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Virtual Manipulatives (Magic Board)-the Helper for Special 

Education Teachers in Teaching Mathematics 
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Abstract 
 

Recently, an idea to create “virtual manipulatives” was proposed by Moyer, Bolyard & 
Spikell (2002) to present opportunities for constructing mathematical knowledge. This is an 
exciting technology for use in teaching mathematics in elementary schools. Virtual manipulatives 
are often exact visual replicas of concrete manipulates, and are placed on the Internet as applets. 
Children can use the computer mouse to manipulate the images. These creations are a result of 
innovations in computer technology that allow programmers to create electronic objects. It is 
specifically useful for those students who have difficulties in connecting abstract mathematics 
symbols and concrete experience. In this article, an instructional tool, Magic Board, was 
introduced for special education teachers to use in class. It is hoped that more teachers will enjoy 
the use of this tool to integrate technology into their mathematics teaching. 

 
Key words: virtual manipulatives, elementary school mathematics, special education, technology 

integration instruction 
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Abstract 
 

This study was to develop a word recognition difficulties test of 1grade to 3 grades in the 
elementary school for Macao. The procedure is as follows: 1.Set apaper. 2. Pretest. 3.Formal-test. 
The results of the study were listed as follows.1. According to the result of the reliability 
examination(from A and B ), the Cronbach value of internal consistency of 1 grade to 3 grade 
was .96§.946§.947(from A )and.973§.902§.941(from B).  As for the result of the validity 

examination, the content validity of this test was through experts’ review and judgment.Finally, 
there are some suggestions for the practical use and the future researches of the test. 
 
 
Key Words: Word Recognition Difficulties§Macao§1 grade to 3 grade 
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FIGURATIVE LANGUAGE COMPREHENSION AND VERBAL 

ANALOGICAL ABILITIES IN POOR READERS 

 
Pao-Hsiang Chi 

 
National Taipei University of Education 

 
The purpose of this study was to investigate whether students with reading comprehension 

difficulties had more problems in comprehension of different types of figurative language (i.e. 
similes, metaphors, idiom, proverbs, hyperbole), and performed worse on tasks of verbal analogy, 
as compared to average readers. In addition, it was aimed to explore whether comprehension of 
figurative language, verbal analogical reasoning , nonverbal reasoning and working memory were 
related to each other. The 52 sixth grade students were assigned to subgroups of average readers and 
poor readers with comprehension difficulties based on a reading comprehension screening test. It 
was found that average readers outperformed poor readers on comprehension of all types of 
figurative language and verbal analogical reasoning. In addition, figurative language comprehension, 
verbal analogical reasoning, were found to be associated with nonverbal reasoning. However, 
working memory was not associated with figurative language comprehension or verbal analogical 
reasoning.     
 
 
Key word: Reading disabilities, figurative language, verbal analogy, poor reader 
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 |}/ ~ � / � �  |}/ ~ � / � �  |}/ ~ � / � �  |}/ ~ � / � �  
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n 5  op� � �   � ¡ .4 ¢ £¤¥ ¦ § ¨ © ª « ¤� � § ¥ ¦  

¬ ­  ¥ ­  �   �  ª «  

M#N 1 1.00  

 2 .92  

 3 .88  

 4 .76  

MxN 5 .96  

®ª «  6 1.00  

 7 1.00  

 8 .40 ®ª «  

MyN 9 .79  

 10 .79  

 11 .88  

 12 .58  

M¯N 13 .76  

 14 .79  

 15 .93  

 16 .86  

M°N 17 .90  

®ª «  18 .34 ®ª «  

 19 .66  

 20 .76  
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n 6  �p� � �   � ¡ .4 ¢ £¤¥ ¦ § ¨ © ª « ¤� � § ¥ ¦  

¬ ­  ¥ ­  �   �  ª «  
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K}�¼@áùX ; y S � �EÕ��� S

lá� < � L)�¾� <þH¼�7D á �

@ ») � � <þH¼ � rùX� e � �)L

ÌþH¼K}�¼@áùX ; y S � �E�

Ì�ò) V ¿� S lH .�L 
º H¼æ*

þ)�L 
º ùXæ 24ùb"Y 7cE 

 
 

n 7  � � �   � ¡ .4 ¢ £¤¥ ¦  

± ¬ ­  ± ¥ ­  �   �  ² ¬ ­  ² ¥ ­  

oM#N 1 .75 M#N 1 

 2 .77  2 

 3 .78  3 

 4 .46  4 

�MxN 5 .69 MxN 5 

 6 .72  6 

 7 .75  7 

 8 .62  8 

oMyN 9 .77 MyN 9 

 10 .79  10 

 11 .90  11 

 12 .61  12 

�MyN 9 .73 M¯N 13 

 10 .63  14 

 11 .81  15 

 12 .57  16 

�M¯N 13 .83 M°N 17 

 14 .74  18 

 15 .67  19 

 16 .63  20 

oM¯N 13 .78 M³N 21 

 14 .87  22 

 15 .85  23 

 16 .87  24 
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����� � 
 � �� � 
 � �� � 
 � �� � 
 � �  

��������z { | xz { | xz { | xz { | x  

� S l¯@ q �< ^ »á Cronbach’s �
ÃO)��× 
 S lá  .è lb"Y 8c)
Kð,
 S lá  .è lb"Y 9cE 

 
 

n 8  q r � � ¤́ µ #¶ b Cronbach’s � · � � {̧ � n 

 � �  1 �  ¥ �  � · �  

op� �  #� �  25 20 .68 

 x� �  24 20 .72 

 y� �  29 20 .83 

�p� �  #� �  26 20 .69 

 x� �  25 20 .68 

 y� �  23 20 .63 

 

 

× 
 �, S lk ³ � 
 è l¿)<ô ô

á� 
 Cronbach’s �ÃO�.68)	ôô á�

 Cronbach’s � ÃO�.72)�ô ô á � 

Cronbach’s � ÃO�.83)2 � �,S l>�
� ô ô ·r Ò � ' � 
E× 
 � , S lk ³

� 
è l¿)<ôô á� 
 Cronbach’s � Ã
O�.69)	ô ô á � 
 Cronbach’s � ÃO
� .68)�ô ô á � 
 Cronbach’s � ÃO
�.63)2 � � ,S l>�� ôô ·rÒ � '
� 
E 

 
n 9  ¹ pr � � ¤́ µ #¶ b Cronbach’s � · � � {̧ � n 

� �  1 �  ¥ �  � · �  

#� �  268 24 .82 

x� �  215 24 .80 

y� �  278 24 .82 

 

ð, S lk ³ � 
 è l¿)<ô ô á �


 Cronbach’s � ÃO�.82)	ô ô á � 

Cronbach’s � ÃO� .80)�ô ô á � 

Cronbach’s � ÃO�.82)2 � ð,S l>�
� ôô ·rÒ � '� 
E 





����T { | xT { | xT { | xT { | x  
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� S l N 0 X � S lv)] O ° � h K

� £ 4ªá¶ ZK� )¼@� £ � � ��
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Q � � � r H)� h �� �


´ �q �� ���
Q � � Ý Þ ß )� h �

� �
 ´ �q �� ��� Ú �� Û Ü � �

 )� h �� �
 ´ �q �� ��� ¡ � à

Aü)S��H¼KùX'� � b"Y 10c)
Õ�� ¶ ZK� 'z � ���ð� �× 


S l¿× 
 �S � � ¿)S� ³ ª 0.4 ��
  . è l)Õ�� Q ù)��X � ð, 
 S

l)*�S lArÖ% '¶ Z­ 
E 

 
 

n 10  � � § º » � � ¤¼ ½ § � ¾ ¿ À X Á � Â ¹ n 

¼ ½ § � ¾ ¿ À X Á  Ã Ä Â ¹  

Å Æ + g Ç � È É ÊË + X Ì Í R Å Æ + g Ç Î Ï � Á ¤Å Æ � 

op� � S
� � T�Ð 8 ¥ Ñ Ò F & Ó Ô

Õ Ö × M& Ø � � + Ñ � ´ Ù N� 

ÚÛ Ü Ö × + � Æ Â ¹ * � Ý Þ > ß � 

op� � S
� à T�Sá Êâ T� � � �

� ã ä Ï V� 

ÚSá Êâ T�� å Â ¹ * Sæ ç T� 

op� � S
� à T�Sè é T+ Ï : ê ë

& K ì z �" & " ! Ï SÊË T¤í îï

Ý ð > � + VW � 

ÚSè é T�� å Â ¹ * SÊË T� 

�p� � S> > £� ñ T�SsP T�Ss

òT� 

ÚSsP T�� å Â ¹ * SsòT� 

�p� � S> > £� ñ T�Só VôT�SV

� ôTõSö � T�S{ö T� 

ÚSó VôT�� å Â ¹ * SV� ôTõÚ

Sö � T�� å Â ¹ * S{ö T� 

�p� � S½ � ÷ ø T�SL ùú T�Sû

ùú TMü z � � ý þ N� 

ÚSL ùú T�� å Â ¹ * Sûùú T� 

�p� � S����T�S� � T�S� � T

�SX �	 � � T� 

ÚS� � T�� å Â ¹ * S� � T� 

�p� � S����T�Ð 17 ¥ Û Ü S


� � 
 T�S
� ² � T� 

ÚS
� � 
 T�� å Â ¹ * S
� ² � T� 
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¼@áý ��ùùX; y S� �E 

