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Abstract 

The present study was conducted with the aim of identifying and validating the theoretical 

framework of the research-based curriculum and analyzing it in the content of the 

Experimental Sciences textbook in the sixth grade of elementary school. The research was 

done using a documentary method with the validation of focus groups as well as content 

analysis . The results showed that the most important dimensions of the research-based 

curriculum can be grouped in fourteen dimensions: dynamism, knowledge building, teacher 

research, testability, practice and activity-orientedness, cooperation, questioning, critical 

thinking, problem-orientedness, self-motivation, evaluation, exploration, discovery, and 

self-regulated learning. Among these fourteen dimensions, from the perspective of experts, 

the component of problem-orientedness has the highest and cooperation has the lowest 

rank. In addition, the degree to which the dimensions of research-based curriculum 

conform to the content of the Experimental Sciences textbook varies greatly, so that the 

greatest importance is related to the component of questioning and the least importance is 

related to the component of self-regulated learning. The results also showed that there is no 
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correspondence between the content of the Experimental Sciences textbook in the sixth 

grade of elementary school and the dimensions of the research-based curriculum accredited 

from the perspective of experts. Based on the obtained results, it is suggested that the 

planners and authors emphasize more on the less addressed components in the future 

editions of the book of Experimental Sciences and, by holding in-service training 

workshops, make teachers more familiar with the components identified in this study. 

Keywords: Validation, Curriculum, Research-Based, Sixth Grade Elementary, 

Experimental Sciences. 
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 �!��" �� n�( � �/�DN 0�� #( :�� 0�� k�� �$ O���$ �� .(�
    2"�!� #�!D� )�<�!$*

<� �"��
 �- +1� VI@���   �!��" :!���%$ ��N #� � 0�� #�?�7 �3�*   2#!���$ �" )�<�!$*
�1��b)"�� ���( � .'8$ #� ��H8$ K���,�;� � �3�,>�RD$ #1� 2���1388 (  

���( #A��� #� #N�- ��   � �!���" :!,��- � .,'8- �����? �" O��� �@� 0���1� O�" ���
�$ ��1� #� ��,7"�� �N�$ 9���13$:,>�8? � �������" ����  O�!�� �� 6,� )�1'8$ � )�<�$

���( ����%$ 2)���!A1� � �����")"�,7 �$ ���b ���,�<�� � ����� "��$ ���" ���1389 (
       #!A��� #!� #!N�- �!� .�!��,C� ���!b #8>�H$ � ���$ "��$ #���,� ��J #� �3���( 9�� :�� &<F

<� )�("�( #( ����@� � �� `�C� 2�3-��3$ <� ���,D� &�'� ���" #$�����" :,>�8? a��J   �!�
     ��!( #!� 6!,� �!��" K���	�$ #,@� �" �� �3�* )��- �$ #( :�� �� #��7 #� ���( �$ kD(

:?�7      `<�!$� 2O���!$ �" &�!'� `<�!$� ���"�����" 9���13$ <� �A� �C�" ��J <� �
   ����" #!( :!�� ���<�$� ���" `���� � #���C���( ��<�$� ��Q? �" a,@%- ��� K��3$

 &<F ��� ���7�  ��!� ���( )�,$ <� ���,C� .,1E- #����7� � 0"�( �A? �@H�$ ������� �- 0"��
  .:�� 0"�( ������ �� ���/- &�'� ���( a@%$ 2������� 0��" n'��$  

"���� #� ��=7 ���C�  ��<�$* &��� ���"F�� -:3N O��� �� ���" k�( #(��,7  ��!�
��� 0�� n,>�- )* - )��� �� �8� �" #( :�� )* 0���"  )���!b �!��$ <� � ��    0�!C��N ���=!7

#�D��� � �,?� ���" ���� � �AB- `���� ���� ��    �=!> 4:!�� 0�!� #�?�7 ��� �" )�<�$�
    �!��� �!3�- #!� ���( )����N�� � )�("�( <� �1,�� +,; ���?� � 9�w �� ���=7�,dc- +,>" #�

� #( "�1� s��$ �����%$ ����� a��J <� ���� #A'� 2"�� "��1'b .3$   <� 0<��!�� #!  �- �F�
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 #!B>�$    #!$���� L�!��$ ��!�     �!3���( 9!�� �" ��!%$ ���!!� �!��"–    ��!!�( #!8>�H$ "��!$
&�'�  ������� .�� #��� ���/- - #�?�7 ���b �,(c- "��$     <� l!� &��!( �!� �3���( 9�� ��,��d � ���
#B>�$ .����" �� �,(c- 9����,� ��%$ ���� ���" #$���� #� L���$ ���  

�� 0�I�    � KIA!�$ �!�* "�� .3? #( :�� .3$ :3N 9�� <� ���( +,'%- � ���$ 9��
���" ���� � �AB- "�A'1� n8	 #� L���$ +}�D$   )* V<�!� 0�!C��N "��� +,>" #� )�<�$�

�� �� :�� ���" ��� ���( �" &��� �"�(��( n8	 � �3N�-    .�!��" #!$���� )���/$ � ��
k,�* #��1>�� ����� �� �- ;��� � ��a,b" : ."�( K�"��$ )* )�$�" #� ��"�" �-  

