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The Effectiveness of Using Blended Learning in Teaching Geometry on Achievement 

and Developing Geometrical Thinking with Second Intermediate Graders   

Ibrahim Mohamed Ali Al-Ghamdi(1)  
Al Baha University 

(Received 01/06/2014; accepted 24/08/2014)  

Abstract: This study aimed to identify the effectiveness of using blended learning in teaching geometry on developing geometrical 

achievement and thinking with second intermediate graders.It was applied on a sample consists of (55) students from second intermediate 
graders at Al-Baha Directorate of Education. The first class consists of (27) students represent the experimental group, and the second is (28) 

students represent the control group. The study was applied in the first semester of the academic year 1434/1435 H. The researcher prepared 

achievement test and test of geometrical thinking. The study reached to that there are statistically significant differences at (0.01) in favor of 
the experimental group in achievement at all level. Also, the study reached to experimental group superiority in the test of geometrical 

thinking as a whole, and in each level of its levels at (0.01) with high effect size. Moreover, there is statistically significant positive 

correlation at (0.01) among geometrical achievement and thinking. 

Key Words: e- Learning - mathematics teaching–thinking. 
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K�l� 2014� ,
 .> 9 pS*& .q ( b367& 01 Xo��w��� 7�=3]^� k+//

�� O�P�� Q>�� NZ9 $�/ �=o��w 1 �� $; . Ṕ& N 6�3
 �`	�a�� �]º�/ ,�=%���3�� �1�M���~�3�� f/�� ³9/: 

 �+S71 :9�L0�T��� ��U
/���� V��!-�-�� ������� WU
/���� ��-����X 

 .Z3r�� JY3���A�73�� �=�=B�
6� � \%Z�� ³=%`3�� 
 \=>?3�� 7�%3]F�  

I*@� JKL3�� 7�%3]�/   
C&�� D��3�� 

i��3��� �Z��`�� 

�� [�%�� ³=%`3 
 7�%3]�/ \=>?3�� 7�%3]^ 

I*@� JKL3�� 

_�1�M��� 
 �=%���3�� �1�M��� 

�1�M���  �`	�a�� 
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 G��O71 :9������� ����X 

��!-��� ������ $��� %&L�� K��  

�=%���3��  i�| �`6�3& ; N6�3�� O�P�� 27 

 �`	�a�� »��*�� �`6�3& ® N6�3& O�P�� 28 

 

�Y��KE� ������� K�!� : 

E ZR/0�� G[��M�[�� �M����� \�M>!� �M�-��� 

 �� �P��-]� I>�U�� �U^ 2� �.K���1� �._��0 � "�+��

������� ?�!L`� a�� K���� bc�cd� Q^!�: 

1− f^3 6^�/ � 6*@� i $/ H� 3| .=�� 
 �=  y����� _p=  M�3��/ _�7�  S��/ D=!�  L�� 45 O�  K��

9S3r�� D��3�� �j��' 01 2��3��/�S=9 �R 
2− . K� � =o��'l� � =M=��3�� 2� !h�  �� 

D��3�� �j��' ¥�y (  7�R 
3− i� 1���  7� . K� �> <�� c&z�� �� 

C&�� D��3�� ��15 ¥�*:; g�WR 

4−  /7� k & � 6�*3B �=�1�LB _�=��	 ��15 
 �<3 6� T =$ ,O� K�� f^3 6^�/ � 6*@� i$/

 K�l� �m'� =�� C&� j�	 T$�%�� O/
GeoGebra ( 
M=M>B�S'�3j5/ ,�S »� 3& O� � O/
 K�5 C&�j�	 �!/ 

 �m'� =��� XM 6��� k +��� c& 8*�� �K%V c& U�=M�
�http://www.geogebra.org/cms/download � z=M3�/

B _� =��	 D=M>B �=j�K&5/ U�& .&��3�� ���Sr	 � =�1�L
 �Y=>	 �!��>B/htmlR 

5− X  3�� �  =�1�L3�� _�  =�m�� _�  ��3| N  	7 
  7�K�� C&�jm	 T$�%�� �SMMxCourse Lab z =M3�� 

  /7� ®�  3j5 ( �  =M=��3�� U  B�j�K& 7pP3  6� �  =j�K&±	
�=M=��BR 

6−  /7��/ to�)�� b	 .Z*3�� �=��6; �� 
*=	 . Z*3�� ���S6 ;%& ³=Z�/ � S&5/ d�a �; N 	7 � =j�K

 c &  �z& 7� =3]� � =j�K&5/ � $
Z�� 8 j
jl� k+��&
_�%�73��R 

7− i7�x ( i$���  /7� c&  7� .q ��15 
 8  +���/ 2�  !h�/ ���  *��� c  & �¥  	 .Z3r  &  7�
 �S�� fF] c& �$
Z�� �`wjh� b	 d^�Z3j�/ �><��
 � =�1�L3�� _�=�m�� .=�LB/ I7�� E�3K�� c& 7�>	

� (�> <�� ��K�, X*�� K3�� D�� Z3�� ; %& ³ =Z�/ 
X&�3�� D��Z3��	 ¥�S3j�/, �?L> �� 45 i�� ��� D : c&/ 

i$���  /7� b	 .Z*3��/ �=r=o���R 

8−c &  qv3��/ _�%�7 3�� �`wjh 7�x C&�  
N	7 D�� ZB ³=Z� k& �=�m��	 ���`�� I7�� E�3K�� 