 

��������� � � �� � � �� � � �� � � � 
 � � � � �
 � � � � �
 � � � � �
 � � � � �  

b<cz{ �× c «Y 
�S l�< vS� <[� T ` 5)��

Öç ôô á  .è lb"Y 11c)Õ��ô
ô z{ Öç �× E 

 
n ���� � � d s � � l ¸ � n�

¬ ­ � ¥ ­ � �   � �

M#N� �� � ���

� �� � ���

� �� � ���

� �� � ���

MxN� �� � ���

� �� � ���

� �� � ���

� �� � ���

MyN� �� � ���

� �� � � ���

� ��� � �� �

� ��� � ���

M¯N� ��� � ���

� ��� � ���

� ��� � ���

� ��� � ���

M°N� ��� � ���

� ��� � ���

� ��� � ���

� �� � � ���

M³N� ��� � ���

� ��� � ���

� ��� � ���

� ��� � ���



'�(�)�*�+,'  - 96 . 12 /  0�1�2  42-58 3  
 

 55 

� � ôô g î·í 200 H�N[�)Õ
��� h 4ª F � J áÀ � �� )g î� ×

[�)� × [��<·�ô ô �NEG Ä æ

¢ ú S l 779 �)î²r­ [� 761 � ��
�× [�¿<ôô ¢ ú S l 277 �)r­ [
� 268 �¿	ôô ¢ ú S l 221 �)r­ [
� 215 �¿�ôô ¢ ú S l 281 �)r­ [
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� e ôô ác «�× E 
f r­ [�á� � ²À)S SPSS   .

� J ��< �)f S lá� ;ÀO©
 � Z
ÀOb�òÀOc)ÕR ² PRnEf e ôô
r­ [�� R ²á� ;ÀO§�òÀO§K

PR)��Öç ôô z{ Öç ôô á�× c «

YE 
b	cz{ W � � 
� S l�� h 4ª a ½ õ ��P�� o

�Ü 5 S l� < )��X � � h 4ª ö +r

� ÷ k Ü 5� ³ á�P�� ��áê Ý)ø

*r � � �P�� /)· t � � �P�� )

X � d eS�P�� ��áê Ýz{ W �

�E�Ì� S lX � W � �áz{ F)¯@

Î � Ü 5�òéS�r PRn� 25SÞb¼
@ PRS25cáÀO'ß �O)Õ��: ß �
Oc «y}C Àüô bPRc��W � �b"
Y 12cE 

 
 

 
n 12  � � � � � ^¤�  u � ?Ô Õ u � § s� � ! " l u � ü # $ 

� �  ü # � M�  u � N ü # � MÔ Õ u � N ü # $MPR$N 

#� �  6 37 9 

x� �  12 37 12 

y� �  14 33 10 

 

��������� � � � 
 � � � �� � � � 
 � � � �� � � � 
 � � � �� � � � 
 � � � �  

��������1 �� !1 �� !1 �� !1 �� !  
�L 
º 0 ! c "G �J¿NO n q Â

T)ç v`FÜ 5�P�� G �1 � �'�

�)Ê �h 4ª>:þä'S l6 M ?ö t

k ô )ÖÐ) 5 o �'S lS� �Ü 5�L

�P�� G �)ç v )̀ 5 Ar4ª�× á

S lE�Ì)�S l	 6 m �X']F�¹

0 S�òI+ö MvÜ 5y�L �P�� G

�)S¾� [c G �� � á�L 
º ø ù

6 M MË á��} � éK E 

 




����� � I �� � I �� � I �� � I �  
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 /

§ � � <ôsáS l)� Ë�ôô § � 	ô

ô áS l)�Ì�S lá*@c _ R[c �

��ôô ?�� r sá�N¿� �S v:�
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 /§ � : ôsáS lE�

Ì)� ù c �NI ��S l)Lc _ ·í�

��<ôô Þ�� r sá�NE 

 

    ����! " # �! " # �! " # �! " # � $ % & � '$ % & � '$ % & � '$ % & � '  

��������w x [ � \ Ø Ùw x [ � \ Ø Ùw x [ � \ Ø Ùw x [ � \ Ø Ù  
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º { |
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The Development of the Chinese Reading Comprehension Diagnostic Test 

for Elementary Students in Macao. 

 

Meng, Ying-Ru So, Chiu-Ho Tyan, jong-miin 

National Hsinchu University 
of Education 

Sisters of the Precious Blood, 
Hong Kong 

Lishin Elementary School 

 

Abstract 

 
The purpose of this study is to develop a Chinese reading comprehension diagnostic test for 

elementary students in Macao. The test assessed students' ability of literal comprehension, content 
comprehension, inferential comprehension, summarization and self-questioning. The norm was 
established based on 761 students for the 1st, 2nd, and 3rd grade. The test had undergone expert 
validity verifications. All scores had undergone internal consistency reliability test. The norm and 
the cut-off scores were developed according to the results. More results, analyses, and suggestions 
have given in the paper. 

Key word: reading comprehension, literal comprehension, content comprehension, inferential 
comprehension, summarization, diagnostic test. 
�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 60 

����������	
��
������������	
��
������������	
��
������������	
��
��— 

� � � � � � � � ��� �� � � � � � � � ��� �� � � � � � � � ��� �� � � � � � � � ��� �  
 

� �#  

 
^ I� { �N�� 

�  

· & c  

 
�¿ & Ä �û ê � ÷
��

d Ç e   

� f =  

 
� � �� � �J � ��́  
J � 	 
�  � ��  

 

���������������� 
 

� 	 
 
 > o p ����� ¾@ PETAIbPhysical Education Teacher 
Assessment Instrument, PETAIc N���  ÙF e)"�g ó�y MÍJ � ��
v� ¤_ Û Ü á� à 	 
E�	 
¯@% IÂÒ Iì= 	 
þ,��)� 	 


c _ ¼½<´���  K�g óâ ôô �N) h N*H) � N�H)æ?HE[

c �g ó�N' � � ª¾)-.e ìð '« % ��Â i % ��'MÍJ � > +)

��³ +]+Ö 4 Ö n )ÀÁ� ��Â�N��)ÕS % » j `þe)�<0

o p � ��'Yz � X )f }G Ä ® � � ��¤ _ Û Ü á ç è )��( e ®

k ��% % E	 
ê Ýk ³ C À�  .Â�R@ 
ÀÁá¿)R ²SÞG Ä é 
<§� ��v:À © é>�ð MÍJ � > +�)� '���� 8 @ J � �

�v:' 79.57"~70.28"¿÷
��v:8 @ J � ��v:' 20.43"
~29.72"EÀÁ����� X6 z)SB±Í e º O'v:V u)B�Ì¢ £ O
'v:V íEÀÁ÷
��� X)SB��÷
O'v:V u)B}� [ 9O

'v:V íE 
	§�N��v:À © é� >�ð MÍJ � > +���)�N' ç Â�� 8 �

N��' 82.96"~75.94")÷
��8 �N��' 17.04"~24.06"EÀÁ�
Nç Â��� X6 z)SBÀ© & Ä �Pv:O'v:V u)B��Â; PO

'v:V íEÀÁ�N÷
�� � X 6 z)SB��÷
O'v:V u)S

B}� [ 9O'v:V íE 
�§� á��YzÀÁé� 	 
»l � þ,§��& J§��÷
Â�� ¢ £

ü�þä� ÀÁ� ��'YzE 

 
�� Á éPETAI  � �� � Û Ü   MÍJ �  

 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 61 

��������+ , - .+ , - .+ , - .+ , - .  

Ø ��� �   .ê Ý� y) � ·? �

�ô
�<�� ���� r s�q �� �N

TO  .)¢ V �� �NTO� 2,241Tb�
� �)2007cE]�£ >���� r sær�
�� g ��)æ.�  �ó)���	 	

ó)���  �ó)>�NTOþä)� g

�����ær 155 H�N¿���rær
164H�Nb�� �)2007c¿!?t   .ê
Ý²�)>���� r s)0 >� g �� §

� ¶ h �� '�NTO� 319 T)8 ]J �
g �NTO' 14.23")r 85.77"'�g �
NÀ m "< 5 ��'� g ó� L )!ÌR

�) í � ��'� g �Nw >< 5 ��× -

'� g ó� L )>J � > +' � « ?)R0

!��� n Ç )Ð��� �� J � >

+)F Ç 0 ( e r­ ��'X�)Fn² o

p ' � ùEJ � O �F���� �NÖR )

í'� J  I Â�Pk l)���� �NA

r ( � ' � � Ò Ó )Ë 4 ® � h H M»I'

�� 1 �)S ¼ * �q �N' � � ª¾)*

} c À6 o p 0 )� ��q �� '
ñ j a

�'¡ �EJ � > +'��FS� ���

� � � O �§ � Í � c K m � O �) > ? ?