 ��!!�� �� ��!!  �!!���� V�!!��" #!!� �!!	�
 ���!!� 2O�!!�� 9!!�� �!!�#!!$���� �!!��"
����  ������� 2)* ��!� #B>�$ � "�8�� 0��1� #� ��%$      ���!E
� ��!� #!B>�$ � "�!8�� �!��

<�     ����!��� .!�� #!��� �!��/- &�'� ���( ����%$ +,'%- 6,� � )�7��; ���$ G�!�H�� �"   �!�
���E
� ���� �� �� :��" �$ ���b ��� �$ �� ��< ����� KF��� 2  

1. #B>�$ � "�8��#$���� ������� ���"�:D,  ��%$  
2 . #!B>�$ � "�8�� ������  #!$���� ��!�  ���!� �!��"     )�!7��; �!��$ <� ���!E
� ��!%$

�:�� #��C  sE��$  
3. &�'� ���( ����%$ G��H��� ������� .�� #��� ���/-#B>�$ � "�8�� � #!$���� ���  �!��"

����2)�7��; ���$ <� 0�� ���������� ���E
� ��%$  #��C �:��  
  

24�� . ����� ����  

         ��!�%$ +!,'%- 6!,� � �!���1,� 2�"��!�� +!,'%- 4+$�!� �B,!q�- 0�,� #� �	�
 ����
)Content Analysis  !�� +!,'%- `�� l1( #� ����� #( K��q 9��� 2:�� 0�� &�/�� ( �"��

  � r���!$ 2"���� 2K����� 2k�( 2)��$ ����� #� ����� a���� � ���� )��$ <� 0"�B��� ��
:���#B>�$ 2�������� ���#$���� ���     <� 0"�B�!�� �!� ��!� � ��!E
� ���%$ ���� ���"

 ;� �" �!!D��-�$ V��!!N l!!� k!!>�b �" �!!� #!!B>�$ 9!!�� �!!���1,� `�� )�!!EE��$ ��!!,�
#$���� 0�C���" ���"���          � �!��" #!� #!N�- �!� �!� #�!���; )�!�� <� � :!?�7 ���b )��3-

#B>�$ 9���13$ "�; sE�-    &I!�� :!��>�� k!D
 �� �� ��%$ ���� ���" #$���� ���
 #!B>�$ 9�� #� #N�- )�6,$ ���%$ +,'%- `�� <� 0"�B��� �� :��3� �" � ���(     �!�� "��!$ ��!�

'%- ������� .�� #��� ���/- &�'� k�( �" )�7��;       9!�� �" :!�d �!
�� .�!� ��!�%$ +!,
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#>�@$ .:�� ������? 26,� `��1� `�� � :�� )�1Q$ 2a,@%-   s;�!� 9,!,8- � ����   �!�
#�8N `�� �� a,@%- 9�� �" #>�@$) K�@�J ��8� 2:�� ��     9,!,8- a!,@%- ���!N� <� +�b (��

�$ �$ 6,� 0�� 9,,8- �,� <� `�� 2)* #� +,>" 9,1� #� � ���� 2)�����)����71387.(  
 �� u�-�$ )��$ #,'( �"���� +,'%- ��� �" ����� #8$�N���� ���" #$����   ��!%$

 ��� V�� �J2015 -2020#$���� �,-��� #,'( ����1,� ��� �" 2 0�C!���" ���" �6��   ��!�
)��3-  ()��!3- 0�C���" 2���N� �,3� 2����J��J #$I� 2���3� �,3� 2���� 0�C���" +$��)  �

%$ +,'%- ��� �" 6,� ���������� 0��" .�� #��� ���/- &�'� ���( �$   #!8>�H$ 9�� �".����
 #!��1� <� ���%$ +,'%- � ���1,� 2�"���� +,'%- ��� �"       +!( � 0�!� �!�� ��!q ��!,7

 �!���� O��� �� ���1,� ��� �" .�� ����� u�-�$ � "�N�$ ���$* #8$�N   2a!@%$ ��!�
$���� ���(" r��$ ����" #( �,-��� +( "��8-#  ��!���,$ ���" �6�� �B� �!�    �!� #!( :!��

.���?�7 ���b #8>�H$ "��$ )��� #1� ���1��� `�� O���  

 '�BD1E1�&D F1>��. �&�� H;��  :(� �= �(/� H ��= 3""I4  �4J�0  

�&�� H;��  ��B�� B>/� 

���"���� 23 66/76 

��,���" 7 34/23 

�1N 30 100 

 V��N �" #( ��H��1�1   �!$ 0���!�$ �!�) "66/76    ����" )�7�!��" W!��� <� �!q�" (
) � ���"���� �1'� #�-�$33/23.��"�� ��,���" �1'� #�-�$ ����" �q�" (  

