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l��í�ÃÐ½̈õ�&ñ
 ×�æ\�"f �'a¹1Ï�Ér �̧��H �<ÆÒqt[þt\�>� õ��<Æ&h� �ÃÐ½̈_� ���©� l��:r&h�s��¦ l��í&h���� ¹�è�Ðכ

çß�ÅÒ÷&#Q M®ot�ëß�, r�y���©�E��<ÆÒqt�Ér r�y��_� �<H�©�Ü¼�Ð ���K� �'a¹1ÏÃº'��\� ��H�:r&h���� #Q�9¹¡§s� e����. r�y��

�©�E��<ÆÒqt[þt_� õ��<Æ�<Æ_þv\� @/ô�Ç @/îß�Ü¼�Ð @/�̂ y��y���̀¦ �Ö̧6 xô�Ç �'a¹1Ï�Ö̧1lx�Ér s�[þt_� �©�E�%ò
%i��̀¦ �FG4�¤�

��H Ä»6 xô�Ç õ��<Æ �<Æ_þv~½ÓZO�s� �)a��. s�\�¦ 0Aô�Ç ô�Ç l��í���½̈�Ð"f s� ���½̈\�"f��H r�y���©�E��<ÆÒqt[þt_� õ��<Æ

z�́+«>õ� �'a¹1Ï t��̧\�¦ 0A�#� �'a¹1Ï_� _�p�\�¦ &ñ
o���¦ �'a¹1Ï î̈
�� ï�r��\�¦ >hµ1Ï�#� s�\�¦ ���½ÓÜ¼�Ð 'õAy��

&ñ
�Ð\�¦ �Ö̧6 xô�Ç Óüto� z�́+«> �©�S!�\�"f r�y���©�E��<ÆÒqt[þt_� �'a¹1Ï 0px§4��̀¦ î̈
���%i���. s� ���½̈\�"f��H �'a¹1Ï

�̀¦ ‘���çß�_� �̧y�� x9� �̧½̈\�¦ ��6 x�#� ��Óüt ¢̧��H �&³�©�\� �'aô�Ç Ì�o�'a&h�s��¦ &ñ
SX�ô�Ç &ñ
�Ð\�¦ S\�1pq��¦ l�

Õüt���H õ�&ñ
ïÜ¼�Ð &ñ
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I. "e Â]Ø

Äºo����� õ��<Æõ� �§¹¢¤õ�&ñ
\� ]jr��)a ²DG���/BN:�xl��:r�§

¹¢¤õ�&ñ
_� õ��<Æ �§õ���H ²DG���_� l��:r&h���� õ��<Æ&h� �è�ª��̀¦

l�ØÔl� 0A�#� ������̀¦ õ��<Æ&h�Ü¼�Ð �ÃÐ½̈���H 0px§4�õ� õ�

�<Æ_� l��:r >h¥Æ��̀¦ _þv1pq��¦, õ��<Æ&h���� I��̧\�¦ l�ØÔl� 0A
ô�Ç õ�3lqÜ¼�Ð ����� �&³�©�õ� ��Óüt\� @/�#� <Éªp�ü<  ñl�d��

�̀¦ ��t��¦, õ��<Æ_� t�d�� �̂>�\�¦ s�K�� 9, �ÃÐ½̈ ~½ÓZO��̀¦
_þv1pq�#� �̀¦���Ér ������'a�̀¦ ��t�>� ���H 3lq³ð\�¦ t������

[1]. s���H µ1Ï²ú��©�E��<ÆÒqt�̀¦ ]jü@ô�Ç 3�<Æ�̧�ÂÒ'� 10�<Æ�̧���t�
�̧��H ²DG����̀¦ @/�©�Ü¼�Ð ô�Ç��. ����"f s� õ��<Æ�§¹¢¤õ�&ñ
�Ér
r�y���©�E��<ÆÒqt[þt\�>��̧ 1lx{9��>� &h�6 x�)a��.
s��Qô�ÇÐ�o|ÃÌ\�"fr�y���©�E��<ÆÒqt_�õ��<Æ�§¹¢¤\�e��#Q"f

×�æ¹כô�Ç ��Ér	כ �����_� ��Óütõ� �&³�©�\� @/ô�Ç l��:r&h���� |
�K�

\�¦ U�·>� ���H ����s	כ ½+É Ãº e����. Áº%Á	�Ð���̧ ��Óütõ� ��
��� �&³�©�\� @/ô�Ç f��]X�&h���� �â
+«>s� s�ÀÒ#Q4R�� ���HX<, r�
y���©�E� �<ÆÒqt[þt_� �â
Äº r�y���̀¦ :�xô�Ç �â
+«>�Ér B�Äº ]jô�Ç&h�

∗E-mail: ismphs@daegu.ac.kr

s���. 7£¤ r�y���©�E��<ÆÒqt�Ér �����_� ��Óütõ� ]X�8ú¤���H l��r

�� &h��¦, TV B��̂�� �ÃÐ�¦�̧"f\�¦ :�xô�Ç r�y��&h���� çß�]X� �â


+«>�̧ #Q§>���.

�'a¹1Ï�Ér ������&³�©�õ� ��Óüt�̀¦ f��]X� ]X���¦ �â
+«>½+É Ãº e��

��H l��r\�¦ ]j/BN�#� õ��<Æ&h� �ÃÐ½̈ �Ö̧1lx_� l��ís��� Ø�¦µ1Ï

&h�s� �)a��. r�y���©�E��<ÆÒqt[þt�̀¦ 0Aô�Ç õ��<Æ�§¹¢¤\�"f�̧ �'a

¹1Ïõ� z�́+«>�Ér B�Äº ×�æ¹כ��¦ l��í&h�s���. ô�Ç¼#� õ��<Æ\�"f

�'a¹1Ïs�êøÍ �'a¹1Ï���� �̧y���̀¦ :�x�#� ����� �&³�©�\� @/ô�Ç &ñ


�Ð\�¦ Ãº|9����H �¦̀�	כ _�p����HX<, @/ÂÒì�r_� ��|ÃÐ[þt�Ér r�

y��&h� y��y��\� ÅÒ�Ð _��>r�#� �'a¹1Ï��¦ &ñ
�Ð\�¦ S\�1pq�l�

M:ë�H\� r�y���©�E��<ÆÒqt[þt_� õ��<ÆÃº\O�\�"f �'a¹1Ïõ� z�́+«>�Ér

Ô�¦��0px½+É ����s	כ Òqty��ô�Ç��. Õª�Q�� �����_� &ñ
�Ð��H �̧f��

r�y��&h���� &ñ
�Ð\�ëß� _��>r���H ��s	כ ��m�l� M:ë�H\� r�y��

�©�E��<ÆÒqt[þts� ����� �̧��H y��y���̀¦ s�6 xô�Ç����� Ø�æì�ry� �'a

¹1Ïõ�z�́+«>�̀¦a�¦U�́Ãºe���� [2]. �̧y��9r�y���©�E��<ÆÒqt[þt�Ér

��Óütõ� �&³�©��̀¦ {9��©�Òqt�Ö̧\�"f ]X�8ú¤���H �ª�s� &h�l� M:ë�H

\� _��̧&h�Ü¼�Ð �'a¹1Ïõ� z�́+«>�̀¦ :�x�#� ��Óütõ� �&³�©�\� ]X�

8ú¤���H l��r\�¦ SX�@/r�&� ��°ú� ��¹כ��9 e���� [3].
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� ���½̈�7Hë�H � 'õAy��&ñ
�Ð\�¦ �Ö̧6 xô�Ç Óüto�z�́+«>\�"f r�y���©�E��<ÆÒqt[þt_� �'a¹1Ï 0px§4� ì�r$3� – s�î�r&ñ
 · e��$í
��� -139-

r�y���©�E��<ÆÒqt[þt\�>� ÂÒ7á¤ô�Ç %ò
%i��̀¦ �Ð�©�K�ÅÒl� 0AK�

_��̧&h���� �'a¹1Ïõ� z�́+«>�̀¦ :�x�#� Õª[þt_� t�&h� r���\�¦ V,�

y��¦ ������&³�©��̀¦ ;�¤V,�>� �â
+«>�>� �#� �����_� s�u�\�¦

L:{��>� K��� ô�Ç��. ¢̧ô�Ç �<ÆÒqt[þt_� �'a¹1Ï 0px§4��̀¦ �¾Ó�©�r�&�

�̀¦���Ér �'a¹1Ït�d���̀¦ Òqt$í
½+É Ãº e���̧2�¤ s�=åJ#Q ÅÒ�¦ ����

�� ��y��y��&h� ]X���H�̀¦ :�xô�Ç õ��<Æ�§¹¢¤Ü¼�Ð ���K� Õª[þt_� �©�

E�%ò
%i��̀¦�FG4�¤½+ÉÃºe���̧2�¤ �̧¹¡§�̀¦ÅÒ#Q��ô�Ç��. ¢̧ô�Çr�

y���©�E��<ÆÒqt�̀¦0AK��¦îß��)a:£¤Z>�ô�Ç�§½̈\�¦s�6 x�#�éß�í�H

ô�Ç �'a¹1Ï, z�́+«>�Ér Óüt�:r ������ �8 4�¤ú̧�ô�Ç z�́+«>�̀¦ ½+É Ãº e��

�̧2�¤ �̧ü<ÅÒ#Q�� ô�Ç��. s�ü< °ú s� r�y���©�E��<ÆÒqt[þt_� ò́

õ�&h���� õ��<Æ�<Æ_þv�̀¦ 0Aô�Ç _�p�e����H �'a¹1Ï t��̧\�¦ 0AK�"f

��H r�y���©�E��<ÆÒqt[þt\� e��#Q �'a¹1Ï_� _�p�\�¦ &ñ
wn���¦ s�

[þt_� �'a¹1Ï 0px§4��̀¦ î̈
��½+É Ãº e��#Q��ô�Ç��. �t�ëß� r�y���©�

E��<ÆÒqt[þt_� õ��<Æ�§¹¢¤\� @/ô�Ç ���½̈ ���̂��H ²DG?/ü@\�¦ }��

�:r��¦ �FGy� ×¼Óüt�� [2,4].