� ¹ �% � 1 '� q )´� �'F��& 0

'I PÂ� � (Siedentop, 1982)E� >I �
MÍJ � ��v) y ï è Ô > + q 2§�N

�^K�P� ­ üþä) $ 0 � y r­ '�

�E� }F��ó'�N)����'�� )

c "MÍJ � �� O �r<5'« Ê »)�

S� >�� o �J � > +v) y ï ß j�

N r s �
�� ) $ 0 ( e ��'­ Ä E�

g ó�N!" ß ^ ?' ¢ V �� )d eKv

4Â� � l � ) � � ��?' Ò Ó )�Ì�

 '��� � �MÍJ � r­ ��'� � �

�E>��³ +�)� y ï �� I � '�

� � Ô) { ]�ð}�� q 2)>��v:

þä) y ï t õ> + e t v:Â > Ñ ÷
v

:) # í�Nü Ã v:b ( d H)2001¿u
Ü v )2002¿� w x )2000¿� y z )1994¿
� { Y)1993¿ ~ A | )1992¿Beveridge, 

Gangstead & McElroy, 1986 ; Siedentop, 1991; 
Rink, 1998c)S® � �NV � 'ç ÂI PÌ
xE 
Y��� �/ Beebyb1996c>,56

��Z'�� % % -bThe Quality of Education 
in Developing Countriesc<æ �� y)��
% % F� � % '±Í) 
 r � '� )Ö

xr � '�� )!"�� ' % % ® â )��

$ x�0 E�® ¯ � ¶  ÷ ò� ¹ r ®  

ê } � �)ý < � þe� F� Û Ü E��

~b1997c� y�� '� � ) � " ê ' Ò
�) ; ]� � % ' � � §¶  Â Ç f Â�

� '� � c c o �¿��� % % ' Ú � w F

>�� O � Ù Ú�Ö 0 Ú �)� ; Í>�

P³ +�Ö 0 4' � ! Â Ú �E� 	 
 � �

� ³ B�� Ö n O§B � ` Û Ü Oì = v w �

 Û Ü ê Ý'þe)j� ��� ³ <¢ >

¿'Û Ü ) � º ��>� > ³ +�'Yz)

(e Ú � ��% % 'X'E 
� 	 
[ c � g �N' � � ª¾-.«

% K i % 'MÍJ � �� q 2) � ³ MÍJ

� �� q 2'I �) H y����� � y

MÍJ � ��v) N��Yzr 4 Ò Ó �

� 	 
'X'rSÞìf)<§ w º ���

 >� g óMÍJ � ��³ +�)� ��

K�N�� � XKv:À © � X E	§ w º

� g óMÍJ � ��³ +�)� ��'Y

z� X E 
� 	 
S PETAIbPhysical Education 

Teacher Assessment Instrument, PETAIc� 
Ù F e)S� w º ��� >� g ó� y M

ÍJ � ��v)}� ��Â�N�� � X



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 62 

Kv:áÀ © � X EÌ�)` © H j `e)

o p ��� >� g ó��v}����Â

�N��' Ò Ó )��j� 0 ¤ _ Û Ü }

? > � ­ )� � 	 
G Ä r�"�����

 I zA Ó 'MÍJ � ��E 

 

��������% & � 	 $ / 0% & � 	 $ / 0% & � 	 $ / 0% & � 	 $ / 0  

�	 
¯@ PETAI�  ÙF e)f  N
> > ? ?� û X 'v: µ SÒ I   .)ÕQ

S j `e) o p ����� c � g ó�N

� y MÍJ � ��v)� ��Â�N��

o �'Yz � X )�< 0 ÀÁ� ��'Y

z)® � � > ¿¤ _ Û Ü ' ç è E� 	 


á	 
� � ËW 1�� é 

 
 

 

 

 

 

 

 

 

 

 
& 1  ' ( ) *  

 
 
	 
c _ ����� <H)Â< 5 �

�â ô ô � g ó�N?T) h N*T) � N

�TE} ê 
¢ ��T)� 
¢ ��Tb}

�	´�u� �� §<´�¤ � ? §<´�

³ �cE�	 
¯îÒ I'�  ÙF e)Q S

% » j `) v w o �ê ÝESBPETAIO�
Ù F ¡ A)ÀÁ��� 'B��v:OÂ

B÷
v:O¿SK�N'Bç Âv:OÂB÷


v:O)� W H y� ��Â�N��'o

�»E � ð ��¿  À ¿ )�� v f ¢ S j

`) o p ��� >� g óI � e ì ð « %

��Â i % ��'MÍJ � > +¿)��³

+�� ��'±Í)j � > � 0 º ± �

}����)��¤ _ ��Û Ü á ç è E>

> + q 2'-.?)!<´ ¶ Ç '���

 )[ c �N¤ � '0 ! )K}�P° ± Â

ß � �P'J � & 0 ü� � )-.M»I'

MÍJ � > +E� 	 
�¯@'B J � � 

ÙF �  ObPETAIc)F!Y�Wisconsin-La 
Crosse � �� �% ���	 6 )t "T»I
'U � � J )	 
/S��  � [ u )µ S

� Ú � ��H³'�  Ù F e)S ' h H �

	 
Ù F ª¾) � ³ ê � I'�  Ù F e)

r­ � ¸ � Ö Â. K  N�� Z +���Y

záv:)ÕRS>Ù F � � ¿ . ] ® � �

�/m�N�r'Ù F O�)����/J

¿�ð��' ç è EÌ�  Ù F eRç vÙ

F � ��K�N��)� ��rì � �

���  

 
� �� 

 
�N�� 

 
� ��¤_ Û Ü  

�g ó�N 

PETAI 
�  ÙF e 

v f ¢ S j `e 

ð,j ` 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 63 

æ.  f'�� � X¿�N��rì � � æ

.�f'��� XEPETAI �  ÙF e��
� XËY 1KY 2�� E 

 
 

n1  PETAI+ � , - : � ¾ .* í ¦ l Ì n 
���������������� 

    í ¦           l Ì  
���� 	 
���� 	 
���� 	 
���� 	 
  
£ô/ 0  � ¾ 1 � /̂ 0 ô2 {3 + � � � � 4 ! Ï + 4 5 � 

67 / 0  
� ¾ 1 � ^ 8 j 9 ? : Ã �; � < > # = Êl . * >? 4 ! Ï +

4 5 � 
@A MBN � ¾ C � � � D̄ E >4 �, - � �̂ � ! Ï + 4 5 � 

nF |G 
� ¾ C � ^ H � I #Êl >? M J K NL� M N O P >? Â ¹ ¤

Z Q R S ! 	 Ï + 4 5 � 

>T |G 
� ¾ * U V � ^ 1 J W £� � + X Y � O P #w Z [ �\ ] 4 !

Ï + 4 5 � 
���������������� 

    í ¦           l Ì  
��� � 	 
��� � 	 
��� � 	 
��� � 	 
  
^  ?_ ` £ô � ¾ ^  £ô?$Å § _ ` £ôMa ôn4 5 N4 ! Ï + 4 5 � 
b c d e  f Ï ?u v ?g h § i � b c 4 ! Ï + 4 5 � 
jk ?u j � ¾ l v J W � � � mn îMoNp 4 ! Ï + 4 5 � 
.* d e  � ¾ * � d e � ^£ô.* ! � q 4 5 � 

3 r P s  
� ¾ C 3 4 P s 4 ! Ï + 4 5 �& C ô2 t 3 u + .* ?�v ^

w x y z � 
 

n 2  PETAI + � , - : � ^.* í ¦ l Ì n 
� 
 ��� 
 ��� 
 ��� 
 �� 

    í ¦          l Ì  
� 
 � � 	 
� 
 � � 	 
� 
 � � 	 
� 
 � � 	 
  
H { ?| �  � }̂ P H { ~ >M� >N4 ! Ï + 4 5 � 
u v J W � � 4 5  � �̂ � �� � J W 4 ! Ï + 4 5 � 
u v m� op 4 5  � ^m� oMîNp 4 ! Ï + 4 5  
� 
 � � 	 
� 
 � � 	 
� 
 � � 	 
� 
 � � 	 
  
^  ?_ ` £ô � ^̂  � _ ` £ôMa ôn4 5 N4 ! Ï + 4 5 � 
b c d e 4 5  � f̂ Ï ?g h � i � b c 4 ! Ï + 4 5 � 
jk ?u j � l̂ v J W � � � mn op 4 ! Ï + 4 5 � 
3 r P s  � ^.* ã : � � + � � � �, - � ã : � 0 � � ý � ?� �̂