 '�BD2E1�&D F1>��. E BJ !@  :(� �= �(/� H ��= 3""I4  �4J�0  

E BJ !@  ��B�� B>/� 

)��3- 0�C���" 4 13 

���3� �,3� 0�C���" 4 13 

����J��J #$I� 0�C���" 5 16 

���N� �,3� �,�" :,��- 0�C���" 5 16 

���� 0�C���" 3 10 

��� &�,� 0�C���" 10 32 

�1N 30 100 
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0<���� �����6�� #7�� �"���� +,'%- ��� �" ��,7  �,!? ���    �" � K�!�IJ� <� ���"�!�
         6!,� ��!�%$ +!,'%- �!�� �" � a!@%$ u!��- 0�!� #!,3- �D��-�$ V��N ����1,� ���

l   a@%$ :D,>#� #( 0"�� #�;��     � ��!�� ���!�$ <� �3N�!- +��b "��8- 2)* 9���- ����$
#B>�$ � ����� ��%$ ���� ���" #$���� �� u�-�$ �����   .�� ������� u�-�$ ���  

#� ) ����� "�N� <� )��,1J� V�E
 ����$Validity   ����!�%$ 2���!q ����� `�� <� 2(
 k,-�- 9�� #� .�� 0"�B��� )�EE��$ ��� �        #!,'( +$�!� #!( 2��!�%$ +!,'%- #!,>�� &�!? #(

#B>�$      #!$���� �!� u�-�!$ �$�!3B$ ��!�       <� �!���7 ��!,�;� �" 2"�!� ��!%$ ���!� �!��"
k
�q   )* �!�� V�!1�� <� �� #( 2:?�7 ���b mIq� � �,,v- ���� :,��- � .,'8- )����   �!�

l  V��N) �$�3B$ �� ��  k>�b �" ���%$ +,'%- :D,>3.�� #,3- ( 

'�BD 3H
��  . K���� �(/� H ��= A� /�@   

� H
��  

 �(/� H ��= A� H
��  � �"4I 
/�@  K���� 

������ 

���" :;�� 

0����� .'8$ 

)"�� ��=� )�$<* 

���%$ :,>�8? � 9��1- 

���A1� � )��8- 

��C���� 

�"�@��� �AB- 

����$ #>�D$ 

�C��,C��"�; 

����<�� 

��C���( 

�����( 

�1,��- "�; ��,7"�� 

)������ 9,$c- :3NReliability     "�!/$ ���!N� l!,�A- <� 2��!�%$ +,'%- ��� �" ��6�� (
     0�!��"�� �" #!() 0�!� #!,3- ���3� &�? ���%$ +,'%- ��� �" #( K��q 9��� .�� 0"�B���

#B>�$#B>�$ 0"�; � ��   .!� ��!J #!� ("�� ��%$ ���� ���" #$���� ���   !/$ � )�!$< �" �6
+,'%- ��,�;� #� #( �� 0"�" ���b 6,� ��C�" �7        ���!�%$ �!;�� <� �!�� �!�  2�6!/$ ��!J
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       0"�" �C�!D�1� k��!	 .�!���1� +!,'%- �� .!�� #!��� �!��/- &�'� k�(    <� +!q�
 ��!�
+,'%- .� 0�� &�/�� ���    ���!b #�!��%$ "��$ 2&�" �7 +,'%- � �'q� �C���� u��- )�$<

#A��� #� #N�- �� .:?�7  )0�!$� :��� )���,� �C�D�1� k��	91    )��!�,$ 9�����!�� "�!� (/
    ���!� 6!,� ���!1,� ��� �" 9,�M1� .:�� �>��b +��b ������ ����" 0�� 9���- ��6�� :B7
       .�!� 0"�B�!�� ��!����( ��!B>* k��!	 <� 20"�B�!�� "��$ �����6�� ������ )�6,$ ��,7 0<����

 ��  K�@�J �� KF��� ���� ������( ��B>*�$ 0"�B��� ���,@$     ���!��� �/�!� ���!� ."�!�
     "��!8- ��!��� #!( K��!q 9��� .:?�7 &�/�� )�$<� �,� #'
�$ l� 20�� 9���- #$������

30 �1N � ��<�- ��� "��$ #8$�N �" #$������0"�" )"�( "��� <� �� � ���*  0"�B�!�� �� 2��
 ��6?� &�� <�SPSS B��� ������( ��B>* `�� <� ������ k��	      k��!	 #!� #!N�- �!� .�!� 0"�

) 0�� #���%$ ������( ��B>�78�$ (/    a!,@%- 9!�� �" 0"�B�!�� "��$ #$������ #( :B7 )��-
.:�� ��"��;�� �?�( ������ <�  

0"�" a,@%- 9�� �" 0"�" � �B,( 0�,� #� �"���� ���      )�!$<* <� 0"�B�!�� �!� �!���1,� ���
 0"�B��� �� ���%$ +,'%- ��� 0"�" � 9$���? s;�!� <�      �!','%- �!����? �" �B,!q�- ��!�

.���?�7 ���b +,'%- � ����� "��$ )���� ������*  
  

30�6�� .  

