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�:r �7Hë�H_� 3lq&h��Ér �í1px�§��[þt_� ���t�\� @/ô�Ç s�K��̧\�¦ ·ú����Ð�¦, s�ü< �'aº���)a �̧>h¥Æ��̀¦ �̧�����H

�.���s	כ l��>r_� ���l� s�K��̧ �̧��\�"f��H ���t�\�¦ l����§4� "é¶Ü¼�Ðëß� çß�ÅÒ�%i���HX< s� �̧+þAÜ¼�Ð��H ú́§�Ér

z�́+«>���õ�\�¦ �̀¦��ØÔ>� [O�"î
½+É Ãº \O���. ����"f �:r �7Hë�H\�"f��H l����§4� "é¶õ� ?/ÂÒ$��½Ós� f��§>= �������)a

&ñ
SX�ô�Ç �̧+þA�̀¦ G�×þ��%i���. �í1px�<Æ�§ õ��<Æ �§õ�"f ì�r$3��̀¦ :�x�#� ���t�ü< �'aº���)a �9�Ãº&h���� >h¥Æ�[þt�̀¦

ÆÒØ�¦��¦ s�\�¦ ���½ÓÜ¼�Ð 15 ë�H�½Ó_� ���×þ�Êê [O�"î
d�� ������̧½̈\�¦ >hµ1Ï�%i���. �����; S �í1px�<Æ�§ �§�� 37

"î
�̀¦ @/�©�Ü¼�Ð ������̧½̈_� ���ø@�̧ x9� ���Z>��̧, ���t�\� @/ô�Ç s�K��̧ü< �̧>h¥Æ��̀¦ �̧��ô�Ç ���õ���H ��6£§õ�

°ú ��: 'Í	P:, ���ø@�̧_� 8£¤&ñ
~½ÓZO�Ü¼�Ð"f Cronbach α ��H �����+þAõ� "fÕüt+þA �����\� @/�#� y��y�� 0.65 ü<

0.75 �� %3�#Q&����. ë�H�½Ó ���Z>��̧��H ���½̈ @/�©���[þt_� 8úx&h�õ� Õª ë�H�½Ó &h�Ãºçß�_� Pearson �©��'a>�Ãº\� _�

�#� î̈
���%i���. �����+þA x9� "fÕüt+þA ������̧½̈_� î̈
ç�H �©��'a>�Ãº��H y��y�� 0.42 ü< 0.46 Ü¼�Ð ���Z>�§4�s� Z�}

�Ér�Ü¼�Ð�����÷&%3���.ÑütP:,����̂ë�H�½Ó\�@/ô�Ç�����+þA	כ ("fÕüt+þA) î̈
ç�H&h�Ãº��H 15&h�ëß�&h�\� 6.16 (2.89)

&h�s� %3�#Q4R &ñ
²ú�Ò�¦�Ér 41.1% (19.3%)�Ð ����z�¤��. �����+þA 6£x²ú�_� s�Ä»\�¦ :�x�#� �̧>h¥Æ��̀¦ ì�r$3�ô�Ç ���

õ�, ���t�[þt_� %i�#î
§>= ������õ� %i�f��§>= ������\�"f ��Ë̈�Ð �������)a ���t��Ð��H ���ÀÓ�� âìØÔt� ·ú§��H����H �̧>h

¥Æ�õ� 6�§_� ZO�gË:_� &h�6 x z�́Ãº�� ���©� Z�}�Ér q�×�æ�̀¦ 	�t��%i���. !Ó	P:, |9�éß� ��������� $í
, �<Æ§4�, �§f�� �â
§4�,

�¦1px�<Æ�§ Ø�¦���>�\P�(ë�Hõ�, s�õ�), �¦1px�<Æ�§\�"f Óüto� Ãºy©�#�ÂÒ, @/�<Æ�§ Ø�¦����<Æõ�, õ��<Æ�§õ� <Éªp��̧\�

���� ���t� s�K��̧\� 	�s��� e����Ht� ANOVA\�¦ ��6 x�#� ���&ñ
ô�Ç ���õ�, �����+þA_� �â
Äº��H õ��<Æ�§õ� <Éª

p��̧\� @/K�"fëß� 1% Ãºï�r\�"f Ä»_�p�ô�Ç 	�s��� e��%3��¦ "fÕüt+þA_� �â
Äº��H õ��<Æ�§õ� <Éªp��̧\�"f 1%

Ãºï�r_� Ä»_�	��� ����z�¤�̀¦ ÷�rëß� ��m��� �§f�� �â
§4�õ� �¦1px�<Æ�§ Ø�¦���>�\P�\�"f�̧ 5% Ãºï�r_� Ä»_�	���

µ1Ï|
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[þt_� <Éªp�\�¦ Ä»µ1Ï½+É Ãº e����H ���t� �§¹¢¤ áÔ�ÐÕªÏþ�_� >hµ1Ïs� ]X�z�́y� .��a(��©{¹כ

PACS numbers: 01.40.Fk, 01.55.+b, 07.50.Ek, 82.47.Cb
Keywords: Óüto��§¹¢¤, ���t�, ���l��r�Ð, �̧>h¥Æ�

I. "e Â]Ø

1. �ìÅ��8ý ýmÇ~¿VRË õmÍ �Ò×XìÄ

|	����t���H�í1px�<Æ�§õ��<Æ�§õ�"f���l��'aº��z�́+«>\�"f���

"é¶Ü¼�Ð �½Ó�©� ��6 x�)a��. �Ð:�x |	����t�[þt�Ér °ú �Ér ~½Ó�¾ÓÜ¼�Ð

f��§>= ¢̧��H #î
§>= ������÷&#Q ��6 x÷&t�ëß� M:�Ð��H ìøÍ@/ ~½Ó

�¾Ó�̀¦ �¾Ó���H ��s	כ �í�<Ê÷&��H �â
Äº(%i�f��§>=, %i�#î
§>= ������)

∗E-mail: sihong@gin.ac.kr

�̧ e����. ¢̧ô�Ç ��1lx[þt�Ér �§õ�"f\�"f ÅÒ#Q��� ������÷�rëß� ��

m��� �Ð�� 4�¤ú̧���¦ ���ª�ô�Ç �������̀¦ e��_��Ð ½̈$í
½+É Ãº�̧

e����. �í1pxõ��<Æ\�"f |	����t�_� ;�¤V,��Ér ��6 x\��̧ Ô�¦½̈�

�¦ �§¹¢¤@/�<Æ�§ �§¹¢¤õ�&ñ
 ¢̧��H �í1px�<Æ�§ �§��6 x t��̧"f

\�"f ���t�\� @/ô�Ç �§¹¢¤�Ér Ø�æì�ry� s�ÀÒ#Qt�t� ·ú§�¦ e����.

Saslow [1]1px�̀¦ ]jü@��¦��H �Ð:�x Óüto��<Æ �§F�\�"f ���t�

��H �:rë�H_� ?/6 xÜ¼�Ð ��[jy� ��ÀÒ#Qt�t� ·ú§Ü¼ 9 �Ð:�x ���

_þvë�H]j�Ð"fëß� ���çß� ����èß��� [2–4].s�ü< °ú �Ér ÂÒ7á¤ô�Ç ���

t� �§¹¢¤�Ér �í1px�§��[þt_� ���l��r�Ð\� @/ô�Ç s�K�\� ÂÒ&ñ


&h���� %ò
�¾Ó�̀¦ p�u��¦ e����.
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���t���Hl����§4�"é¶õ�?/ÂÒ$��½Ós�f��§>=�������)a�Ü¼�Ð	כ �̧

+þA�o½+ÉÃºe����.Óüto��§¹¢¤\�"f���t�_����½̈��H¿º��t�~½Ó

�¾Ó, 7£¤ ?/6 x�<Æ&h���� 8£¤���õ� �§¹¢¤�<Æ&h���� 8£¤���\�"f �¦�9½+É

Ãº e����. ���$� ?/6 x�<Æ&h���� ���½̈�Ð"f Hinrichsen [5]�Ér ���

'��̀s�Û¼ü<G'p"f\�¦��6 x�#�z�́+«>&h�Ü¼�Ð���t�_�l����§4�,

?/ÂÒ$��½Ó, ���§4� 1px�̀¦ ���½̈�%i��¦, <�ª$3���� 1px [6]�Ér �r�Ð

5Åq_� ���t�[þt_� ������\�"f y�� ���t�_� %i�½+É�̀¦ ���§4�_� �'a&h�

\�"f �©�[j�>� ì�rÀÓ�%i���.

ô�Ç¼#�, �§¹¢¤�<Æ&h���� ���½̈\�"f ���t�_� �̀¦���Ér �̧+þA�̀¦ ��

6 xô�Ç���l�>h¥Æ� �̧�����½̈��HÓüto��§¹¢¤ë�H��³\�"f7á§%�!3�µ1Ï

|
�÷&t� ·ú§��H��. f��ÀÓ ���l��r�Ð\� �'aô�Ç l��>r_� �̧�� ���½̈

[þt�Ér ���t�, ���½̈, $��½ÓÜ¼�Ð s�ÀÒ#Q��� �r�Ð[þt�̀¦ ��ÀÒ��HX<

���t�\�¦?/ÂÒ$��½Ós�\O���Hs��©�&h����l����§4�"é¶Ü¼�Ð2[/åLô�Ç

�� [7]. s� �â
Äº �í1pxõ��<Æz�́+«>\�"f �'a¹1Ï÷&��H ú́§�Ér �&³�©�

[þt�̀¦ [O�"î
½+É Ãº \O�����H d��y��ô�Ç ë�H]j\�¦ Ä»µ1Ïô�Ç��. ����"f

�:r �7Hë�H\�"f��H ���t�_� �̀¦���Ér �̧+þA�̀¦ G�×þ�ô�Ç ������̧½̈

\�¦ ]j����#� �í1px�§��[þt_� ���t� s�K��̧\�¦ d���̧e��>� �̧

����¦�� ô�Ç��. �:r ���½̈_� ���õ���H �í1px�§��ü< �§¹¢¤@/�<Æ

Òqt[þt�̀¦ 0Aô�Ç ���l� x9� ���t� �§¹¢¤ áÔ�ÐÕªÏþ��̀¦ >hµ1Ï��¦��

½+É M:\� �ÃÐ�¦��«Ñ�Ð ��6 x|̈c Ãº e���̀¦ �.���s	כ

2. �ìÅ�� ÃUØ<g

�í1px�§��[þts����t�\�@/�#� �̀¦���Ért�d���̀¦��t��¦e��

�̀¦ M:\� ���l��r�Ð\�¦ Ø�æì�ry� s�K�½+É Ãº e���¦ �����y���̀¦ ��

t��¦ ��1lx[þt�̀¦ t��̧½+É Ãº e���̀¦ �.���s	כ s�\� �:r �7Hë�H\�

"f��H �í1px�§��[þt_� ���t�\� @/ô�Ç s�K��̧\�¦ �̧���l� 0A

�#� �̀¦���Ér ���t� �̧+þA�̀¦ G�×þ���¦ ��6£§õ� °ú �Ér ���½̈ë�H

]j\�¦ [O�&ñ
�%i���.

• �í1px�§��[þt_� ���t�\� @/ô�Ç s�K��̧\�¦ &h�]X�y� 8£¤&ñ

½+É Ãº e����H ������̧½̈\�¦ >hµ1Ï½+É Ãº e����H��?

• �í1px�§��[þts� ���t�\� @/�#� ��t��¦ e����H �̧>h¥Æ�
[þt�Ér Áº%Á	�����?

• �í1px�§��[þt_� ���ª�ô�Ç |9�éß�������[þt\� @/�#� y��y��
½̈$í
 |9�éß�çß�\� ���t� s�K��̧_� 	�s��� e����H��?

3. �ìÅ��8ý <g�X¢XìÈ

�:r���½̈_�@/�©��Ér�����; S�í1px�<Æ�§�§��[þt�Ðô�Ç&ñ
÷&#Q

e��Ü¼Ù¼�Ð ���½̈ ���õ�\�¦ {9�ìøÍ�o�l�\���H #Q�9¹¡§s� e����.

II. �ìÅ�� Uês0nÉ

1. �ìÅ�� 6�Vês

�:r ���½̈\�"f��H ���t� s�K��̧\�¦ 8£¤&ñ
�l� 0Aô�Ç ������̧

½̈\�¦ >hµ1Ï�#� �����; S �í1px�<Æ�§\� F�f�� ×�æ��� �í1px�§��
52 "î
\�>� ÈÒ{9��%i���. ������̧½̈�� s�Ä»"fÕüt�̀¦ ̈½¹כ�
��H �����+þA ë�H�½Óe���̀¦ �¦�9�#�, �����+þA 6£x²ú��̀¦ �t� ·ú§�Ér
ë�H�½Ós� e������ �����+þA ²ú�_� ���×þ� s�Ä»\�¦ ���)� "fÕüt�t�

·ú§�Ér �â
Äº\���H, Ô�¦$í
z�́ 6£x²ú����Ð çß�ÅÒ�#� ���½̈ @/�©�\�
"f ]jü@�%i���. Õª ���õ�, s�K��̧ �̧�� x9� �̧>h¥Æ� ì�r$3��̀¦
0A�#�z�́]j�Ð���×þ��)a���½̈ @/�©��Érz�����§�� 15"î
õ�#�
�� �§�� 22 "î
Ü¼�Ð 8úx 37 "î
_� �í1px�§��s���.