ä 5 ã : Z � e 0 � 
 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 64 

�	 
>Ò Iþä)¯@ PETAI�  Ù
F e) É Ö �� O ��� ��Â�N��

� Xyz'v:)� 	 
�@'B J � � 

Ù F �  OÙ F � )¼@ 	 
/K<´��

� bì´ w Ar  ôS?'��ô ê LA

MÍJ � o �Õ Ö cEÙF �  I ³ +)a ß

� � �  Ù F ¡ A� e f � X'5S )Õ c

À p ÈÂc «) � � � X5S K É Ö þ,)

c ç < È � U i æç �Ù F I P)Ù F á¿

c Ù F ³ +��6 N'{ |Âø ùµ S p

È) d R0 6 N'� ��K�N�� � �

"Ù F ¡ A' � X�)á¿ � � � � 'Ù F

É Ö I P)Õ[ c � <f� �� � XÂ�

N�� � X'G Ä µ S É Ö )¯î � � ��

� X' � 
 è l) ¦ e � <f � XÙ F /:

' � 
(.80 S?) $ M Ë  I Ù F � '¡
�E Î ì � ¿) � e ¤Ù F � Ö <½)Sz

{ ÙF /q � 
)¦ e ÙF /q � 
(.80S
?E� 
è lþeFØ � Siedentopb1991c
�® y'� ,é 

 

<>=@?BADCEBFHG =@?BADCJI EBF
EBFHG =@?BADC

 

 
�	 
�¯@ PETAI�  ÙF eá� 


ËY 3EPETAI �  Ù F §q 2ÀÁÀ� �
RáÙ F /:' � 
ÂÙ F / q ' � 
)�

(e Siedentopb1991c�® )� 
(.80 S
?�R§ � U� E 

 
n 3  PETAI + � , - : — � � ¸ � _ � #� n 

 ��� � � �  

��� .93 .92 

� � �   .91 
 
 
�	 
�¯@' PETAI�  ÙF e'Ù

F c _ À�� K�Nì��)� 	 
> �

Ö ê ÝvF¯î� Â�N � � � Ö 'þ,

��E� � '� Ö 0 NÀt ËÞé 
b<c� ��� Ö 0 N 

1�Ã � ��ÙF > +'[ �ê ÝéÙF �
� H§��/� H§��H� §J� §

ôô §> +m ù§�NTOü[ �ê ÝE 
2�� ¥ � . � O �v�� � e ��n ó
� �� Ö ����E 

3�[c 	 
c _ b� > � c?> v�y
z'��)�« PETAI'� ��� X
µ S� Ö E� ËéÙF />��n i 5

;� ¥ v)n i yz5;?> � Ô)Ù

F / y ï « Þ>�ä � þ� �� �

B5;§G à ?> O¬).v¥ x>B5

;§G à ?> OfX?5;.vEÐË

n i yz� > +e º v)ÙF /y ï

]� « ÞB?> e º O¬).v¥ x>

B?> e º OfX?5;.v)Ìv5

;?> ��á.v¥ x¤�M Ë .vE 
4�ÙF /¾@?t áþeÉ Ö e ?> G à
�Ë )Ë ÙF ��G à v)�  '� Þ

þx 2 � y6 N> > ? ? � <f� 

'����Â÷
��'v:K C À

�E 
5�Ë ÙF G à ¿)ÙF /RS« ÞBÙd
É Ö G Ä O)f > +�o �'� ��



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 65 

�r'É Ö G Ä E 
b	c�N��� Ö 0 N 

1�>� Ö �N��á� )ÙF /Â	 
/
ß f � � � e @ J �N? > ��'n

ó ß × d ³ <½)[c 	 
c _ b�Nc

>?> ��yz'��µ SÉ Ö )× d

� n ó ¿)!ÙF /Â	 
/H yç <

v:q � ���N�yz'�N��E 
2�Ã � ��ÙF > +'[ �ê ÝéÙF �
� H§��/ � H§��H � §J � §

ô ô § > + m ù§�NTOü [ � ê

ÝE 
3�[c 	 
c _ b� S �Nc?> v>ç
<v:q � ���N�yz'��)�

« PETAI '�N�� � Xµ S� Ö E
� Ëé>��Ö n i � ¥ v)ÙF /6

zç <v:q � ���Nyz5;�

�O �'v» )ÙF /y ï « Þ>�ä

º þ�N��� B��O �§; PO¬)

.v¥ x>B��O �§; POfX?

5;.vEÐË n ó yz� ���N>

�P� ��� '> +q 2v)ÙF /

y ï ] � « ÞBç ÂÀ © & Ä �PO

¬).v¥ x>B� Q ç ÂÀ© & Ä �

POfX?5;.v)Ìv�� O �§

; Pá.v¥ x¤�M Ë .vE 
4�ÙF /¾@?t áþeÉ Ö e ?> G à
�Ë )Ë ÙF ��G à v)�  'º Þ

þx 2 � y6 N> > ? ?� ���N

�yz' ç Â��Â÷
��'v:

KC À�E 
5�Ë ÙF G à ¿)ÙF /RS« ÞBÙd
É Ö G Ä O)Ù d > +�o �'�N�

��r'É Ö G Ä E 
� 
 PETAI�  ÙF e�²e 'ê Ý)

Ff ��� � < ð > '� ��Â�N�

� � X) Ø �[ 9 É Ö e)Sp E d : 0 '

þ, Ã � # $ +,�)  .� ��Â�N

��'v:C À�E 
> % »	 
þä)[ c ��� �� j

`) � W H y	 
³ +�d eÒ I'� �

�Â�N��'Yz)¸ ! j ` µ S � û À

ÁE� 	 
¯@' j `e� v f ¢ S j `e

Âð, j `)[ c ��� ���½' v f

¢ S j `K<½ð, j `E¸ ! j ` ³ +µ

S o 
� q � d e@��Y('��)S

À µ � 	 
'r­ »E j ` ê ÝÀÁ)	 


/ O ° <´ J � � )f � Á � q 2ÂÀ �

þ,c Àp È¿)f j q̀ 2�« PETAI�
  Ù F e'� ��' � X)µ SÀ � Â�

R)�R � LËÞé j `��� ��'�

��R��-� n½j `-b��� XcEj `
r��N��þä�i�N-�-� n ½j `-
b��� XcEj `'� 
)!	 
/KÙF

/<ç f j ` ê Ý'� Á � q 2ÂÀ � þ,

c À p È¿)� � � 'À � �RI P) ¦ ·

ìTq >� 
KÉ Ì:'� 
(.80S?E�
	 
j `á� 
ËY 4E 

 

 
� 4 �	 
� � 
 — � � � � � � � � � 

 ��� � � �  

��� .90 .89 

� � �   .91 
 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 66 





����% & 1 2 $ 3 �% & 1 2 $ 3 �% & 1 2 $ 3 �% & 1 2 $ 3 �  

�	 
[c � ��v:À© §�N�

�v:À© K� ��YzÂ}�N��Y

zµ SÀÁE 

 

���������ó/ ��ó/ ��ó/ ��ó/ � � �� �� �� � u 3 ö Mu 3 ö Mu 3 ö Mu 3 ö M  
��� ��'v:À © � X ) k ³

PETAI �  ÙF e'Ù F É Ö   .¿)@ 

ËY 5�� EØ � PETAI�  ÙF e'� X
À � )��� �� � Xv:yz  .ËY

6�� E 

 

n 5 Ê� � ¾ .* 4 5 / � u î� {n              � � �� 

� � � �  � ¾  

 �  

 
.* í ¦  

KMLON
 
KQPRN

 
KQSRN

 
KUTVN

 

 � 
 
 
 

 � 

 � 
 

 
 
 

 � 

� � .*  1579 1985 1927 2115 7606 75.01 

d e .*  653 523 815 543 2534 24.99 

� ¾ .* z { 2232 2508 2742 2658 10140 100 

     
n 6 Ê� � ¾ .* í ¦ 4 5 / � u î� {n 

�� 4 5  
 

� ¾  
.* í ¦  

Ð#


M�N 
Ðx


M�N 
Ðy


M�N 
Ð 
̄

M�N 

 � 
 

 
 
 

 � 

� 
 
 
 
� 

�  ! "  355 231 301 198 10.70 3 

# $ ! "  813 1118 864 753 34.98 1 

% & '() 298 523 654 1080 25.20 2 

�* + ,  65 71 58 46 2.37 4 

� - . /  

0 1 + ,  48 42 50 38 1.76 5 

� - . / 2 � 1579 1985 1927 2115 75.01  
WYX[Z]\_^a`cb

 48 21 20 26 1.13 4 
3 4 5 6  25 78 94 163 3.55 2 
7 8 
7  69 92 98 85 3.39 3 
. / 5 6  487 332 582 257 16.36 1 