�=j/
K�5 �@��$R 

9− K� X&� 3] D��ZB ky/  /7� c &  7� .
 H & c &  qv3�� i� ?�� 2� !h�	 U `	7/ i$���
 D�� Z3�� X 1/7 p q ,C& �� D��3 �� ; %& ³9/ �SZZ�

i$���  7/� ¥�*:; Xo�*%��/ X*��K3��/ [=SM3��R 
10− C&�j�	 T$�%�� �<36� Auto play N	� � 
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 ���M	 �=o�Z�B �S�=YwB �=j�K&5/ ���Sr	 �=�m��  /7�
 ( �S'�7�5�B�=%MK�� ��S'R 
 -11 ( � S'�7�±	 tMr B i7�>	 �=�m�� ��>B

 0  1 �!��>  B �  =j�K&5/ �  =M=��3�� 8  j
jl� k  +��&
; _�j��`6CD ( �S��z*B �=j�K&5/ ���G .K� �So�`1l 

 c & ³ Z?3�� k & �67��	 �x��� _��B�=%MK�� izS';
�S�=YwB C&��	 ��'/R 

12−�� 01 �S��z*3� �=�m�� z=S¤  O/
K�l� k+�
�=%���3�� �1�M��� �67� 

 ®7� ]/ . ]�� EF `�� f/� *3�� .S6 ��K=� 
�67��R 

13− � 1�M� 0 1 8 *�� k+�&/ �=�m�� ��1 
�6�7�� _�/�h bMK?��� ³?�&1� .� �3�� D B +/ 

/ DSo�7¡ ¥�y ( �`wjh� ��	/ _�=L��� (; 8?%x
��7�   x ( O/
   K�l� k   +���/ �   =�m���   =o�S*��  

�³?�&2�R 

% Z e��:�M�[ �M���� ���K� ����M�� ������M�

 "�M+�� G[��M�[�� �M����� \�M>� 	
��M � �����

 �!��� "�#�� $���X 

 *1 �1�r�/ D���� VJ� D���� .=�� ��15 DB
 ��<36�� i $/ A�7 B ( C& �� D��3 �� �=�=B�
6

O�K�� f^36^�/ �6*@�,V +/  0 1 D���� .=�� .M
�=��3�� 7/�?�� : �&Z&− ��<3 6� _��`]� �=�=B�
 6

O� K�� f^36^�/ �6*@� A�7B ( C&�� D��3��−
 f^3 6^�/ � 6*@� i$�� �&���� �=M=��3�� 2�!h�

 O�   K��−  �   6*@� i   $�� �   =o��'l� 2�   !h�
O�K�� f^36^�/−� 6*@� i $�� H� 3?�� . =�� 

O� K�� f^36^�/ −   /7� A�7 3� � =*&z�� � `��
O� K�� f^3 6^�/ �6*@� i$/− /7 ��, T =$ 

\� �& 01  7� .q .M3w�� : H� 3?�� . =�� ,���*���
,� =M=��3�� ��� �� , 7�� �=o��'l� 2�!h� , 7�� 

,��=S3��  ��<36� _��`] d�*Ma3& ������ �=�=B�
 6
 ( C&�� D��3�� 7 �� A�7B D��3 �� b 	 f�� %3��	 

��3��� D��3��/ O/
K�l�, ,��73�� ,D��Z3��  � '����
~z*��� �³?�&3R� 

fZ5��MM���� ��MMU�g[�  : 7�  %3]^� ��  15 D  B
\=>?3���=��3�� _��`�� ³9/ : 
− �� �� ��� 2 @�  � !/ U � .=> �  � =+

 �  6*@� i  $/ ( N  6�3�� O�  P�� Q>  �� EF  G
^�/O�K�� f^36R 

−  H�3| .=���� i$� ³9/ Q=*>B�� *�� �	;� 
 �*	�%1/�2007 ,118 � 45 D��3 �� � j����;− ,D=!� L&

E−® ,_�7�  S&−_p=  M�B � 0  1 .  =�?3�� ��  1/
 �1�M�bMK?���� nx c& qv3.=�?3��   ¥�� '5 DB/

�&�F�� _F��3��R 
−  i  $/  /7  � �  =o��'l� 2�  !h�   ��
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�6*@� O�K�� f^36^�/  _���3r & Q=*>B ¥�y (
 �  �3	Butler� 1965 � f�  ��� ( �  =M=��3�� 2�  !½�
(���� ~�3�� �?*�� 01 _�=y����� ( : 

�1−  �qs3��Remembering : D��3 �� i7 + � !
 _����*��/ _�L���3��/ ³o�Z�� ¥�136� /; ,�9��& 01

7�Z�� U��3� �� �!J¢/R 
2− DSL��Understanding:  0 1 D��3�� i7+ �!

 ( � SM��B X 3�� _����*��/ _�L���3��/ ³o�Z�� ³=%`B
³o�Z��/ _����*�� �s@ i¶�%& _FKw&/ Q+��&R 

3− 7�S��i Skill : �1¾ ��/ ���Sr �� � © >Z�

 ��q ¥��6 ,DS9 c1 ,b�& .M1 ¥��; ( i¥�LK��/ �+��/
�=j	 /; �=�Z1 ¥��h� �s!R 

4− �� .$ _FKwProblems Solving : > Z�
 �� � J | Q+�& /; f��6 X! ��Kw�� /; ��vr�� �; U	
 �; �'7� ³o�1 ��*! ��K� T=?	 U�%Z3�/ D��3�� �p3!�
 � �Y3�� � ! ��Kw�� .$ ��K�/ ,�¶�%& ��K� ^ .��

³o���� �s! 01� �"29�R 
−   ��  c  & H�3r  & .  K� X%r  *�� ���  ��

2�!h� _���3r&/ & _�1�y���i$�1;̈/ , f/' 
\=>?3�� 7�%3]^� _�Lx��&\� pq  : 