2. �ìÅ�� ±nÇ	�

���$� �í1px�<Æ�§ õ��<Æ �§õ�"f x9� �§��6 x t��̧"f, ���t�\�
�'aô�Ç ���'�� ���½̈ x9� @/�<Æ�§ Óüto��<Æ �§F�\�¦ ì�r$3� · ����Ð�
#� s�Ä»"fÕüt�̀¦ ̈½¹כ���H 15 ë�H�½Ó_� �����+þA ������̧½̈\�¦
���$í
�%i���. Õªo��¦ Óüto��<Æ x9� Óüto��§¹¢¤ ���ë�H���� ë�H�½Ó
�̀¦ Ãº&ñ
 · �Ð¢-a��¦ ?/6 x ��{©��̧\�¦ &h�����%i���. \Vq��̧
���Ð"f,õ��<Æ�§¹¢¤�̀¦���/BN�%i��¦�����; S�í1px�<Æ�§�§����
����� �� �í1px�<Æ�§ �§�� 11 "î
\�>� ������̧½̈\�¦ ÈÒ{9��%i�
��.������̧½̈_����ø@�̧,ë�H�½ÓZ>����Z>��̧ü< î̈
ç�H&h�Ãº\�¦�¦
�9�#� ë�H�½Ó�̀¦ F�Ãº&ñ
 ¢̧��H ���]j · ÆÒ���%i���. ¢-a$í
�)a
������̧½̈\�¦ �����; S �í1px�<Æ�§ �§�� 52 "î
\�>� ÈÒ{9��%i�
�¦ Ô�¦$í
z�́ 6£x²ú���\�¦ ]jü@ô�Ç 37 "î
�̀¦ ì�r$3�@/�©�Ü¼�Ð SX�&ñ

��¦ �����+þA x9� "fÕüt+þA 6£x²ú�_� G�&h� ���õ�\�¦ :�x>�%�o� �

%i���. #�l�\�"f "fÕüt+þA 6£x²ú�s�êøÍ �����+þA 6£x²ú�õ� Õª\� @/
ô�Ç s�Ä»"fÕüt�̀¦ _�p�ô�Ç��. �����+þA &ñ
²ú�\� @/ô�Ç s�Ä»"fÕüt
s� ú́��̀¦ �â
Äº\� ô�Ç�#� "fÕüt+þA &ñ
²ú�Ü¼�Ð çß�ÅÒ�%i���. ¢̧
ô�Ç �����+þA 6£x²ú�_� s�Ä»"fÕüt�̀¦ ��H���Ð �í1px�§��[þts� ���

t�\� @/�#� ��t��¦ e����H �̧>h¥Æ��̀¦ ÆÒØ�¦�%i���.

3. ßeÈ�� y¢��

�í1px�§��[þt_����t�\�@/ô�Çs�K��̧\�¦ �̧���l�0Aô�Ç���

���̧½̈��H ���t� l��í, ���t� ������, ���l� {9�ìøÍ_� 3 ��t� %ò

%i�Ü¼�Ð ½̈$í
÷&%3���. ���t� l��í %ò
%i��Ér ���t�_� l����§4�õ�
?/ÂÒ$��½Ó_� ����o(ë�H�½Ó 4), #î
§>=�������)a ���½̈_� µ1ßl�\� @/
ô�Ç���t�?/ÂÒ$��½Ó_� ò́õ�(ë�H�½Ó 6),éß������·ú�\��'aº���)al�
�:r&h���� t�d���̀¦ ¶ns��H ë�H�½Ó[þt(ë�H�½Ó 7, 8, 9)�Ð ½̈$í
�%i��¦,
���t� ������ %ò
%i�\�"f��H �í1px�<Æ�§ õ��<Æ �§õ�"f\�"f ��ÀÒ
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#Qt��¦ e����H ���t�[þt_� f��§>= ¢̧��H %i�f��§>=, #î
§>= ¢̧��H %i�
#î
§>= ������\�"f 1px�����t�(1px�� l����§4�õ� 1px�� ?/ÂÒ$��½Ó)
[8]\� �'aô�Ç ?/6 x(ë�H�½Ó 2, 3, 5, 10, 12, 13, 14, 15)õ� s��Q
ô�Ç ������\�"f ���t�_� %i�½+É(���§4� /BN/åL x9� �èq�, ~½Ó��� x9� Ø�æ
���)\� �'aô�Ç ?/6 x(ë�H�½Ó 5)�̀¦ 2[/åL�%i���. ���l� {9�ìøÍ %ò
%i�
�Ér ���t�\�¦ ���"é¶Ü¼�Ð ��6 x�t�ëß� ���t� �¦Ä»_� ë�H]j��H ��

��� �â
Äº�Ð"f f��§>=�������)a ���½̈_� µ1ßl�\� �'aô�Ç ë�H�½Ó(ë�H�½Ó
1)õ� ���t�_� #î
§>=�������̀¦ d��Z>����H ë�H�½Ó(ë�H�½Ó 11)Ü¼�Ð ½̈
$í
�%i���. ������̧½̈_� ½̈�̂&h���� ?/6 x�Ér ÂÒ2�¤\� ]jr��
%i���HX< ¼#�_��©� y�� ë�H�½Ó\�"f ‘²ú��̀¦ ���×þ�ô�Ç s�Ä»’\�¦ æ¼��H
êøÍ�Ér Òqt|ÄÌ�%i���. �����r�çß��Ér �����+þA 6£x²ú�_� s�Ä»"fÕüt
�̀¦ 0A�#� 60 ì�rÜ¼�Ð �%i���.

4. ÄZØV	Ä Uês0nÉ

���$� �í1px�§��[þt_� ���t� s�K��̧\�¦ ������l� 0A�#�

�����+þA x9� "fÕüt+þA 6£x²ú�\� @/�#� y�� ë�H�½ÓZ>� x9� ������̧

½̈����̂_�&ñ
²ú�Ò�¦(�4HêøÍ�̧)�̀¦>�íß��%i���.������̧½̈_����
ø@�̧��H SPSS WIN 11.0 �̀¦ ��6 x�#� Cronbach_� α °úכ

Ü¼�Ð íß�Ø�¦�%i�Ü¼ 9, ë�H�½ÓZ>� ���Z>��̧��H ���½̈ @/�©���[þt_�
8úx&h�õ� Õª ë�H�½Ó &h�Ãºçß�_� Pearson �©��'a>�Ãº�Ð K�$3��%i�
�� [9]. Õªo��¦ �����+þA 6£x²ú�\� @/ô�Ç s�Ä»\�¦ ì�r$3��#� �í
1px�§��[þt_� �̧>h¥Æ��̀¦������%i���. ¢̧ô�Ç���½̈@/�©���[þt_�
|9�éß�������[$í
,�<Æ§4�,�§f���â
§4�,�¦1px�<Æ�§Ø�¦���>�\P�(ë�Hõ�,
s�õ�), �¦1px�<Æ�§\�"f Óüto�õ�3lq Ãºy©�#�ÂÒ, @/�<Æ�§ Ø�¦����<Æ
õ�, õ��<Æ �§õ�\� @/ô�Ç <Éªp� &ñ
�̧]Z>��Ð ½̈$í
|9�éß�[þt_� ���
��+þA x9� "fÕüt+þA î̈
ç�H &h�Ãº\� :�x>�&h� 	�s��� e����Ht� ·ú���

�Ðl� 0A�#� ���|¾Óì�r$3�(ANOVA)�̀¦ ��6 x�%i���. �:r �7Hë�H
\�"f �����+þAõ� "fÕüt+þA_� ���õ�\�¦ �<Êa� ]jr���¦�� ½+É �â


Äº\���H "fÕüt+þA_� ���õ�\�¦ F�c ñ ( ) îß�\� ³ðl�½+É �.���s	כ

III. ßeÈ��y¢��8ý XNË«�qõtÚ, ÞÃÅ4�y¢, �ìÅ0�Çy¢

Ô�¦$í
z�́ 6£x²ú���\�¦ ]jü@ô�Ç �����; S �í1px�<Æ�§ �§�� 37 "î

�̀¦ @/�©�Ü¼�Ð ����̂ ë�H�½Ó\� @/ô�Ç �����+þA("fÕüt+þA) î̈
ç�H &h�
Ãº\�¦ ½̈ô�Ç ���õ� 15 &h� ëß�&h�\� 6.16(2.89) &h�s� %3�#Q4R &ñ

²ú�Ò�¦�Ér 41.1%(19.3%)�Ð ����z�¤��. Fig. 1 (a)ü< 1 (b)��H
y��y�� �����+þAõ� "fÕüt+þA\� @/ô�Ç �§��[þt_� &h�Ãºì�r�í\�¦ �Ð

#�ï�r��.y��ë�H�½ÓZ>������+þA6£x²ú�Ò�¦s�]jr��)a Table 1\�"f
y��ë�H�½Ó\�@/ô�ÇW1>h_��Ðl� [¢̧��H���×þ�t�(alternatives)]
×�æ 6£x²ú�Ò�¦s� ���ô�Ç Õüw���Ð ³ðr��)a �Ðl���H &ñ
²ú��̀¦ _�p�ô�Ç

��. Table 1 \�"f F�c ñ îß�_� ?/6 x�Ér "fÕüt+þA\� @/ô�Ç ���õ�
s���. \V\�¦ [þt#Q, �����+þA &ñ
²ú�Ò�¦ ���Ð \P� F�c ñ îß�_� Ãºu�
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(b) Essay-Type Test
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(a) Multiple-Choice Test

Fig. 1. Score distributions for (a) multiple-choice test
and (b) essay-type test. The mean multiple-choice
(essay-type) score is 6.16 (2.89) points out of a possible
15 points.

��H "fÕüt+þA &ñ
²ú�Ò�¦�̀¦ _�p�ô�Ç��. s�Ä»"fÕüt��t� �¦�9�#�

G�&h�½+É �â
Äº �����+þA ²ú�s� ú́���¤�� ½+Ét����̧ q�õ��<Æ&h����

s�Ä»"fÕüt�̀¦ ����� s�Ä»\�¦ æ¼t� ·ú§�Ér �§��[þts� �©�{©�Ãº

e��Ü¼Ù¼�Ð&ñ
²ú�Ò�¦s��s̀���±ú���f���̀¦·ú�Ãºe����.Õª�Q��"f

Õüt+þA &ñ
²ú�Ò�¦s� �����+þA &ñ
²ú�Ò�¦�Ð�� �8 &ñ
SX��>� ���t� s�

K��̧\�¦ 8£¤&ñ
�Ù¼�Ð �8 ×�æ¹כr� ÷&#Q�� ½+É �.���s	כ

�����+þAõ�"fÕüt+þA6£x²ú����õ�\�¦��6 x�#�������̧½̈_����

ø@�̧\�¦ ���7£xô�Ç ���õ� Cronbach α��H y��y�� 0.65 ü< 0.75 �Ð

"f ���t� s�K��̧\�¦ 8£¤&ñ
�l�\� Áºèß�ô�Ç �Ü¼�Ð	כ óøÍ"î
÷&%3�

��. Table 1 _� Correlation �½Ó3lq\���H y�� ë�H�½ÓZ>��Ð ���Z>�

�̧ î̈
��\�¦0A�#�Ãº'���)a,���½̈ @/�©���[þt_�8úx&h�õ�Õªë�H

�½Ó &h�Ãºçß�_� Pearson �©��'a>�Ãº\�¦ ]jr��%i���. �©��'a>�Ãº

�� 0.40 s��©�s���� ���Z>�§4�s� Z�}�Ér ë�H�½Ó, 0.30∼0.39 s����

���Z>�§4�s� e����H ë�H�½Ó, 0.20∼0.29 s���� ���Z>�§4�s� ±ú��Ér ë�H

�½Ó, 0.20 p�ëß�s���� ���Z>�§4�s� B�Äº ±ú����� ���Z>�§4�s� \O���H

ë�H�½ÓÜ¼�Ð óøÍ&ñ
ô�Ç�� [9]. s�\� ���Ér y�� ë�H�½ÓZ>� ���Z>��̧ óøÍ

&ñ
 ���õ���H Table 1 _� Discrimination �½Ó3lq\� &ñ
o��%i�

��. #�l�\�"f H, M, L, N �Ér y��y�� ���Z>��̧�� Z�}6£§, �Ð:�x,

±ú�6£§, \O�6£§(B�Äº ±ú�6£§)�̀¦ _�p�ô�Ç��. �����+þA\�"f 9 >h ë�H
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Table 1. Percentages picking 4 alternatives, correlation, and discrimination for each question. The alternative of
which percentage is written in boldface indicates the correct answer. The contents in parentheses in this table are
the results for essay-type test, the counterparts of the multiple-choice results. For example, the number in the
parenthesis next to the percentage of correct multiple-choice answer is that of correct essay-type answer. Here the
‘Correlation’ means the Pearson correlation coefficient(PCC) between total scores and the item scores of the teacher
sample through which the item discrimination is assessed. An item (question) is highly discriminating (H) if PCC
≥ 0.40, moderately discriminating (M) if PCC is 0.30 ∼ 0.39, low discriminating (L) if PCC is 0.20 ∼ 0.29, and poorly
or non-discriminating (N) if PCC < 0.20 [9]. In the ‘Discrimination’ given is the item discrimination according to this
criterion. The mean correlation coefficients for multiple-choice test and essay-type test are 0.42 and 0.46 respectively,
indicating the questionnaire is highly discriminating.