����"fs����½̈\�"f��Hr�y���©�E��<ÆÒqt[þt_��'a¹1Ï'��1lx�̀¦

î̈
���#�s�\�¦���½ÓÜ¼�Ðr�y���©�E��<ÆÒqt[þt_� ò́õ�&h����õ�

�<Æ�<Æ_þv\� @/ô�Ç éß�"f\�¦ ]j/BN��¦�� �%i���. ½̈�̂&h�Ü¼�Ð,

r�y���©�E��<ÆÒqt[þt_��'a¹1Ï�̀¦ î̈
���l�0A�#�r�y���̀¦@/�̂

���H y��y����� 'õAy�� &ñ
�Ð\�¦ �Ö̧6 xô�Ç Óüto� z�́+«> õ�]j\�¦ >hµ1Ï

�%i�Ü¼ 9 s� õ�]j Ãº'���̀¦ :�x�#� s�[þt_� �'a¹1Ï 0px§4��̀¦ î̈


���%i���. s�\�¦ 0Aô�Ç ½̈�̂&h���� ���½̈ë�H]j��H ��6£§õ� °ú ��.

'Í	P:, r�y���©�E� �<ÆÒqt[þt_� �'a¹1Ï 0px§4� î̈
��\�¦ 0A�#� �'a

¹1Ï_� &ñ
_� x9� î̈
�� l�ï�r�̀¦ >hµ1Ïô�Ç��.

ÑütP:, >hµ1Ïô�Ç î̈
��l�ï�r�̀¦ ���½ÓÜ¼�Ð 'õAy��&ñ
�Ð\�¦ �Ö̧6 x

ô�Ç õ��<Æz�́+«>\�"f ��������H r�y���©�E��<ÆÒqt[þt_� �'a¹1Ï'��1lx

�̀¦ ì�r$3�ô�Ç��.

II. �ìÅ�� Uês0nÉ

r�y���©�E��<ÆÒqt_��'a¹1Ï0px§4��̀¦·ú����Ðl�0Aô�Ç ½̈�̂&h����

���½̈@/�©� x9� ���½̈ ]X�	�, r�y���©�E��<ÆÒqt_� :£¤$í
�̀¦ �¦�9�

#� >hµ1Ïô�Ç ���½̈�̧½̈, ��«ÑÃº|9� · ì�r$3� ~½ÓZO��Ér ��6£§õ� °ú 
��.

1. �ìÅ�� 6�Vês

r�y���©�E� �<ÆÒqt_� �'a¹1Ï '��1lx�̀¦ ì�r$3��l� 0A�#� @/½̈

F�g%i�r�\� �èF�ô�Ç r�y���©�E��<Æ�§ ×�æ�<Æ�§ 2�<Æ�̧� z���<ÆÒqt�̀¦

@/�©�Ü¼�Ð �%i���. 4"î
 �̧¿º ×�æ4�¤�©�E�\�¦ ��t�t� ·ú§�Ér �<Æ

ÒqtÜ¼�Ð 2"î
_� �<ÆÒqt�Ér ���Ðqts��¦, 2"î
�Ér $�r�§4�����.

Fig. 1. Research process and content.

2. �ìÅ�� �¤{�E ±nÇ	�

s� ���½̈��H r�y���©�E� �<ÆÒqt_� �'a¹1Ï 0px§4��̀¦ î̈
���l� 0A

�#� ��6£§õ� °ú �Ér ���½̈ ]X�	�\�¦ µ1á��¤��. ����̂&h���� ���½̈]X�
	���Hß¼>�¿ºÂÒÀÓ�Ð��¾º#Q���$����½̈ ÅÒ]j\�¦���&ñ
ô�ÇÊê

\� ���'�� ���½̈ x9� ë�H��³ ���½̈\�¦ :�xK� õ��<Æ&h� �'a¹1Ïõ� �'a¹1Ï

_� î̈
��\� �'aô�Ç ��«Ñ\�¦ �¦¹1Ïô�Ç Êê �'a¹1Ï_� &ñ
_� x9� �'a¹1Ï

'��1lx î̈
�� ì�r$3�d�¦�̀¦ >hµ1Ï�%i���. ¢̧ô�Ç r�y���©�E��<ÆÒqt[þt
_� �'a¹1Ï'��1lx�̀¦ ì�r$3��l� 0Aô�Ç �'a¹1Ïõ�]j\�¦ ���&ñ
�#� >h

µ1Ï�%i���. Óüto� \Vq��§�� 2�<Æ�̧� 5"î
�̀¦ @/�©�Ü¼�Ð ��{9�!Á	
�̧��\�¦ :�xK� >hµ1Ïô�Ç �'a¹1Ïõ�]jü< �'a¹1Ï'��1lx î̈
�� ì�r$3�d�¦

\� @/ô�Ç ��{©��̧\�¦ ���7£x�%i���. ��6£§Ü¼�Ð >hµ1Ïô�Ç �'a¹1Ïõ�
]jü< �'a¹1Ï'��1lx î̈
�� ì�r$3�d�¦�̀¦ r�y���©�E� �<ÆÒqt[þt\�>� &h�

6 xr�&� %3��Ér X<s�'�\�¦ ì�r$3���¦ Õª\� ���Ér ���õ�\�¦ &ñ
o�

�%i���. ���½̈]X�	� x9� ?/6 x�̀¦ Fig. 1 \�"f çß�|ÄÌy� &ñ
o��
%i���.

3. �ìÅ��y¢��

���½̈\�¦ 0AK� ���$� r�y��&h� &ñ
�Ð Ãº6 x\� ]jô�Çs� e����H r�

y���©�E��<ÆÒqt_� :£¤$í
�̀¦ �¦�9ô�Ç 3��t� �'a¹1Ï õ�]j\�¦ >hµ1Ï�
%i���. >hµ1Ïô�Ç õ�]j��H �èo�?/l�, ynC_� f�����, ynC_� ìøÍ��\�
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@/ô�Ç ?/6 xÜ¼�Ð �̧¿º 'õAy���̀¦ s�6 xô�Ç õ�]js���. �èo�?/l�

õ�]j��H ûZ��\�¦ s�6 x�#� ���ª�ô�Ç �èo�\�¦ ?/#Q�Ð�¦ 6£§_�

����o\�¦ SX�������H �Ö̧1lxõ� r�+«>�'a\� Óüt�̀¦ V,�#Q ÓütZ�}s�\�

���� �èo��� #Qb�G>� ²ú���t���Ht�\�¦ SX�������H �Ö̧1lxÜ¼�Ð

½̈$í
÷&%3���. ynC_� f����� õ�]j��H YUs�$��í���'�\�¦ s�6 x�

#� ynC_� ���'�� �â
�Ð\�¦ SX�������H �Ö̧1lxÜ¼�Ð ½̈$í
÷&%3�Ü¼ 9,

ynC_� ìøÍ�� õ�]j��H YUs�$��í���'�, ��Ö�¦ x9� y���̧l�\�¦ s�6 x

�#� {9���y��\� ���� ìøÍ��y��s� #Qb�G>� ²ú���t���Ht�\�¦ SX�

������H �Ö̧1lxÜ¼�Ð ½̈$í
÷&%3���. s� �'a¹1Ï õ�]j[þt�Ér &ñ
îß��<Æ

Òqtõ� r�y���©�E��<ÆÒqt �̧¿º 1lx1pxô�Ç {9��©�\�"f Ãº'��½+É Ãº e��

�̧2�¤ r�y���©�E��<ÆÒqt_� ÅÒ¹כ @/�̂y��y����� 'õAy���̀¦ ÅÒ�Ð �Ö̧

6 x�#� Ãº'��½+É Ãº e���̧2�¤ �¦îß�÷&%3���. \V\�¦ [þt#Q �èo�

?/l�õ�]j\�"f��Hr�y���©�E��<ÆÒqt[þt�̀¦0AK�:£¤Z>�y��¦îß��)a

ÅÒ��l�\�¦ ��6 x�%i���. s� ÅÒ��l���H x�Û¼�:r 4�x\� <�Ì�̀¦ ��

"f �<ÆÒqt[þt Û¼Û¼�Ð ÓütZ�}s�\�¦ �̧]X�½+É Ãº e���̧2�¤ ]j����)a �§

½̈s���. Õªo��¦ ynC_� f�����õ� ynC_� ìøÍ�� õ�]j\�"f��H y��F�g

l� (light probe)\�¦ �Ö̧6 x�%i���HX<, s���H r�y��@/�̂ y��y���̀¦

�Ö̧6 xô�Ç z�́+«> �©�u��Ð ynC_� ����o\�¦ �èo�_� ����o�Ð ��Ë̈#Q

ÅÒÙ¼�Ð r�y���©�E� �<ÆÒqt[þt\�>� Ä»6 xô�Ç z�́+«>�§½̈s��� [5].

s� y��F�gl�\�¦ s�6 x�#� ynC_� f�����õ� ìøÍ��\�¦ r�y���©�E� �<Æ

Òqt[þts� Û¼Û¼�Ð SX������¦ �â
+«>½+É Ãº e���̧2�¤ y��F�gl�, YUs�

$��í���'�_� ~ÃÎgË>@/, Õªo��¦ <�Ì�̀¦ óøÍ y���̧l�\�¦ ]j����#�

'õAy��÷�rëß� ��m��� �<H�̀¦ �̧½̈�Ð+� ��6 x���H #3�0A\�¦ þj�è

�o �#� 8ú¤y���̧ s�6 x½+É Ãº e���̧2�¤ �%i���. s��Qô�Ç �'a¹1Ï

õ�]j_� �Ö̧1lxõ� �©�u�\�¦ Table 1\�"f çß�|ÄÌy� ����?/%3���.