 
 G��O72 :95������ ��U�g[� ?�,h�!� G��OX 

��U�g[� ��i�E K�� 
e ?��!j!�� 

/kl��� �P,�� \��P�� ?&+C�� �> 
m!-��� 

�U;c ��JH� 

?��!j!-�� 

1 _p=Z3r��/ ���/z�� _�+F1R 2 1 2 0 5 18.5% 

2 ��vr�� .$ �=�=B�
6� R 1 0 0 1 2 10% 

3 ���/z��/ _���a��R 2 1 0 0 3 11.9% 

4 _���a�� ³	�`BR 1 1 2 1 5 18.5% 

5 .:p3��R 1 1 1 0 3 13.7% 

6  �K�j^�R 1 1 1 1 4 13.7% 

7 E�?rj^�R 1 0 1 1 3 13.7% 
���6h� �1 §�M� 9 5 7 4 25  − 

2�!½� �=�h� �%rj 39% 18% 29% 14% _ 100% 

 

 8Y=x/ i7� x ( \=> ?3�� 7� %3]^� ��� 6;
��3& c& 7�=3]^� §�j c& �=1�y�&, �!� 1 e �	 25 

 d^��6,  T=$ ��� 6h� �Pq; c& �=1�y��� ���6h� m3�B

 � 1À c & U 	 z =M3B � � � 9���� � j��' ( d�&�<36�
 D ���� . %+ c & t=?> 3��/ D��3 �� . %+ c & �	�'l�

`�B/Co�3*�� ( �+� X �,[À/�� 2001�R 
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− ̈1 y�8 0 1 7� %3]^� c & � =�/h� i7�> �� 
 n� G/ C!� *& ( b> ><3�� b MK?�� c& �1�M�

_�=y����� A�7B� ³?�&1� bMK?�� ¥�7; 01 ¥�*	/ ,
�	��`�� _F��3�� ¥��'5 DBR 

��MMU�g&� W�&L�MM�[� aMM�UL��� : ³  =%`B D  B
1F`36� �*=1 01 7�%3]^� O� P�� Q> �� EFG c& �=

 c& �j�K& N6�3��23 � *=��� 01 ³=%`3�� .x�B/ �%��G 
 �? y�/ UB���L&/ 7�%3]^� _p=��B �; 45 �=1F`36^�
 EF`�� .%+ c& �&�SL& 8j�q/ ��M¢ [; �S=9 A=�/

 �  6�*�� 7�  %3]^� c  &� �;/=40 �;/ d�  %��ZB �  Z=+� 
 b 	 8 $/��B �	��>�� _F&��&�0.26−0.69 � X !/

 ���%Z& D=+ d�=o�>$5� _� �?K��/ O� ���, 2006� , p q
 b 	 7�%3]^� ���6h z==M3�� .&��& D=+ 8$/��B�0.34 

− 0.68� z==M3�� 01 i7��+ D=+ X!/�,[À/�� 2001 � ,
7�%3]^� _�%: c& ³Z?3�� DB/, / � Z��G ��<3 6� D B

 �/�� 	 ��&m= 6 � ����& ��<3 6�	/ ,�=L>*�� �oz�3��
�Spearman-Brown � _� %P�� .&��& �M=+ 8Y�	 T=$
�0.86R�  \=> ?3�� 7� %3]^� _��� L& 8j�KB g�s	/

 c&25\ � pq �1��& ^��6  :�qs 3�� H�3r &  ��� 6h�
 D+7�1 ,2 ,6 ,8 ,9, 11, 16, 19,23 �/ , DSL�� H�3r&

 D  +7 ���  6h��3 ,10 ,12 ,17 ,20�/  i7�  S�� H�3r  &
 D +7 ��� 6h��4 ,5 ,13 ,14,18 , 22,24 �/ , H�3r &

 D   +7 ���   6h� _FKw   �� .   $�7 ,15 ,21, 25 �

�³?�&4R� 
KZ)�M��� *M+,��� ��U�g� :  0 1 §F G^� D B

_�=	�h� c& �1�M�  8 �/�*B X3�� �L�3<�� _�6�7��/
 I*@� JKL3���[�K*r�� ,2003;/ [7�� 3�� ,2004 ;

/=r  �� ,2005 ;\  1/ ,2007/ ;k=Mr  ��%1 ,2007 ;
 %1/[�Z�� ,2007 ;¹�Z��/ ,2010/ ;��� ' ,2011� 

 J KL3�� 7� %3]� ��15 ( �=��3�� _��`�� T$�%�� k%B�/
I*@�: 
1−�U�g&� e���� D��� �
�]� : _�7� S&  � =+

 ( N 6�3�� O� P�� Q> �� EFG H� I*@� JKL3��
O�K�� f^36^�/ �6*@� i$/R 

2−)�M��� *M+,��� ?�
!�;M� �
�] : ¥� y (
.��! ��L� I*@� JKL3�� _���3r&, H� 3| ¥�y (/ 

 N6�3�� O�P�� Q>�� O�K�� f^36^�/ �6*@� i$/
 ́D  B X  !/ 4/h� �  �	7h� _���3r  �� 0  1 7�>  3+^� 

  q�B p q �` 6�3�� ��$��� s=&F3� �%6�*�� _���3r��
�Z	�r�� _�6�7��,X!/  :�[7�>�� [}%�� –  �?3��\= 