Question
Alternatives [%]

Correlation Discrimination
` a b c

1 8.1 5.4 67.6(48.6) 18.9 0.18(0.37) N(M)

2 13.5 45.9 5.4 35.1(21.6) 0.53(0.55) H(H)

3 10.8 32.4(13.5) 43.2 13.5 0.50(0.20) H(L)

4 29.7 27.0(24.3) 43.2 0 0.24(0.65) L(H)

5 8.1 2.7 13.5 75.7(29.7) 0.37(0.62) M(H)

6 67.6(24.3) 10.8 0 21.6 0.25(0.73) L(H)

7 21.6(8.1) 24.3 40.5 13.5 0.51(0.66) H(H)

8 54.1 2.7 43.2(10.8) 0 0.38(0.42) M(H)

9 45.9 24.3(2.7) 27.0 2.7 0.59(0.46) H(H)

10 21.6 54.1 18.9(2.7) 5.4 0.46(0.46) H(H)

11 13.5 16.2 62.2(45.9) 8.1 0.56(0.56) H(H)

12 24.3(10.8) 32.4 35.1 8.1 0.61(0.52) H(H)

13 29.7(13.5) 29.7 24.3 16.2 0.15(0.05) N(N)

14 2.7 18.9 48.6(32.4) 29.7 0.44(0.70) H(H)

15 8.1(0) 29.7 48.6 13.5 0.55(0.00) H(N)

�½Ó(2, 3, 7, 9, 10, 11, 12, 14, 15)õ� "fÕüt+þA\�"f 11 >h ë�H
�½Ó(2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14)s� ���Z>�§4�s� Z�}�Ér �	כ
Ü¼�Ð �����÷&%3���. �����+þAõ� "fÕüt+þA ������̧½̈_� î̈
ç�H �©�
�'a>�Ãº��H y��y�� 0.42 ü< 0.46 s� %3�#Q4R ������̧½̈_� ���Z>�
�̧�� Z�}�Ér �Ü¼�Ð	כ ����z�¤��.
�����+þA\�"f "fÕüt+þAÜ¼�Ð s�1lx½+É M:\� y�� ë�H�½Ó_� �©��'a

>�Ãº_� ����o\�¦ �'a¹1Ï���� ���Z>�§4�s� @/ÂÒì�r �¾Ó�©�÷&��H ��

���Û¼�Qî�r�â
�¾Ó�̀¦ �̂¦Ãºe����.s���Hõ��<Æ&h�>h¥Æ��̀¦��t��¦
e��t� ·ú§�Ér �����+þA &ñ
²ú�����H "fÕüt+þA &ñ
²ú����� ÷&l� #Q§>�

l� M:ë�Hs���. Table 1 �̀¦ �Ð��� �©��'a>�Ãºü< 4 éß�>��Ð ½̈ì�r
�)a ���Z>��̧�� y��y�� 10 >h ë�H�½Óõ� 13 >h ë�H�½Ó\�"f �©�5px�
���� 1lx{9�ô�Ç Ãºï�r�̀¦ Ä»t��%i�6£§�̀¦ ·ú� Ãº e����. ìøÍ���, ë�H
�½Ó 3 õ� 15 ��H �̧y��9 ���Z>��̧�� ±ú���&���¦ ë�H�½Ó 13 �Ér ���
��+þAõ� "fÕüt+þA �̧¿º ���Z>�§4�s� \O�%3���.
ë�H�½Ó 15 ��H ���t�_� l����§4�õ� ?/ÂÒ$��½Ó�̀¦ �¦�9�#� ���
½̈�� �è�̧���H ���§4� °ú̀�כ¦ &ñ
|¾Ó&h�Ü¼�Ð q��§K��� ���H ë�H

�½Ós���. Õª�Q�� @/ÂÒì�r_� �§��[þts� ���§4� °ú̀�כ¦ >�íß��l�
�Ð����H ‘(éß�{9� ���t�_� �â
Äºü< q��§�%i��̀¦ M:\�) ���t���
f��§>= ������÷&��� ���½̈�� �8 µ1ß��t��¦, #î
§>= ������÷&��� µ1ßl�
_�����o��\O���ï����Hs�p�·ú��¦e����HÂÒ&ñ
SX�ô�Ç��z�́�̀¦��

�½ÓÜ¼�Ð ²ú��̀¦ ���×þ��%i�l� M:ë�H\� &ñ
²ú�Ò�¦s� B�Äº ±ú�>� ��

��z�¤��. Õª!3�\��̧ Ô�¦½̈��¦ �����+þA &ñ
²ú���[þts� �����+þA

�©�0A|9�éß�\� �è5Åq÷&#Q e��#Q"f �����+þA ���Z>��̧��H Z�}>� ��

��z�¤��. Õª�Q�� "fÕüt+þA_� �â
Äº\���H &ñ
²ú����� \O�#Q"f ���

Z>�§4�s� ���)� \O�%3���. ë�H�½Ó 3 �Ér �����+þA ���Z>��̧��H Z�}Ü¼��

"fÕüt+þA ���Z>��̧��H ±ú���¤��. s���H "fÕüt+þA &ñ
²ú���[þts� ÅÒ�Ð

"fÕüt+þA ×�æ�0A|9�éß�\� 5Åq�l� M:ë�HÜ¼�Ð SX����÷&%3���. ë�H

�½Ó 13 �Ér �����+þA_� �â
Äº �̧��H |9�éß�\�"f Y�J�¦ÀÒ &ñ
²ú���

�� ���:r ìøÍ��� "fÕüt+þA_� �â
Äº��H &ñ
²ú����� �̧¿º ×�æ0A|9�éß�

\� 5Åq�<ÊÜ¼�Ð+� ¿º �â
Äº �̧¿º ���Z>��̧�� B�Äº ±ú�>� ����z�¤

��. 7£¤, ë�H�½Ó 3 õ� 13 \�"f��H "fÕüt+þA �©�0A|9�éß�\�"f "fÕüt

+þA &ñ
²ú����� ��_� ¢̧��H ���)� ���̧t� ·ú§��¤��. ë�H�½Ó 3, 13

�Ér %i�#î
§>= ������\�"f "f�Ð �©�ìøÍ÷&��H �©�S!��̀¦ ë�H]j�Ð ]jr�

��¦ e����. 1lx{9�ô�Ç ¿º ���t�\�¦ %i�#î
§>= ������½+É �â
Äº, 1px��

l����§4�s� 0 s� ÷&Ù¼�Ð ���½̈\� Ô�¦s� [þt#Q�̧t� ·ú§��H��. ë�H

�½Ó 13�Érs��Qô�Ç:£¤Ãºô�Ç�©�S!��̀¦¶ns��Hë�H�½Ós�%3��¦,ë�H�½Ó 3

_� �â
Äº��H ?/ÂÒ$��½Ó_� 	�H 	�s��Ð ���K� %i�#î
§>= ������e��\�

�̧ Ô�¦½̈��¦ ���½̈\� Ô�¦s� [þt#Q�̧��H �©�S!��̀¦ ��&ñ
ô�Ç ë�H�½Ó

s�%3�Ü¼��, ú́§�Ér �§��[þts� s� ¿º ë�H�½Ó_� �©�S!��̀¦ °ú �Ér �	כ

Ü¼�Ð Òqty���#� �D¥êøÍ�̀¦ Ö¼,��~�� �Ü¼�Ð	כ óøÍéß��)a�� (IV]X�_�

ë�H�½Ó 3, 13 _� ì�r$3� �ÃÐ�̧).
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IV. ~¾4�G�È ÄZØV	Ä

�§��[þt_� �����+þA 6£x²ú�\� @/ô�Ç s�Ä»"fÕüt�Ér õ��<Æ&h�

>h¥Æ�(scientific conception; SC), �̧>h¥Æ�(misconception;
MC),l���(irrelevant response; IR),Áº6£x²ú�(no response;
NR)Ü¼�Ð ì�rÀÓ½+É Ãº e����. l���\���H ���0A\� �'a>�\O�s� ë�H
]j_� �:r|9��̀¦ #Á	#Q����H 6£x²ú�[þts� �í�<Ê�)a��. s� ]X�\�"f��H
�§��[þts� ��t��¦ e����H �̧>h¥Æ�\� �í&h��̀¦ ú́�ÆÒl��Ð ô�Ç��.
��A� y�� ë�H�½Ó ì�r$3�\�"f ��������H y�� �̧>h¥Æ�[þt_� q�Ö�¦�Ér

Õª ë�H�½Ó_� ����̂ s�Ä»"fÕüt(SC, MC, IR, NR)\� @/ô�Ç q�
Ö�¦s���. y�� ë�H�½ÓZ>��Ð s�Ä»"fÕüt\�"f 	�t����H q�Ö�¦s� Z�}
�Ér �̧>h¥Æ�[þt�̀¦ í�H"f@/�Ð Y>� >h ]jr�ô�Ç��. 6£x²ú����� ô�Ç
"î
(2.7%)��� ���ª�ô�Ç �èÃº �̧>h¥Æ�[þts� ����z�¤��HX< s��Qô�Ç
�â
Äº��H :£¤y� ÅÒ3lq½+Éëß�ô�Ç �̧>h¥Æ�ëß� ]jr�ô�Ç��.  »	·¡#�, ���
��+þA &ñ
²ú��̀¦ ×þ�ô�Ç "fÕüt+þA �̧²ú���[þt_� s�Ä»"fÕüts� ���"é¶

Áº6£x²ú�(NR)s�������â
Äº���ë�H�½Ó 1, 2, 3, 5, 6, 8, 12\�@/
�#� Õª[þt_� �̧>h¥Æ��̀¦ ���/åL��¦ Õª "é¶����̀¦ ì�r$3�ô�Ç��.

1. ÃUØ]�§ 1 8ý ÄZØV	Ä

¿º ¡ó�����½̈�� f��§>=�Ð ������÷&#Q e��Ü¼Ù¼�Ð ¿º ���½̈\�

��H °ú �Ér �ª�_� ���ÀÓ�� âì�Ér��. Õª�QÙ¼�Ð ¿º ���½̈_� µ1ßl�
\�¦ ���&ñ
���H ���§4��Ér ���½̈_� $��½Ó\� _�K� ���&ñ
�)a��. �Ðl�
2 ���s� �̧²ú���� s�Ä»��H ���t��� �-Áº �̧A�÷&��� �r�Ð\� âì
ØÔ��H ���ÀÓ�� B�Äº ���Ü¼Ù¼�Ð ���½̈ ô�Ç >h\�ëß� Ô�¦s� [þt#Q�̀¦

Ãº��H \O��¦ ¿º ���½̈ �̧¿º Ô�¦s� [þt#Q�̧t� ·ú§��H��.

• MC 1a (10.8%): Ô�¦s� [þt#Q�̧t� ·ú§�Ér ���½̈��H $��½Ó
s� &�"f ���ÀÓ�� &h�>� âì�Ér��.

• MC 1b (5.4%): Ô�¦s� [þt#Q �:r ���½̈�� ���ÀÓ\�¦ �è�̧
�#� ¿º ���P: ���½̈\���H Ô�¦s� [þt#Q�̧t� ·ú§��H��.

• MC 1c (2.7%): °ú �Ér �ª�_� ���ÀÓ�� âìØÔÙ¼�Ð ô�Ç ���
½̈\�ëß� Ô�¦s� [þt#Q �̀¦ Ãº \O���.

s��Qô�Ç �̧>h¥Æ�[þt�ÐÂÒ'��§��[þt�Ér���ÀÓ�����½̈_�µ1ßl�

\�¦ ���&ñ
ô�Ç���¦ Òqty����¦ e��6£§�̀¦ ·ú� Ãº e����. MC 1a ��H
6�§_� ZO�gË: [10]�̀¦ {9�ÂÒëß� &h�6 x�#� d�¦�2; ���õ�\�¦ �̧Ø�¦ô�Ç
�â
Äºs���; $��½Ós� 	�H ���½̈��H ���·ú��̧ ß¼>� ���o�Ù¼�Ð f��§>=
�������)a ¿º ���½̈_� ���ÀÓ��H {9�&ñ
���. ¢̧ô�Ç MC 1b ü< °ú 
s� ���ÀÓ�� �è�̧�)a����H �̧>h¥Æ��̧ ����z�¤��HX<, s��Qô�Ç �̧
>h¥Æ��Ér �<ÆÒqt [7,11] ¢̧��H �§�� [12,13]\�¦ @/�©�Ü¼�Ð �̧��
ô�Ç ���½̈\�"f ��¥y� �Ð�¦÷&�¦ e����. MC 1c \�"f��H ���½̈_�
µ1ßl�\�¦ ���&ñ
���H ���§4�s� ���ÀÓ÷�rëß� ��m��� ���½̈_� $��½Ó

õ� �'aº��s� e������H ��z�́�̀¦ çß�õ���¦ e����.

����̂ ���½̈@/�©���\� @/�#� �����+þA &ñ
²ú��̀¦ ×þ�ô�Ç "fÕüt

+þA �̧²ú��� q�Ö�¦�Ér Table 1 Ü¼�ÐÂÒ'� �����+þA &ñ
²ú��� q�Ö�¦
\�"f"fÕüt+þA&ñ
²ú���q�Ö�¦�̀¦NS��� ½̈½+ÉÃºe����.ë�H�½Ó 1_�
�â
Äº��H 18.9%�Ð 7 "î
\� K�{©��)a��. s�[þt ×�æ Áº6£x²ú�(5 "î
)
õ�l���6£x²ú�(1"î
)�̀¦]jü@������ Qt�ô�Ç"î
(2.7%)_��§
���� �̧>h¥Æ� MC 1b\�¦��t��¦e��%3���.Ô�¦s�[þt#Q�:r���½̈
��H $��½Ós� �s̀��� 	�H ���½̈s�Ù¼�Ð Ô�¦s� [þt#Q�̧t� ·ú§�Ér ���½̈

�Ð�� ���§4��è�̧�� �s̀��� ú́§��. s� �§����H ���§4�\� @/ô�Ç t�
d��s� ÂÒ7á¤�#� ���§4� �è�̧\�¦ ���ÀÓ �è�̧�Ð ³ð�&³ô�Ç �Ü¼�Ð	כ

�Ð�����.

2. ÃUØ]�§ 2 8ý ÄZØV	Ä

���t� ¿º >h\�¦ f��§>= �������%i��̀¦ M:, ¡ó�����½̈_� Ô�¦ynCs�
���t��� ô�Ç >h{9� M:�Ð�� #Q¿º0>|9� Ãº e����H �â
Äº\�¦ ¹1Ô��H

ë�H]js���. �í1pxõ��<Æz�́+«>\�"f z�́]j�Ð µ1ÏÒqt½+É Ãº e����H �©�
S!�[þt�̀¦ �Ðl��Ð ]jr���¦ e����. ���t�\�¦ f��§>=�Ð ������ô�Ç �â

Äº, ���t�_� l����§4�÷�rëß� ��m��� ?/ÂÒ$��½Ó�̧ f��§>=�Ð ������
�)a��. Õª�QÙ¼�Ð �̧A�÷&#Q ?/ÂÒ$��½Ós� ��ÅÒ 	�H ���t�\�¦ ��
�Ér ���t�ü< f��§>= ���������� l����§4�_� 7£x���Ð�� ?/ÂÒ$��½Ó

_� 7£x���� �8 	�H %ò
�¾Ó�̀¦ p�5g"f ¡ó�����½̈�� #Q¿º0>|9� Ãº

e����.

• MC 2a (29.7%): ���t�\�¦ °ú �Ér �FGz�o� ��ÅÒ�Ð>� ���
������� ���ÀÓ�� âìØÔt� ·ú§�� Ô�¦s� [þt#Q�̀¦ Ãº \O���.

• MC 2b (21.6%): �̧A��)a���t���H$��½ÓÜ¼�Ð(ëß�)���6 x
�%i���.