1.3 L1$@� '�� '��( �(/�=  

1.1.3 :��� ��	
 ��	� � ����� ������ ��� ����� �
�� ����  �	!�  

         �!��" #!$���� �!� u�-�!$ K�!,�"� � 0"�B�!�� ���"�!� �,!? &�? <� G�? V��� ����� ����
.��"�7 ��E
� ��%$ ���� ���" #$���� "�8�� � ����� ��%$ ����  

'�BD 4. /�@  K���� �(/� H ��= ��=� �+(�0  

N;�  ��=�  

(Murphy et al,2018) (2  Maass et al,2017l) 2(Veloo,2013) ������ 

 �(/� H ��= ��=�
/�@  K���� 

(Dostal, & Milan,2015 (2) Yang,2013) 2(Veloo,2013) ���" :;�� 

(Murphy et al,2018) 2(Corlu & Corlu,2012 ) 

(Zambak,2017) 
0����� .'8$ 
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(Aksela,2019) (2 Van Steenbruge,2018) 2(Uçar & 

Trundle,2011 2() Panasan,2010) (2 Van Steenbrugge,2018) 
)"�� ��=� )�$<* 

(Sugeng et al,2020) (2 Pierce,2017) 2(Downey,2018)  2 
(Siraj et al,2011) 

���%$ :,>�8? 

(Maass et al,2017) (2 Zhu & Geelan,2013) 
(Peterson,2018) 

���A1� � )��8- 

(Rattanaprom,2019) (2 Crowe & Austin,2019 ) 
(Taylor,2013  () Peterson,2012) 

��C���� 

(Downey,2018) (2 Pierce,2017) (  2 Sugeng et al,2018l) �"�@��� �AB- 

(Siraj et al,2012  ) (Aksela,2019) (2 Zhu & Geelan,2013) ����$ #'RD$ 

(Uçar & Trundle,2011)(Veloo,2013)) (Peterson,2012) �C��,C��"�; 

(Siraj et al,2011) 2(Murphy et al,2018) (Panasan,2010) ����<�� 

(Veloo, 2013) (Downey, 2012) 2(Rattan prom, 2019) ��C���( 

(Aksela,2019) (2  Zhu & Geelan,2013) 2(Jirout,2011 )2  ����(� 

(Murphy et al,2018) 2(Panasan,2010)2(Mass et 

al,2017)(Zambak,2017) 
�1,��- "�; ��,7"�� 

:"�� �$ 0"�" |,	�- #��7��N K��q #� �� #B>�$ <� l� �� +�w �"  

1.1.1.3 �++��  

 �����? 9,
 �" ���" #$���� KIA�$ :;���     :����!$ #!� �!�����,$ ���!%$ ����
  ���!� �� ����$ ���" #$���� ��@-�� � #8��- �" �����? 9�� �" #( ��( l1( ��,7"�� ��3�
  �� ��!3  2`<�$* ��� 2#��� `<�$* `�� :+$�� #( ����,$ )���1� #$���� �'q� ��6N�

  �� ��!�( � �!�<�$* ��3�,>�8? 2��<�$* +18>�����" � ��,8$ 2��<�$* #�D�  "�!�,$ �!��. 
       �!� �!���; �!��" #!$���� )�!� �A,$�!��" � ������ {��� �������? 9�� #��1/$Zhu & 

Geelan,2013).(  

2.1.1.3 K��� EJ(  

   .�!��,$ +,A!�- �� ���!� �� ����$ ���" "��$ ��b #( :�� ��,'( #��� l� 9�;�� 
 ���� 0���( 9,,8- � .3$ +$��� <� 0���,7"�� �'�b ���" �����? 9�� �"  :,8!	� l� �" #M�*

  9,!�M1� � )�<�$* ���" �'�b ���" � .'8$ �'�b ���" 9,� #H��� � ����,$ ���,$ :�" #�
    #!� .!'8$ �!@� ��%$ ���� ���" #$���� �" .:�� ����	 � .3$ ���" :;�� :,1��

 ) ���,$ +b��
Peterson,2012.(  
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3.1.1.3 �B����� ,��   

���? �" .'8$ 2`<�$* <� �$�N V�$ 9���"     V�!8? :(��!�$ �!��" :;�!� � ��,7"�� ��
���" ���( �" �C���� l� ����$ � "��"      �-��!q�" 9!�� �!��,$ #!$�"� "�!; ��( #� )�<�$*

       :!�� �!���� � 0�!��" V�!@��� l!� .!'8$ 2+8B�$ ���"�A��� � ���� ��3>�$ �" 2#( :��
)Veloo,2013.(  

4.1.1.3 3��= �+O� 3� -P  

���� "�A��� �'q� #E��$2��%$     �!1'� k!>�H$ )"�!� ��=� )�$<* � )"�( )�$<*
���" 2"�A��� 9�� �" .:��  #!A'� ��A,1� :?���" +8B�$ K��q #� �� ��'H$ �� ��?�q <�$*

 ���!$<* #���� � �����? l� #���� �� 0�7��" l� )"�( ����" � :?���" ���� �����  � )"�!(
.��( ����" �� k'H$ )* ������ �- ����=C,$ �� �-�@,@%-   � �!3,7�� <� �A� ���=� )�$<* �=>

      a!@%$ ���!� � )�!$<* +!
��$ �!J �� #( :�� ��%$ ���� "�A��� <��� ��� #B>�$
) "��,$Sugeng,2020.(  