5 6 . /  

9 : ; <  24 0 21 12 0.56 5 
5 6 . / 2 � 653 523 815 543 24.99  



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 67 

!Y 5 KY 6 'G Ä ²�)��� >
�ð MÍJ � > +�)���� 8 @ J v:

' 79.57"~70.28"¿÷
��8 � @ J v
:' 20.43"~29.72"E!ÌR�)��� 
û Fuv:>"����?EÀÁ��� 

'����6 z)SB±Í e º O� Xyz

'v:�V u¿B�Ì¢ £ O� Xyz'v:

V íE>� ÷
��6 z) û X V uv:

FB��÷
O) û X V ív:FB}� [

9OE�	 
� ³ ?> ÙF K > ¿ j `²�)

���  À� U�N'? > ±Í)� x

[ c � � �N'±Í)� y �' e º mc >

+� y �'�ðEÌ�)� � ��N / r

¢ V �� ) > ? ?Öª�ì u' > +º � m

I x ' ¢ £ E � S �N���� '�N)

�S)� ~ �� U�N'��Yz) � <

6 z > ? r � ö ' � X ) { ]¯î y �' 1

�E 

 




����) * / �) * / �) * / �) * / � � �� �� �� � u 3 ö Mu 3 ö Mu 3 ö Mu 3 ö M  
�N��'v:À© � X )k ³ PETAI

�  Ù F e'Ù F É Ö   .¿) @ 
ËY 7
�� EØ � PETAI�  ÙF e'� XÀ� )
�N��� Xyzv:  .ËY 8�� E 

 
 
 

n 7 � ^.* 4 5 / � u î� {n                   � � �� 

� � � �  � ¾  


 �  

 

.* í ¦  
KMLON

 
KQPRN

 
KQSRN

 
KUTVN

 

 � 

 

 

 

 � 

 � 

 

 
 

 

 � 

m� .*  1847 1906 2201 2205 8159 80.37 

d e .*  405 604 531 453 1993 19.63 

� ^.* z { 2252 2510 2732 2658 10152 100 

 

 

 

 

 

 

 

 

 

 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 68 

n8 � ^.* í ¦ 4 5 / � u î� {n 

= >   

Ð#
  
M�N 

Ðx
  
M�N 

Ðy
  
M�N 

Ð 
̄  
M�N 

 � 
 

 
 
 

 � 

� 
 
 
 
� 

? @ A 

B C  
329 127 162 243 8.48 3 


D E F  

- C G H  
899 1117 1286 1380 46.12 1 

� � � �

------ - I
J K . /  


D J K  
L M G H  619 662 753 582 25.77 2 

J K . / 2 � 1847 1906 2201 2205 80.37  
WYX[Z]\_^a`cb

 31 12 26 21 0.89 4 

3 4 5 6  48 84 91 87 3.05 3 

7 8 
7  78 94 128 112 4.06 2 

. / 5 6  238 400 280 233 11.34 1 

� � � �

---- - I
5 6 . /  

9 : ; <  10 14 6 0 0.3 5 
5 6 . / 2 � 323 604 531 453 19.63  

 
 

!Y7KY8'G Ä ²�)��� >�

ð MÍJ � > +�)�N'��v:À © C

À�ËÞé ç Â�� 8 �N��'

82.96%~75.94")÷
�� 8 �N��'

17.04"~24.06"E!ÌR�)��� >�

> v)j�Nrt uv: � ç Â�� O �E

�< 0 ÀÁ�N��)��� >I �MÍ

J � ��v)�N ç Â��' � XSBÀ ©

& Ä �Pv:O�V u)BÀ© ç Â� � v:O

½á)B��§; PO�V íE¢ � o �H� )

r­ 'J � �� y ï �râ �� ' ç Âv:

Kâ �� '�Pv:b � Y # )1992§ � V

�)1994§Rink,1998cE!ÌR�)� 	 


á��Íh H r­ J � ��' � �EÀÁ�

�� '�N÷
�� � Xv: C À� 6

z)B��÷
O�8 '�� V â )>B5;§

G à ? > OKB}� [ 9O'�� FõE�

	 
 � ³ ? > Ù F K > ¿ j `²�)���

 � �j�Nr * º 'B & Ä �Pv:OF

� �')��� e º � > +á¿)� � ³

�N'¤ _ I P) $ 0 ( e �P'X�E>

�N÷
��þä)��� >��³ +�

F · � �N? > '��Yz)�S)>� >

v û X Fu'v:>÷
�N'��EÌ

. / � N O- I . / O



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 69 

�)��� �¾@B ¡§À O'þ,)

j�No � I PJ � o �& 0 E�S)B 

¡§À O'v:FuE 

 

4444����5 6 7 8 $ 9 : 7 8 ; < =5 6 7 8 $ 9 : 7 8 ; < =5 6 7 8 $ 9 : 7 8 ; < =5 6 7 8 $ 9 : 7 8 ; < =  

� 	 
�� ç Â� ' j ` ê ÝÂn ó

áÙF � Ö )� PETAI�  ÙF e'� XÀ
Á��� '����Â÷
��)SK�

N'ç Â��Â÷
��E 

 
b<c� ����þä  
��� >���� � Xv: C À� 6

z)>B±Íe º O� 8 '�� V â )B �

bUcO��§B?> e º O��'�� ½á)

>BYz¢ £ OKB�Ì¢ £ O'�� FõE 

1�������� [[ [[ �� �� ÀÀ ÀÀ  
��� � �>J � > v)y ï j�N

ÇI w º � ��� ('� � � c )ÕL�

0 �yðÇ'��)�Ì?> vª�û Fu

'v:��±Íe º E 
�� a � S67 / 0 T C #� ô � � �

ï C 4 5 �)* £ô 4 � � � ^� 0 ` ! �

�4 � 8 È É " j � + ��MÊ�� � ��6N�

� < ð > �)��� >B±Í e º O

v:?w 8 r<5�� )���Nd eðÇ

¢ e � ' e º )�Srt u��& 0 )�

NFÙ F � '��)�� � × � }��&

JE�S)��� � � Ë �N�y}��

¿) � �«Ì��& J µ S±Í)���ð

}) �E�Ì)B±Íe º O>� <ð > w 8

r<5�� 'v:E 
� � ^)   ¡ £+ ) ¢ � ! ¢ ã : m ¹

ß + £ 8 � + £ô / 0 � ! ¢ £ ¤ � ô 4 �

/ � ¥ C% 2 � Ï �& ¦   � � ^ 8 >? �

�¥ § ¨ 4 � + >? n ¢ Â ¹ �©n 3 67

/ 0 + 4 5 = + ª C �� a � « #� ô+ 6

7 / 0 + 4 5 ¬ ­ � ® ¯ �MÊ�� � ��6N��

2����� �� �� �� � ����PPPP     
��� 'B � bUcO��yz'v

:` 8 o Ë '�� )�L . / ? > ð O' À

µ � À µ E��� � � Ë �N> I P��

v)� Í : Mv4» | Ù F �N'�P �

Ô) � <6 z�Nr % &'��Í { ] µ S

�ðE�Ìá�)��� ` � y > ? '?

> v:Íu ­ ¤ �N���' I P)S À µ

c & J'� I 
E 
��° ± £ô 4 �
D E ² C � � �©

n 1 >? + ³ ´ � � µ ¶ �
D E C � � >

? 4 ��· ! ¢ C ¸ � � À 4 � ! 8 + >?