ú́§�Ér�§��[þt(45.9%)s��Ðl� 2���\�6£x²ú��%i��¦ MC 2a
ü< °ú �Ér s�Ä»\�¦ [þt%3���. 7£¤, ���t�_� %i�f��§>= �������Ér ��s�
�̧×¼_� %i�f��§>= ������õ� °ú s� ���ÀÓ�� âìØÔ��H ��s	כ Ô�¦��0px

ô�Ç ������s�����H �'a&h�s���. Õª�Q�� s� �'a&h��Ér ���½̈\� Ô�¦s�
[þt#Q�:r����Hë�H]j_���&ñ
�̀¦0AìøÍ�Ù¼�Ð�7Ho�$í
s����#�÷&

��H8£¤���s�e����. MC 2a\�@/ô�Ç���Ér"é¶���Ü¼�Ð��H/BNg�A���
·ú�(nominal voltage)s� °ú �Ér ¿º ���t�\�¦ l����§4�(EMF)s�
°ú �Ér �Ü¼�Ð	כ �D¥1lx�%i��̀¦ ��0px$í
s� e����. /BNg�A���·ú��Ér ���
t�_� ~½Ó���/BG���\�"f ���©� �̧A� Ä»t�÷&��H ���·ú��̀¦ _�p�ô�Ç

��. /BNg�A���·ú�s� 1.5 V ��� Dh |	����t�\�¦ ½̈{9��#� l����§4�
�̀¦ 8£¤&ñ
���� 1.5 V �Ð�� 	�H °úכ(��� 1.7 V)s� %3�#Qt� 9 ���
t����� °úכs� ��ØÔ��. ë�H]j\�"f��H ¡ó�����½̈\� Ô�¦s� [þt#Q
M®o���¦��&ñ
�%i�Ü¼Ù¼�Ð¿º���t�\�¦%i�f��§>=�������%i������

¿º ���t�_� l����§4��Ér "f�Ð �©�{©�y� 	�s� ±ú� �.���s	כ /BNg�A
���·ú�s� �̧¿º 1.5 V ��� Dh ���t�ü< Ø�æì�ry� ~½Ó����)a ��³ ���t�
\�¦ f��§>= ¢̧��H %i�f��§>= ���������� ¡ó�����½̈_� µ1ßl��� �8 #Q
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¿º0>t���H�.����a¹1Ï½+ÉÃºe'�¦̀�	כ MC 2b\���H �̧A��)a���t�
��H l����§4��̀¦ �©�z�́ô�Ç����H _�p��� ?/�í÷&#Q e��Ü¼Ù¼�Ð %3�

x9�ô�Ç _�p�\�"f��H �̀�t� ·ú§��.
s� ë�H�½Ó\� @/�#� �����+þA &ñ
²ú��̀¦ ×þ�ô�Ç "fÕüt+þA �̧²ú���

��H 13.5%(5 "î
)�Ð Áº6£x²ú�(3 "î
)õ� l���(1 "î
)\�¦ ]jü@ô�Ç
�� Qt� ô�Ç "î
s� �̧>h¥Æ� MC 2a \�¦ ��t��¦ e��%3���. &ñ
²ú�
��� �Ðl� 4 ����̀¦ ×þ�ô�Ç s�Ä»"fÕüt�Ð"f, ���t�\�¦ ��ÅÒ�Ð>� ���
������� �½Ó�©� ���ÀÓ�� âìØÔt� ·ú§�� Ô�¦s� [þt#Q�̧t� ·ú§��H��

�¦ Òqty���#� ���t�\�¦ f��§>=�������#��̧ ���½̈�� �½Ó�©� �8 µ1ß

��t���H ��Ér	כ ��m�����H �7Ho�\�¦ ½̈��ô�Ç �Ü¼�Ð	כ �Ð�����.

3. ÃUØ]�§ 3 8ý ÄZØV	Ä

#î
§>= �������)a ���t�[þt_� 1px�� l����§4��Ér ?/ÂÒ$��½Ó_� %i�

Ãº\�¦��×�æu��Ð���Hl����§4�[þt_� î̈
ç�H°úכ(l�@/°úכ)s���.¿º
���t�_� ?/ÂÒ$��½Ós� ß¼>� 	�s� ����H �â
Äº\� ¿º ���t�_� 1px

��l����§4� ·1px��?/ÂÒ$��½Ó�Ér?/ÂÒ$��½Ós�����Ér���t�_�l�
���§4� · ?/ÂÒ$��½Óõ� q�5pwô�Ç °ú̀�כ¦ ��t�Ù¼�Ð ?/ÂÒ$��½Ós� �s̀
��� 	�H ���t���H \O���H ����s	כ ��2£§s� \O��¦ ���½̈\� Ô�¦s� [þt

#Q�̧��H ��s	כ ��0px���.
43.2%_� �§���� �Ðl� 3 ��� î��Ë̈�Ð �������)a ���t���H �r
�Ð\� %ò
�¾Ó�̀¦ ÅÒt� ·ú§��H��ï\�¦ ���×þ��%i���. Õª�Q�� ¿º ���
t�\�¦ %i�#î
§>= �������%i��̀¦ M: ¿º ���t�_� ~½Ó�¾Ó�Ér 1lx1pxô�Ç ��

u�\�¦��t�Ù¼�Ðô�Ç���t���H���t��Ð%i�½+É�̀¦��¦ÕªìøÍ@/~½Ó

�¾ÓÜ¼�Ð �������)a ���t���H �r�Ð\� %ò
�¾Ó�̀¦ ÅÒt� ·ú§��H����H �'a

&h��Ér "î
Ñþ�y� �̀�t� ·ú§��.

• MC 3a (21.6%): ��Ë̈�Ð �������)a ���t��Ð��H ���ÀÓ��
âìØÔt� ·ú§��H��. 7£¤, ���t� ���\�¦ ������ô�Ç ��õ	כ °ú Ü¼
Ù¼�Ð ���½̈\� Ô�¦s� [þt#Q�:r��.

• MC 3b (18.9%): ¿º >h_� ���t� ×�æ ô�Ç >hëß� ��ØÔ>�
������÷&��� Ô�¦s� [þt#Q �̀¦ Ãº e����.

MC 3a ü< MC 3b ��H �̧¿º ���t� ������\� �̀¦���Ér ~½Ó�¾Ós�
e������H �̧>h¥Æ��̀¦ �í�<Ê��¦ e����. ���t�_� ������ ~½Ó�¾Ó�̀¦ ìøÍ
@/�Ð ���� ?/ÂÒ$��½Ó�Ér ����o�� \O��¦ l����§4�_� ÂÒ ñëß� ��

7>� �)a��. ����"f ë�H�½Ó 13 \�"fü< °ú s� 1lx{9�ô�Ç ¿º ���t�
�� %i�#î
§>= ������÷&%3������ ���½̈\� Ô�¦s� [þt#Q�̀¦ Ãº \O���.
ë�H�½Ó 3_��â
Äº�����+þA&ñ
²ú���s����"f"fÕüt+þA �̧²ú�����H

18.9%(7 "î
)�Ð s� ×�æ 6 "î
�Ér Áº6£x²ú�s�%3�Ü¼ 9 ô�Ç "î
s� �̧
>h¥Æ� MC 3b \�¦ ��t��¦ e��%3���. s� �̧>h¥Æ��Ér �Ðl� 3 ���
s� &ñ
²ú�s������ �8 �����Û¼XO�>� ���̀¦ Ãº e����H s�Ä»"fÕüts�

��. MC 3b �� &ñ
²ú���� �Ðl� 2 ���\� @/ô�Ç s�Ä»"fÕüts������
‘��ØÔ>� ������’s�����H ú́��̀¦ ���t�_� ~½Ó�¾Ó$í
s� ��m��� ?/ÂÒ
$��½Ó_� �'a&h�\�"f �Ð���� ½+É �.���s	כ Õª�Q�� s��Qô�Ç K�$3�
�Ér �©�{©�y� ÂÒ�����Û¼XO�l� M:ë�H\� �Ðl� 2 ���\� @/ô�Ç s�Ä»
"fÕüts� �7Ho�&h�Ü¼�Ð s�ÀÒ#Qt�t� ·ú§�Ér �	כ °ú ��.

4. ÃUØ]�§ 4 8ý ÄZØV	Ä

���t�\�¦ �̧A� ��6 x����l����§4��Ér±ú���t��¦?/ÂÒ$��½Ó�Ér

&������.l����§4�s�b��#Qt���Hs�Ä»��H�o�<ÆìøÍ6£xs�{9�&ñ
�#�
�̧ì�r�FG1pxõ�°ú �Ér�&³�©�s�������l�M:ë�Hs���.Õª�Q�� ú́§
�Ér �§��[þt(43.2%)s� l����§4��Ér {9�&ñ
��¦ ?/ÂÒ$��½Ó�Ér 7£x
��ô�Ç����H Òqty��(�Ðl� 3 ���)�̀¦ ��t��¦ e��%3���. s���H l����
§4�s� (��_�) {9�&ñ
ô�Ç �Ü¼�Ð	כ l�Õüt��¦ e����H Óüto��<Æ �§F�
[14][þts� e���¦ �§��[þts� ���t�_� /BNg�A���·ú��̀¦ l����§4�Ü¼�Ð
�̧K��%i�l� M:ë�HÜ¼�Ð �Ð�����. MC 4a, MC 9a, MC 12b,
MC 15b \�"f �̧>h¥Æ�s� ����� ÂÒì�r�Ér @/F�c ñ [ ]�Ð ³ðr��
%i���.

• MC 4a (27.0%): ���0A	�\�¦ Ä»t�r�&�ÅÒ��H l����§4��Ér
{9�&ñ
� 9 [?/ÂÒ$��½Ó_� 7£x���Ð ���K� |	����t�\�¦ ��6 x
½+É Ãº \O�>� �)a��].

• MC 4b (2.7%): l����§4�õ� ?/ÂÒ$��½Ó�Ér ìøÍq�YVô�Ç��.

5. ÃUØ]�§ 5 8ý ÄZØV	Ä

���l� �r�Ð\�"f ¿º >h s��©�_� ���t��� e��_�_� ~½Ód��Ü¼�Ð

������÷&#Qe���̀¦M:\�y�����t�_�%i�½+É�Ér (a)~½Ó���÷&���"f���
§4� /BN/åL, (b) ~½Ó���÷&���"f ���§4� �èq�, (c) Ø�æ���(s� �â
Äº��H
�½Ó�©� ���§4� �èq�)_� [j ��t� �â
Äº�� e���� [5,6]. ¿º ���t�
�� °ú �Ér ~½Ó�¾ÓÜ¼�Ð f��§>= �������)a �r�Ð\�"f��H ���t�_� l����

§4�\� ��ØÔ��H ~½Ó�¾ÓÜ¼�Ð ���ÀÓ�� âìØÔÙ¼�Ð Ø�æ����Ér {9�#Q��

t� ·ú§�¦ ¿º ���t��� �̧¿º ~½Ó����)a��.

• MC 5a (21.6%): ���t�z�o���H Ø�æ���s� ÷&t� ·ú§��H��.

• MC 5b (5.4%): Dh���t��� �̧A��)a���t�\�¦Ø�æ���r����
��.

Dh ���t�_� éß������·ú��Ér �ª�Ãºs�t�ëß�, Ø�æì�ry� �̧A� ��6 x
ô�Ç ���t�_� éß������·ú��Ér B�Äº 	�H ?/ÂÒ$��½ÓÜ¼�Ð ����#� 6£§

Ãº���)a��.s��Qô�Ç�â
Äº\�Dh���t���H���§4��̀¦/BN/åL��¦��³
���t���H ���§4��̀¦ �èq�ô�Ç��. ��³ ���t�_� éß������·ú�s� 6£§Ãºs�
Ù¼�Ð ¿º ���t�_� f��§>=������ �ª�éß�_� ���·ú�s� Dh ���t� �ª�éß�_�

���·ú��Ð�� �����.
MC 5a ü< °ú s� �©�{©�Ãº_� �§��[þt�Ér ���t� çß�_� Ø�æ���s�

Ô�¦��0pxô�Ç �Ü¼�Ð	כ ú̧�3lw ·ú��¦ e����. ���t� ������\�"f ���t���
Ø�æ���÷&l� 0Aô�Ç �̧|	� [6]s� ëß�7á¤÷&��� 2 	� ���t���H ~½Ó���õ�
Ø�æ��� çß�_� ��%i�ìøÍ6£x\� _��#� Ø�æ���s� "é¶�Ö̧y� s�ÀÒ#Q���

��.ô�Ç¼#�,|	����t�(1	����t�)��H�o�<ÆìøÍ6£xs�q���%i�&h�s�Ù¼
�Ð %3�x9�ô�Ç _�p�\�"f_� Ø�æ����Ér s�ÀÒ#Qt�t� ·ú§��H��. Õª�Q
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�� Ø�æ����̧|	�s� ëß�7á¤÷&���, ���K�Ó�os� ���l�ì�rK�÷&�¦ %i��o
Óüt\�"f%i��è��µ1ÏÒqtK�{9�r�&h�Ü¼�Ð%i��è���t��� ½̈$í
÷&#Q

l����§4�s�Z�}��t�Ù¼�Ð\��-t���ÂÒ�Ö̧ô�Ç����H{9��©�&h�_�p�

_� Ø�æ����Ér ��0px��� [15].
s�ë�H�½Ó\�"f�����+þA&ñ
²ú�(�Ðl� 4���)�̀¦×þ�ô�Ç"fÕüt+þA �̧
²ú�����H 45.9%�Ð 17 "î
\� s��Ér��. s�[þt ×�æ 10 "î
�Ér Áº6£x
²ú���%i��¦ 7 "î
�Ér �̧>h¥Æ� MC 5a \�¦ ��t��¦ e��%3���. �̧A�
�)a ���t��� Ø�æ���÷&t� ·ú§��H����H r�y���Ér ���t�[þtz�o� Ø�æ���

÷&��H �¦̀�	כ �:r &h�s� \O�����H �7Ho��Ð s�K��)a��. s��Qô�Ç �â

+«>�Ér ¢̧ô�Çs�ë�H�½Ó_������+þA&ñ
²ú�Ò�¦(75.7%)s�B�ÄºZ�}�Ér
"é¶���Ü¼�Ð Òqty���)a��.

6. ÃUØ]�§ 6 8ý ÄZØV	Ä

���t�\� ¿º ���½̈\�¦ #î
§>=�Ð �������#� ���½̈ ô�Ç >h_� µ1ßl�

\�¦ �'a¹1ÏK� �Ð��� ���t� ?/ÂÒ$��½Ó_� ò́õ��Ð ����#� ���½̈ ô�Ç

>hëß� ������Ùþ¡�̀¦ M: �Ð�� #QÑüv��. éß�, ���ÀÓ�� âìØÔ��� ���½̈
_� $��½Ós� ß¼>� 7£x���Ù¼�Ð ���t�_� ?/ÂÒ$��½Ós� �s̀��� ���

�̀¦ �â
Äº\���H Õª ò́õ��� ���½̈_� µ1ßl�\� Ìº§Â	s� ������t�

·ú§�̀¦ Ãº�̧ e����.