5.1.1.3 A/�@  E1��� � ?+�&�  

���" ���� :q�? #}��� ��� 2"�A��� 9�� �"  l!� �" :,>�8? � 9��1- 9���" #� )�<�$*
,q�- )�������( .:�� #���    <� 0"�B�!�� � :;�!� `�� "�!A��� 9�� <� 0"�B��� �� ���A,$ #

   )"��* :!�" #!� ���� �q�; L��Q�� � .�� � ����� �@,1� r�" #� � ���,C� "�� �� ���"
) ���( k
�E- s��$ #/,��Litman,2014.(  

6.1.1.3 A/	&� � 3���  

���" #� l1( ���D$ l���- a��J <� :?��,� #� ���,��" ���� )�<�$*  l!- l- ���
 �!��" �H,%$ 9,�  �" .����,$ #>�D$ W��� #� )�,�� :3N �" )�<�$* ���"   ���!� )�<�!$*

  #!� �� V��D$ � �@H�$ 0�,� l� �� � ���( ���� ����� +
��$ <� ������,$ W��� #� ���,��"
) ����=C� #q�� 9��Downey,2018.(  

7.1.1.3 A���(��  

� V��� m�J �b�� �" V�� #'�� �" ����  �!����? <� �13$ ��� �8,�J ��J #� #( :�
  <�!o* �" .:�� ��C���� �� ����$ ��I- ���,��$ &�'� .���,$ ��E�;� "�; #� �� ����



14   ���� � �	
��  ��������� � ���� ���������  ������ �1399  

      9!�� �" <�!$* �!��" :?�!�,� �!� �$� "��,$ &�/�� .'8$ ���A1� �� ��C���� 9�� ����-
     ��� &�6!> �!� )�����
�!q <� ���,!D� ."<�"�!�,$ ��C���� #� "�; 2K��3$   �!,(c- ��C!�

0"�(     )�<�!$* �!��" ���!/- <� �!��8$ KF��� m�J #� #�D��� ���� #( ����" )��w� � ���
:�� )Jirout,2011.(  

8.1.1.3 A�$4�� �	
�  

   � "<�"�!�� )�,!����� #��C  `<�$* #� #( :�� )* <�� #!����� `<�!$* l!� �7��
  �!� ��!%$ ���� �"�A��� �� 2�3���( ���� +}�!D$ ���( �"     ���?�A!� � �!@H�$ VF��!��

�!��" "��8�!�� -    2)���!A1� � �R,��)�!$�/�,� )�<�!$*1399      ��,7"�!� #!A��� #!� #!N�- �!� (
���" ��%$ ����   ���!b )���1!���" ��( K�<��$ #� ��,7"�� t�� l� y�8$ �" �� )�<�$*

���" �- #( "��,$ {��� ����,$ !�� #/,�� � ���A,$ kD( .'� <� ��@,1� r�" )�<�$* r�" 9
). "��,$ )�<�$* ���" �" �"�@��� �AB- #� �/�$ a,1�Sarigöz,2017.(  

9.1.1.3 A/�B  H��   

     �� )�<�!$* �!��" �!����� #!A��� ���� #8$�N 0<��$� ���" � .'� �,,v- :��� #� #N�- ��
        ��!� :!,bI; � �!3,�����- � �!� :!q�? <� ��!,7 0�!3� � �7��< ��3���%� �� #'��@$ ����

"�$* ���; .�!�( 0"�B��� ��<�$* GI; � 9��� ����C>�  <� #( :�� 9�� ��$<�,� "<�� 0  �"
   �!�IJ� )"��!� �J�!�� ��N #� )�<�$* ���" ���C>� 9��    �� 9�;�!$* #!��C  ��!3�,'��b 2K

<�     #!( :!�� ��>�!
 9,!�  �" .���,C� "�� KIA�$ � +}�D$ �� .��$ "��;�� � �AB- a��J
O�D
� �,7��? � ��A,$ ��� ���" ���� "�A���.��A,$ )"�� �,B$  9!�� #'1N <�  ���%$

 ��"""�� ����C>�– $ <�!o* #>�D$ l� �� #( :�� ��,7"��     ���*"�!7 <� �!8� #>�!D$ 2"�!�,
0"�" 0"�" +,'%- � #�6/- <� 0"�B��� �� #,	�? 2"��,$ +���- #,	�? #� ��   "�!�,$ 0"�" W!��� ��

)Bikic et al,2020l.(  

10.1.1.3 ��4I1�����J  

���" #( ��>�H$  #!� �/�$ ���A,$ kD( ���� �� ����$ ��,7"�� `�� a��J <� )�<�$*
   �C��,C��"�!; 9!�� ."��,$ :@,@
 n�( � ��( #$�"� ���� �3�* �" ����" �C��,C���� l�

�$ #$�"� �1�D$ K��q #�      #>�!D$ W!��� 9�?�!� ��!� #!� V�q� �� � �@H�$ K��E� �- ����
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�� ��$� 9�� #/,�� � �����     )"�!�,$ )�<�!$* �!��" ��,7"�!� �" �1,��-"�!; {�Canales & 