4. ��z»�¤ùmÉ õmÍ ÄZØV	Ä

���½̈_� ��«Ñ��H ���½̈��\�¦ �í�<Êô�Ç õ��<Æ�§¹¢¤ ���ë�H�� 4"î


s�r�y���©�E��<Æ�§\�~½Óë�H�#����½̈��ü<�<ÆÒqts�{9�@/{9��Ð

õ�]j\�¦Ãº'����¦���{���̀¦�%i���.y��õ�]jÃº'��\�����2;r�

çß��Ér �<ÆÒqtZ>��Ð 50 − 60ì�r &ñ
�̧%i���. ìøÍ½̈�̧�o�)a >hZ>����

{��õ� �ÃÐ#��'a¹1Ï�̀¦ :�x�#� 3��t� �'a¹1Ïõ�]j\�¦ Ãº'�����H 1lx

îß� �'a¹1Ï�)a ��z�́�̀¦ ��Ä»\�v>� ú́��Ð ³ð�&³ô�Ç �¦̀�	כ �<ÆÒqt_� )�

|ÃÌ�̀¦ ~ÃÎ�¦ 0lq6£§�̀¦ �%i���.

��«Ñ\�¦ ì�r$3��l� 0AK� 0lq6£§ô�Ç ?/6 x�̀¦ �����\�¦ �#�"f

õ�]jZ>��Ð�'a¹1Ï���Õüt�̀¦µ1ÏLY�#��ï×¼�o�%i��¦�ïç̀
ô�Ç�'a

¹1Ï ���Õüt�̀¦ î̈
���l� Ãº�Z4�>� �l� 0A�#� �'a¹1Ï0px§4� î̈


�� �̂ß¼o�Û¼àÔ\� &h�6 x�#� ì�r$3��%i���. �'a¹1Ï���Õüt_� �ï

ç̀
õ� î̈
�� �̂ß¼o�Û¼àÔ_� ½̈�̂&h���� \Vr���H Fig. 2 x9� Fig.

3õ� °ú ��.

Fig. 2. An example of coding for the student’s observa-
tion.

Fig. 3. An example of checklist for observational asses-
ment.

III. �ìÅ�� +sÇÊÝ

1. å¾Ë²�o8ý XNË8ý õmÍ çgË�� ÇUØ�� 4�®�o

1) �'a¹1Ï_� &ñ
_�

�'a¹1Ï\� @/ô�Ç &ñ
_���H #��Q õ��<Æ��[þt���� ��ØÔ>� ÅÒ�©�

÷&#Q M®o��. �'a¹1Ï�̀¦ r�y��&ñ
�Ð\�ëß� ²DGô�Ç���H �Ü¼�Ð	כ �Ð��H
{9��©�s� e����H�� ���� [6], r�y��&h���� ��÷	כrëß� ��m��� 8ú¤y��õ�
Êêy�� 1px_� ���çß�_� �̧y���̀¦ �̧¿º ��6 x���H �¦̀�	כ �'a¹1Ï�Ð &ñ


_��l��̧ ô�Ç�� [7]. Õªo��¦ �'a¹1Ï'��1lx\�"f l�½̈ ��6 xs���
�̧����̀¦ ?/�í�)a �s�����H	כ |
�K�\�¦ ��t�l��̧ ��¦ [8], {9��̂
_� l�½̈��6 xs��� �̧����̀¦ C�]jô�Ç �â
Äº�̧ e����. K�$3�õ� �'a
¹1Ïõ�_� �'aº��$í
\�"f �'a¹1Ï�Ér K�$3��̀¦ �í�<Ê½+É Ãº \O�Ü¼ 9 �'a

¹1Ïõ� K�$3��Ér ½̈ì�r�#��� ô�Ç����H |
�K��� e����H�� ���� [9],
�'a¹1Ï�Ér K�$3��̀¦ �í�<Ê½+É Ãºµ1Ú\� \O�Ü¼ 9 �'a¹1Ï�̀¦ l�Õütô�Ç��

��H ��Ér	כ ���²DG �&³�©�\� @/ô�Ç �����_� s�K�\�¦ ����?/��H ��s	כ

�� &ñ
_��l��̧ ô�Ç�� [10]. ¢̧ô�Ç �'a¹1Ï�̀¦ ��r�&h���� {9��©�\�
"fl��í&h�������t��Ö̧1lx��t��í�<Êr�v����� [11],�'a¹1Ï�̀¦l�
0pxÜ¼�Ð �Ð�¦ Ä»��&h�õ� 	�s�&h��̀¦ ¹1Ô�¦ ì�rÀÓ��¦ ì�rÀÓd�¦
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Table 1. The tasks of observation and materials.

Task Activities Materials

` To observe the change of sounds by meter stick
Making sounds

a To observe the change of sounds by test tube flute

Propagation of light ` To explore the characteristics of light probe

(using light probe) a To observe that light travels straight using light probe

Reflection of light ` To observe various mirror (plain, concave and convex)

(using light probe) a To observe the reflection of light

�̀¦ ëß�×¼��H ����t	כ �'a¹1Ïl�0pxÜ¼�Ð �í�<Êr�v���H |
�K�\�¦ ��

����� [12]. �'a¹1Ïõ� ���>h¥Æ� <�Ê�Ér t�d��õ� �'aº���#� s��:rs�
�'a¹1Ï\� ���'���Ù¼�Ð �'a¹1Ï l�Õüt�Ér ��ØÔ}9� Ãº�̧ \O�Ü¼ 9 1lq

wn�&h�Ü¼�Ð î̈
��|̈c Ãº�̧ \O����¦ ÅÒ�©�ô�Ç ìøÍ��� [13], 9þt�Ð(�
[14]��H �ÃÐ½̈l�0px�̀¦ ì�rÀÓ����"f ��Óüts��� �&³�©��̀¦ �'a¹1Ï�
��H '��1lx x9� �'a¹1Ïô�Ç �Ü¼�Ð	כ &h�]X�ô�Ç ���#Q�Ð l�Õüt���H �¦̀�	כ

‘�'a¹1Ï x9� 8£¤&ñ
’s�����H @/#3�ÅÒ ��A� ���_� �0A #3�ÅÒ�Ð
ì�rÀÓ�%i���. 7£¤ �'a¹1Ï�̀¦ �'a¹1Ï���H '��1lxõ� �'a¹1Ï\� @/ô�Ç ���
Õüt�Ð ½̈ì�r�#� î̈
��½+É Ãº e��6£§�̀¦ �Ð%i��� [15].
ô�Ç¼#� �'a¹1Ï�Ér ����̂_� �̧��H y��y��l��'a�̀¦ �Ö̧6 x�#� ��Óüt

¢̧��H �&³�©�\� �'aô�Ç �̧��H &ñ
�Ð\�¦ &ñ
$í
&h�, &ñ
|¾Ó&h�, ��y��&h�,
q��§&h�Ü¼�Ð �̧Ü¼��H3lq&h�&h����Ãº|9��Ö̧1lxs�����H|
�K���e��

�� [16]. ¢̧ô�Ç �§��6 x t��̧"f8úx�:r\�"f��H �ÃÐ½̈õ�&ñ
_� ô�Ç
¹�è�Ð"fכ �'a¹1Ï�̀¦ ‘�'aº�� t�d��õ� �̧y���̀¦ ��6 x�#� ��Óütõ�
�&³�©�\� @/K� ë�H]jü< �'aº���#� ¹ô�Çכ��9 &ñ
�Ðü< ��«Ñ\�¦ %3�

��H�ÃÐ½̈_����©�l��:r&h����õ�&ñ
’Ü¼�Ð&ñ
_���¦e���¦ ¢̧ ��
�Ér ÂÒì�r\�"f��H ‘õ��<Æ&h� ��z�́�Ð"f_� &ñ
�Ð\�¦ f��]X� �â
+«>�̀¦
:�xK� Ãº|9����H �Ö̧1lx’, ‘����� �&³�©�s��� ��Óüt�̀¦ �̧y���̀¦ ��
6 x�#� Ì�o�'a&h�Ü¼�Ð ÅÒ_� U�·>� �Ð��H �’	כ 1pxÜ¼�Ð &ñ
_���¦
e��Ü¼ 9 �̧y��_� ô�Ç>�\�¦ �FG4�¤�l� 0A�#� z�́+«>l�½̈\�¦ ��

6 x���H ����t	כ �í�<Ê�#� �'a¹1Ï�̀¦ &ñ
_���¦ e����. ¢̧ô�Ç &ñ

$í
&h� �'a¹1Ï, &ñ
|¾Ó&h� �'a¹1Ï, éß�l�çß� �'a¹1Ï, �©�l�çß� �'a¹1Ï�Ð ½̈
ì�r�#� ]jr���¦ e���� [17].
�:r ���½̈\�"f��H #��Q õ��<Æ��[þt_� |
�K�\�¦ 7áx½+Ë�#� �'a

¹1Ï�̀¦ ‘���çß�_� �̧y�� x9� �̧½̈\�¦ ��6 x�#� ��Óüt ¢̧��H �&³�©�
\� �'aô�Ç Ì�o�'a&h�s��¦ &ñ
SX�ô�Ç &ñ
�Ð\�¦ S\�1pq��¦ l�Õüt���H

õ�&ñ
’Ü¼�Ð &ñ
_��%i���. çß�|ÄÌy� ���¹כ�#� �Ð��� �'a¹1Ï '��1lx
\� r�y��ëß� ��m��� ���ª�ô�Ç y��y���̀¦ ��6 x��¦ l�½̈��6 xs�

�� �̧����Ö̧1lx�̀¦ �í�<Ê�%i���. ¢̧ô�Ç �'a¹1Ï\� @/ô�Ç ���Õüt�̧ �'a
¹1Ï_� &ñ
_�\� �í�<Ê�%i�Ü¼��, éß� �'a¹1Ïõ� K�$3��Ér ½̈ì�r�#�
�� ô�Ç����H |
�K�\�¦ �������.