• MC 6a (13.5%): ���½̈\�¦ #î
§>= ���������� µ1ßl�_� ���
�o��H \O���.

• MC 6b (10.8%): #î
§>= �������)a ¿º ���½̈�Ð ���ÀÓ�� ìøÍ
Ü¼�Ð ��*'#Q4R âì�Ér��.

• MC 6c (5.4%): ���½̈ ¿º >h\�¦ ���������� $��½Ós� &�
�����.

• MC 6d (2.7%): ���½̈\�¦#î
§>=����������Ô�¦_�µ1ßl���
1/2 �Ð #Q¿º0>�����.

�í1px�§��[þt�Ér s�Ä»"fÕüt\�"f ���t� ?/ÂÒ$��½Ó_� ò́õ�\�¦

�¦�9�t� 3lwô�Ç �Ü¼�Ð	כ ����z�¤��. Õª!3�\��̧ Ô�¦½̈��¦ ���
��+þA &ñ
²ú�Ò�¦s� 67.6%�Ð B�Äº Z�}�Ér s�Ä»��H f���'a&h�Ü¼�Ð
MC 6b, MC 6c, MC 6d ü< °ú �Ér ~½Ód��Ü¼�Ð ô�Ç ���t��Ð ¿º
>h_� ���½̈\�¦ ��m��� ���½̈ (��) ¢̧��H (��)�� ���½̈ (��)�Ð
�� #QÑüv���¦ Òqty��Ùþ¡l� M:ë�HÜ¼�Ð �Ð�����. MC 6a ��H ���
t�_� ?/ÂÒ$��½Ó�̀¦ �¦�9�t� ·ú§�̀¦ M: #î
§>=�������)a y�� ���½̈

\� ���o���H ���·ú�s� éß�{9� ���½̈_� �â
Äºü< 1lx{9������H ��z�́

�̀¦��6 xô�Ç�.�����Ü¼�Ð�Ð	כ ¢̧ô�Ç MC 6c�ÐÂÒ'�$��½Ó_�ß¼
l�\�¦ ������~½Ód��\� �'a>�\O�s� ���½̈_� >hÃºü< ������t�#Q Òqt

y����¦ e��6£§�̀¦ ·ú� Ãº e����. s��Qô�Ç $��½Ó ×�æô?(resistive
superposition) �̧>h¥Æ��Ér Engelhardtü< Beichner_� ���½̈
[7]\�"f�̧ ����èß���.

s� ë�H�½Ó\�"f��H 43.2%(16 "î
)_� �§��[þts� �����+þA &ñ
²ú�
�̀¦ ×þ�ô�Ç "fÕüt+þA �̧²ú���%i���. s�[þt ×�æ 7 "î
�Ér Áº6£x²ú�(NR)
s�%3��¦ 5 "î
�Ér Óüto�&h�Ü¼�Ð _�p�\O���H ���ª�ô�Ç l��� 6£x

²ú�(IR)�̀¦ �%i���. �� Qt� 4 "î
�Ér �̧>h¥Æ� MC 6b \�¦ ��
��?/%3���HX<, ���t��� {9�&ñ
ô�Ç ���ÀÓ_� "é¶��; [7]s�����H ���Ér
�̧>h¥Æ�s� ���]j�)a �©�I�\�"f #î
§>= �������)a y�� ���½̈�Ð ���ÀÓ

�� ��*'#Qt�l� M:ë�H\� �8 #QÑüv����H ����:r\� �̧²ú�ô�Ç �¼Ü	כ

�Ð �Ð�����.

7. ÃUØ]�§ 7 8ý ÄZØV	Ä

s� ë�H�½Ó�Ér ���ÀÓ_� ����o\� ���Ér ���t� éß������·ú�_� ����o

\�¦¶ns��Hë�H]js���. MC 7aü<°ú s�6�§_�ZO�gË:�̀¦&h�6 x�#�
���ÀÓ�� ¿º C��� ÷&��� ���·ú� 7£¤ ���0A	��̧ ¿º C��Ð &�|9� �	כ

s�����H �̧>h¥Æ�s� ���©� ú́§��¤��. Õª�Q�� ���t���H éß�í�H $��½Ó
l�����m���?/ÂÒ$��½Óõ�l����§4�Ü¼�Ð ½̈$í
÷&#Qe��Ü¼Ù¼�Ð

6�§_� ZO�gË:s� f��]X� &h�6 x÷&t� ·ú§��H��. 7£¤, ���t� �ª�éß�_� ���
0A	����éß������·ú��Érl����§4�Ü¼�ÐÂÒ'�?/ÂÒ$��½Ó\�_�ô�Ç���

·ú�y©��\�¦ �É� °úכs���. l����§4�õ� ?/ÂÒ$��½Ós� ���t����� ��
ØÔÙ¼�Ð éß������·ú�_� ����o��H ���t�\� ���� ��ØÔ��. ���t���
Ø�æ���÷&��H �â
Äº ���t�_� ���ÀÓ��H l����§4�\� ìøÍ���H ~½Ó�¾ÓÜ¼

�Ð âìØÔÙ¼�Ð MC 7b ��H {9�ìøÍ&h�Ü¼�Ð ��z�́s� ��m���.

• MC 7a (10.8%): ���0A	�ü< ���ÀÓ��H &ñ
q�YVô�Ç��.

• MC 7b (8.1%): ���ÀÓ��7£x���������·ú��Éry���è½+É�	כ
s���.

8. ÃUØ]�§ 8 8ý ÄZØV	Ä

\P��2; �r�Ð\�"f��H ���ÀÓ�� âìØÔt� ·ú§Ü¼Ù¼�Ð ���t�_� éß�

�����·ú��Ér ���t�_� l����§4�õ� °ú ��. 56.8%_� �§��[þts� 6 A
_� ���ÀÓ�� âì�Ér����H ���×þ��̀¦ �%i���HX< s���H \P��2; �r�Ðe��

�̀¦ ���d���t� 3lw��¦ MC 8a ü< °ú s� ÅÒ#Q��� °úכ[þt�̀¦ ��6 x
�#� 6�§_� ZO�gË:\� _�K� ���ÀÓ °ú̀�כ¦ >�íß�Ùþ¡l� M:ë�HÜ¼�Ð �Ð

�����.

• MC 8a (16.2%): 6�§_� ZO�gË:\� _�K� 6V/1Ω = 6A.

s� ë�H�½Ó\�"f �����+þA &ñ
²ú��̀¦ ���×þ�ô�Ç "fÕüt+þA �̧²ú�����H

32.4%�Ð 12 "î
\� K�{©��)a��. s� ×�æ 11 "î
�Ér Áº6£x²ú�(NR)
s�%3��¦ �� Qt� ô�Ç "î
�Ér ë�H]j_� �:r|9��̀¦ #Á	#Qèß� l��� 6£x

²ú�(IR)�̀¦ �%i���.
%3�x9��>� ú́�����, s� ë�H�½Ó_� �r�Ð�̧\�"f ���·ú�>��� z�́

]j�Ð 8£¤&ñ
���H éß������·ú��Ér l����§4�(6 V)õ� ���çß�_� 	�s�
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\�¦ �Ð{9� �.���s	כ �=������ ���t�ü< ���·ú�>��� �r�Ð\�¦ +þA$í


�l� M:ë�H\� ���t�\� p�[jô�Ç ���ÀÓ�� âìØÔl� M:ë�Hs���. ���

t�_�l����§4��Éréß������·ú�8£¤&ñ
°úכ[þt�ÐÂÒ'�ü@¶ú�\�_��#�

ÆÒ�:r½+É Ãº e����.

9. ÃUØ]�§ 9 8ý ÄZØV	Ä

{���2³ �r�Ð\�"f ���t�\� âìØÔ��H ���ÀÓü< éß������·ú��̀¦ >�

íß����H ë�H]js���. 70.2%_� �§��[þt�Ér ?/ÂÒ$��½Ós� ÂÒ�$�

�½Óõ� f��§>=�������)a ��\	כ �ÃÌîß��#� �r�Ð\� âìØÔ��H ���ÀÓ��

2 A ���¦ �̀¦��ØÔ>� ���×þ��%i���. Õª�Q�� éß������·ú�s� 6 V

����H �Ðl� 1, 3 ����̀¦ ×þ�ô�Ç �§���� 72.9%\� s�ØÔ�¦ MC

9a ü< °ú �Ér s�Ä»"fÕüt�̀¦ �Ð��� �í1px�§��[þt�Ér ���t�_� ?/ÂÒ

$��½Ó\� _��#� ���·ú� y©���� {9�#Qèß�����H ��z�́��t���H ú̧�

·ú�t� 3lw�%i���. s��Ð ����#� �����+þA("fÕüt+þA) &ñ
²ú�Ò�¦s�

24.3%(2.7%)�Ð ±ú�>� ����z�¤��.

• MC 9a (10.8%): ���·ú��Ér {9�&ñ
��¦ [���ÀÓ��H 6�§_� ZO�

gË:\� _��#� 2 A s���].

• MC 9b (10.8%): 6�§_� ZO�gË:_� ú̧�3lw�)a &h�6 x.

10. ÃUØ]�§ 10 8ý ÄZØV	Ä

#î
§>=�������)a ¿º ���t�_� 1px�� l����§4��Ér ?/ÂÒ$��½Ó_� %i�

Ãº\�¦ ��×�æu��Ð ���H l����§4�[þt_� l�@/°úכs�Ù¼�Ð ¿º ���t�

_� l����§4� ��s�_� #Q�"� °ú̀�כ¦ °ú�>� �)a��. :£¤Ãºô�Ç �â
Äº�Ð

"f ¿º ���t�_� ?/ÂÒ$��½Ós� °ú ����� 1px�� l����§4��Ér ¿º ���t�

_� l����§4�_� ×�æ�©�°ú̀�כ¦ °ú���H��. Õª�Q�� 54.1%_� �§��[þt

�Ér {9�ìøÍ&h���� �â
Äº\��̧ ×�æ�©�°ú̀�כ¦ °ú���H �Ü¼�Ð	כ Òqty���#�

�Ðl� 2 ����̀¦ ���×þ��%i���. s� ë�H�½Ó_� �����+þA("fÕüt+þA) &ñ


²ú�Ò�¦�Ér 18.9%(2.7%)�Ð B�Äº ±ú���¤��.

• MC 10a (13.5%): #î
§>=������s�Ù¼�Ð ×�æ�©�°ú̀�כ¦ °ú���H

��.

���t�_� ?/ÂÒ$��½Ó�̀¦ Áºr�½+É �â
Äº, ���t�[þt_� l����§4�s�

��ØÔ�����, #î
§>= �������)a ���t�[þt �ª�éß�_� ���·ú�s� °ú ���� ô�Ç

����H ��z�́õ� �̧í�Hs� µ1ÏÒqtô�Ç��. Õª�QÙ¼�Ð ���t�_� ?/ÂÒ$�

�½Ó�Ér#î
§>=�������)a���t�[þt_�éß������·ú�õ�1px��l����§4��̀¦���

&ñ
���HX< B�Äº ×�æ¹כô�Ç %i�½+É�̀¦ ô�Ç��.

11. ÃUØ]�§ 11 8ý ÄZØV	Ä

s� ë�H�½Ó�Ér #î
§>=������_� _�p�\�¦ s�K���¦ z�́]j �r�Ð\�

"f s�\�¦ d��Z>�½+É Ãº e����H��\�¦ ·ú����Ð��H ë�H�½Ós���. 62.2%
(45.9%)_� Z�}�Ér �����+þA("fÕüt+þA) &ñ
²ú�Ò�¦�̀¦ ����?/%3�Ü¼��
ú́§�Ér�§��[þts��7Ho�&h�s���m���f���'a&h�Ü¼�Ð#î
§>=�������̀¦

s�K���¦ e����H �Ü¼�Ð	כ �Ð�����. ²ú��̀¦ ���×þ�ô�Ç s�Ä»�Ð"f ���
ÀÓ_� ì�rl�&h�\� @/K� ���/åL�l� �Ð����H MC 11a ü< °ú s�
éß�í�Hy������s����×þ�ô�Ç²ú�s� (#î
§>=������s������)f��§>=������
s�����H ���Õüts� �©�{©�Ãº e��%3���. MC 11b ��H �Ðl� 2 ���÷�r
ëß� ��m��� �Ðl� 4 ���\��̧ K�{©�÷&��H ?/6 xÜ¼�Ð ¿º ���t� çß�
\� �FG[þts� �©��©�s� f��]X� ������Ü¼�Ð ������÷&#Q�� #î
§>=������

��� �Ü¼�Ð	כ Òqty�����H �̧>h¥Æ�s���.

• MC 11a (13.5%): ���×þ�ô�Ç ²ú�(�Ðl� 1, 2, 4 ���)�Ér f��
§>=�������)a �.���s	כ

• MC 11b (2.7%): �Ðl� 2 ���ëß� ¿º ���t��� �������)a ���
���s� \O���.

12. ÃUØ]�§ 12 8ý ÄZØV	Ä

f��§>=�������)a [j ���t� ×�æ\�"f ô�Ç ���t��� ���Ér ¿º ���t�ü<

ìøÍ@/~½Ó�¾ÓÜ¼�Ð ������÷&#Q e���̀¦ M:\� ���½̈_� µ1ßl�\�¦ ¶ns��H

ë�H]js���. 1px�� l����§4��Ér ���t� ô�Ç >hü< °ú t�ëß� 1px�� ?/
ÂÒ$��½Ó�Ér ���t� [j >h\� K�{©����H 1.5 Ω s�Ù¼�Ð ���t� ô�Ç
>h\�¦ ������Ùþ¡�̀¦ M:�Ð�� ���½̈�� #Q¿º0>�����.

• MC 12a (13.5%): ú̧�3lw�)a ������s�Ù¼�Ð Ô�¦s� [þt#Q�̧
t� ·ú§��H��.

• MC 12b (13.5%): [��ÅÒ�Ð�¦ e����H ¿º ���t�_� l����
§4�s� 0 s� ÷&#Q] ���t� ô�Ç >h\�¦ ������Ùþ¡�̀¦ M:ü< °ú ��.

• MC 12c (10.8%): ��Ë̈�Ð�������)a���t���H%ò
�¾Ó�̀¦ÅÒ
t� ·ú§Ü¼ 9 ������õ� °ú ��.