1 & 1 R ¹ º 4 � » 4 + | 7 � � 
D E ²

8 Ó ¹ ß + >? ��MÊ�� � ��@N�

3���� �� �� � �� �� �� � ÀÀ ÀÀ  
��� 'B? > e º Ov:x . / �

Nc �� q 2' w º +
�r��I)ËÄ

> + q 2F�<½§ � )? > e º v: � x

À µ )Ð Ë �N�x¹ <¢ [ � & 0 ¿)�

 '?> e º v:� x# íE 
�Ð#� ¼ ùô�� � 
 D E ¼ ù V

ù�� � � îï C+ 4 5 � � 
D E F � +

>? �)* 4 � " ½ B a �#ü } ¾ ^  �

! ¢ / 0 4 5 îï ¯ � ¿ 8 � Ðx � £ ¼ ù

ô�4 � À Á Â ¦ Ã V ù� �� + / 0 4 5


 Ä � ����£ô / 0 � + 4 5 �% Å Æ Ç


D E 1 ¼ ù J K + ³ � � ©n � È É Ê Ë

ÄMÊ�� � ��£N��

4�����C�C�C�C � �� �� �� �  
��� � y��³ +�)Yz¢ £ Â

 � ��'ì= � X)1 uv» F� ; yz

')��>?> '³ +�)� y ï ß ÙF

�N'��)j�Nß �y��)Ê ¿� 

� Mv4�y¢ £ � ð}��Ej `�)�

�� ® e é 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 70 

�@A " C ¸ � , - 
D E 8 >? " Ì

ß ª õ È n F |G " Í ¹ 4 8 >? � Î � #

d j � �)* C � � + Ï 2 u � ¹ 
D E |

G� Ð Ñ 4 ñ 8 ¹ ß + >? � Î � ¤ 5 + 4

5 m C4 Ò " j Ó C #Ô + ��MÊ�� � ��

nN�

5���� DD DD � � �� � �� � �� � �  
��� � �¤ y �N'¢ £ Y(ª�

l   r! )¾@ç ¡ �"'¢ £ þ,)� 0

(e ¤ y ¢ £ 'X')Öª�@ì u'��

m½ t )SÅ n q �N'� �E 
�)* 
D E £ & 8 �! ¢ �¹ 4 � +

|GÀ îï Õ � �)* �< + Ö C�6È �

0 × + � C�����	 Ï 
D E � Á + >? �

¹ º 4 � \ ] ��MÊ�� � ��>N�

 
����



    �ó�ó�ó�ó �� �� q / � ö Mq / � ö Mq / � ö Mq / � ö M   
��� >÷
�� � Xv: C À� 6

z)>B��÷
OKB ¥ � ÷
O� 8 '

�� F â )>B5;§G à ? > OKB}�

[ 9O'�� FõE 

1���� X Ú èX Ú èX Ú èX Ú è �� �� �� �� �� ��  
ÙF ?> ³ +�)��� c "5;m

G à ?> 'v:)Õ
 rû X 1 u'v:)

� �Ø �� q <� l � '� c m��)j�

N�' 4 v?> KÞ> ]R)ÕÖª�ì ³

"� ì5;mG à ?> v:E 

2�������� �� �� �� �� qq qq  
Ù F � ? > � :'��)6 z���

 � < ? > ' ¥ � ÷
v:Ö ¢ o ç )x .

/ > + q 2'-.m�*@' ¥ � = � §O

Ò ü�� )�r��IE 

3����� �� �� �� � ����uuuu �� ��      
��� û X 1 uv:>B ¡§À O

'��?)Ìv:Â> +-.r�)���

 � ��NÍ: uÀ I P)!I P'O �

�)j� � 6 V �N'�P�� )µ S�

� �ð}% &)S(e �Pá­ Ä EÙF �

 ?> � :)u½f �NÀ µ SI P)�

S ¡À 'v:À µ E 

4���� / �/ �/ �/ � �� �� qq qq  
��� � �B��÷
O À1 � �)

� >��÷
? û X o Ë u'v:)}� �

r	é<§�N � � ' Ó % »ì â )d eç

v� y ç [' q 2��)�S��� w ¯

îB� � � � O'þ,)[ c �N'+
�

y �� q 2EÐd e² e � � '�N)w x

ò N�� � ö 'Ó Ô)�S) y ï [ c }�

��M Ë '÷
¿	§��� Â�N' �

� +
)`xn q }��Yz) u Ê c � <

� �N'��÷
v: w 1 ¸ £ )Ð½OF

u)�S @ J '��÷
v:`FuE j `

�)��� ® e é 
�1 � +̂ .* d e « #� À - � Ø Ù

Ú + 4 5 �¿ Ä ¤ n Ô = � � #l + î

Û����Ü £� +̂ .* Ý ¥ îï C�)*

4 � + Þ ß b K à á ��â #0 ã ä â ñ �

« 0 1 8 Ó = + >? À & #d ��� � À "

0 Ë å æ �¿ " 2 � ç è 8 �å æ + 
D E

· Å & Á ! é �C ô� £8 D ê ë ��ì �

��! ¢ ��¬ ­ d e 4 � + í î �����

= � ^��ï ð ñ � #ò 4 5 � �4 � � 4

Ò Å C ô� £Ã ó ô õ ��¬ ­ » ö + d e

4 � £ô+ .* ��MÊ�� � ��.N�

 
��������    ) *) *) *) *     Z / � ö MZ / � ö MZ / � ö MZ / � ö M   
��� >��v)  .�N÷
��

� Xv: C À� 6 z)>BÀ © & Ä �PO

�8 '�� V â )>BÀ© ç Â� � OKB�

�§; PO'�� FõE 

1���� u 3u 3u 3u 3 ! "! "! "! " ) J) J) J) J � �� �� �� �  
��� >��³ +�) À� ì�N

�P'v:)� � � ³ � v:'I P)j�

N�Pe [ �'� �& JE}½)��� 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 71 

� ��g ó�N��ß ^ ?'l ®)�Sd

e1 Ê ! 4¢ e Ð 4 E�Ì)Í# í?> e

º 'v:)j�Nr´u'& Ä �Pv:�

I P& JEj `���� ® e é 
�� a � 
 D E G £ & 8 � ` / � ¥

C�% & Á Â £ ÷ � & ÷ R& ¦ Ú� = 4 5

ø ¹ � ^ � � � ù ¾ ¥ } ¸ ú û Í ¹ 3 ü

$�� + îï ' ��M^�Ê�� � ��mN�

�ô 2 # ý ^  / 0 4 5 Å îï ¯ �¤

L + ô 2 7 þ � / 0 4 5 ���C ø # = 4

5 ø ¹ � �̂ � �1 
D E + � � îï _ ��

M^�Ê�� � ��mN��

2���� u 3u 3u 3u 3     ZZ ZZ # $ � �# $ � �# $ � �# $ � �    
��� � �¢ Ò Öj�N¯îÀ �

� 'þ,)� ��& Ä �P)��� <´�

N� � Ò Ó ³ � )ËÄ f <� �q �� '�

Nw À>ç < )x� � d e��'� ÔE

�S)��� >ç Â� � v:¯îFu'

� � Û Ò Ej `�)��� ® e é 
��C � � Ï 2 u �m Ä Î Ï u j + @

p= op �" )* Ü £� y � 
D E m � u

jM# � " Ï > � õ# � " . � � õ µ # �

+ >? & ú Ã N�4 � ¦ � � x1 C #j4 �

· Å & Á Â C 8 È É �� 4 Ò 4 � · & Å }

P � Ã >? �� 4 4 � } P + >? À & C �

+ q � ¤´ �)* Ü £5 � + 0 Ë 	 Þ b

��! ¢ m � u j��M^�Ê�� � ��oN�

3����% & � �% & � �% & � �% & � �  
��� � ���'v:Ö 3 ³ � )Í

: -.<¢ j�N� ° ± L V h H �N � 


Âv:'J 0 O �)(e ��'X'E 
� û � t ÀÁG Ä 6 z)��� � �

j�Nr* º 'B& Ä �Pv:OF� �')

�� ë r � ³ �N'¤ _ I P) $ 0 ¹ º �

Nc > +' § � +
) � ³ Ö 0 4uµ I

P) $ 0 ( e �P'X�EÌ�)��� 

� �¾@BÀ  � � O'þ,)� » | Ù

F �N'��)��� ��N�ð} % &�

�)$ 0 (e �P'­ 0 E 

 
����2222    ) *) *) *) * �� �� q / �q / �q / �q / � � �� �� �� � ö Mö Mö Mö M  
��� >��v)  .�N÷
��

� Xv:C À�6 z)>B��÷
OKB 

¡À O� 8 '�� F â )>B5;§G à

?> OKB}� [ 9O'�� FõE 

1���� X ÚX ÚX ÚX Ú ����èèèè �� �� �� �� �� ��  
>?> '³ +�)6 z�NÕ
 rû X

1 u'v:)>5;mG à ?> '��?)