2) �'a¹1Ï_� î̈
��

(1) �'a¹1Ï 0px§4� î̈
�� ï�r��

�'a¹1Ï0px§4�\� �'aô�Ç î̈
�� 3lq³ð x9� ï�r����H �<Æ������ ���ª�

�>� ]jr�÷&#Q�����. �Ý¶F�Õüt [18]�Ér @/�©� d��Z>��l�, ���
s��©�_�y��y��s�6 x�l�,&h�]X�ô�Ç �̧��Hy��y��s�6 x�l�,&ñ
SX�
y�¬¹���l�,&ñ
$í
&h�����'a¹1Ï�l�,&ñ
|¾Ó&h�����'a¹1Ï�l�,�'a
¹1Ï_�����o¬¹���l�\�¦ï�r���Ð]jr��%i��¦,&ñ
&ñ
E� [19]��H
ÅÒ#Q��� ÕªaË> q��§�l�, �̧y�� ��6 x�l�, &ñ
$í
&h���� �'a¹1Ï�
l�, &ñ
|¾Ó&h���� �'a¹1Ï�l�, �'a¹1Ï��z�́�̀¦ &h�]X�ô�Ç ���#Q�Ð l�Õüt
�l��Ð]jr��%i���.Õªo��¦Äº7áx6�¤1px [20]�Ér@/�<ÆÃº�<Æ0px
§4� î̈
¹�èx9�3lq³ð�Ðכ�� �̧y����6 x�l�,&ñ
$í
&h�����o�'a¹1Ï
�l�, &ñ
|¾Ó&h���� �'a¹1Ï�l�, �'a¹1Ï��z�́�̀¦ &h�]X�ô�Ç ���#Q�Ð l�
Õüt�l�,&h�]X�ô�Ç�'a¹1Ï �̧|	� ú́��l�,&h�]X�ô�Ç �̧½̈_�s�6 x�
l�, �'a¹1Ï Êê :£¤$í
\� ���� ��|	�, ��Óüt�̀¦ í�H"f@/�Ð C�\P��
l�\�¦ ]jr��%i���. 5ÅxóøÍ[O�õ� ô�ÇF�gA� [16]��H [j ��t� s��©�
_� y��y��l��'a�̀¦ s�6 x��¦ �'a¹1Ïõ� ÆÒo�\�¦ ½̈Z>��l�, &ñ
|¾Ó
&h� �'a¹1Ï�l�, /BN:�x&h� · 	�s�&h� ¹1Ôl� 1pxÜ¼�Ð ]jr��%i���.
#��Qõ��<Æ��[þt_�|
�K�\�¦7áx½+Ë�#��Ð��� �̧y���̀¦Y�J�¦ÀÒ

��6 xô�Ç����H &h�õ� ��0pxô�Ç ô�Ç ú́§�Ér �'a¹1Ï ��z�́�̀¦ l�Õütô�Ç��

��H &h�\� e��#Q"f /BN:�x&h�s� �Ð%i���. s�\� ·ú¡ ]X�\�"f &ñ
_�
ô�Ç �'a¹1Ï_� _�p�ü< s��©�_� �'a¹1Ïî̈
��\� @/ô�Ç ���'�����½̈\�¦

7áx½+Ë&h�Ü¼�Ð óøÍéß��#� Y>� ��t� �'a¹1Ïî̈
��\� e��#Q"f ×�æ¹כ

ô�Ç �½Ó3lq�̀¦ Ãº&ñ
�#� �'a¹1Ï0px§4�\� �'aô�Ç î̈
�� ï�r��\�¦ ��6£§

õ� ]jr��%i���.

'Í	P:, �̧y�� x9� �̧½̈\�¦ Ø�æì�ry� �Ö̧6 x���H��?

ÑütP:, #��Q ��t� ���ª�ô�Ç �'a&h�\� ���� �'a¹1Ï�̀¦
½+É Ãº e����H��?
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Table 2. Standards of observational ability assesment.

Criteria Standards

` Using tools Using senses Many kinds of sense should be used.

and senses Using tools Proper tools and materials should be used to extend his/her observation.

Quantitative

a Diversity of Diversity
Many information should be induced by observation.

observation Qualitative

diversity
Divergent view of observation should be adapted.

b Objectivity of observation Observation should be dependent on evidence, not on ideas.

c Correctness of observation Observation should be accurate and correct.

d Elaborateness of observation Observation should be described elaborately and clearly.

!Ó	P:,�'a¹1Ï@/�©�Ü¼�ÐÂÒ'���Óüt_�$í
|9�s���:£¤
$í
\� @/�#� ��0pxô�Ç ô�Ç ú́§�Ér &ñ
�Ð\�¦ %3��̀¦ Ãº

e����H��?

�Å	P:, �'a¹1Ï ���õ���H 7£x��\� l��íô�Ç Ì�o�'a&h����
&ñ
�Ð�����?

��$Á	P:,�'a¹1Ï���õ���Hõ��<Æ&h�s��¦&ñ
SX�ô�Ç&ñ
�Ð
�����?

#�$Á	P:,�'a¹1Ï���õ�_����Õüt�Ér$3�[j��¦"î
«Ñ�
>� l�2�¤÷&#Q &����H��?

(2) �'a¹1Ï 0px§4� î̈
�� ì�r$3�d�¦

���'�����½̈ ì�r$3� ���õ� ]jr�ô�Ç 6��t� î̈
��3lq³ð\�¦ î̈
���
l� Ãº�Z4�>� �l� 0A�#� �:r ���½̈\�"f��H y��y��õ� �̧½̈_�

��6 x, �'a¹1Ï_� ���ª�$í
, �'a¹1Ï ���Õüt_� Ì�o�'a$í
, �'a¹1Ï���Õüt_�
&ñ
SX�$í
, �'a¹1Ï���Õüt_� &ñ
�§$í
 1pxõ� °ú s� ß¼>� 5��t� î̈
��
�½Ó3lqÜ¼�Ð ½̈$í
�%i���. �'a¹1Ï 0px§4� î̈
�� ï�r�� x9� l�ï�r�Ér
Table 2ü< °ú ��.

2. S�PclXês;0]K¡t��ôp§8ý å¾Ë²�o{�E�ÒÞ ÄZØV	Ä

1) î̈
���½Ó3lqZ>� ���õ� ì�r$3�

(1) �̧½̈ü< y��y��_� ��6 x

�̧½̈ü< y��y�� ��6 x ï�r����H ��r� �0A ï�r���Ð"f ����̂&h�

y��y��_� ��6 xõ� �̧½̈_� ��6 xÜ¼�Ð ½̈ì�r�)a��. ����̂&h� y��y��
_� ��6 x�½Ó3lq�Ér �<ÆÒqt[þts� �'a¹1Ï �Ö̧1lx�̀¦ Ãº'��½+É M: ���_�

y��y��\� u�Äº�2; �'a¹1Ï�̀¦ ���H ��s	כ ��m��� ���ª�ô�Ç y��y���̀¦

�¦ÀÒ ��6 x�#� �'a¹1Ï ���õ�\�¦ %3��̧2�¤ �l� 0Aô�Ç î̈
���½Ó3lq

s���.

'õAy�� y��y���̀¦ ��6 xô�Ç �'a¹1Ï ��YVÃº��H 50>h (50.5 %), 8ú¤

y��y��y���̀¦ ��6 xô�Ç �'a¹1Ï ��YVÃº��H 45>h (45.5 %), r�y��y��

y���̀¦ ��6 xô�Ç �'a¹1Ï ��YVÃº��H 4>h (4 %)�Ð õ�]j_� :£¤$í
�©�

'õAy��õ� 8ú¤y�� y��y��s� ÅÒ\�¦ s�ÀÒ%3���. 'õAy�� &ñ
�Ð\�¦ s�6 xô�Ç

�'a¹1Ï ��YVÃº��H �èo�?/l� õ�]j\�"f��H 28>h, ynC_� f����� õ�

]j\�"f��H 17>h, ynC_� ìøÍ�� õ�]j\�"f��H 5>h_� ì�r�í\�¦ ��

&���¦ 8ú¤y�� &ñ
�Ð\�¦ s�6 xô�Ç �'a¹1Ï ��YVÃº��H �èo�?/l� õ�]j

\�"f��H 11>h, ynC_� f����� õ�]j\�"f��H 7>h, ynC_� ìøÍ�� õ�]j

\�"f��H 27>h_� ì�r�í\�¦ ��&����. õ�]j_� :£¤$í
�©� �èo�?/l�

õ�]jü< ynC_� f����� õ�]j\�"f��H 'õAy���̀¦ ÅÒ�Ð s�6 x�%i��¦

ynC_� ìøÍ�� õ�]j\�"f��H 8ú¤y���̀¦ ÅÒ�Ð s�6 x�%i���. Õªo��¦

r�y���©�E��<ÆÒqt ×�æ\�"f $�r�§4��̀¦ ����� �<ÆÒqt_� :£¤$í
�©� {9�

ÂÒ r�y�� &ñ
�Ð\�¦ �Ö̧6 x�%i���. �<ÆÒqt[þt_� 0lq2[�)a �'a¹1Ï���Õüt

�̀¦ ì�r$3�ô�Ç ���õ� 2>h s��©�_� y��y���̀¦ 1lxr�\� ��6 xô�Ç ���Õüt

�Ér 11>h (12.4 %)%i���. y��y��õ� �̧½̈ ��6 x ï�r��\�"f î̈
��

ô�Ç �<ÆÒqt[þt_� �'a¹1Ï ��YV ì�r$3� ���õ���H Table 3õ� °ú ��.