Arizcuren,2019.(  

11.1.1.3 �=+-/�  

�1N ���� 2"�A��� 9�� �"  #!� t���$ � n'��$ ����$ <� K��IJ� "��$ �" {%� � ���*
a,1� r�" #8��- ����$���" �-      �!3�* #!� �� K�!�IJ� � �!� 0"�" ���!�<�� 0�b l� 2)�<�$*

��,$ � ���,$2"�? � ����).��<�� �'1� �� "�; ���" ����2000(  

12.1.1.3 A��0��  

   )"�!(�,7�" � :(��!�$ a��J <� #( :�� ��,7"�� &���$ � V�8? ���*�? l� ��C���(
      �!��N �!��" 2�!� 0�!�� � K�!�IJ� �� �3�* �<�� :�" � `<�$* ���*�? �" )�<�$* ���"

�J <� )�<�$* ���" "�A��� 9�� �" ."��,$ #�;��     <� "�!; �!��N .!3? � r�" 9�;�!� a�
         2�!�� 0"�!( r�" I�!b #!M�* "�!/$ ���!1�<�� �!� � �!�� 0"��� :�" #� ����N #( �-��IJ�

0�7��" ) ���( �$ +,1A- "�; )�$��,� )�3N #� :�D� �� "�; ���Marquardson,2020.(  

13.1.1.3 U�4��  

# ���A� �" V�@��� 2K���	�$ )��" �6/$ ��N #� ���%$ �<��  #! ���A� K��IJ� � ��
   ��!N #!� ���A,$ ��( .� �� #( ���7���,7"�� <� �� #8$�N "�/�� 20�� �6/$ K��IJ� ��N #�
       <� )�!1'8$ � )�<�!$* �!��" )�!,$ ���!A1� ���1�!�� � "��?� 0�� �6/$ � �"��B�� )"�(��(

�7��  ):!�� ����(� a��J <� ��,7"�� � `<�$* ���Coleman,2020.(   ���@�!�� ��!C>� �
:��.  

14.1.1.3 �&1V�� ��J A�1W�+  

:,>�8? #( ���,$ )�A$� "�? #� K��3$ 9�� .:�� ��;��� K��3$ 9���13$   ��;��!� ���
 �!�" �@-�� �� "�!; �!AB- ������ )* l1( �� � ��" ���b ��,�<�� "��$ �� "�;    � �!,� ��!,$�)

2)���A1� 1392    " "�!? �!@� �!� 2�1,��-"�!; ��,7"�� ���"����� �" .(   ��,7"�!� �!����? �
      � �!����?� 2�3�;��!� 2�1�!D$ � V�!8? K��!q #� )�<�$* ���" )* l1( #� �- "��,$ �,(c-

`I- ��� ) ���( :���� ���"�� ����� a@%- :1� #� �� )��Demirören et al,2019.(  
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BD'� 5H
��  �+(�0 . 3W�;J �WB+� X�Y �= /�@  K���� �(/� H ��= A�  

�++�� 

���0���* +��D$ � KF�%- ���� 

(Murphy et al,2018)2(Mass et al,2017)( Zhu & 

Geelan,2013) ( 2 Taylor,2012) 
u,%$ � )�D�� )�,$ �@H�$ L��-�� 

���" #$���� �" ���� 0����  
���%$ �" ��H8�� � t��- "�/�� 

 � ���/- 2a�I� 2:,E�� #� #N�-
 ���" �� "�B��E%�$ ��� �7��<�$� 

(Mass et al,2017) 2(Zhu & Geelan,2013) 

 2:,B,( :,��=N 2���=� ��H8��
&�/D��2k���- 

(Pierce ,2017)  2(Downey ,2012) 

 A� E1���
A�1W�+ 

0���,7"�� )"�� V�8? 

(Zambak ,2017), (Rattan prom,2019), 
(Panasan,2010) 

��%$ a,B'- "�A��� 

�1�D$ ��,7"�� �C',3D- 

��,7"�� ��� :,>�8? )"�� ��(���$ 

 �+O� 3� -P
3��= 

(k'H$)���%$ )"�( )�$<* 

(Aksela ,2019), (Van Steenburgen ,2018), 
(Uçar & Trundle ,2011) (Panasan ,2010) 

k'H$ ��� �� ���� 

k>�H$ )"�( ���$<* 

 � ?+�&�
 E1���
A/�@  

9��1- ���� <�$* ���" #� :q�? #}��� 

(Sugeng et al,2020), (Pierce,2017) 
(Downey,2012), (Siraj et al,2012) 

 0"�B��� � :;�� `�� 9�?�7 "��
���" 

#/,�� )"��* :��� �" L��Q�� � .�� 

3���  �
A/	&� 

)�<�$* ���" l- l- ���D$ l���- 

(Mass et al ,2013) (2 Zhu & Geelan ,2012) 
2(Peterson ,2012) 

��$ <� ���� ���A1� �� ����� +

)��C�" 

�@H�$ � V��D$ 0�,� l� #� )�,�� 

A���(�� 

������ "�; (Uçar & Trundle,2011 ( ) Aksela,2019) 

(Austin,2019 ) 

#�F�8? +$�8- (Taylor,2013 2 () Peterson,2012) 

