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AOP(:;�� Q+,RS5�TUV�WXY(equation)Z[\5�,;

�](motion diagram)Z^._`Zabcdefg,hi](kinematic graph):

AjS5�klmnOop,<,!q>rstu,;�:�;��,�vw!

xM,yz{>�v|��vAB5��}!~�����,5������,

��rs:�������@^� nS5��y�F!���x = t
2 - 3t + 2�

��C,>n���,;�!�y�FA����,;�����!���Fk

����� :4|!�¡¢;�,hi]�}!£�F¤8de,;�WXY!

¥¦§>dp,¨�:AO��©ª!«'�¬�F1��S�p,5�9r

s;�!®>�F¯°±²³5�´µu;�g,¶·!§�¸³5�´5��

g,¶·: 

¹��,<,!>?1º»�5��¼½f¾¿,;À�Á!ÂÃÄÅ�

F#ÆÇ,��5�´µu,t²;�¨È!~ÉÊ����Ë�ÌÇ´1W

Y�g,¶·:¹��ÍÎyz�8� 

1. �F1¹�Ï�}!ÐÑ�ÒÓÔÕS5��¼)eÖ,µu;���× 

2. �F,ØÙV��Áe¸³5��¼´µu;�g,¶·>Ñm)ÚÛ× 

3. �F,ØÙt²�Áe¸³5��¼´µu;�g,¶·>Ñm)ÚÛ× 

4. ��ÜÝÞ�FÊß´��Fàáâ&�ÊßãS�pWY1¹�Ï!e

�F�Ñ¸³5��¼´µu;�g,¶·>Ñm)ÚÛ× 
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ìíî,23ïs!?@ëð,5�!Ð^ÄÅ��"ñGHnò,óô��:

'õ!Perkins. Unger (1994)ö¢!)÷ëð5�,øù!úmûBeä5�¹



ülmnéýþXb,������eä��|õ�!���m�	,
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�G���´��:^xM, xZy�=)�C,fge_`Zabc,¶·]

��!���Fq°±�ÒJÓÔ�hi´µt;��g,¶·(Beichner, 1994; 

McDermott, Rosenquist, & van Zee, 1987):Perkins´ Unger,Ó±!´ LawsonZ

McDermott (1987).Mazur (1996))ö¢�F���w�v,yz!md�,¶
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�F§�V�@WX.YZ�p5�´;��g,¶·!~�)*+,¨� ñ
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1. ���yz !���QmnOnopq!1r�ZsZtuvwc´t²

¹üxy�d¶,z{9)�\WuZ|�Z±}ctu!^~����'

´F��g,¶�aæ!§pf���F�Lx��,�� !%¢ë�,
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2. ��YZ�nB�.;�À,$ !^.Ð�7F,¨�!E�F�@ØÓ



Ó&e,�±!f´+��ª,¨��=>!Ð^ÄÅ�F¸³&e,�

±:E�F��ØÓ&e,L±!Ð��¢���m�,¨�:õABÓ±!

e�Ü¸³�F,yz!.ÄÅ�F���v��!k�mb�,ÄÅ: 
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ÍÎe������t²�n
¦�F!o 143�:§¨t²©X,/�

>!�F^�ª,WYop«¬!®ã¯(¯ 50à°)!��Ü¬s±¹é

²:Êß©®n¯!à�,Oáª!�pn�Ü²©:³m´v©®n¯.

µµ®j¯!�Å�àªw©:¹���Ï�1!>��Fop«¬�v±

¹,;���'�}!�Êß© à�ãS�p�vWY1¹�Ï:�ä�Ï

Ë�WY!>n��,Êßyz!E�F�yz ¶·%¢³ :ÍÎ ,En

S��WY!>��ÜÝÞ�FÊß�EOSWY>�j��Fà�nOáâ!

d¸Êß�ñ�w,yz:S��WY�U!�F,t²ØÙ�'(aôt²�

¹)ZV�ØÙ�'(aôV��¹)Z.nå³z�Á(§t���º�¹)c�

»!§pfñ��F�v��àD,#�:�ä�Ø�,Z� (preliminary 

test)!¼�yt²�t
¦´ÍÎF�K£ÓÔ x = t2 - 3t + 2 ,;���N�½

,yz!�F¨xk°±�Ò� :§q>��#�Fà�ãâ!�p4,��

fg8!nâ1¹�Ïjk�²;��5�,¾¿!³nâ1nå�Ï

(Halliday, Resnick, and Walker, 1997)!�}�� ô�Zµ�Fe5�,¸³X

b!9BeÀ1¹�Ï,�FÁ�¥Â!4Ã��Ü����Ä!)^¹ÍÎ

À(1Å¼,µµâ´eÆâWY��: 
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�F�v�?¥çäEnÇ� ô���!Zµ�È�;�� jS5�

�¼´;�,eÖ¶·.5��¼�g,¾¿!Éà 20à:�F�¹^ 4-way 

ANOVAàD�F5��¼¾¿�Á´��WYZØÙt²�'ZØÙV��'Z

.nå³z�Á,M�»�g,¶·:àD¨�7�!nå³z�Áe�F�v



5�¾¿�Á,�?!7�©@ÊË(F(1,78) = 7.40, p < .008):nå³z�Á>

t,�F(M = 15.69)e�v5�¾¿Ìä³z�Á>Í|(M = 13.20):AO��

Ð�,³�>�F��eäÕS5�´µ�;��g,¶·m=>ÎÏ,¸

³!eänåæ,;Àz<Ö¡§�mÄÅ:���WYw!��ÜÝÞ�FÊ

ß(M = 13.99)´E�Fà�áâ(M = 14.90)ãS��WY!�F�¾¿�p5�

,�ÁW_~°©@ÊË(F(1,78) = 1.089, p < .300):Ð�,ê�>��Ë�½(

1��yz,WY!QmyzàD,�È!ÄÅ�F&�WX¨�!f�º»+

�Qm�Ð!)^#�Fà�áâ��Êß!¯ÐD+d�,�v?�:�Ç!

�F,ØÙt²�'e;��5�¾¿,�v~°©@ÚÛ(F = .55, p < .816):

�µµ^,Ø�Z�(preliminary test))©ª!����t²�4>ÍÎ),�

F!§���ÒJ¾¿�p,5��¼!A´��aôt²�¹,tÍ´5�¾

¿�Á°jk¶·,¨�!Ð÷d�nÑ:�F,ØÙV��Áe;��5�¾

¿,�v§°©@ÚÛ:¹ÍÎ,89�z>�p5��¼,¾¿!Lx^V�

��-!®µ�;1V�Òx,Ó!�õ>²³V�5� ·V´t²P(,¶

aæ�>�È!~�.;�FlÙHÔ,V�±Õ{�m?�v: 
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