õ�]j_� :£¤$í
�©� l�½̈ ¢̧��H �'a¹1Ï �̧½̈_� ��6 x�Ér Ô�¦��x�

�%i�Ü¼��, r�y���©�E��<ÆÒqt[þt_� �̧½̈_� ��6 x\� e��#Q"f 	�H

#Q�9¹¡§s� \O�%3���. s���H r�y�� �<H�©�\� ���Ér �̧½̈ �̧���_�

#Q�9¹¡§�̀¦ �¦�9�#� �'a¹1Ï Ãº'���l� ���\� �<ÆÒqt[þt\�>� Äº

���ï�rq�Óüt\�@/ô�Ç�'a¹1Ï�̀¦���$��>�������ï\¹כ��9¦��r

q�Óüt\� @/ô�Ç �§��_� [O�"î
s� ]jr��)a Êê �'a¹1Ï�̀¦ Ãº'���%i�

l� M:ë�Hs����¦ Òqty��½+É Ãº e����. :£¤y� y��F�gl� ��6 x\� e��

#Q"f �<ÆÒqt[þt_� 0px§4�s� 8A#Qz�¤��. ô�Ç¼#� y���̧l� ��6 x\� e��

#Q"f��H �§��_� îß�?/�� ,¦�¡¹Ùþכ��9 r�+«>�'a e�¦ÀÒàÔ õ�]j\�

"f��H �̧���0px§4�s� ÂÒ7á¤ô�Ç �<ÆÒqt�̧ e��%3���. Õª�Q�� �'a¹1Ï õ�

]j\�"f ]jr��)a �Ö̧1lx s�ü@_� �̧���&h���� �'a¹1Ï�̀¦ ���H �<ÆÒqt

�̧ e��%3���. \V\�¦ [þt#Q �èo�?/l� õ�]j\�"f ]jr��)a r�+«>�'a

�̀¦ Ô�¦#Q�Ð��H �Ö̧1lx ÷�rëß� ��m��� ��\�¦ s�6 x�#� r�+«>�'a�̀¦

¿º×¼�9"f �èo�_� ����o\�¦ ¶ú�(R�Ð��H �̧���&h���� �'a¹1Ï�̀¦ �

��H ��YV�̧ e��%3���. ��6£§�Ér r�y���©�E��<ÆÒqts� �̧���&h� �'a¹1Ï

�̀¦ ���H \Vr���.
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Table 3. Numbers of observational statements about “using tools and senses”.

Making Propagation Reflection
Task

Sound of light of light
Total

Visual 0 0 4 (4.0 %) 4 (4.0 %)

Auditory 28 (28.3 %) 17 (17.2 %) 5 (5.0 %) 50 (50.5 %)
Using

Tactual 11 (11.1 %) 7 (7.1 %) 27 (27.3 %) 45 (45.5 %)
senses

Gustatory 0 0 0 0

Olfactory 0 0 0 0

Using tools Qualitatively analysed

Total 39 (39.4 %) 24 (24.3 %) 36 (36.3 %) 99 (100 %)

Table 4. Numbers of observational statements about “di-
versity of observation”.

Making Propagation Reflection
Task

Sound of light of light
Total

31 25 33 89
Quantitatively

(34.8 %) (28.1 %) (37.1 %) (100 %)

qualitatively analysed

Qualitatively (numbers of observational

views were considered)

[�<ÆÒqt1] : ([j>h_� r�+«>�'a�̀¦ ìøÍ4�¤K�"f ì�r��)

[���½̈��] : #Q*�m� �èo���?

[�<ÆÒqt1] : Óüts� ú́§��|9�Ãº2�¤ �8 ��Zþt#Q t���H�	כ

°ú ¹כ��.

[���½̈��] : Õª!3� ©©�� ��Ä»\�v>� K�ú<. s���

��t��¦ m��� Ô�¦#Q"f ����H �̧A��� e��Ü¼��� ���

ÅÒK�ú<�̧ ÷&�¦m����'a¹1Ïô�Ç:£¤fç
�̀¦ ú́�K�ú<�̧

�#.

[�<ÆÒqt1] : �èo��̧ ��ØÔW1...

[���½̈��] : #Qb�G>� Ùþ¡#Q t��FK?

[�<ÆÒqt1] : (r�+«>�'a�̀¦ ���Ð ¿º×¼�9�Ð���"f..)t�

�FK s�XO�>� ��¦..

[���½̈��] : ¿º[þt��K®o#Q?

[�<ÆÒqt1] : W1

[���½̈��] : ÕªÏþ¡�8m�. �èo��� ��ØÔm�?

[�<ÆÒqt1] : W1.ÏãT�¦.7á§�8��Zþt�¦.Aá§�8��Zþt�¦.

[���½̈��] : #Q.

[�<ÆÒqt1] : Õª���X< Ô�¦#Q�Ð��� ÏãT�¦, 7á§�8 ��Zþt

�¦, ]j{9� ��Zþt�¦.

Table 5. Numbers of observational statements about
“objectivity of observation”.

Making Propagation Reflection
Task

Sound of light of light
Total

Evidence 30 25 33 88

based (33.7 %) (28.1 %) (37.1 %) (98.9 %)

Idea 1 0 0 1

based (1.1 %) (1.1 %)

31 25 33 89
Total

(34.8 %) (28.1 %) (37.1 %) (100 %)

(2) �'a¹1Ï_� ���ª�$í


�'a¹1Ï_� ���ª�$í
 ï�r��\� @/K�"f��H ß¼>� |9�&h���� ���ª�$í


õ� �ª�&h���� ���ª�$í
Ü¼�Ð ½̈ì�r�#� î̈
���%i���. �ª�&h� ���ª�

$í
 ï�r����H ��0pxô�Ç ú́§�Ér Ãº_� �'a¹1Ï ���Õüts� e��#Q�� ô�Ç����H

&h��̀¦, |9�&h� ���ª�$í
 ï�r����H #��Q ��t� ���ª�ô�Ç �'a&h��̀¦ ��

t��¦ �'a¹1ÏK����<Ê�̀¦ _��̧�%i���. ����"f �ª�&h���� ���ª�$í


�Ér ����̂ �'a¹1Ï ��YVÃº�Ð î̈
���%i��¦, |9�&h���� ���ª�$í
�Ér y��

�'a¹1Ï õ�]j\� @/�#� \O����� ���ª�ô�Ç �'a¹1Ï �'a&h�s� ]jr�÷&

��H��\�¦ l�ï�rÜ¼�Ð î̈
���%i���.

�ª�&h� ���ª�$í
 ï�r��\�"f �Ð���, @/�̂&h�Ü¼�Ð õ�]jZ>��Ð q�

5pwô�Ç �'a¹1Ï ��YVÃº\�¦ �Ð%i�t�ëß� q��§&h� �èo�?/l� õ�]jü<

ynC_� ìøÍ�� õ�]j\� q�K� ynC_� f����� õ�]j\�"f��H �©�@/&h�Ü¼

�Ð �̧�FK±ú��Ér�'a¹1Ï���ÕütÃº\�¦�Ð%i���.�èo�?/l�õ�]j��H�<Æ

ÒqtZ>��Ð Ä»��ô�Ç �'a¹1Ï ��YVÃº\�¦ �Ð%i�Ü¼�� :£¤y� ynC_� f�����

õ�]jü< ynC_� ìøÍ�� õ�]j\�"f �<ÆÒqt >h���Z>� 	�s�\�¦ ����?/

%3���.

|9�&h���� ���ª�$í
 ï�r��\�"f��H �<ÆÒqt���� ô�Ç ��t� �'a¹1Ï õ�

]j\�@/K�"f 3 ∼ 5��t�_�Ä»��ô�Ç�'a¹1Ï�'a&h��̀¦��t��¦�'a

¹1Ï�̀¦ �%i���. �èo�?/l� õ�]j\�"f��H �èo�_� �¦$�, �èo�_�

y©����, ���1lx, �èo�\�¦ ?/��H r�çß� 1px_� 4��t� �'a&h�s� ×¼�Qz�¤

�¦, ynC_� f����� õ�]j\�"f��H y��F�gl� �èo�_� �¦$�ü< [jl�,

n���Ér &h�_� �̧�ª� 1px_� 3��t� �'a&h��̀¦ ��&��Ü¼ 9, ynC_� ìøÍ��
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Table 6. Numbers of observational statements about
“correctness of observation”.

Making Propagation Reflection
Task

Sound of light of light
Total

21 10 25 56
Correct

(23.6 %) (11.2 %) (28.1 %) (62.9 %)

10 15 5 30
Incorrect

(11.2 %) (16.9 %) (5.6 %) (33.7 %)

0 0 3 3
etc.

(3.4 %) (3.4 %)

31 25 33 89

(34.8 %) (28.1 %) (37.1) (100 %)

õ�]j\�"f��Hy��F�gl��èo�_��¦$�ü<[jl�,��Ö�¦_� �̧�ª�,��
Ö�¦\� ë�By���H �©�, ìøÍ��_� ZO�gË: 1px_� 5��t� �'a&h��̀¦ ��t��¦
�'a¹1Ï�̀¦ �%i���. ynC_� ìøÍ�� õ�]j\�"f��H �<ÆÒqtZ>��Ð ��_� °ú 
�Ér �'a¹1Ï �'a&h�Ãº\�¦ �Ð%i�Ü¼�� �èo�?/l� õ�]jü< ynC_� f�����

õ�]j\�"f��H ���çß�_� >h���&h���� 	�s�\�¦ �Ð%i���.
�'a¹1Ï_� ���ª�$í
 ï�r��\� @/ô�Ç �<ÆÒqt_� �'a¹1Ï��YV ì�r$3� ���

õ���H Table 4ü< °ú ��.

(3) �'a¹1Ï_� Ì�o�'a$í


�'a¹1Ï_� Ì�o�'a$í
 ï�r��\�"f��H �'a¹1Ï Ãº'��\� e��#Q"f �����

_� Òqty��s��� ÆÒo�\� l��í�#� ���Õüt���H ��õ	כ ½̈ì�r�#�

Ì�o�'a&h����7£x��\�l��íô�Ç�'a¹1Ï��z�́�̀¦l�Õüt���H��\�¦�'a&h�

Ü¼�Ð î̈
���%i���.
s� ���½̈\�"f ]jr�ô�Ç r�y���©�E��<ÆÒqt[þt_� �'a¹1Ï õ�]j Ãº

'�� ���õ�, �'a¹1Ï @/�©��̀¦ ÅÒ�¦ ��Ä»�Ðî�r �'a¹1Ï�̀¦ ���H ��s	כ
��m��� :£¤&ñ
ô�Ç �Ö̧1lx�̀¦ Ãº'��K������H �'a¹1Ï õ�]j_� :£¤$í


�©� �<ÆÒqt[þt_� �'a¹1Ï ���Õüt @/ÂÒì�r�Ér 7£x��\� l��íô�Ç Ì�o�'a&h�

��� ���Õüts�%3���. ��ëß�, ×¼Óüt>� Òqty��\� l��íô�Ç Ì�o�'a&h�s�t�
3lwô�Ç ���Õüt�̧ ����z�¤��. �'a¹1Ï���Õüt_� Ì�o�'a$í
 ï�r��\� @/ô�Ç
�<ÆÒqt_� �'a¹1Ï ���Õüt ì�r$3� ���õ���H Table 5ü< °ú ��.