���" �,>�- (Van Steenbruge,2018)  ( Uçar & 

Trundle,2011) 

:;�����? (Pierce,2017)  (2 Murphy et al,2018) 

(Panasan,2010) 

��A? VI@��� (Zambak ,2013 2 () Peterson,2012) 

�	
� A�$4�� 
�@H�$ .��B- ���� �1d �1~$ #�,$< 

(Van Steenbruge,2018) (Uçar & 
Trundle,2011) #��?�J �� K��Qb 
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)"�( �A? +@�D$ 

�����"�; <� t���$� 

.'� <� ��@,1� r�" (Downey,2012) 2(Taylor ,2013) 

 �������K����� ��A?� ��1	 (Uçar & Trundle,2011  () Aksela,2019) 

H��  A/�B  

V��� m�J 

(Peterson,2012) ,(Rattanaprom,2019 ( ) Siraj et 

al,2012 2( ) Taylor,2013) 

�� 0"�" ���* "�7 

#,	�? #� �� 0"�" +���- 

�� 0"�" +,'%- � #�6/- 

 ��J
��4I1��� 

:@,@
 n�( ���� ����" `6,C�� 
(Uçar & Trundle,2011), (Siraj et 

al,2012 2) (veloo,2013) 

 �" aH�$ � V�q� 9���- � �������
W��� 9�?�� 

(Murphy et al,2018)x2(Downey,2018) 

��,7"�� :�~$ ��Q? (Van Steenbruge,2018)( Zhu & Geelan,2013) ( 

Uçar & Trundle,2011) 

��,7"�� �" �81N +$�8- (Rattanaprom,2019)2( Panasan,2010) 

��,7"�� �" �1,��- "�; (corlu&corlu,2012)2(Panasan,2010) 

�=+-/� 

 <� 0"�B��� �� 0���,7"�� ��@,1� r�"
n'��$ ����$ 

(Van Steenbrugge,2018) (Corlu & 

Corlu,2012) (Panasan,2010)2 

0���,7"�� ���" )"�( �'1� (Zambak,2017)2(Rattanaprom,2019) 

40�� 9,,8- "�������� #� 0�� #N�- (Zhu&geelan,2013) 2(Dostal,2015) 

"��;<�� ��3$6,��A$ #� #N�- (Van Steenbruge,2018), (Veloo,2013) 

���,�<�� �" :,8$�N (Yang,2013) ,(Uçar & Trundle,2011) 

EJ( K��� 

.'8$ �'�b ���" (zelick,2007) (taylor,2013)2(peterson,2012) 

 r�" ���� <�$* ���" �'�b ���"
:,8	� 

(aksela,2019)2 (Zhu & Geelan,2013) 

�'q� K���	�$ 
(Jirout ,2011)2(zelick,2007) 2(litman,2014) 

0�� #�;�� ���" 

A��0�� 

u,%$ �� <�$* ���" ���,� +$�8- (Siraj et al,2012)2(towers,2012) 

���" :����W��� `��D7 #� <�$* (Sugeng, 2020)  2 (dostal,2015)  2 (jirout,2011) 
(Aksela,2019)2 ���� n'��$ ��3A,�A- �� �����* 

U�4�� 

�
��J (veloo,2013)(towers,2012)(Rattanaprom,2019) 

#8��- � 9���- (Peterson,2012) 2(sugeng,2020) 

`��D7 (crowe,2019) 2(zelick,2007)2(aksela,2019) 

(Jirout ,2011) ���" #$���� a,?�- +$��� ������� 

 A�1W�+��,7"�� u,%$ r�" ������- (Peterson,2012)(Uçar & Trundle,2011) 
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��J���&1V "�; ����?� ����d� ����� 
(Taylor , 2015)(ucar & trundle,2011) 

�� `I- � �����?� ��"<�� 

2.1.3 ��	� � ����� ��#$%� :&�� ��	
 ������ ��� ����� �
��    �'()� *� �+�',-� �	!�
��
� ��	.  /,0$� 1�2�#3 

        � �!';�" KI!/$ �" ���!� K�!,�"� #!8>�H$ �!� � �"��!�� +,'%- a��J <� #A��� <� ��
       �!8�� ���!; � +!;�" �!1'� �!��8$ ��!� :��!� � �N��; #!B>�$ � "    �!��" #!$���� ��!�

���� � ��%$  ��!,�;� �" �D��-�$ V��N l� k>�b �" 2�� ������30    )�!EE��$ <� �!B�
     #!� #!N�- �!� �!� #����; )��� <� � :?�7 ���b )��3- �3� ��>�" ��3��C���" ���" #$����

 0��1� )"�1� ����$ �� "�; sE�- � ���"1  �-14 <� �� ���" #$���� "�8�� 9���13$  �!��$
 :��3� �" ���( ���� :��>�� :,1��   #�!��%$ 9$�!��? )�$<* a��J <� 0�$� :��� ��� 0"�"
 0��1� V��N �" 5���� 9�� #( .��5   .:�� 0�� 0"���  