• MC 12d (2.7%): ���t� [j >h�� ������÷&#Q e��l� M:ë�H
\� [j C� µ1ß��.

s�ë�H�½Ó_��â
Äº�����+þA&ñ
²ú�(�Ðl� 1���)�̀¦×þ�ô�Ç"fÕüt+þA
�̧²ú�����H ����̂ ���½̈@/�©���_� 13.5%�Ð 5 "î
\� K�{©��)a��.
s�[þt×�æ 4"î
�ÉrÁº6£x²ú�s�%3��¦ô�Ç"î
�Ér �̧>h¥Æ� MC 12a\�¦
��t��¦ e��%3���. s� �§����H Ô�¦s� [þt#Q�:r����H ë�H]j_� ��&ñ

\� �̧í�H÷&>� Ô�¦s� [þt#Q�̧t� ·ú§��H����H s�Ä»"fÕüt�̀¦ �%i�

��HX< s���H MC 2a(f��§>=), MC 3a(#î
§>=)ü< Ä»���>� %i�~½Ó
�¾ÓÜ¼�Ð �������)a ���t��� e��Ü¼��� ���ÀÓ�� âìØÔt� ·ú§��H ú̧�3lw



¿ ���½̈�7Hë�H À �í1px�§��[þt_� ���t� s�K��̧ x9� �̧>h¥Æ� ì�r$3� – þj�Ér&ñ
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�)a ������s�����H �̧>h¥Æ�s� y©��>� ���6 x��¦ e��l� M:ë�HÜ¼

�Ð �Ð�����. Ô�¦s� [þt#Q�̧t� ·ú§��H����H ?/6 x_� �Ðl��� \O�Ü¼
Ù¼�Ð s�\� ���©� ����î�r �Ðl� 1 ����̀¦ ×þ�ô�Ç �Ü¼�Ð	כ Òqty���)a
��.
�Ðl� 2 ����̀¦ ×þ�ô�Ç �§��[þt_� {9�ÂÒ��H MC 12b ü< °ú s�
1px��l����§4��Ér ú̧� óøÍéß��%i�Ü¼��?/ÂÒ$��½Ó_� ò́õ���t���H

�¦�9�t� 3lw�%i���. s���H �Ð:�x ���t�_� ?/ÂÒ$��½Ó�̀¦ Áºr�
����� \O����¦ ��&ñ
��¦ ë�H]j\�¦ K����K� �:r X< l����ô�Ç �	כ

Ü¼�Ð �Ð�����. ¢̧ô�Ç MC 12c ü< °ú s� ��Ë̈�Ð �������)a ���
t���H %i�½+É�̀¦ �t� ·ú§Ü¼Ù¼�Ð ���t� ¿º >h\�¦ f��§>= ������ô�Ç

��õ	כ °ú ���¦ Òqty�����H �§��[þt�̧ e��%3���. s� µ1Ú\��̧ MC
12d ü< °ú s� ���t�[þt_� ������ �©�I�\�¦ çß�õ���¦ ���t�_� >h
Ãºëß� �¦�9���H ���t� ×�æô?(battery superposition) �̧>h¥Æ�
[7]�̧ ����z�¤��.

13. ÃUØ]�§ 13 8ý ÄZØV	Ä

1lx{9�ô�Ç ���t� ¿º >h�� ���½̈\� %i�#î
§>= �������)a �r�Ð\�"f

1px�� l����§4��Ér 0 s�Ù¼�Ð ���½̈\� Ô�¦s� [þt#Q�̧t� ·ú§��H��.
{9�ÂÒ�§��[þt�Ér�r�Ð (B)\�"f���½̈\�¦C�]j��¦���t�_����
���ëß� �¦�9�#� ���t�[þts� f��§>=������÷&%3����¦ Òqty���<ÊÜ¼�Ð

+� MC 13a ü< °ú �Ér �̧>h¥Æ�s� ����z�¤��. ¢̧ô�Ç ë�H�½Ó 3(#î

§>=)õ� ë�H�½Ó 12(f��§>=)\�"fü< ��ðøÍ��t��Ð ��Ë̈�Ð �������)a
���t����r�Ð\�%ò
�¾Ó�̀¦p�u�t�3lwô�Ç����HÒqty��(MC 13b)s�
>�5ÅqK�"f �������¦ e����.

• MC 13a (16.2%): �r�Ð(B)��H���t�_�f��§>=������õ�°ú 
Ü¼Ù¼�Ð ���½̈(��)�� ���½̈(��)�Ð�� µ1ß��.

• MC 13b (16.2%): ��Ë̈�Ð�������)a���t���H%ò
�¾Ó�̀¦ÅÒ
t� 3lw�Ù¼�Ð ���t� ô�Ç >h\�¦ ������ô�Ç ��õ	כ °ú ��.

14. ÃUØ]�§ 14 8ý ÄZØV	Ä

l����§4�õ� ?/ÂÒ$��½Ós� y��y�� E, r ��� 1lx{9�ô�Ç ¿º ���t�

_� #î
§>=������\� e��_�_� ���ÀÓ I�� [þt#Q°ú� M: #î
§>= ������

�)a y�� ���t�_� éß������·ú�(= #î
§>=������ ����̂_� éß������·ú�)�Ér
V = E − (I/2)r = Eeq − Ireqs�Ù¼�Ð #î
§>=������_� 1px��

l����§4�(Eeq)�Ér éß�{9� ���t�_� l����§4�õ� °ú �¦ 1px�� ?/ÂÒ$�
�½Ó(req)�Ér éß�{9� ���t�_� ]X�ìøÍe���̀¦ ·ú� Ãº e����. ����"f �r
�Ð (��)_� ���½̈�Ð�� �8 ú́§�Ér ���ÀÓ�� âìØÔ��H �r�Ð (��)_�
���½̈�� �8 µ1ß��.

• MC 14a (5.4%): ���t�\�¦ ¿º >h ���������� l����§4�s�
&������.

• MC 14b (5.4%): ���t�\�¦ #î
§>=���������� ���½̈_� µ1ß
l�\���H ����o�� \O�#Q�� ô�Ç��.

MC 14a ��H f��§>=������_� �â
Äº MC 12d ü< °ú s� Engel-
hardtü< Beichner_� ���½̈ [7]\�"f ����èß� ‘¿º >h_� ���t�
��H C�\P�\� �©��'a\O�s� ���_� ���t��Ð�� ���½̈\�¦ 2 C��Ð µ1ß
>�ô�Ç��’����H���t�×�æô? �̧>h¥Æ�\�K�{©��)a��.ë�H]j\�"f�r
�Ð (��)_����½̈���r�Ð (��)_����½̈�Ð��#QÑüv����H��z�́�̀¦
���/åL�%i�6£§\��̧ Ô�¦½̈��¦ {9�ÂÒ �§��[þt�Ér MC 14b ü< °ú 
s����½̈_�µ1ßl���°ú ����HÅÒ�©��̀¦�%i���.s���Hz�́]jz�́+«>
\�"f ���t�_� ?/ÂÒ$��½Ós� ���ÀÓ�� âì\�¦ M:_� ���½̈_� $��½Ó

\� q��#� �s̀��� ����̀¦ �â
Äº\� ¿º �r�Ð_� ���½̈ µ1ßl��� ��

_� °ú ����H �â
+«>\� l����ô�Ç �Ü¼�Ð	כ �Ð�����.

15. ÃUØ]�§ 15 8ý ÄZØV	Ä

���½̈\� âìØÔ��H ���ÀÓ\�¦ >�íß��#� ���½̈_� µ1ßl�\�¦ q��§

���H ë�H�½ÓÜ¼�Ð #î
§>=�������)a ���t�[þt_� 1px�� l����§4�õ� 1px

�� ?/ÂÒ$��½Ó\� @/�#� ë�H�½Ó 14 \�¦ �ÃÐ�¦½+É Ãº e����. �§��
[þts� �����_� �â
+«>s��� �©�d��\� ���� 6£x²ú�½+É ��0px$í
s� e��

l� M:ë�H\� �©�d��&h�Ü¼�Ð ·ú��9��� ���õ� [7]ü< ���Ér ���õ���
���̧�̧2�¤ Ãºu�\�¦ �̧]X��%i���. s�M: ���½̈_� $��½Ó�Ér ���½̈
\� âìØÔ��H ���ÀÓ\� ���� ����t�ëß� >�íß�_� ¼#�_��©� {9�&ñ
�

���¦ ��&ñ
�%i���. Õª�Q�� ú́§�Ér �§��[þt�Ér &ñ
|¾Ó&h�Ü¼�Ð >�
íß�K� �Ðt� ·ú§�¦ �©�d���̀¦ �Ð@/�Ð 6£x²ú��<ÊÜ¼�Ð+� �����+þA("f
Õüt+þA) &ñ
²ú�Ò�¦s� 8.1%(0%)�Ð �FGy� $��̧�%i���. 7£¤, ��_�
�̧��H �§��[þt�Ér ¿º ���t�\�¦ f��§>=���������� éß�{9� ���t��� ¿º

���t�_� #î
§>=�������Ð�� ���½̈�� Áº�̧|	� �8 µ1ß���¦ Òqty���

��H �Ü¼�Ð	כ ����z�¤��. s��:r&h� �'a&h�\�"f �Ð��� MC 15a ü<
MC 14b��H���t�_�?/ÂÒ$��½Ó�̀¦�¦�9�t�·ú§�Ér���õ�s���.

• MC 15a (21.6%): f��§>= ������{9� M: ���©� µ1ß�¦, #î
§>=
�������Ér ���t� ô�Ç >h�� �������)a ��õ	כ °ú ��.

• MC 15b (16.2%): f��§>= ������{9� M: ���©� µ1ß�¦, [#î
§>=
������÷&�������̂ $��½Ós������t�Ù¼�Ð���t�ô�Ç>h�����

����)a ��Ð����H	כ µ1ß��].

16. �¤~¿ ~¾4�G�È

s��©� �7Hô�Ç ��ü< °ú s� ���t� s�K��̧ �����\�"f �í1px �§��

[þts� �����+þA ²ú��̀¦ ���×þ�ô�Ç s�Ä»"fÕüt�̀¦ :�x�#� ���ª�ô�Ç �̧

>h¥Æ�s� �����÷&%3���. ������̧½̈_� �̧��H ë�H�½Ó\� @/�#�, s�
]X�\�"f ]jr��)a, ?/6 xs� 1lx{9�ô�Ç �̧>h¥Æ�[þt_� (�G'pàÔ\�¦ ½+Ë
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Table 2. Main misconceptions of elementary school teachers on battery. Source misconceptions for each main miscon-
ception and their percentage in the essay-type response of the corresponding question are presented. Misconceptions
of which total percentage is greater than 15% are selected as main misconceptions and listed in order of magnitude.

Main Misconceptions Sources Percentage Total

(1) In the antiparallel combination of batteries no current flows through MC 3a 21.6%

a battery connected in the reverse direction and thus that battery has MC 3b 18.9% 56.7%

no effect on the circuit. MC 13b 16.2%

MC 1a 10.8%

(2) Application error of Ohm’s law.
MC 7a 10.8%

48.6%
MC 8a 16.2%

MC 9b 10.8%

(3) In the anti-series combination of batteries no current flows through MC 2a 29.7%
43.2%

two batteries facing each other. MC 12a 13.5%

(4) A light bulb connected to batteries in series glows the most brightly.
MC 15a 21.6%

37.8%
MC 15b 16.2%

(5) The EMF of a battery is constant with time. MC 4a 27.0% 27.0%

(6) Two identical batteries in parallel are equivalent to one identical battery.
MC 14b 5.4%

27.0%
MC 15a 21.6%

(7) In the anti-series combination of batteries a battery connected in the
MC 12b 13.5%

reverse direction or two batteries in series facing each other play a role 24.3%

of electric wire and thus that battery has no effect on the circuit.
MC 12c 10.8%

(8) The old and used battery plays a role of a resistor. MC 2b 21.6% 21.6%

(9) Charging does not occur between batteries. MC 5a 21.6% 21.6%

(10) Topological error in identifying batteries in series or in parallel.
MC 11a 13.5%

16.2%
MC 11b 2.7%

(11) Two batteries in antiparallel are equivalent to those in series. MC 13a 16.2% 16.2%

5g"f 8úx½+Ës� 	�H(15% s��©����) ÅÒ¹כ �̧>h¥Æ� 11 >h\�¦ ���&ñ

��¦ ß¼l� í�H"f@/�Ð ��� ñ\�¦ ·¡#� Table 2\� ]jr��%i���.
���t�_� %i�f��§>= ������õ� %i�#î
§>= ������\� �'aº���)a ÅÒ¹כ �̧>h

¥Æ��Ér (1), (3), (7), (11)s���. s��ÐÂÒ'� �§��[þt�Ér ��Ë̈�Ð
�������)a ���t�_� _�p�\�¦ ú̧� s�K��t� 3lw��¦ e��6£§�̀¦ ·ú� Ãº

e����.:£¤y�,ÅÒ¹כ �̧>h¥Æ� (1)õ� (3)�Éry��y��%i�#î
§>=������õ�
%i�f��§>= ������\�"f ��Ë̈�Ð �������)a ���t��Ð��H ���ÀÓ�� âìØÔ

t� ·ú§��H����H ?/6 xs���. Õªo��¦ ÅÒ¹כ �̧>h¥Æ� (2)ü< °ú s�
6�§_� ZO�gË:�̀¦ ú̧�3lw &h�6 x���H ��YV�� ���l�\� �'aô�Ç s�K��̧

�����\�"f ��¥y� ����èß���.
ë�H�½ÓZ>� ì�r$3�\�"f ����èß� �§��[þt_� �̧>h¥Æ� ×�æ\� ��Ë̈

�Ð �������)a ���t���H �r�Ð\� %ò
�¾Ó�̀¦ p�u�t� ·ú§��H����H ?/6 x

s� e����HX< s���H ë�H�½Ó 3 _� �Ðl�\� e����H ú́�s���. s� �̧>h
¥Æ��Ér ���t�_� ������ �©�I�(f��§>= ¢̧��H #î
§>=)\� ���� _�p���
²ú��������. #î
§>=������_� �â
Äº ��Ë̈�Ð �������)a ���t��� �r�Ð
\� %ò
�¾Ó�̀¦ p�u�t� ·ú§Ü¼�9��� Õª ���t��Ð ���ÀÓ�� âìØÔt� ·ú§

���� ��¦, f��§>=������_� �â
Äº\���H Õª ���t��Ð ������õ� °ú s�
���ÀÓ�� f�Ë�Q�� ô�Ç��. ����"f �r�Ð\� %ò
�¾Ó�̀¦ p�u�t� ·ú§��H
����H �̧>h¥Æ��Ér #î
§>=õ� f��§>=�Ð ?/6 x�̀¦ ì�ro��#� y��y�� ÅÒ

¹כ �̧>h¥Æ� (1)õ� (7)�Ð ]jr��%i���. :£¤y� (7)\�"f��H �r�Ð

\� %ò
�¾Ó�̀¦ ÅÒt� ·ú§��H ���t��� ��Ë̈�Ð f��§>= �������)a ���t�

ô�Ç >h��� �â
Äº(MC 12c)ü< ��ÅÒ�Ð�¦ e����H ¿º ���t���� �â


Äº(MC 12b)�Ð ������"f s�\�¦ ½̈ì�r�#� ³ð�&³�%i���.  »	

·¡#�, MC 3b, MC 12a, MC 14b ��H ÅÒ¹כ �̧>h¥Æ�Ü¼�Ð ì�r

ÀÓ���H õ�&ñ
\�"f ���çß�_� _�p� K�$3�s� s�ÀÒ#Q&��Ü¼ 9 MC

15a ��H ?/6 xs� 4�¤½+Ë&h�s�#Q"f ÅÒ¹כ �̧>h¥Æ� (4)ü< (6)Ü¼�Ð

��¾º#Q �¦�9÷&%3���.