(4) �'a¹1Ï_� &ñ
SX�$í


�'a¹1Ï_� &ñ
SX�$í
 ï�r��\�"f��H �'a¹1Ï ���õ��� õ��<Æ&h� ��z�́

�̀¦ &ñ
SX��>� ³ð�&³���H��\�¦ �'a&h�Ü¼�Ð î̈
���%i���. �<ÆÒqt
_� �'a¹1Ï ���Õüt\� @/ô�Ç ì�r$3� ���õ���H Table 6õ� °ú ��.
ì�r$3� ���õ� &ñ
SX�ô�Ç ���Õüts� 56>h (62.9 %)�Ð õ�ìøÍÃº��H
�Å�%3�t�ëß� ÂÒ&ñ
SX�ô�Ç ���Õüt_� Ãº�̧ 30>h (33.7 %)�Ð q��§
&h� ú́§�Ér q�×�æ�̀¦ 	�t��%i���. s� ï�r��\�"f��H õ�]jZ>� 	�s�
ü< >h���Z>� 	�s��� d��Ùþ¡��. ynC_� f����� õ�]j_� �â
Äº��H &ñ

SX�ô�Ç �'a¹1Ï ���Õüt�Ð�� ÂÒ&ñ
SX�ô�Ç �'a¹1Ï ���Õüts� ú́§��¤Ü¼�� ynC

_�ìøÍ��õ�]j\�"f��H&ñ
SX�ô�Ç�'a¹1Ï���Õüts��s̀��� ú́§��¤��.s�
��H ynC_� f����� õ�]j Ãº'�� õ�&ñ
s� ���Ér õ�]j\� q�K� q��§

Table 7. Numbers of observational statements about
“elaborateness of observation”.

Making Propagation Reflection
Task

Sound of light of light
Total

1 7 6 14
Elaborate

(1.1 %) (7.9 %) (6.7 %) (15.7 %)

30 18 27 75
Simple

(33.7 %) (20.2 %) (30.3 %) (84.3 %)

31 25 33 89
Total

(34.8 %) (28.1 %) (37.1 %) (100 %)

&h� >h~½Ó&h���� ìøÍ���, ynC_� ìøÍ�� õ�]j_� �â
Äº\���H r�y���©�E�
�<ÆÒqt_� :£¤$í
�̀¦ �¦�9�#� y���̧l� '���̧\� <�Ìs� ����� y���̧

l�\�¦ ��6 x�#� Ãº'����̧2�¤ �%i�Ü¼Ù¼�Ð õ�]j Ãº'��s� �©�

@/&h�Ü¼�Ðq�>h~½Ó&h�s�l�M:ë�Hs����¦ÆÒ8£¤�)a��.�<ÆÒqtZ>��Ð
�'a¹1Ï_� &ñ
SX�$í
\� @/K�"f 	�s��� ú́§s� z�¤��HX<, \V\�¦ [þt#Q
�<ÆÒqt1_� �â
Äº $�r�§4����Ð"f {9�ÂÒ r�y���̀¦ s�6 xô�Ç �'a¹1Ï�̀¦
�%i���HX< $�r�§4���_� Òqto�&h� :£¤$í
�©� s� �<ÆÒqt_� �'a¹1Ï ���

Õüts� #Q�"� _�p�\�¦ °ú���Ht� óøÍéß����HX< #Q�9¹¡§s� e��%3���.

(5) �'a¹1Ï_� &ñ
�§$í


�'a¹1Ï_� &ñ
�§$í
 ï�r��\�"f��H �'a¹1Ï ���õ�\�¦ \O����� &ñ
�§

��¦$3�[j�>�l�Õüt�Ö¼��<�Ê�Éréß�í�H�>�l�Õüt�Ö¼��\�¦

l�ï�rÜ¼�Ð î̈
���%i���. s���H éß�í�Hô�Ç �'a¹1Ï���Õüt�Ð�� 7á§ �8
$3�[j��¦ "î
SX�ô�Ç ���Õüts� �8 �̀¦���Ér �'a¹1Ïe���̀¦ ]jr�K�ÅÒ

��H �'a¹1Ïî̈
�� �½Ó3lqs���. s�\� @/ô�Ç �<ÆÒqt_� �'a¹1Ï ���Õüt ì�r
$3� ���õ���H Table 7õ� °ú ��.
ì�r$3����õ�&ñ
�§ô�Ç���Õüt�Ér �̧��Hõ�]j\�"f8úx 14>h (15.7

%)s��¦ éß�í�Hô�Ç ���Õüt�Ér 75>h (84.3 %)�Ð"f �<ÆÒqt[þt�Ér @/
�̂&h�Ü¼�Ð "î
SX��t� 3lw��¦ éß�í�Hô�Ç �'a¹1Ï ���Õüt�̀¦ �%i���

�¦ �̂¦ Ãº e����. éß�í�Hô�Ç ���Õüt_� �â
Äº @/ÂÒì�r Âúª�Ér éß�²ú�+þA
@/²ú�s� ú́§��¤��. &ñ
�§ô�Ç ���Õüt_� �â
Äº��H �'a¹1Ï õ�&ñ
õ� ���õ�
\�¦ ½̈�̂&h�Ü¼�Ð ���Õüt�����, �'a¹1Ï ���õ�[þtz�o� q��§�#�
���Õüt���H �â
Äº�� e��%3���. r�y���©�E��<ÆÒqt[þt_� �'a¹1Ï ���Õüt
s� q��§&h� &ñ
�§�t� 3lw��¦ éß�í�Hô�Ç ��Ér	כ r�y���̀¦ @/�̂�

��H ���Ér y��y���̀¦ �Ö̧6 xô�Ç �'a¹1Ï ���õ��� r�y���̀¦ �Ö̧6 xô�Ç �'a¹1Ï

���õ��Ð�� &ñ
�§�t� 3lw�l� M:ë�Hs����¦ ÆÒ8£¤½+É Ãº e����.

2) �'a¹1Ï õ�]jZ>� ���õ� ì�r$3�

�èo�?/l� õ�]j_� �â
Äº ÅÒ�Ð 'õAy���̀¦ s�6 x�%i��¦ ÂÒì�r

&h�Ü¼�Ð 8ú¤y�� ¢̧��H r�y���̀¦ s�6 x�#� �'a¹1Ï�%i���. �èo�?/
l� õ�]j\�¦ Ãº'�����H õ�&ñ
\�"f 	�H #Q�9¹¡§�Ér \O�%3�t�ëß� r�

+«>�'a e�¦ÀÒàÔ\�¦ ÂÒ��H �̧���\� e��#Q"f ���çß�_� #Q�9¹¡§�̀¦ ��

&����. Õª�Q�� r�+«>�'a�̀¦ ���Ð ¿º×¼�9 �Ð�¦ �èo�_� ����o
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\�¦ �'a¹1Ï���H _��̧�t� ·ú§��¤~�� �̧���&h���� �'a¹1Ï�̀¦ Ãº'���

��H �<ÆÒqt�̧ e��%3���.
ynC_� f����� õ�]j��H y��F�gl�\�¦ s�6 xô�Ç �Ö̧1lxÜ¼�Ð y��F�gl�

�èo�_� ����o\�¦ �'a¹1Ï�#��� �%i�Ü¼Ù¼�Ð ÅÒ�Ð 'õAy���̀¦ s�

6 x�%i��¦ �èo�����o\� ���� &h��̀¦ n��#Q ynCs� f������<Ê�̀¦ SX�

������H õ�&ñ
\�"f 8ú¤y���̀¦ s�6 x�%i���. y��F�gl�\�¦ @/ÂÒì�r
%�6£§ ]X��%i���HX< ìøÍK� y��F�gl� ��6 x\� e��#Q"f #Q�9¹¡§s�

\O�%3���. y�� �<ÆÒqt[þts� y��F�gl� �èo��� ��ØÔ>� ����H t�&h��̀¦
¹1Ô�� &h��̀¦ n���Ér �¦̀�	כ SX����K��Ð��� ��_� f�����\� ��¾ú�>� &h�

�̀¦ n���Ér �Ü¼�Ð	כ �Ð�� �̧y��9 y��F�gl� ��6 x 0px§4�s� 8A#Qz��

�̀¦ ·ú� Ãº e��%3���. Õªo��¦ �Ö̧1lx���̂�� q��§&h� éß�í�Hô�Ç õ�
]j_� :£¤$í
�©�, �'a¹1Ï ��YVÃº�� ���Ér õ�]j\� q�K� �'a¹1Ï ���
ÕütÃº�� &h�%3�Ü¼ 9 ���Ér õ�]j\� q�K� &ñ
SX�ô�Ç ���Õüt�Ð�� ÂÒ

&ñ
SX�ô�Ç ���Õüts� �8 ú́§��¤��. ¢̧ô�Ç y��F�gl�\�¦ s�6 x�#� ���Ér
�Ö̧1lx�̀¦ Ãº'�����H õ�]j_� :£¤$í
�©� �'a¹1Ï���Õüts� q��§&h� �í

F�c&h�s��¦ &ñ
�§ô�Ç ���Õüts� e��%3���.
ynC_� ìøÍ�� õ�]j %i�r� y��F�gl�\�¦ s�6 xô�Ç �Ö̧1lxs�t�ëß� y��

�̧l�\�¦ s�6 x���H �̧����Ö̧1lxs� �8 ÆÒ��÷&#Q 'õAy���Ð�� 8ú¤

y���̀¦�8 ú́§s�s�6 x�%i���. ¢̧ô�Ç���ª�ô�Ç��Ö�¦_� �̧�ª��̀¦�'a
¹1Ï���H �Ö̧1lx\�"f ���r� �<ÆÒqt�Ér r�y���̀¦ s�6 xô�Ç ���Õüt�̧ �

%i���. ���Ér õ�]j\� q�K� �̧½̈_� �̧���0px§4�s� ú́§s� &÷̈½¹כ
��H õ�]j�Ð �<ÆÒqt[þts� y���̧l� ��6 x\� e��#Q �§��_� îß�?/��

¹�Ðכ��9 Ùþ¡��. �t�ëß� r�y���©�E��<ÆÒqt_� :£¤$í
�̀¦ �¦�9�#�
y���̧l�\� <�Ì�̀¦ ��"f {9���y��õ� ìøÍ��y���̀¦ �'a¹1Ï��̧2�¤ �

%i�Ü¼Ù¼�Ð õ�]j Ãº'�� õ�&ñ
s� q��§&h� ��[jy� îß�?/÷&%3��¦

����"f Ãº'�����õ�_� ¼#�	��̧ ú́§t� ·ú§��¤��. s�\� ���� ���Ér
õ�]j\� q�K� ÂÒ&ñ
SX�ô�Ç ���Õüts� &h�%3���.
7áx½+ËK��Ð��� y��y��õ� �̧½̈_� ��6 x, �'a¹1Ï_� &ñ
SX�$í
 ï�r��
\�"f��H �'a¹1Ï õ�]j\� ���� �'a¹1Ï Ãº'��\� ¼#�	�\�¦ �Ð%i�Ü¼��

�'a¹1Ï_� Ì�o�'a$í
, �'a¹1Ï_� ���ª�$í
, �'a¹1Ï_� &ñ
�§$í
 ï�r��\�"f
��H Ä»��ô�Ç �'a¹1Ï Ãº'�� 0px§4��̀¦ �Ð%i���.

IV. +sÇÂ]Ø õmÍ <g�¹Å

1. +sÇ Â]Ø

s� ���½̈\�"f��H r�y���©�E� �<ÆÒqt[þt_� _�p�e����H õ��<Æ z�́

+«>õ� �'a¹1Ï t��̧\�¦ 0A�#� l��>r_� ���'�����½̈[þt�̀¦ ì�r$3��

#� �'a¹1Ï�̀¦ &ñ
_���¦ �'a¹1Ï 0px§4� î̈
�� ï�r��\�¦ >hµ1Ïô�Ç Êê,
s�\�¦ s�6 x�#� r�y���©�E� �<ÆÒqt[þt_� �'a¹1Ï 0px§4��̀¦ ì�r$3��

%i���.
�'a¹1Ï\� @/�#� #��Q ���½̈��[þt_� |
�K��� ���ª��>� ]j

r�÷&�¦ e��Ü¼�� s� ���½̈\�"f��H s�\�¦ 7áx½+Ë�#� �'a¹1Ï�̀¦ ‘���
çß�_� �̧y�� x9� �̧½̈\�¦ ��6 x�#� ��Óüt ¢̧��H �&³�©�\� �'aô�Ç

Ì�o�'a&h�s��¦ &ñ
SX�ô�Ç &ñ
�Ð\�¦ S\�1pq��¦ l�Õüt���H õ�&ñ
’Ü¼

�Ð &ñ
_��%i���. Õªo��¦ �'a¹1Ï î̈
��\�¦ 0Aô�Ç ï�r��\�¦ �̧½̈ü<
y��y��_� ��6 x, �'a¹1Ï_� ���ª�$í
, �'a¹1Ï_� Ì�o�'a$í
, �'a¹1Ï_� &ñ

SX�$í
, �'a¹1Ï_� &ñ
�§$í
 1px 5��t��Ð ]jr��%i���.
r�y���©�E� �<ÆÒqt[þt_� �'a¹1Ï 0px§4��̀¦ î̈
���l� 0A�#� �è

o�?/l�õ�]j,ynC_�f�����õ�]j,ynC_�ìøÍ��õ�]j1px'õAy��&ñ

�Ð\�¦ ÅÒ�Ð �Ö̧6 xô�Ç Óüto� z�́+«> õ�]j 3��t�\�¦ �¦îß��%i�Ü¼
 9, s� �'a¹1Ï õ�]j[þt�̀¦ Ãº'�����H 1lxîß� �<ÆÒqt[þt_� �'a¹1Ï 0px
§4��̀¦ s� ���½̈\�"f �̧Ø�¦ô�Ç �'a¹1Ï_� &ñ
_�ü< �'a¹1Ï î̈
��_� ï�r

��\�¦ ���½ÓÜ¼�Ð î̈
���%i���.
y��y��õ� �̧½̈_���6 xï�r��\�e��#Q"fr�y���©�E��<ÆÒqt[þt_�

�'a¹1Ï 0px§4��Ér %�6£§ ]X����H y��F�gl�_� �èo�����o �'a¹1Ï0px§4�

s�8A#Qz�¤Ü¼ 9�'a¹1Ïõ�]j\�"f_��̧�t�·ú§��¤~�� �̧���&h��'a

¹1Ï�̀¦ Ãº'�����H 0px§4��̀¦ �Ð%i���. ¢̧ô�Ç ����̂&h� y��y��_� ��6 x
\� e��#Q"f��H õ�]j_� :£¤$í
�©� 'õAy��õ� 8ú¤y���̀¦ ÅÒ�Ð s�6 x�

#� &ñ
�Ð\�¦ Ãº|9��%i�Ü¼�� $�r�§4� �<ÆÒqt�Ér {9�ÂÒ r�y���̀¦ s�

6 x�l��̧ Ùþ¡��. �'a¹1Ï_� ���ª�$í
 ï�r��\� e��#Q"f �ª�&h�Ü¼�Ð
��H >h���Z>� x9� õ�]jZ>��Ð q�5pwô�Ç &ñ
�̧_� �'a¹1Ï ���Õüt�̀¦ �Ð%i�

�¦, |9�&h���� ���ª�$í
\� e��#Q"f�̧ >h���Z>��Ð Ä»��ô�Ç �'a¹1Ï�'a
&h��̀¦ �Ð%i���. �'a¹1Ï_� Ì�o�'a$í
 ï�r��\� e��#Q"f �<ÆÒqt[þt�Ér @/
ÂÒì�r 7£x��\� l��íô�Ç Ì�o�'a&h���� ���Õüt�̀¦ �%i���. �'a¹1Ï_� &ñ

SX�$í
 ï�r��\� e��#Q"f��H {9�ÂÒ ÂÒ&ñ
SX�ô�Ç �'a¹1Ï ���Õüts� �í�<Ê

÷&#Q e��%3�Ü¼ 9 #�l�\���H >h���Z>� x9� õ�]jZ>� ¼#�	��� q��§

&h� ú́§��¤��. �'a¹1Ï Ãº'��õ�&ñ
s� q��§&h� >h~½Ó&h���� õ�]j\�"f
��HÂÒ&ñ
SX�ô�Ç���Õüts� ú́§��¤�¦,�<ÆÒqt>h���Z>�y��y��0px§4�\���
�� �'a¹1Ï_� &ñ
SX�$í
\� 	�s��� e��%3���. ô�Ç¼#� �'a¹1Ï_� &ñ
�§$í

ï�r��\� e��#Q"f��H @/ÂÒì�r_� �'a¹1Ï ���Õüts� &ñ
�§����� ½̈

�̂&h�s�t� 3lw��¦ @/�̂�Ð Âúª�¦ éß�í�H�>� ���Õüt÷&%3���.
r�y���©�E��<ÆÒqt[þt�ÉrÅÒ#Q����'a¹1Ïõ�]j\�@/K�"f �̧½̈ü<

y��y��_� ��6 x, �'a¹1Ï_� ���ª�$í
 x9� �'a¹1Ï_� Ì�o�'a$í
 ï�r��\�"f
��H Áºèß�ô�Ç �'a¹1Ï 0px§4��̀¦ �Ð%i�Ü¼��, �'a¹1Ï_� &ñ
SX�$í
õ� �'a¹1Ï
_� &ñ
�§$í
 ï�r��\� e��#Q"f��H p�f�̈�%i���. �'a¹1Ï�̀¦ r�y��\�
²DGô�Çô�Ç �Ü¼�Ð	כ �Ðt� ·ú§�¦ �̧y���̀¦ �¦ÀÒ ��6 x½+É ÷�rëß� ��m�

�� &h�]X�ô�Ç �̧½̈�̧ s�6 x���H �Ü¼�Ð	כ �:r�����, r�y��&h� �<H�©�
�̀¦ ����� r�y���©�E��<ÆÒqt[þt�̧ @/�̂ y��y���̀¦ ��6 x��¦ �̧½̈

��6 xs� e��ņq������ �'a¹1Ï�̀¦ Ãº'�����HX< 	�H #Q�9¹¡§s� \O�

����H &h��̀¦ ·ú� Ãº e����. Õª�Q�� @/�̂ y��y��õ� �̧½̈ëß��̀¦ s�
6 x���H �'a¹1Ïs� r�y��\� _��>r���H �'a¹1Ï\� q�K� �'a¹1Ï_� &ñ


SX�$í
s��� &ñ
�§$í
\� e��#Q"f��H b��#Q�������H &h��̧ ·ú� Ãº e��

��.