– %V ~^36^�U \Kw�� – \Kw�� ~^36^� R� 

3−��U�g[� N��0 K��0E �
�]  : X*	̈ JKL3�� 7�%3]�
  �	7h� _���3r  �� 0  1 d�  M3�& I  *@�� �=r  =o��� 

 . ��! ��9 �!�$ pq �S*& H�3r& .q ³=Z� _�¶�&/
�Van Hiele � �    !�7/;/�    %1     =M�� ,2010 ;  

    %1/[=�r   ��/    =M��, 2009 ;�   *`��/, 2008; 
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[/	/ ,2008 ; � 	;/� *��� *	�%1/ , 2007 ;�&F 6/, 
2005 ;[�K*r��/, 2003 R� 

4−�n��h ?�K/,� �M���H� �Y�!h � ��U�g[�: 
�¢�=x 8� _���L& 7�%3]^� ¥�*	 01 �� _���3r�� 

�r=o��� I*@� JKL3�� X3��/ .P� 7/�| 7�%3]^� ¥�*	 ,
/�� _�¶�& �³ =Z �s ! _���3r �� ( ��7� x 

�&����/ ,�¬�B .q ¶�& c& _�¶�& ³=Z�  _���3r��
45 f��6 � Y�	  I *@� J KL3�� cMa 3� _�= y�����

 �6�*��U�. 
5−  o�h[ V-+���)���� *+,��� ��U�g : DB

 7�%3]^� nx c& qv3�� �� �	 � =�/h� i7�> ��U � 
 c  & �  j�K��/�22� ^��  6 M� 0  1 b  MK?�� �  1�

_�=  y����� A�7  B n�  G/ C!�  *& ( b>  ><3�� 
�³?�&1�k& , �Mo�+ _���3r& DaB I *@� J KL3�� 

;�SZ=Z� _�¶�&/ g�W/ ¥� 	l ¥�7º� f� $ H & 

�=$Fx f��r��  �=Z� ¶�& ³=Z� H�3r & J KL3�� 
I  *@� �  ?�� �¢�=  x �?  x/ ,�  S&�&; � ,f��r  �
�%6�*&/ ��� 6h� �3r �H F G ,�` 6�3�� � �$��� E

»� y// _p= ��B &F 6/ ,7� %3]^�U3 ¥� `]h� c & 
 ¥�� '5 D B b MK?�� ¥�7; 0 1 ¥�*	/ ,�=M����/ ���Y���

�S*&/ �	��`�� _F��3��: ��� 6h� ��	 �¢�=x i��15 
I  *@� J  KL3�� _���3r  & k  & �¥F3  3�R k  y/ D  B/ 

 1 �	�'l� �=L=q 01 �=�/; _p=��Bc�s 	/ ,��� 6h�  g

 c & I*@� JKL3�� 7�%3]� _���L& 8j�KB22  ^�� 6
 .MV [7�>�� [}%�� H�3r���D+7 ���6h� 1 ,5، 9 ,

13 ,17, 21�/ ,\= �?3�� H�3r��� D +7 ��� 6h�2,6  ,
10 ,14, 18 ,22�/ \Kw  �� J  ¢ ~^3  6^� H�3r  �� 

�D   +7 ���   6h� :3 ,7 ,11,15  ,19�, / H�3r   ��
\Kw�� ~^36^� ��D +7 ��� 6h :4, 8 ,12,16 , 20 �

�³?�&5R� 
6−�MM0/���� ���&L�MM�[� ��MMU�g[ *MM+,��� 

)����: ³%G 7�%3]^� 0 1 � *=��� �=1F`3 6^� c & 

8j�KB X3�� EF`��  c&23 Q> �� EF G c & d�%��G 
 Bp=��B �; 7�%3]^� ¥��'5 ¥�*:; taB�/ ,N6�3�� O�P�� U

*&� �;/ ,�?y�/ UB���L&/U�6�*��  = 45�Z=+�   d� %��ZB
 ,f��� �Z��G ³9/�	/ D B 7�%3]^� _�%: c& ³Z?3�� 

 � ����& ��<3 6�	/ ,�=L> *�� �oz�3�� �Z��G ��<36�
 �/��  	 ��&m=  6�Spearman-Brown � �  M=+ 8  Y�	

 _�%P�� .&��&�0.81 ��%6�*& �B �M=+ X!/R 
��c����� ������� a�UL: 

 - �  '5 _�  Z9��& 0  1 T  $�%�� f�>  $   �	 ¥�
 7� %3]�/ \=> ?3�� 7� %3]F� \% Z�� ³ =%`3�� DB �6�7��
    $h� ��   � ( b31�   M��� 0   1 I   *@� J   KL3��

21�1�1435   ! �9�  KB c  &   qv3�� �  	��3�� ¥  	 .  %+ 
 \=> ?3�� 7� %3]^� c & . K� \%Z�� N%a��	 b31�M���

~�3�� �?*�� 01 Co�3*�� _¥�'/ ,I*@� JKL3�� 7�%3]�/: 
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 G��O73 :9)���� *+,���� ������� 5UA��  UT��X 

�L0�T�� ��!-��� 

p=28 

��U
/���� ��!-��� 

 p=27  

 

(!�;�� 

e m e m 

? �-�^ ��[��� (!�;� 

/kl��� 2.32 1.41 2.48 1.57 0.396 0.694� ���� J¢� 
�P,�� 1.60 1.16 1.81 1.24 0.640 0.525� ���� J¢� 

\��P�� 1.42 1.64 1.81 1.81 0.827 0.412� ���� J¢� 

?&+C�� �> 0.64 0.86 0.81 0.78 0.768 0.446� ���� J¢� 

�+k ������� 5.96 3.29 6.92 4.01 0.974 0.335� ���� J¢� 

3rU�� 3�!��� 1.60 0.99 1.33 1.20 0.919  0.362� ���� J¢� 
5������ 0.53  0.69  0.62  0.79  0.469  0.641� ���� J¢� 