�Nw x¢ »� '��mïô )�' 4 v

: 5;?> KG à ?> E�S)>�ð > �)

�N>5;mG à ?> 'v:?)Õ
 r1

� 2 'Ò Ó E 

2�������� �� �� �� �� qq qq  
>?> '³ +�)�N'¥ � ÷
v:

Fx. / � '> +Öç �r�Ú �EËÄ

� >> +?¯@� Ò '¥ � )�N'¥ �

÷
v:� xÀ µ E�N>¥ � ÷
'v:

`x. / � '?> '� � �ò N)� Ë

Ä >> ? ?° �N*@¥ � m@ 
¥ � v)

�N'¥ � ÷
v:$ xyzE 

3����� �� �� �� � uu uu �� ��  
��� >��'³ +�)¾@�NÀ

  I P'þ,)�  � bUc�N'�P �

Ô)� � [ c �P0 ! F Ò '�N��� �

��)S ^ "B ¡§À Ov:8 ¹ <5

�� E 

4���� / �/ �/ �/ � �� �� qq qq  
��� >��'³ +� À� U�N

?> ��'Yz)�S)û ¹ o Ë u'v:

>�N'��÷
?)ÐÌ��÷
v:x

. / ?> ½O'À µ )��¤ # í)}� �

F�N>> ? ?�' � '��× ,)Ö¥

¦ Þo ç '% &��)��# í� c �N

'��÷
E 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 72 

��C ô� £
 u � X � +̂ .* �)

* #& � X �� !̂ ² Å � 
̂ � + � þ �

ö £ô4 5 #� �� Á̂ Â 4 U = .* Å �

�� �� È � ¤�� ·̂ Å � #$�# ^  �

¦ � 1 � K̂ _ �4 � · Å a � ` m _ <

��· Å ã : ã ¡ ��M^�Ê�� � ��.N�

� û � t ÀÁG Ä 6 z)��� F¾

@B ¡§À O'þ,)j��0 r´u

v:� ÙF �N�P'� Ô)S' � ð}%

&EÌ�)���  À· U�N��'÷


)� >?> � :)û ¹ 1 uv:>> Ñ ÷


?E 

 
����9999     � 	� 	� 	� 	 �ó/ � �C  �ó/ � �C  �ó/ � �C  �ó/ � �C  '' '' 00 00 (( (( u vu vu vu v  
> ¿ÀÁ��� '� ��)� 	 


6 z��� ��v)� '���� 8 @

J � ��v:' 75.01"¿�N'ç Â��
8 @ J �N��' 80.37"¿�N'÷
��
8 @ J �N��' 19.63")!? t 'O�)
�	 
6 zh H Rinkb1998c§� Y# b1992c
K� V �b1994c)� �<� r­ 'J � ��
y ï �râ �� ' ç Âv:Kâ �� '�P

v:E� '÷
�� 8 @ J � ��v:

' 24.99")ÌG Ä ÂMcLeishb1981c'	

 20"§Lukeb1989c'	 
� û X 15%
· 35%'?> v:>÷
?§Pieronb1980c
� yJ � � � ¼ r 33"'v:@>÷
�
N'6 zo Ï ÍESÞ[c Bl � þ,O§B�

�& JO§B÷
��O§B¢ £ ��Oüþä)

� ÀÁ� ��'Yzé 
1�l � & Jé��� Â�N'l � þ

,)¯î I §ï x Õ@'þ,��E���

 >j `�b�-j ` 5-±c� ® e Ì<�g
ó'�N)Õ 
 r § � ³ ðM'ï x  I )

�Ì? > v y ï ¾@< 5 �"'ï x © H �

 I x Q �)$ 0 ��> +��E 
2���& Jé��� >?> v)x[

c �P+
F # $ '�N)� y � � I'�

�)Ð`�Ì � K ¹ �P+
F� 'ç �)

� � @ ¢ �N'üÃ v:³ � E 
3�÷
��é��� L À· R ?>

v�N'��÷
)> j `�b�- j ` 5-
�c)��� Y� Öª�c �N³ 
Y§)

ËÄ ³ 
Y§±�x � � �Nd e � � z ¨

'�xEÌ�)��� � � ¢ V �� �N

'Z � c �Nr< � + ¨ �P )c "�N'

<¢ % &��Yzw < © '¼2)` � � r

¢ �N'% &��ò NE 
4�¢ £ ��é��� ¯@�Nß vª

@' � è»ï x m l ¸ r ! ' « 9 � c �N

µ S¢ £ )� Ëé1 � E>j `�b�-j `
5-�c)��� Y� �Nu r¬ �¢ ¥ )Ð
c " Ð 4 7 Fr<5'« Ê »)�S>��

¢ £ þä) y ï Sïô µ ?<¢ �N23


º '« 9 )¤ y MË '¢ £ E 
� û � t ÀÁG Ä 6 z)� 	 
6 z�

�� '��h H r­ ��'X�)ÕL>

? > '³ +�)� y M Ë '÷
��)ÇY

MÍJ � > +0 � ¾��EÌ�)>B l �

þ,O?¯îI ïx Õ@'þ,��é>B�

�& JO?¯î � � I'��þ,)�� �

¸ �N>+
?' Ò Ó ¿>B��÷
O?

¯îM Ë '÷
ïs¿>B¢ £ ��O?¯

î l �3 8 'ïô m O 9 )j�N² e M W

'¢ £ E 

 

��������1 �1 �1 �1 �  

� 	 
® ySÞG Èé��� � y M

ÍJ � > +v)  À� U}����K÷


��)ì/��v:yz'�� À � 3é1)
Ì�)>�N ç Â��Â÷
��v:yz

'�� À � 4é1!ÌR�)�	 
h H r­
��'X�E�< 0 ÀÁ� Â�N�� �



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 73 

X6 z)� ����� X)SB±Íe º O

yz'v:V u¿B�Ì¢ £ Oyz'v:V

íE>÷
�� � X)SB��÷
Oyz

'v:V u¿B}� [ 9Oyz'v:V íE

�Nç Â��� X)SBÀ© & Ä �Pv:O

yz'v:V u)B��Â; POyz'v:

V íE>÷
�� � X)SB��÷
Oy

z'v:V u)SB}� [ 9Oyz'v:

V íE��� >�����  À· � �N

'±Í)x[ c �N'±Í)µ S�ð}?

> q 2EÌ�)��� ~ �� U�N'?

> õ ö )�S û X Fu'v:>��÷


?E� ��Û Ü r y �® � u ¥ 'ê Ý �

ë)� ³ PETAI�  Ù F e)I ���¤_
Û Ü ) © H % »' � `e)f � q � d e

Ò I'ê Ý µ SÀÁ) ­ ä ` ® Û Ü ê Ý'

� 
j­ 
) � W H yMÍJ � ��³ +

�)ª� Ú �'����)�� § E '��

Q � Â� ¤ _ � � á��E� 	 
*@

PETAI �  ÙF e)Û 5r­ '����F
Ç â 
Yz�) ö Q S % »'HÁ � � ��

³ +�d eÒ I'��)Ì I r�"Â � S

� �� � Âl � )L PETAI�  ÙF e'
Ò I 	 
M@"��'¤ _ Û Ü ) ¯ � � 

� ³ ¤ _ ��' � � ) w º ��¡ �?'Y

zE��[ c }��?' ) �)µ S Ú �)

SI zA Ó 'MÍJ � ��E 

 





) > ?) > ?) > ?) > ? @@@@

( d Hb2001cE 	 ( Z & ��ó\ �) /	 ( Z & ��ó\ �) /	 ( Z & ��ó\ �) /	 ( Z & ��ó\ �) /

� å Ü� å Ü� å Ü� å Ü -���� ) * +) * +) * +) * + � [ 	 ( �) �� [ 	 ( �) �� [ 	 ( �) �� [ 	 ( �) � ,, ,, E�

{ �£  U� �J � ��ö÷ ÈHE+

y³)��E 
uÜ v b2002cE 	 ( �óZ & ��óI )	 ( �óZ & ��óI )	 ( �óZ & ��óI )	 ( �óZ & ��óI )

* / �* / �* / �* / � �� �� qq qq ! -! -! -! - \ + � ] ^\ + � ] ^\ + � ] ^\ + � ] ^E�{ �£

 U� �J � ��ö÷ ÈHE+y³)

��E 
� w x b2000cEMÍJ � ��Ír'��

& 0 Û Ò Ù½E )) )) .. .. 	 (	 (	 (	 ( AAAA11����1    )
42-47E 

� Y° b1992cEr­ ��'¤_ Û Ò E////

0 10 10 10 1 )) )) .. .. 	 (	 (	 (	 ( AAAA2����6    )15-21E 
�� �b2007cE & ' �( =& ' �( =& ' �( =& ' �( = 2 3 42 3 42 3 42 3 4 ®®®®2007
ô 5A 15J)î¤é�� ��q �� �
K ` ` Xé

http://www.set.edu.tw/frame.asp 
� y z b1994cP �� �� 5 6 75 6 75 6 75 6 7 �����ó/ ��ó/ ��ó/ ��ó/ � ��������

) z) z) z) z 88 88 Z 5 6 ) ±Z 5 6 ) ±Z 5 6 ) ±Z 5 6 ) ± 9 :9 :9 :9 : Ì | ÛÌ | ÛÌ | ÛÌ | Û ;; ;; \ ]\ ]\ ]\ ]

^̂̂̂E� { ± ²  U� û N ü�� ��ö

÷ ÈHE+y³)± ² E 

� { Yb1993cE 	 (	 (	 (	 ( �� �� \ �ó/ � u v\ �ó/ � u v\ �ó/ � u v\ �ó/ � u v –
/< =/< =/< =/< = 5 ý 6 )5 ý 6 )5 ý 6 )5 ý 6 ) > ?> ?> ?> ? �) ] ^�) ] ^�) ] ^�) ] ^E� { �

£  U � � J � ��ö÷ ÈHE+y

³)��E 
~ A | b1992cEJ � > '� ��ÀÁE

	 ( ) ð	 ( ) ð	 ( ) ð	 ( ) ð AAAA14)81-91E 
��~b1997cEzU� Ë4 z{ ¶  �

0 j4´Eóóóó @@ @@ AAAA241)1-2E 
� V �b1994cEr­ J � ��E 5 O5 O5 O5 O /</</</<
óóóó �� �� )) )) � A B� A B� A B� A B 
) Í { R _
) Í { R _
) Í { R _
) Í { R _ CC CC 5 ý 6 )5 ý 6 )5 ý 6 )5 ý 6 )

	 ( )	 ( )	 ( )	 ( ) "" "" ]] ]] DD DD ë ðë ðë ðë ð E FE FE FE F E��é� { �

� U�û E 

Beveridge, S. K., Gangstead,S. K. & McElroy, 
L. M. (1986). A cross-sectional 
comparison of perceptions of the role of a 

physical educator. The Physical 
Educator, 43 (2), 75-81. 