2. <g �¹Å

s� ���½̈�ÐÂÒ'� r�y���©�E��<ÆÒqt[þt�̧ @/�̂y��y��õ� r�y���Ð

�̧ �©�u� 1px�̀¦ �Ö̧6 xô�Ç ���©� l��:r&h���� �'a¹1Ï\�"f Ø�¦µ1Ï�#�
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ìøÍ4�¤&h�Ü¼�Ð �'a¹1Ï ô ¥º��s� �)a����� 4�¤ú̧���¦ #Q�9î�r �'a¹1Ï

¢̧��H z�́+«>�̧ Ø�æì�ry� Ãº'�� ��0px½+É �s�����H	כ &h��̀¦ f�����½+É

Ãº e����. s���H s�p� {9��:r\�"f {9�ÂÒ ���½̈|9�éß�\�"f �â
+«>
&h�Ü¼�Ð ÅÒ�©�ô�Ç ��s�t�ëß� [2,5] �:r ���½̈\�"f��H s�\�¦ z�́7£x
&h�Ü¼�ÐÅÒ�©��l�0A�#�r�y���©�E��<ÆÒqt[þt_��'a¹1Ï0px§4��̀¦

î̈
���l� 0Aô�Ç d�¦�̀¦ >hµ1Ï�#� z�́]j�Ð î̈
����¦ s�\�¦ ��

�½ÓÜ¼�Ðr�y���©�E��<ÆÒqt_��'a¹1ÏÃº'����0px$í
�̀¦SX����Ùþ¡����H

&h�\�"f _�p�e����.
r�y���©�E��<ÆÒqt[þt_��'a¹1Ï0px§4�×�æ\�"f�©�@/&h�Ü¼�Ð���©�

ÂÒ7á¤ô�Ç ÂÒì�r�Ér �'a¹1Ï_� &ñ
�§$í
 ï�r��\�"f ����z�¤��. s���H
r�y���̀¦ ]jü@ô�Ç @/�̂y��y��_� ô�Ç>����¦�̧ ½+É Ãº e��Ü¼��, ��
�Ér 8£¤���\�"f �Ð��� �'a¹1Ï t��̧\� e��#Q"f �Ð�� �'a¹1Ï_� &ñ
�§

$í
�̀¦ �Ð�� y©��̧K��� ô�Ç����H &h�õ� s���s	כ ��0px��̧2�¤ �Ð

��&ñ
�§ô�Ç�'a¹1Ï �̧½̈x9�~½ÓZO�>hµ1Ïs��9¹כ��<Ê�̀¦r���ô�Ç��.
\V\�¦ [þt#Q s� ���½̈\�"f��H y��F�gl�\�¦ �Ö̧6 x�#� ynC �'aº�� �'a

¹1Ï�̀¦ �%i���HX<, y��F�gl� ���̂�� °ú���H 8£¤&ñ
_� ô�Ç>��Ð ����
#�Õªs��©�_�&ñ
�§ô�Ç�'a¹1Ï�ÉrÔ�¦��0pxÙþ¡�̀¦��s���.s�\�¦SX	כ
����l� 0AK�"f��H �Ð�� &ñ
�§ô�Ç �'a¹1Ï �̧½̈\�¦ SX�����#� ��

r�ô�Ç��� �'a¹1Ï 0px§4��̀¦ î̈
�������, q��©�E��<ÆÒqt[þt\�>� °ú 
�Ér 7áxÀÓ_� �'a¹1Ï õ�]j\�¦ r�y���̀¦ ��6 x�t� ·ú§�¦ Ãº'����̧

2�¤ �#� q��§K��̂¦ Ãº e���̀¦ �.���s	כ
s� ���½̈_� @/�©���� r�y���©�E��<ÆÒqt[þt�Ér ����̂ Óüto��§¹¢¤

@/�©���[þt_� Õüw��\� q�K� B�Äº &h��Ér q�×�æ�̀¦ 	�t�ô�Ç��.
(2008�̧� �&³F� Ä»u�"é¶ÂÒ'� �¦1px�<ÆÒqt\� s�ØÔl���t� �§¹¢¤
@/�©��� ×�æ\�"f r�y���©�E��<ÆÒqt�Ér 8úx 2,103"î
s��� [21].) Õª
!3�\��̧Ô�¦½̈��¦r�y���©�E��<ÆÒqt[þt�̀¦0Aô�ÇÓüto��§¹¢¤���½̈

��H _�p�e����. s���H Óüto��§¹¢¤_� @/�©�s� q��©�E��<ÆÒqtëß��̀¦
@/�©�Ü¼�Ð ���H ��s	כ ��m��� r�y�� �<H�©��̀¦ ����� �<ÆÒqt[þt�̀¦

�í�<Ê�#� �̧��H �<ÆÒqt�̀¦ @/�©����H ��s�l	כ M:ë�Hs���. ���Ér
ô�Ç¼#�Ü¼�Ð�©�E��<ÆÒqt[þt�̀¦�¦�9�#����½̈��¦>hµ1Ï���HÓüt

o��§¹¢¤ ���½̈���õ�[þt�Ér q��©�E��<ÆÒqt[þt\�>��̧ #����y� Ä»6 x

�l� M:ë�Hs���. r�y���©�E��<ÆÒqt[þt_� Óüto��§¹¢¤�̀¦ 0AK� >h
µ1Ï�)a y��7áx �'a¹1Ï õ�]j, î̈
�� l�ï�r, ¢̧��H Óüto� �§Ãº�<Æ_þv��
«Ñ[þt�Ér q��©�E� �<ÆÒqt[þt\�>��̧ %i�r� �Ö̧6 x ��0px���. \V\�¦
[þt#Qr�y���©�E��<ÆÒqt[þt\�>�ynC_����'���̀¦[O�"î
�l�0Aô�Çô�Ç

��t� r��̧�Ð"f F�g��� �̧+þA (ray diagram)�̀¦ z�́Óüt�Ð ëß�[þt
#Q"f�Ö̧6 xô�Ç��YV��e���� [4]. F�g��� �̧+þA�Érl��F�g�<Æ\�"f
ynC�̀¦ [O�"î
�l� 0Aô�Ç ×�æ¹כô�Ç �§Ãº ~½ÓZO�Ü¼�Ð s�p� ���ª�ô�Ç

Ãºï�r_� Óüto��§õ�"f\�"f G�×þ���¦ e����. Õª���X<, ÕªaË>s�
��m��� f��]X� �Ð�¦ ëß�|9� Ãº e����H z�́Óüt �̧+þAs������ r�y��&h�

���FGëß� ]j/BN���H ÕªaË>�Ð�� �8¹¡¤ ò́õ�&h���� ~½ÓZO�s� |̈c Ãº

e����. Õª1lxîß� {9�ìøÍ&h���� õ��<Æ �<Æ_þvt��̧\�"f��H F�g��� ÕªaË>
ëß�Ü¼�Ð�̧ Ø�æì�ry� ynC_� f�����$í
\� @/K�"f [O�"î
�̀¦ ½+É Ãº e��

���¦ #�l��¦ s���� z�́Óüt �̧+þA�̀¦ �¦�9�t� ·ú§��¤�̀¦ ÷�rs���.
s�ü< °ú s� r�y��&ñ
�Ð 0AÅÒ_� �'a¹1Ï\� e��ņqK� e����H q��©�E�

�<ÆÒqt[þt\�>� 'õAy��s��� 8ú¤y���̧ �Ö̧6 x���H �'a¹1Ï õ�]j\�¦ Ãº

'���>� �����, y��F�gl��� �̧+þAõ� °ú s� r�y���©�E� �<ÆÒqt[þt
\�>� ��6 x÷&��H r�y���Ð�̧�©�u��̀¦ �Ö̧6 xô�Ç����� q��©�E��<ÆÒqt

[þt\�>� ���ª�ô�Ç y��y���̀¦ ��6 x���H �'a¹1Ï�̀¦ Ä»�̧½+É ÷�rëß� ��

m��� ������ �'a¹1Ï 0px§4��̀¦ ����©�r�~�́ Ãº e���̀¦ �.���s	כ
s� ���½̈��H ���½̈@/�©�s� B�Äº ]jô�Ç&h���� �èÃº_� r�y���©�

E��<ÆÒqt�̀¦ @/�©�Ü¼�Ð Ãº'��÷&%3���. @/�©�_� ]j���Ü¼�Ð ���ô�Ç
���½̈_� ô�Ç>�\�¦ �FG4�¤�l� 0Aô�Ç ���ª���¦ &ñ
�§ô�Ç r��̧[þt

s� �ÐØ�æ÷&#Q��½+É �.���s	כ ô�Ç¼#� r�y���©�E��<ÆÒqt_� �'a¹1Ï 0px
§4��̀¦ �Ð�� &ñ
SX�y� î̈
���l� 0AK�"f q��©�E��<ÆÒqt[þt�̀¦ @/

�©�Ü¼�Ð s� ���½̈\�¦ ìøÍ4�¤�#� q��§½+É ��¹כ��9 e����. ���½̈
\�"f �̧Ø�¦÷&��H���õ���r���&h�[þt�Érz�́]jr�y���©�E��<ÆÒqt_�

Óüto��§¹¢¤\� &h�6 x÷&#Q z�́��;½+É M: _�_�\�¦ °ú���H��. ����"f
s�\� @/ô�Ç z�́��;&h���� ���½̈ü< �̧§4�s� t�5Åq&h�Ü¼�Ð ÃºìøÍ÷&

#Q�� ½+É �.���s	כ

Pcp��8ý òk>

s��7Hë�H�Ér 2006�<Æ�̧��̧ @/½̈@/�<Æ�§�<ÆÕüt���½̈q� t�"é¶\�
_�ô�Ç �7Hë�He��.
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Analysis of the Observation Ability of Visually-impaired Students in
Physical Experiments Using the Auditory Sense

Yunjung Lee and Sungmin Im∗
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Observation has been considered a basic and important inquiry skill for all students, including

the visually impaired. However, for the visually impaired, there are fundamental difficulties in per-

forming observation because of their physical condition. Performing observation using substitute

senses for vision is an alternative instructional strategy for them in learning science. In this study,

visually-impaired students’ abilities for observation were evaluated and analysed in physics experi-

ment tasks using the auditory sense, including making sounds, propagation of light, and reflection

of light. In this study, observation was defined as a process to obtain objective and accurate in-

formation about events and objects and to describe them by using human senses and tools. Five

criteria, using senses and tools, diversity, objectivity, correctness, and elaborateness of observation,

were suggested as a frame for assessing observation ability. The visually-impaired students showed

relatively proper abilities according to the criteria of using senses and tools, diversity, and objectiv-

ity. However, according to the criteria of correctness and elaborateness, they showed rather poor

abilities. From these results, we can infer that visually-impaired students can perform observation

well if the observational tasks are properly organized to use various senses and tools.
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