[�5+C�� *n G[��� 0.78  0.83  0.92  0.99  0.567  0.573����� J¢� 
5+C�� G[���[� 0.53  0.74 0.74  0.81  0.976  0.334����� J¢� 

5+�� )���� *+,��� 3.46 1.87 3.62 2.55 0.274 0.785����� J¢� 

 

 f/�� c& ta3��3 � _�W n/� 9  '�B ^ Uj;
^� H�3r& *1 �=o�>$5 ��^� ���0.05 � _�`6�3& b	

 7� %3]^� ( �`	�a ��/ � =%���3�� b31�M��� _�'7�
 ,i7� S��/ ,DSL��/ ,�qs3�� H�3r& *1 \%Z�� \=>?3��
 � M=+ 8 Y�	 T=$ ,.Kq .=>?3��/ ,_FKw�� .$/

 ~��3�� 01 _�0.396 ,0.640 ,0.827 ,0.768, 0.974 �
�� H�3r & �; p q �=�/�� _ �M=+ c& .+; X!/ � �^

 H�3r& *1 ���� J¢ ��; ty���0.05 � 0 1 f� �s!/
� \% Z�� N%a�� ¥�� '5 . %+ .=> ?3�� ( b31� M�M�

�	��3��R 
  '�B ^ U j; d�a�; ³	�r�� f/�� c& ta3� pq

 � �^� H�3r &  *1 �=o�>$5 ��^� _�W n/�9�0.05 �
 �`	�a��/ �=%���3�� b31�M��� _�'7� _�`6�3& b	

7�  %3]� ( [7�>  �� H�3r  ��   *1 I  *@� J  KL3�� 
 ,\Kw  �� U%  V ~^3  6^�/ ,\=  �?3��/ ,[}  %��
 T =$ \ K�� I *@� J KL3��/ ,\Kw�� ~^36^�/

,_ � M=+ 8Y�	 ~�� 3�� 0 1:� 0.919 ,0.469 ,0.567 ,
0.976 ,0.274 � �; p q � =�/�� _ �M=+ c& .+; X!/

1 ���� J¢ ��; ty�� ��^�� H�3r& H�3r& *�0.05 �
 01 f� �s!/� \%Z�� N%a�� _�7� S& ( b31� M�M�

�	��3�� ¥��'5 .%+ I*@� JKL3��R 
 -  ËF  `�� z  =M3��  6�7�� �̈  *=1  _���3r  M	 

 ( d� �=¬ D!�� '�� g�W/ �	7�Z3& �=1p3'�/ ����>3+�
� $�%�� N6/ �Z`*& X!/ i$�/ �Z`*&,  $ ( �s !/ 

`%   y m   3�� U   B�W��   ��� .   &���  ����>   3+^� 2/
�=1p3'^�/R 
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 -  c�sL*�� _�=y����� XM��& N%y c& qv3�� DB
.!��� ( �6�7���[� 	�B �� 15 k &  ��7��� K%��� 

im��/� 18�*6 � D: ,pS*& .K� k& ³=r*3��	 T$�%�� ��+
 0 1 pS%�7B/ �6�7�� ( bq7�w�� _�=y����� XM��&

�� D ��& ��7 B D B/ � 6�7�� _�/�; ³=%`B � 1�M�
 ��<3  6� 0  1 �  =%���3��� ,C&  �� D��3  �� �=�=B�
  6

 ��/zB/	 � 1�M��� ( � ��G . q �/zB/ D���� .=�
	 �=%���3��± ��& �j��`6CD _� =�m�� � S=�1 . M| 

 �S�=Yw B/ �S&�<3 6� ���S 6 k & �6�7�� �>><��
EF`�� .%+ c& �=o�Z�BR 

 - � 67& i7��5 k& ³=r*3�� DB� m�� . �z*3 C&� j
 ¨�� O/
K�l� m 1 8 j
jl� 0 1 �67�� k+�& 01 �

 N	�����http://mhdrh.com/math � EF `�� U='�B k&
 � 6�*�� 8 +��� ( fz *�� ( N	�� �� 01 f�]�� 01
 O/
 K�l�  �m�� m 1 D���� k& .x��3��/ DS*& .K�

/ ���6h� »�`�_�	�'l� f��%BR 
 -  ³9���� b*:^� ��� ( �	��3�� s=L*B ( ¥%�� DB

22�1�1435 ,    !�/s   =L*B �M3   6�!    $h� �   3$ 
26�2�1435 A�7  3� i  ��� �  =*&z�� �  `�� ³  9/    !

i$��� _�1�y�&R 

 -  7� %3]�/ [�%�� \=>?3�� 7�%3]^� ³=%`B DB
 ��   � ( d�   �& I   *@� J   KL3��b   *:^� ³   9���� 

27�2�1435b31� M�M��  !: ,�`	�a ��/ � =%���3�� 
Q>j/ �>$ �	��+ _�/�h� ³=%`B n�Y36� T=$R 

�s����� �C^���� F/�: 

t*;M,� G�H� F/M,�� ��Mh ��U�g�:  7� %3]^
U j; 01 �*� [s�� f/h� ��L�� �?x�  n/� 9  '�B

