9;"	6�1/�J �=' �� 14&'-/ �=' ��/. !+���D 8�5)�\+-

%�<��-2E �O��.��?�� ��/ 359 )2( 3535-546. 

− 3.&	�G 3����� 3�-s��E�E 3!��J�� 3���s�J 3-	�])� 3.��&9;E  1&"+)1400 .(�=' 14&'-/ ��1��� :3H9/�#+ ��5D� � rW�'�/. 	8�*9*" ���D��V :-;7 
.��9���LP3 21 )60(3 315-339. 

− �19&G3 :-�;V3 .D-*5�3 �#5P )1394 .(�9)�5� !5E-	 �9&/� � %�<��P1�1P �w7 �� ��=' �J����V ��/. H;7 ����	 36 )2(375-83. 

− .���E��3 �-��='3 �1&"+�-� 3�M�1&"+3 ��]4Z3  !&92G)1396 .(=' b-W .����&2G ����W�E N*� .E��D 14&'-/ ��/�=' ��^�� �� ��
)!5)�\+ ��-+ !�-&� :O��]	 �����='(.  !+���D � N/�0��=' �O���3 8 )31( 3123-146. 

− ����J3 �+��V!)�3 ��0� .&	�G 3�9?G3 1&G��-�3 1&G�3.V�=' !4<�J3 195E3 :1*&/ 3�'-� )1401.(  �D 14&'-/ ��=' .����&2G �-<)� !c���
 ��-+ v./�0� %14�� ��2����'� �=' !5)�\+ . 6�=P N*�- �J�E�=' � ���&5+ ��-� ��/ ����4� � ��h� 8�5)�\+3 12 )4 ( 322-50. 

− 3.+�' �M�1&"+3 .495+3�� H��+3 3.)1<9D 19G� )1400 .(�99]	 H9/�#+ � .D��J�� ��5D� �=' 14&'-/ �D 19V�	 �D .I1�J 14&'-/ ��=' �� 
�=���V 6��=	. �9���LP � !+���D�O�� 4+!*\��3 11)1(3 137-150. 

− !9E1Z 3:�� H=�3 �� �^G 3�19&G )1397 .(����4� J� .]9V�	 ��2��� F� J� %��#�E� �D 14&'-/ �=' ����1+ � !5E-	 �D �i-+ X+�-7  ��/
%��� ��D� N����� � x�9'� ����4�� � ��OD ��/. N/�0�8�7�n� ����1+ � �J���� !+�� 334)2(3557-584. 

− .E��V3 !=)�3 �1&"+3 A�&P )1399.(  6�1���=' %�I1�� J� 14&'-/ .��^D�P � q�"	 .D��J��)���-+ !�-&� : J��9'�=' .( ���D��V 8�*9*"	
.��9���LP :-;73 20 )57( 3335-353. 
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− 3.]"+ �i-V3 3.)��7 6�I0+ )1395 .(.E��D rW�'��/ �=' 14&'-/ �D !��� !5E-	 ��1��� .?T��9� N��&/ .;+ !5E-	 3�+�E .4&�� � R9"+ 
�?�J �� %J-G �V�+� 3."��#	 3.'J�� .]/�+ � .<4/�� �=' �D ��2��� �{�#G J� 1���=' � �='3 6��=	 31395. 

− 6���� ��+� OV�+ )1395 .( �2?+ � p-#� ���&'�E13956��=	 3. 

− 3.�K-+ �L$� )1400 .(�99]	 .��]+ � ��/��]/�� �=' 14&'-/ �D ���2�� ���1��� �� %J-G ����1+ 6��"D )!�-&� v���-+ �=���V 6��=	(. N��� 
��9<�9� � ����1+ 6��"D3 41 )3(3 255-273. 

− �9=+ 36��?�3 !��J�� 3.���9� )1398 .(rW�' � �/��95+ .^4E��]�7� � ���1	 14&'-/ �=' !5E-	 ��/)!5)�\+��-+ :6�=#$� �=' !E !*\4+(. 
5E-	 � �9���LP !;^+��=' ��`� ! 36 )1(3147-164.  

− Al Sharif, R., Pokharel, S.(2022). Smart City Dimensions and Associated Risks: Review of literature, 

Sustainable Cities and Society, 77(2), 1-14. 

− Camero, A., & Alba, E. (2019). Smart City and informa0on technology: A review. Cities, 93, 84-94.  

− Chamoso, P., González-Briones, A., De La Prieta, F., Venyagamoorthy, G. K., & Corchado, J. M. (2020). 

Smart city as a distributed platform: Toward a system for citizen-oriented management. Computer 

communications, 152, 323-332.  

− Ford, D. N., & Wolf, C. M. (2020). Smart ci0es with digital twin systems for disaster management. Journal 

of management in engineering, 36(4), 43-62. 

− Hajek, P., Youssef, A., & Hajkova, V. (2022). Recent developments in smart city assessment: A bibliometric 

and content analysis-based literature review. Cities, 126, 1-16. 

− Haque, A. B., Bhushan, B., & Dhiman, G. (2022). Conceptualizing smart city applica0ons: Requirements, 

architecture, security issues, and emerging trends. Expert Systems, 39(5), 1-17. 

− Hsiao, Y. C., Wu, M. H., & Li, S. C. (2019). Elevated performance of the smart city—a case study of the IoT 

by innovation mode. IEEE Transactions on Engineering Management, 68(5), 1461-1475.  

− Ismagilova, E., Hughes, L., Rana, N. P., & Dwivedi, Y. K. (2020). Security, privacy and risks within smart 

cities: Literature review and development of a smart city interaction framework. Information Systems 

Frontiers, 13(2), 1-22.  

− Jamei, E.; Mortimer, M.; Seyedmahmoudian, M.; Horan, B.; Stojcevski, A.(2017).Inves0ga0ng the Role of 

Virtual Reality in Planning for Sustainable Smart Cities, Sustainability, 9(11), 1-16. 

− Kashef, M., Visvizi, A., & Troisi, O. (2021). Smart city as a smart service system: Human-computer 

interaction and smart city surveillance systems. Computers in Human Behavior, 124(2), 21-39. 
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Abstract 

Changes in the global system, especially in the urban area, have doubled the need for attention and planning in the 

field of technology. Paying attention to technology-oriented approaches, including urban smartness, is an 

undeniable necessity. This issue is very important in metropolises including Tehran due to various economic, social, 

physical and environmental problems. Therefore, the examination of metropolises in terms of smart city indicators 

and effective factors in its promotion can lead to the development and realization of this approach. The purpose of 

this research is to inves/gate this issue in areas 1 and 20 of Tehran. The research method is descrip/ve-analytical 

and based on data collection through survey method. The data collection tool was a questionnaire. Its validity was 

confirmed through elite society and its reliability was also confirmed using Cronbach's alpha more than 0.70. The 

statistical population of the research was formed by specialists in the field of urban development and urban 

planning in two districts one and twenty of Tehran. 100 ques/onnaires were distributed at the sample level and in 

total, 93 ques/onnaires were completed. The result showed that smart city indicators including smart economy, 

smart movement, smart people, smart governance, smart life and smart environment are not in a favorable 

situation. Based on the results of Friedman's test, the best situation was related to the smart life index with an 

average of 3.025 and then the smart economy index with an average of 2.931. Also, the result of the 

independent samples t-test confirmed that there is a significant difference between regions 1 and 20 in terms of 

smart city indicators, which is be9er than region 1. Based on the results, three institutional, human and 

technological factors have the greatest impact in the promotion and realization of a smart city for Tehran. 
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