Clarence Edward, BeebyM1996NThe Quality of 
Education in Developing Countries. 
Harvard Univ Pr. 

Luke, M. (1989). Research on class 

management and organization: Review 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  59-75 3  
 

 74 

with implications for current practice. 
Quest, 41, 55-67. 

McLeish, J. (1981).Effective teaching in 
physical education.Victoria,Britush 
Columbia � Educational Research 
Institute of British Columbia. 

Pieron, M. (1980). From interaction analysis 
to research on teaching effectiveness����
An overview of studies from the 
University of Liege.Unpublished paper, 
Department of Physical Education, The 
Ohio State University. 

Rink, J. E. (1998). Teaching Physical 
Education for Learning. New York : 
McGraw-Hill. 

Siedentop, D. (1982). Teaching research: The 

Interventionist view. Jorunal of Teaching 
in Physical Education, 1, 3-14.  

Siedentop, D. (1991).Developing teaching 

skills in physical education (3
rd

). CA : 

Mayfied Publishing Company. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





'�(�)�*�+,'  - 96 . 12 /  0�1�2  76-94 3  

 76 

����������������

� � � � 	� � � � 	� � � � 	� � � � 	 



� � � 
 � � � � �� � � � � � � � � �� � � � � � � �� 
 
 � 
 
 � � � � �	 � 
 � � � � � � �� � � 
 � � � � �� � � � � � � � � �� � � � � � � �� 
 
 � 
 
 � � � � �	 � 
 � � � � � � �� � � 
 � � � � �� � � � � � � � � �� � � � � � � �� 
 
 � 
 
 � � � � �	 � 
 � � � � � � �� � � 
 � � � � �� � � � � � � � � �� � � � � � � �� 
 
 � 
 
 � � � � �	 � 
 � � � � � � � ����� � � � �� � � � �� � � � �� � � � � ����

 

 
PETAIbPhysical Education Teacher Assessment Instrumentc�  áé H³!Y�

Wisconsin-La Crosse � � Exercise and Sport Science���	 6 y� )�  �Å X *@)!
	 
/Ú � �H³á�  )S¾	 
ÙF *@E 

 
PETAI�  ÙF eU� ³+,� � ËÞéÌU� æÀ� A§B§C§D§E�� �Àé 

AªéF!ÙF /Ã � o �ÙF � c )ËéÙF � � H§� � � b� > � c� H§��
�H§ÙF J� §� ³ §��m ù§�NURE 

BªéØ � PETAI�M5á� ��� XY�¬ á� X)� ÙF B� ��OE 
Cªéf �ÙF e 'B� ��OÀ� � � ��K÷
��)µ S  .)Õ
 K y}C À

�E 
DªéØ � PETAI�M5á�N��� XY�¬ á� X)� ÙF B�N��OE 
Eªéf �ÙF e 'B�N��OÀ� ç Â��K÷
��)µ S  .)Õ
 K y}C À

�E 

 

 



'�(�)�*�+,'  - 96 . 12 /  0�1�2  76-94 3  

 77 

A Study on Special Education Teachers' Self-Evaluation  
During Adaptive Physical Education 

 
 

Chen Hsiao-Ling 
 

Changhua Musheng 
Elementary School 

Lin Yi-Chou 
 

Chungchou Institute of 
Technology 

Chang Chun-Hsiu 
 

National Hsinchu University 
of Education 

 
 

Abstract 
    This study aimed to explore the teacher and student behavior resulted from adapted physical 
education applied by elementary school special education teacher in a hearing impaired class. 
Both qualitative and quantitative data are collected. The subjects of this study are one special 
education teacher and six boy students and three girl students from a hearing impaired class. Two 
class periods of volleyball class and two class periods of badminton class were specially designed 
fro the students in the hearing impaired class. The teaching instruction was videotaped and 
analyzed by PETAI (Physical Education Teacher Assessment Instrument) to examine the teacher 
behavior and the students’  behavior. Qualitative data was collected from interviewed with the 
teacher and students to further explore the results of teacher behavior and student behavior. The 
results of the study are: 
1. The allocated time for special education teacher: the time spent in teaching behavior is 79.57
"~70.28"; the time spent in management behavior is 20.43"~29.72". The allocated time 
for special education teacher’s instruction, special teacher spent most of the time on response 
presentation and the least amount of time on motivational feedback. The allocated time for 
the special education teacher’s behavior management, Special teachers spent most of the time 
was spent on behavior management; least amount of time was spent on other tasks. 

2. The allocated time for student behavior: during the special education teacher’s instruction, 
students’  participated behavior is 82.96%~75.94%; students’  management behavior is 
17.04%~24.06%. While allocated skill learning time made up most of the time of students’  
participated behavior; warm-up & review made up the least of the time. Allocated time for 
student behavior most of the time was on behavior management and the least of time on other 
tasks. 

3. Difference between participants’  behavior: special education teacher’s behavior shows 
differences in ways of communication, teaching skills, behavior management and behavior 
feedback. 

 
Key Words½½½½PETAI, teacher behavior, teacher evaluation, adaptive physical education 
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�� '6 M ý f Ë "�{ ^ I U�

��q �� ��éUU UU · ¸ ! ó· ¸ ! ó· ¸ ! ó· ¸ ! ó VV VV � ( Z� ( Z� ( Z� ( Z

& ' �(& ' �(& ' �(& ' �( WW WW pp pp XX XX bPæPùP] ^ XcÊ Ié

�/Eä

�Ï 4 b�½ ^ cE/Y =/Y =/Y =/Y = 5 ý 6 )5 ý 6 )5 ý 6 )5 ý 6 ) MM MM g hg hg hg h NN NN

OO OO CC CC Z [ 3Z [ 3Z [ 3Z [ 3 ZZ ZZ \ ]\ ]\ ]\ ] ] ^] ^] ^] ^®®®®�{ � Q � �

zæ 	 
�+y³ö÷ ÈHEIIII

�� ¹ §õ y ö j· ÷ ø b� Ô ] cE_ t d

�� Úè' Z T _ 1 E�ó\�ó\�ó\�ó\ @@ @@ AAAA ^ _^ _^ _^ _

bæc)æÔ ù] åEä

���� / s � ê � ` b� ½ ø cEY�'

ù �\ ¾� �éPú Q Q ô· P½ Ô æôá:

Y�ù �a é'6 M bg ?ê ÝcEî

¤ ` Ç Ç a b c c È � É Ä Í Å 
 d Ì Ä Ã d Ë Á Ã c ` � É Ç Á Â Ì c Ä d ` Ç Ã ä

ê AÊ b� Ô ú cE && && � g h Á� g h Á� g h Á� g h Á `` `` � Z �� Z �� Z �� Z � 5 J5 J5 J5 J

ë þë þë þë þ aa aa SSSS qq qq WW WW ����õõõõ bb bb Z ] ^Z ] ^Z ] ^Z ] ^E¢�é�

ôEä

Ù h Ú b� Ô ø cE� 1 d �� ÚèE & �& �& �& � cc cc

ddddAAAAcccc ee ee båc)P̂ ùPæEä

� � t b� Ô æcE�q �d �� Úè-.M

Uá�F	 
E áá áá ff ff ) ð) ð) ð) ð AAAAcccc __ __ )PùP] Eä

� � t b� Ô ] cEJ� d �� Úèáo �e

MÂ_ �Ír'ñ� Eg �g �g �g � AAAAhh hh aa aa)ú ^ ùÔ Q Eä

Ó d �b� ½ Pñ Ed �� �e Úè-.áo
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Laws for Individuals with Disabilities Living in the Communities: 

 The Environmental Construction Perspective 
 

Hui-Chi Shaw 
 

Taipei Municipal Ming-Lun Senior High School 
 

Abstract 
 

With the implication of the trend of normalization, more and more individuals with disabilities 
can live in the communities. In this article, laws about the environmental accommodations for 
people with disabilities living in the communities in Taiwan and those in the United States of 
America are included. Comparisons of laws between the two countries are also discussed. 
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