 �  �^� H�3r  &   *1 d�=o�>  $5 �  ����0.05 ≤ α � b  	
1�  M��� s  =&FB _�  '7� _�`  6�3& �  =%���3�� b3

 t��>  � [  �%�� \=>  ?3�� 7�  %3]^� ( �`	�a  ��/
 �  =%���3�� �  1�M���� ,D  SL��/ ,�qs  3�� H�3r  &   *1

. Kq \=>?3�� 7�%3]^�/ ,_FKw�� .$/ ,i7�S��/�� 
7�%3]� ��<36� DB�_ �T-test �=o�>$l� ��^�� �9��� 

Co�3*�� ty�� ~�3�� f/��/ _�`6�3�� b	 n/�L��: 
 

�^� G��O74:9  �-�^7? 93��U�� ������� � ��U
/���� V��!-��� l��& ?�O�K ?�L�!�� V0 o/,�� ��[��R 
��U
/���� 7p=279 �L0�T�� 7p=289 ��!-��� 

*4��� e m e m 
KXu 

�-�^ 

v?w 

(!�;� 

 ��[��� 

�-�^ 

2η 

�-�^ 

vdw 

 ��>

 *xy��� 

/kl��� 5.33 1.71  3.96 2.01 53  2.74 0.01 0.345  0.734   �!��  

�P,�� 4.11  0.93  2.67  1.15  53  5.04  0.00  0.563  1.363   *Uk 

\��P�� 5.33 1.64  3.67  1.74  53  3.62 0.00  0.439  0.979  *Uk 

?&+C�� �> 2.92  0.95  2.03  1.20  53  3.03  0.01  0.378  0.818  *Uk 

�+k ������� 17.7  4.02 12.42  4.70  53  4.45  0.00  0.516  1.204  *Uk 
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 D+7 f/�� c& ta3��4 �\� �&: 
�9 ��'//��� n� H�3r &  *1 d�=o�>$5 �0.01 �

`6�3& b	_� � =%���3�� b31� M��� s =&FB _�'7� 
�qs 3�� H�3r &  *1 [ �%�� .=> ?3�� ( �`	�a��/ 

 \  K�� .=>  ?3��/ _FKw  �� .  $/ i7�  S��/ D  SL��/
� t��>��=%���3�� �1�M�� 0 1 _ � M=+ 8Y�	 T=$ ;

~��3�� �2.74 ,5.04 ,3.62 ,3.03 ,4.45�  � ��� � S�=¬/
H�3r& *1 �0.01�X 

 �; 45 Co�3*�� JwB pq  D�$�� J:v3 b 	 »/�
�
 45 N 6�3&� M=+ 8 Y�	 T =$ ,J %q d H�3r &  *1 

�qs3���0.734 � _���3r & *1 p*=	 ,�`6�3& �M=+ X!/
�/ DSL�� 0 1 ,\ K�� .=>?3��/ _FKw�� .$/ i7�S�

~��3�� :�1.363 ,0.979 ,0.818 ,1.204� fB D=+ X!/ 
 J%K�� J:v3�� D�$ 01 �M=+ �h�d � c& mq;�0.80�R 

 pq  �M=+ 8Y�	2η~��3�� 01, :�0.345 ,0.563 ,
0.439 ,0.378 ,0.516 � �; X*�� �s!/35 %�� c & c�� %3

 k	�3�� JY3M�� \K����qs 3�� H�3r &  *1 .=> ?3�� �
.Z3r�� JY3�� J:vB 45 k'����C&�� D��3�� �=�=B�
6� 

 �;/56 % k	�3�� JY3M�� \K�� c��%3�� c&� *1 .=>?3��
D    SL�� H�3r    & � J    Y3�� J:v    B 45 k    '��

.Z3r  ����C&  �� D��3  �� �=�=B�
  6� �;/ ,44 % c  &
�� c��%3�� k	� 3�� J Y3M�� \K� H�3r &  *1 .=> ?3��

i7�S�� �.Z3r�� JY3�� J:vB 45 k'���� D��3�� �=�=B�
6

C&  ��� �;/ ,38 % k	�  3�� J  Y3M�� \  K�� c��  %3�� c  &
�_FKw�� .$ H�3r& *1 .=>?3�� � J:v B 45 k'��

.Z3r�� JY3����C&�� D��3�� �=�=B�
6� �;/ ,52 % c&
�� c��%3�� k	�3�� JY3M�� \K�\K�� .=>?3�� � 45 k '��

.Z3r�� JY3�� J:vB��C&�� D��3�� �=�=B�
6R� 
\� pq ��=3*�� �s! T$�%�� ¾L�/: 

1−  8��6� ³ =Z� ( C& �� D��3�� �=�=B�
6
 O� K�� f^3 6^�/ �6*@� i$�� �=M=��3�� 2�!h�

.a9; .Kw	;m ] D�ZB 01 _zq7 ��h  i¶� %& _�
 X 1/7/ U'7�]/ Q>�� .]�� ���`�� »�3B �=j/
K�5
 ®7 3��/ .r �r3��/ ³��w 3��/ Es �� �=�� 6; �S=9

k	�33��/, � @F] c & D��3 �� � =j�K&l 8MMx ��; pq 
 m 1 8*�� k+�& fF] c& ����9 i7�>	 D��3�� �`6��	

 ³��G c1 /; »
Z�� k+���CD,  . 1�L3�� cMaB ��; pq
�� k&U'�� �S'/ Q>�� .]�� D��R 

2 −  _1�6� ³ =9�3�� C& �� D��3�� �=�=B�
6
 ( D ���� c 1 � *¢ F 9 D��3��/ D���� c& .q 7/� b	
 � P��� � =*Z3�� c1 �*¢ ^/ �P��� �=*Z3�� ��'/ ¥�y