V. ùmÉ��m �ìÅßÃÅ0�Ç �¹ÅU� T�A0y¢ ÄZØV	Ä

s� ]X�\�"f��H 7 ��t� |9�éß� ������\� @/�#� y��y�� ½̈$í
 |9�

éß�çß� î̈
ç�H &h�Ãº_� 	�s�\�¦ ì�r$3�ô�Ç��. ���$� l��:r&h���� |9�

éß� ������s����¦ ½+É Ãº e����H $í
, �<Æ§4�, �§f�� �â
§4��̀¦ �¦�9

��¦, ���t�_� ?/ÂÒ$��½Ó\� �'aô�Ç ?/6 xs� �¦1px�<Æ�§ s�õ� Óüt

o� �§¹¢¤õ�&ñ
\�"f ��ÀÒ#Qt��¦ e������H &h�\� �ÃÌîß��#� �¦

1px�<Æ�§Ø�¦���>�\P�x9��¦1px�<Æ�§Óüto����×þ�#�ÂÒ\����Ér	�

s�\�¦ ì�r$3�ô�Ç��. ¢̧ô�Ç �§¹¢¤@/�<Æ�§ õ��<Æ�§¹¢¤õ� Ø�¦������ �§

��[þt�Ér d���oõ�&ñ
\�"f Óüto��<Æ�̀¦ �9�Ãº�Ð s�Ãº�%i�Ü¼Ù¼�Ð

s�\� ��H���#� Ø�¦����<Æõ�\�¦ |9�éß� ������Ü¼�Ð �̧{9��%i���.
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������̧½̈\���H@/�<Æ�§\�"fÓüto��<ÆÃºy©�#�ÂÒ\�¦¶ns��H�½Ó3lq

s� e��Ü¼��, �̧��H �í1px�§��[þts� �§¹¢¤@/�<Æ�§\�"f Óüto��<Æ
õ� �'aº��s� e����H õ��<Æ�§¹¢¤ �§ÃºZO�õ� �í1px�<Æ�§ õ��<Æ�§õ�

"f\� �'aô�Ç õ�3lq�̀¦ �9�Ãº�Ð s�Ãºô�Ç �'a>��Ð, Z>��̧�Ð �¦�9�
t� ·ú§�¦ Ø�¦����<Æõ�\� ���Ér 	�s�ëß� ì�r$3��l��Ð ô�Ç��.  »	·¡
#� �§��[þt_� õ��<Æ �§õ�\� @/ô�Ç <Éªp��̧�� ���t�\� @/ô�Ç s�

K��̧\� \O����� %ò
�¾Ó�̀¦ p�u���Ht�\�¦ ·ú����Ð��¤��. �̧��H |9�
éß� ������\� @/�#� 1lx{9�ô�Ç Ä»_�	� ���&ñ
 ~½ÓZO��̀¦ ��6 x�l�

0A�#� ANOVA(F ���&ñ
)\�¦ G�×þ���¦ Ä»_�Ãºï�r�Ér 5%�Ð
&ñ
�%i���. ����:r&h�Ü¼�Ð �����+þA ì�r$3�\�"f��H õ��<Æ �§õ� <Éª
p��̧\�"fëß� ½̈$í
|9�éß�çß�\�������̧½̈����̂ î̈
ç�H&h�Ãº_�Ä»

_�	�������z�¤t�ëß�s�Ä»"fÕüt��t��¦�9ô�Çì�r$3�\�"f��Hõ�

�<Æ�§õ� <Éªp��̧ s�ü@\��̧ �§f�� �â
§4�õ� �¦1px�<Æ�§ Ø�¦���>�

\P�\�"f Ä»_�p�ô�Ç 	�s��� µ1Ï|
�÷&%3���. |9�éß� ������Z>� ì�r$3�
\�"f ½̈$í
 |9�éß�çß�\� :�x>�&h� 	�s��� µ1Ï|
��)a ����̧�� ���©�

ú́§�Érë�H�½Ó�Érë�H�½Ó 11, 1�Ð �̧¿º���l�{9�ìøÍ%ò
%i�\�5Åq���H
ë�H�½Ó[þts�%3���.

1. VRË

z��·#� �§��[þt_� ���t�\� @/ô�Ç s�K��̧ ����� ���õ���H 15
&h� ëß�&h�\� �����+þA("fÕüt+þA) î̈
ç�Hs� y��y�� 6.13(3.20) &h�õ�
6.18(2.68)&h�s�%3���. ANOVA(F���&ñ
)\�¦��6 x�#�¿º|9�
éß�_������+þA("fÕüt+þA) î̈
ç�H&h�Ãº\�@/ô�ÇÄ»_�$í
���&ñ
�̀¦z�́
r�ô�Ç���õ� Table 3õ�°ú s� F°úכõ� p°úכs�y��y�� 0.003(0.339)
õ� 0.960(0.564) Ü¼�Ð Ä»_�	��� \O���H �Ü¼�Ð	כ ì�r$3�÷&%3���.
������̧½̈_� ë�H�½Ó[þt�̀¦ [j %ò
%i�(���t�l��í, ���t�������, ���
l�{9�ìøÍ)Ü¼�Ð ��¾º#Q �����+þA x9� "fÕüt+þA\� @/�#� %ò
%i�Z>�
�Ð z���.çß�\� s�K��̧ 	�s��� e����Ht� �̧���%i�Ü¼�� [j %ò


%i� �̧¿º Ä»_�p�ô�Ç 	�s��� \O���H �Ü¼�Ð	כ ����z�¤��. ë�H�½ÓZ>�
�̧��\�"f��H ë�H�½Ó 1 _� z���. �����+þA("fÕüt+þA) î̈
ç�Hs� y��y��
0.93(0.87) õ� 0.50(0.23) Ü¼�Ð 1% Ãºï�r\�"f 	�s��� e��%3�
�¦ ë�H�½Ó 7 _� z���. �����+þA î̈
ç�H�Ér y��y�� 0.07 õ� 0.32 �Ð"f
5% Ãºï�r\�"f 	�s��� e��%3���. �� Qt� �â
Äº[þt�Ér �̧¿º Ä»
_�p�ô�Ç 	�s��� \O�%3���.

2. ]K¡IíÄ

�<Æ���<Æ0A �èt���ü< $3����<Æ0A �èt���_� �����+þA("fÕüt
+þA) î̈
ç�H�Ér y��y�� 6.42(3.13) ü< 4.60(1.40) Ü¼�Ð $3��� �§
��[þt_� &h�Ãº�� �̧y��9 ±ú�>� ����z�¤Ü¼�� s���H Õª[þt_� ���

/BNs� õ��<Æ�§¹¢¤s� ��m�%3�l� M:ë�HÜ¼�Ð Òqty���)a��. ¿º |9�éß�
_� ������̧½̈ ����̂ î̈
ç�H&h�Ãº(Table 3)ü< %ò
%i�Z>� î̈
ç�H&h�

Ãº��H �����+þAõ� "fÕüt+þA �̧¿º Ä»_�	��� \O���H �Ü¼�Ð	כ ì�r$3�

÷&%3���. ë�H�½ÓZ>� ì�r$3�\�"f��H ë�H�½Ó 11 _� �<Æ�� · $3��� ���
��+þA("fÕüt+þA) î̈
ç�Hs� y��y�� 0.69(0.53) ü< 0.00(0.00)Ü¼�Ð
1%(5%) Ãºï�r\�"f Ä»_�	��� e��%3��¦ �� Qt� ë�H�½Ó[þt�Ér Ä»
_�p�ô�Ç 	�s��� \O�%3���.

3. w�ÇkÄ ßOËIíÄ

Table 3õ�°ú s��§��[þt_��§f���â
§4��̀¦ 5 �̧�p�ëß�, 5∼10
�̧�, 10 �̧� �íõ��Ð ½̈ì�r�#� �����+þA î̈
ç�H &h�Ãº\�¦ ½̈�%i�
�8m� y��y�� 6.44, 5.11, 6.60 Ü¼�Ð ����z�¤Ü¼ 9 |9�éß�çß�\� Ä»
_�p�ô�Ç 	�s��� \O�%3���. Õª�Q�� "fÕüt+þA î̈
ç�H &h�Ãº��H y��y��
3.78, 1.11, 2.90s��¦ F°úכ�Ér 3.506Ü¼�Ð 5%Ãºï�r\�"f	�s�
�� ����z�¤��. |9�éß�çß�_� 	�s�\�¦ ½̈�̂&h�Ü¼�Ð ·ú����Ðl� 0A
K� ��Êê���7£x�̀¦ z�́r�ô�Ç ���õ� �§f���â
§4�s� 5 �̧� p�ëß���� |9�
éß�õ� 5∼10 �̧���� |9�éß�çß�\�ëß� 5% Ãºï�r\�"f Ä»_�	��� e��
%3��¦, 5 �̧� p�ëß���� |9�éß�õ� 10 �̧� �íõ���� |9�éß�çß�õ� 5∼10
�̧���� |9�éß�õ� 10 �̧� �íõ���� |9�éß�çß�\���H Ä»_�	��� \O�%3���.
%ò
%i�Z>� ì�r$3�\�"f ���l�{9�ìøÍ %ò
%i�_� �����+þA("fÕüt+þA)

î̈
ç�H&h�Ãº�� �â
§4�Z>��Ð y��y�� 1.39(1.11), 0.67(0.33),
1.60(1.20) Ü¼�Ð 1% Ãºï�r\�"f Ä»_�	��� e��%3��¦ ���Ér %ò

%i�\�"f��H Ä»_�p�ô�Ç 	�s��� \O�%3���. ë�H�½ÓZ>� ì�r$3�\�"f��H
�����+þA_� �â
Äº ë�H�½Ó 1 (0.83, 0.22, 0.80)�Ér 1% Ãºï�r\�"f,
ë�H�½Ó 12 (0.28, 0.00, 0.50)��H 5% Ãºï�r\�"f Ä»_�p�ô�Ç 	�s�
�� e��%3���. "fÕüt+þA_� �â
Äº��H ë�H�½Ó 1 (0.67, 0.00, 0.60), 14
(0.56, 0.00, 0.20)�� 1% Ãºï�r\�"f �¦�̧�Ð Ä»_�p�ô�Ç 	�s�
��e��%3���. V]X�_�ë�H�½ÓZ>�ì�r$3�\�"fë�H�½Ó��� ñ\P�F�c ñîß�
\� l�F��)a Ãºu�[þt�Ér K�{©� |9�éß� ������_� ½̈$í
 |9�éß�[þt_� ë�H

�½Ó î̈
ç�H &h�Ãº\�¦ _�p�ô�Ç��.

4. w��Ö«]K¡w� ûsÚÞÃÅ4�°�Ç

�¦1px�<Æ�§ Ø�¦���>�\P�(ë�Hõ�, s�õ�)\� ���Ér �����+þA("fÕüt
+þA) î̈
ç�H &h�Ãº��H y��y�� 5.62(2.10) ü< 6.88(3.94) s�%3���.
Table 3õ� °ú s� �����+þA_� �â
Äº��H Ä»_�	��� \O�%3�t�ëß� "f
Õüt+þA_� �â
Äº��H 5% Ãºï�r\�"f s�õ� Ø�¦���s� ë�Hõ� Ø�¦����Ð��
s�K��̧�� Z�}�Ér �Ü¼�Ð	כ ì�r$3�÷&%3���. s���H s�õ� Ø�¦���s� ë�H
õ� Ø�¦����Ð�� éß�í�Hô�Ç õ��<Æt�d�� s�ü@\��̧ õ��<Æë�H]j K����

0px§4�õ� °ú �Ér l��:r ��|9�\�"f ·ú¡"fl� M:ë�HÜ¼�Ð Òqty���)a��.
������̧½̈_� %ò
%i�Z>��Ð ë�Hõ� Ø�¦���õ� s�õ� Ø�¦���_� s�K�

�̧\�¦ q��§ô�Ç ���õ� �����+þA_� �â
Äº��H [j %ò
%i� �̧¿º Ä»_�p�

ô�Ç 	�s��� \O���H �Ü¼�Ð	כ ����z�¤Ü¼�� "fÕüt+þA_� �â
Äº��H ���

l�{9�ìøÍ %ò
%i�_� î̈
ç�Hs� y��y�� 0.71 ü< 1.25 �Ð"f 5% Ãºï�r
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Table 3. Results of ANOVA for different group variables [gender, education, teaching career, high school depart-
ment(liberal arts or science), having taken a high school physics course, university department, and interest in science]
to see if there is significant difference in elementary school teachers’ understanding on battery. In this table, the
multiple-choice result and the corresponding essay-type result are given together with the latter in parenthesis. In-
terest in science was classified into three groups (fine, medium, and poor) in the original questionnaire. As shown in
this table, however, it turned out that two groups [high (fine) and low (medium and poor)] are more appropriate for
classifying interest in science through the Scheffé’s multiple range test.