'�BD 5. 3W�;J �V�  -� /�@  K���� �(/� H ��= ��=� �=+ /;4��  

A/����  Z�( 3� -� �/ � ��B�� ?1��1  ��=� H;�/ 

006/ 11/9 27 

78/7 ����$ #>�D$ 1 

63/7 �AB- �"�@��� 2 

66/6 ��C���( 3 

62/6 ����(� 4 

86/5 �1,��- "�; ��,7"�� 5 

77/5 ������ 6 

12/4 ���%$ :,>�8? � 9��1- 7 

98/4 ���" :;�� 8 

88/4 ��C���� 9 

66/4 �C��,C��"�; 10 

61/4 ����<�� 11 

88/3 0����� .'8$ 12 

75/3 ��=� )�$<* )"�� 13 

61/3 ���A1� � )��8- 14 



��$�% &�'$ (�)��) *+,%��-�./ � *����0�1 *��� ) ...�/�4�� � ���/ 5�-.(   19 

 0��1� V��N �" #( ��H��1�5    2)��!�� �!��" #$���� )�EE��$ ���$ <� "��,$ 0����$
   1� � )��!8- �!8� � #!�-� 9��-F�� ����" ����$ #>�D$ �8�     #!�-� 9��!- 9,��!� ����" ���!A

0"��  :��.  

3.1.3    &	'4% 5�'$6 ��	'$!� 7�#8�� :&	
 ��	
     9':; �'+�� �'��<=    � ��'��� �'� �+�>'$��
�	�� ������ ��� ����� �
�� ?1�2�#3 �()� *� @>; ���+��#$%� �+�,-� �	!�   �'�	. 

��
�  

   �� a!��J <� �!��" #!$���� ��� #B>�$ #A��� <� ��      a!@%$ ���!� ���!���� �"��!�� �!��
<�     k
�!q �!�" <� ��!%$ ���!� ���" #$���� ��� #B>�$ 9���13$ ����1,� #8>�H$ a��J

� )����     �� �!� #!B>�$ 9!�� #!� 9�;�"�� )�6,$ ���%$ +,'%- a��J <� &�� #'
�$ �" � ������
 ��� "��!$ ������� .�� #��� ���/- &�'� ���( ����%$ �"     +!,'%- � #!�6/- ."�" ���!b �!�

0"�"   )"�!( ��/�3�) )���� ������* �','%- �����? �" ���� &�� V��� �" 0�$� :��� ���
0"�" 2������? V��N ��� #>�@$ �-��IJ� ��� #���%$      :!,1�� k��!	 )"��* :!�" #!� � ��
)* #!!� #!!$�"� �" #!!( ���!!� n,!!q�- � +!!,'%- 2#!!�6/- (�!!� #!!� +!!
��$ |,!!	�-  )* #!!��7

#�;�"��  �$ :"��  

������? ���-�$ :V�� #'
�$     <� ��!( 9!�� ���!� #( ���� ��/�3� ���� ������? V��N ���
�$ 0"�B��� #H��� 9�� :"��  

 
 ��/��0��  = �����? ���-�$P  =#!>�@$ �����? F  =�C�!��� 0��1!�i    = #!>�@$ 0��1!�j 

 = �C���� "��8-m  
     )��!� �" � 0"�!( #�!��%$ �� #!>�@$ �!� �-��IJ� ��� :&�" #'
�$     ���!b #!J���$ ��!�

�$ �$ 0"�B��� ��< #H��� <� ����$ 9�� ���� � .,�" :"�� 

 
= ���-�$ 0�� ��/��P J =(1,2,…,n)  .����C>  = ��!��   =�C�!��� 0��1!�i   0��1!�

 = #>�@$j = �C���� "��8-m  
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#>�@$ �-��IJ� ��� <� 0"�B��� �� :&�� #'
�$ ) ��i=1,2,…,n   <� l!� �!� :,1�� k��	 (
#>�@$ #>�@$ �� � 0�� #���%$ ��      :!,1�� #!N�" <� �!��� ���!�,� �-��IJ� ��� ����" #( ��

)Wj( .:�� ��"��;�� ����,� (:0�� 0"�B��� ��< #H��� <� :,1�� k��	 #���%$ ���� #  

 
= :,1�� #N�"  = #>�@$�� �-��IJ� ���Ej  #>�@$ "��8-  = ��n  = #>�@$ 0��1�j  

#���%$ �" :�� �(w #� &<F  �Ej  ��"�@$Pij      � �!H; <��!� +!,>" #!� ���� �Bq ����� #(
�� ���N �� �� �	��� K����%$ �" :��3� l �( ��,D� "00001/0    :!�� 0�!� 9�6C��N

 �$� j   ���C�!��� +A!� #� #N�- �� &�,� l� �" �� #>�@$ �� :,1�� k��	 #( :�� �E;��
�$ s��$  ��"�� #� #N�- �� �?�J <� ��(w#>�@$ 2      #!�-� 6!,� �� &�!,� <� +!q�
 ��!�   ��!��

�$ .,�( 2)�����)1387.(  

 '�BD6[;��� 3�21  .  \4� A��4@  /�@  K���� �(/� H ��= ��=� = ,�0 H+� �=�]� ����
3W�;J �V�  -� �B0 �=+/;4��  
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