^� �s! _q; pq ,D���� ��'/ ( 7/� 0 1 �=�=B�
 6
k & . x��3��/ U'7�]/ Q>�� .]�� D���� EF `�� 

 t= y�3��/ ») �� D� ZB/ Q>�� .]�� U'�� �S'/
 �m��/ O/
K�l� k+��� ³��G c1 /; D��3�� i1�r&/

g�s� �><��R 
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 -3 _q; � 7/� 0 1 C& �� D��3 �� �=�=B�
 6
 � x�9 fF ] c & �= 6*@� _�7�S�� ��ZB5 ( ���`��
 c & J Pq =r ¤/ � =j/
K�l� �`w jh� 7��KB/ i��15

�� �=r$ U%V �=�1�LB _�7�S& 45 i����� �=6*@� _�7�S
 .a9; i7�>	 �=6*@� _�7�S�� c& cKM3�� ( D!�6 ��

i��3��� �Z��`�� c&R 
 k & � 6�7�� �s! Co�3j ³L3B/ �� ��� � 6�7�

�2005�, 7�'�  & �  6�7�/ �2005�, [�  ���� �  6�7�/ 
�2011�, ~  ?�� �  6�7�/ �2011�, i��  ' �  6�7�/ 
�2012�,�]¡/ \1 �6�7�/ � c�2013�, 01 _q; X3�� 

 01 C&�� O/
K�l� D��3�� ��<36^ �=	��l� Co�3*��
i��3��� �Z��`��	 �j7�Z& _�=y����� ( .=>?3��R 

 cw B � 6�7� k & � 6�7�� �s ! Co� 3j Q�3Â/ 

 zj�'/�Chen & Jones, 2007 � �� '/ ��	 _��9; X3��

 6� b 	 �=o�> $5 ���� n/�9 O/
 K�l� D��3 �� �=�=B�

_�=y����� ( .=>?3�� 01 i��3��� �Z��`��/ C&�� R 

t*;M,� "�M#�� F/M,�� ��h ��U�g�:  7� %3]^
 U j; 01 �*� [s�� O�P�� ��L�� �?x� n/� 9  '�B

 �  �^� H�3r  &   *1 d�=o�>  $5 �  ����0.05 ≤ α � b  	
 �  =%���3�� b31�  M��� s  =&FB _�  '7� _�`  6�3&

�a��/ t��> � [ �%�� I *@� J KL3�� 7�%3]� ( �`	
 �=%���3�� �1�M���� ,[} %�� [7�> �� H�3r�� *1

 ~^3  6^�/ ,\Kw  �� U%  V ~^3  6^�/ ,\=  �?3��/
\  K�� I  *@� J  KL3��/ ,\Kw  ���� ��<3  6� D  B ,

7�%3]��_ �T-test b 	 n�L�� �=o�>$l� ��^�� �9��� 
_�`6�3��,3�� f/��/ �� L�� �s! Co�3j ty�� ~�:

 
 �^� G��O75:9  �-�^7? 9)���� *+,��� ��U�g� � �L0�T��� ��U
/���� V��!-��� ?�O�K ?�L�!�� V0 o/,�� ��[��X 

��U
/���� 7p=279 �L0�T�� 7p=289 ��!-��� 

*4��� e m e m 
KXu 

�-�^ 

v?w 

(!�;� 

 ��[��� 

�-�^ 

2η 

�-�^ 

vdw 

 ��>

 *xy��� 

3rU�� 3�!��� 4.51 1.25 2.50 1.31 53 5.81 0.00 0.617 1.569 *Uk 

5������ 4.81  2.38  2.46  1.37  53 4.49  0.00  0.517  1.207  *Uk 

5+C�� *n z[���[� 3.70  1.26  1.85  1.20  53 5.53  0.00  0.598  1.492  *Uk 

5+C�� z[���[� 3.37  1.44  1.82  1.05  53 4.55  0.00  0.522  1.224  *Uk 

 5+�� )���� *+,��� 16.4  4.73  8.64  3.50  53 6.92  0.00  0.681  1.864  *Uk 

 

 f/�� c& ta3��5 �\� �&: 
�9 ��'//��� n� H�3r &  *1 d�=o�>$5 �0.01 �

b31� M��� s =&FB _� '7� X`6�3& b	: � =%���3�� 

�`	�a ��/,L3�� 7� %3]� (  H�3r ��  *1 I *@� J K
[7�>  �� [}  %��/ \=  �?3�� H�3r  ��/  H�3r  &

\Kw �� J¢ f^36^�/ \Kw �� f^3 6^� H�3r & 
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/� =%���3�� � 1�M��� t��> � \ K�� I*@� JKL3��; 
 ,~�� 3�� 01 ,_ �M=+ 8Y�	 T=$�5.81 ,4.49 ,5.53 ,

4.55 ,6.92�  H�3r& *1 ���� �S�=¬/�0.01 R� 
�; pq  D�$��� M=+ 8 Y�	 T =$ ,J%q J:v3 d, 

 ,~��  3�� 0  1�1.569 ,1.207 ,1.492 ,1.224 ,1.864 �
 �M=+ �h d���j g�W/�d � c& mq;�0.80�R  

 pq�M=+ 8Y�	 2η ,~��3�� 01 ,�0.617 ,0.517 ,
0.598 ,0.522 ,0.681� �; X*�� �s!/ 62 % c�� %3�� c &

3M�� \  K�� k	�  3�� J  Y�   *1 I  *@� J  KL3�� 7�  %3]�
[7�>  �� [}  %�� H�3r  �� � J  Y3�� J:v  B 45 k  '��

.Z3r  ����C&  �� D��3  �� �=�=B�
  6� �;/ ,52 % c  &
 k	�3�� JY3M�� \K�� c��%3��� *1 I*@� JKL3�� 7�%3]�

\=    �?3�� H�3r    �� � J    Y3�� J:v    B 45 k    '��
.Z3r  ����� D��3  �� �=�=B�
  6C&  ��/ , �;60 % c  &

 k	�3�� JY3M�� \K�� c��%3��� *1 I*@� JKL3�� 7�%3]�
\Kw�� J¢ f^36^� H�3r& � J Y3�� J:v B 45 k'��

.Z3r  ����C&  �� D��3  �� �=�=B�
  6�/ , �;64 % c  &
 k	�3�� JY3M�� \K�� c��%3��� *1 I*@� JKL3�� 7�%3]�

\Kw  �� ~^3  6^� H�3r  ��� J  Y3�� J:v  B 45 k  '�� 
.Z3r  ����C&  �� D��3  �� �=�=B�
  6�/ , �;68 % c  &

 k	� 3�� J Y3M�� \K�� c��%3��� I *@� J KL3�� 7� %3]�
\K�� �.Z3r�� JY3�� J:vB 45 k'���� D��3 �� �=�=B�
6

C&��R� 

\� pq Co�3*�� �s! T$�%�� ¾L�/: 
 -18&�+�  1 C& �� D��3 �� �=�=B�
6 C &� 0

 »� B; � � XL> �� [ =�Z3�� D��3�� 	 O/
K�l� D��3��
 _�=�m��/ O/
K�l� D��3�� _�z=� ��<36� D��3M��
 � $�B5 k & � =�1�9/ �+�/ ���Sr	 �=j/
K�l� �=�1�L3��
 ®7�  ] D��3  M�� �  6�*�� 8  +��� ( f�]  �� �  x�9
 k & � Z9��� � =�m�� /; 8 *�� k +�& fF ] c& Q>��

 �=j�K&5 8 +��� 7� =3]�/ ����9 i7�>	 �`wj½� 7��K3��
 ��%	 D��3�� �/zB DB pq , 7�� c& ¥�S3jF� �6�*��
 c & � 1�j D��3 �� X `�B X3�� �$
Z�� �=M=��3�� k+����
 k & D ���� �� '�	/ ,� =B�W D��3 �� 01 i7Z��/ �����
 t= y�3��/ ») �� D@ �Z� Q>�� .]�� ( bM��3��

B/ JrL3��/ _�7� S��/ D=!� L�� f� $ _� V�Z*�� f��%
 I *@� JKL3�� �=M*B ( D!�6 �� �=6*@� _p=M�3��/
 c & .a 9; .Kw 	 �=%���3�� �1�M��� H� UB���3r&/

�`	�a�� �1�M���R 

2−  U '�� �S'/ D���� k& ¶�%�� .x��3�� .S6
 �  =j/
K�l� _�  =�m�� ��  '/ .  � ( Q>  �� .  ]��

^�� �=�1�L3�� Jr L3��/ »)��/ 7����/ �w+�*M�� mq; 
 ( 1�  6 �  � U  =j/
K�5 i7�>  	 �=  6*@� _p=  M�3��

D=!�L�� E��=36� �S=9 �w+�*��/ �=6*@�, �7/ 	 �s !/ 
 I*@� JKL3�� �=M*B ( D!�6��=%���3�� �1�M�M�R 

3−  _q;� 7/ �� 0 1 C&�� D��3�� �=�=B�
6
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 D��3M�� Nw*��/ ¦��l� Q> �� . ]�� �7/� . =�LB/
 �=M=��B Q+��& ( D��3�� ky/ ( 8��6 pq ,U'7�]/
 �`w j; k & � �& � =j/
K�5 i7�>	 �S�$ 01 k�wB
 i���� ( D!�6 �� �=�1�L3�� _�=�m��/ I7�� E�3K��

�`wjh� �s! .� D��3�� �=�9��, �=M*B ( D!�6 �7/	/ 
UB���3r&/ I*@� �JKLB R 

³L3B/ k& �6�7�� �s! Co�3j _�6�7� c & . q 
 [7��3���2004�, �M��z@�/ �2004�, /  M|�2005�, 

 [�Mw   @�/�2005�, / =r   ���2005�, [�Z��   %1/ 
�2007�, / k=Mr  ��%1�2007�, \  1/ �2007 � X  3��

 f� $ ( UB���3r &/ I *@� J KL3�� �=M*B 01 _q;
/ n� `	 � �=�Z3�� A�73�� �Z��G J=YB�
 6 _�=�=B�

 � V7 � 6�7� k & � 6�7�� �s ! Co�3j ³L3B pq ,�P�$

  �%1�2008�, cr $ �6�7�/ �2013�, _ q; X 3�� 
 J  KL3�� � =M*B ( �  S�=�LB/ � P��� �  =*Z3�� � =�; 0 1

I*@� R 
t*;M,� I��#�� F/,�� ��h ��U�g�:  7� %3]^

 Uj; 01 �*� [s�� T��P�� ��L�� �?x� � +F1 '�B
 �=G�%B7� � �^� H�3r &  *1 �=o�>$5 �����0.05 ≤ α �

 I  *@� J  KL3�� b  	�,.  Kq �  �	7h� UB���3r  &/ �
N 6�3�� O� P�� Q> �� EF G H� .=>?3��/�; D B 

 EF G _� '7� b 	 �� 6J	 «� %B7� .&��& E�r$
 7� %3]�/ \=> ?3�� 7� %3]^� ( N 6�3�� O�P�� Q>��
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