Group Variable Group N M SD F p

Gender
Male 15 6.13(3.20) 3.09(2.34)

0.003(0.339) 0.960(0.564)
Female 22 6.18(2.68) 2.75(2.85)

Education
Bachelor 32 6.42(3.13) 2.93(2.73)

1.770(1.903) 0.192(0.177)
Master 5 4.60(1.40) 1.82(1.14)

Teaching
< 5 Years 18 6.44(3.78) 3.62(3.04)

5∼10 Years 9 5.11(1.11) 1.17(1.27) 0.808(3.506) 0.454(0.041)
Career

> 10 Years 10 6.60(2.90) 2.27(2.02)

High School Liberal Arts 21 5.62(2.10) 2.52(2.21)
1.799(4.931) 0.188(0.033)

Department Science 16 6.88(3.94) 3.18(2.84)

High School Not Taken 29 6.14(2.97) 2.77(2.61)
0.009(0.102) 0.923(0.751)

Physics Course Taken 8 6.25(2.63) 3.37(2.88)

University Science Education 6 6.50(3.83) 3.73(3.25)
0.098(0.913) 0.756(0.346)

Department Otherwise 31 6.10(2.71) 2.72(2.52)

Interest High 12 8.75(5.25) 3.14(2.96)
23.912(22.920) 0.000(0.000)

in Science Low 25 4.92(1.76) 1.66(1.51)

\�"f Ä»_�p�ô�Ç 	�s��� e��%3���. ë�H�½ÓZ>� ì�r$3�\�"f��H �����

+þA_� �â
Äº ë�H�½Ó 10 (0.14, 0.63)õ� 11 (0.43, 0.81), "fÕüt+þA

_� �â
Äº ë�H�½Ó 7 (0.00, 0.19)õ� 11 (0.29, 0.69)s� 5% Ãºï�r

\�"f 	�s��� e��%3���. �� Qt� ë�H�½Ó[þt�Ér �̧¿º Ä»_�p�ô�Ç 	�

s��� \O�%3���.

5. w��Ö«]K¡w� önÚP� �¤Pês

�¦1px�<Æ�§ Óüto� p�Ãºy©���ü< Ãºy©���_� �����+þA("fÕüt+þA)

î̈
ç�H&h�Ãº��H y��y�� 6.14(2.97) ü< 6.25(2.63) �Ð Ä»_�	���

\O���H �Ü¼�Ð	כ ì�r$3�÷&%3���. Õªo��¦ %ò
%i�Z>� x9� ë�H�½ÓZ>� î̈
ç�H

&h�Ãº ¢̧ô�Ç �̧¿º Ä»_�p�ô�Ç 	�s��� \O���H �Ü¼�Ð	כ ����z�¤��.

s��Qô�Ç���õ���H�¦1px�<Æ�§\�"fÓüto�\�¦Ãºy©��%i�#Q�̧���t�

\� @/ô�Ç ?/6 x�̀¦ �©�[jy� C�Äºt� 3lw�%i�l� M:ë�HÜ¼�Ð K�$3�

�)a��. ¢̧ô�Ç ���t� s�K��̧ �����\�"f �©�0A &h�Ãº\�¦ %3��Ér �¦

1px�<Æ�§ s�õ� Ø�¦��� �§��[þt_� �©�{©�Ãº�� �¦1px�<Æ�§ Óüto� p�

Ãºy©���%i�����H��z�́s�p�Ãºy©���ü<Ãºy©���çß�\�:�x>�&h�	�

s��� ������t� ·ú§�Ér "é¶���Ü¼�Ð �����÷&%3���.

6. 6�]K¡w� ûsÚÞÃÅ]K¡ÊÝ

�í1px�§��[þt_��§¹¢¤@/�<Æ�§Ø�¦����<Æõ�(õ��<Æ�§¹¢¤õ�,���<Æ
õ�)\� ���Ér �����+þA ("fÕüt+þA) î̈
ç�H&h�Ãº��H y��y�� 6.50(3.83)
õ� 6.10(2.71) Ü¼�Ð Ä»_�	��� \O���H �Ü¼�Ð	כ ����z�¤��. �̧
��H�§@/Òqt[þts�õ��<Æ�§¹¢¤�§ÃºZO�s����í1px�<Æ�§õ��<Æ�§õ�

"f\� �'aô�Ç õ�3lq�̀¦ Ãºy©����HX< q��#� õ��<Æ�§¹¢¤õ� �<ÆÒqt

[þt�Érd���oõ�&ñ
\�"fÆÒ���ÐÓüto��<Æ�̀¦s�Ãº�t�ëß����t�\�

@/ô�Ç?/6 x�̀¦d���̧e��>���ÀÒt�·ú§Ü¼Ù¼�Ð����̂&h�Ü¼�Ð��HÄ»

_�	��� ������t� ·ú§�Ér �Ü¼�Ð	כ Òqty���)a��.
¢̧ô�Ç%ò
%i�Z>� î̈
ç�H&h�Ãº���&ñ
\�"f�̧ Ä»_�	���������t�

·ú§��¤��.ë�H�½ÓZ>�ì�r$3�\�"f��H�����+þA_��â
Äºë�H�½Ó 11 (1.00,
0.52)\�@/K�"fëß� 5%Ãºï�r\�"fÄ»_�p�ô�Ç	�s���e��%3���.
ë�H�½ÓZ>� "fÕüt+þA ì�r$3�\�"f��H ë�H�½Ó 1 (0.00, 0.58)s� 1% Ãº
ï�r\�"f	�s���e��%3��¦,ë�H�½Ó 5 (0.67, 0.23), 9 (0.17, 0.00),
11 (0.83, 0.39)�Ér 5% Ãºï�r\�"f Ä»_�p�ô�Ç 	�s��� e��%3���.
�� Qt� ë�H�½Ó[þt�Ér �̧¿º Ä»_�p�ô�Ç 	�s��� \O�%3���. :£¤s�ô�Ç
&h��Ér ë�H�½Ó 1 "fÕüt+þA_� �â
Äº\� ���<Æõ��� õ��<Æ�§¹¢¤õ��Ð��
s�K��̧�� �Z41px�>� Z�}��¤����H �.���s	כ

7. ÊÝ]K¡ w�ÊÝ �M�Q�y¢

�§��[þt_� õ��<Æ �§õ�\� @/ô�Ç <Éªp��̧\�¦ �©�, ×�æ, ��Ð ½̈
ì�r�#����t�s�K��̧�����_������+þA("fÕüt+þA) î̈
ç�H&h�Ãº\�¦
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Table 4. Results of ANOVA (F-test) for the group variable ‘Interest in Science’ in three categories (battery basics,
battery combination, and electricity general) of the questionnaire. The multiple-choice result and the corresponding
essay-type result are given together with the latter in parenthesis.

Category Question Interest in Science M SD F p

Battery Basics 4,6,7,8,9
High 2.25(1.33) 1.60(1.50)

1.820(6.079) 0.186(0.019)
Low 1.64(0.40) 1.11(0.82)

Battery Combination
2,3,5,10,12, High 4.75(2.33) 1.71(1.44)

27.586(20.686) 0.000(0.000)
13,14,15 Low 2.24(0.72) 1.16(0.74)

Electricity General 1,11
High 1.75(1.58) 0.45(0.51)

12.761(23.653) 0.001(0.000)
Low 1.04(0.64) 0.61(0.57)

q��§K��:r���õ� F°úכs� 12.361(12.010)�Ð 1%Ãºï�r\�"f�¦
�̧�Ð Ä»_�p�ô�Ç 	�s��� e����H �Ü¼�Ð	כ �����÷&%3���. ÕªA�"f
Scheffé _� ��×�æ#3�0A���&ñ
(multiple range test)\� _�ô�Ç 1lx
{9�|9�éß�ç�H(homogeneous subsets) ì�rÀÓ\�¦ :�x�#� |9�éß� ½̈
ì�r_�&h�]X�$í
�̀¦���&ñ
�%i��8m�õ��<Æ�§õ�<Éªp��̧\�¦�©�,×�æ,
�_�[j|9�éß�Ü¼�Ð ½̈ì�r���H�,�Ð��×�æ	כ�\�¦Óü�#Q"fõ��<Æ
õ� <Éªp��̧�� Z�}�Ér |9�éß�(�©�)õ� ±ú��Ér |9�éß�(×�æ, �)Ü¼�Ð ½̈
ì�r���H ��s	כ ��|ÃÐf�������H ����:r�̀¦ %3�%3���. Dh�Ðî�r |9�éß�
½̈ì�r�̀¦��6 x�#� ANOVA(F���&ñ
)\�¦Ãº'��ô�Ç���õ�, Table
3õ� °ú s� <Éªp��̧�� Z�}�Ér �§��[þtõ� ±ú��Ér �§��[þt_� �����
+þA("fÕüt+þA) î̈
ç�H&h�Ãº��Hy��y�� 8.75(5.25)ü< 4.92(1.76)%i�
�¦ 1% Ãºï�r\�"f �¦�̧�Ð Ä»_�p�ô�Ç 	�s��� e��%3���.
������̧½̈_� %ò
%i�Z>��Ð �����+þA("fÕüt+þA) î̈
ç�H&h�Ãº 	�s�
\�¦ ���&ñ
ô�Ç Table 4\�¦ �Ð��� ���t�l��í %ò
%i�\�"f �����+þA_�
�â
Äº ¿º |9�éß�çß�\� Ä»_�p�ô�Ç 	�s��� \O�t�ëß� "fÕüt+þA_� �â


Äº��H î̈
ç�H &h�Ãº�� y��y�� 1.33 õ� 0.40 Ü¼�Ð 5% Ãºï�r\�"f
Ä»_�p�ô�Ç 	�s��� e��%3���. ���t������� %ò
%i�õ� ���l�{9�ìøÍ %ò

%i�\�"f��H �����+þAõ� "fÕüt+þA �̧¿º 1% Ãºï�r\�"f �¦�̧�Ð Ä»
_�p�ô�Ç 	�s��� ����z�¤��.
ô�Ç¼#�, y�� ë�H�½ÓZ>� �����+þA x9� "fÕüt+þA î̈
ç�H &h�Ãº\�¦ q��§
���� ë�H�½Ó 13 �̀¦ ]jü@ô�Ç �̧��H ë�H�½Ó\�"f õ��<Æ �§õ�\� @/
ô�Ç <Éªp��̧�� Z�}�Ér �§��[þt_� &h�Ãº�� <Éªp��̧�� ±ú��Ér �§��

[þt�Ð�� Z�}�Ér �Ü¼�Ð	כ ×¼�Qz�¤��(éß�, ë�H�½Ó 15 ��H "fÕüt+þA_�
�â
Äº\�&ñ
²ú���\O�6£§). ANOVAz�́'�����õ������+þA_��â
Äº,
ë�H�½Ó 2 (0.67, 0.24), 10 (0.67, 0.20), 11 (0.92, 0.44)�Ér 1%
Ãºï�r\�"f �¦�̧�Ð Ä»_�p�ô�Ç 	�s��� e��%3��¦ ë�H�½Ó 3 (0.58,
0.24), 12 (0.58, 0.12)��H 5% Ãºï�r\�"f 	�s��� e��%3���. "f
Õüt+þA_� �â
Äº\���H ë�H�½Ó 5 (0.58, 0.16), 7 (0.25, 0.00), 11
(0.83, 0.28), 14 (0.67, 0.16)��H 1%Ãºï�r\�"f,ë�H�½Ó 1 (0.75,
0.36), 2 (0.42, 0.12), 6 (0.50, 0.12)�Ér 5% Ãºï�r\�"f Ä»_�
	���e��%3�Ü¼ 9�� Qt�ë�H�½Ó[þt�Ér:�x>�&h�Ü¼�ÐÄ»_�p�ô�Ç	�

s���H \O�%3���.
s��Qô�Ç ���õ�[þt�Ér õ��<Æ �§õ�\� @/ô�Ç <Éªp��̧�� Z�}�Ér �§

��[þts� <Éªp��̧�� ±ú��Ér �§��[þt\� q�K� �̧��\� &h��FG&h�Ü¼

�Ð e���%i��¦, Ë̈ï�ry� õ��<Æ �'aº�� ���Ãº, /BNÂÒ, 9þtXO��Ö̧1lx 1px
�̀¦ K�M®o�̀¦ ��0px$í
s� ß¼l� M:ë�HÜ¼�Ð óøÍéß��)a��. �:r ���½̈�Ð
ÂÒ'� ���ìøÍ&h���� õ��<Æ �§õ�\� @/ô�Ç <Éªp��̧�� ���t�ü< °ú �Ér

:£¤&ñ
 ?/6 x_� s�K��̧\��̧ ß¼>� %ò
�¾Ó�̀¦ p��2;����H ��z�́�̀¦

·ú� Ãº e��%3���.

VI. +sÇ Â]Ø

�:r�7Hë�H\�"f��H�í1px�§��[þt_����t�\�@/ô�Çs�K��̧\�¦ �̧

���l� 0A�#� 15 ë�H�½Ó_� ���×þ�Êê [O�"î
d�� ������̧½̈\�¦ >h
µ1Ï�%i���. Cronbach α \�¦ ��6 x�#� ������̧½̈_� ���ø@�̧

\�¦ ì�r$3�ô�Ç ���õ� �����+þA �����ü< "fÕüt+þA �����\� @/�#� y��

y�� 0.65 ü< 0.75 �� %3�#Q&����. ³ð�:r_� ß¼l�, ë�H�½Ó_� Ãº, ë�H
�½Ó �4HêøÍ�̧\�¦ �¦�9�%i��̀¦ M:, >hµ1Ï�)a ������̧½̈��H �í1px�§
��[þt_� ���t�\� @/ô�Ç s�K��̧\�¦ 8£¤&ñ
���HX< 	�H ë�H]j�� \O�

��H �Ü¼�Ð	כ óøÍéß��)a��. ���½̈ @/�©���[þt_� 8úx&h�õ� ë�H�½Ó &h�Ãº
çß�_� Pearson �©��'a>�Ãº\�¦ :�x�#� ������̧½̈_� ë�H�½ÓZ>� ���
Z>��̧\�¦ óøÍ&ñ
ô�Ç ���õ� �����+þA\�"f 9 >h ë�H�½Ó(2, 3, 7, 9, 10,
11, 12, 14, 15)õ� "fÕüt+þA\�"f 11 >h ë�H�½Ó(2, 4, 5, 6, 7, 8,
9, 10, 11, 12, 14)_� ���Z>�§4�s� Z�}��¤��. �����+þAõ� "fÕüt+þA
������̧½̈_� î̈
ç�H �©��'a>�Ãº��H y��y�� 0.42 ü< 0.46 s� %3�#Q
4R ������̧½̈_� ���Z>��̧�� Z�}�Ér �Ü¼�Ð	כ ����z�¤��.
s� ������̧½̈\�¦ ��6 x�#� �����; S �í1px�<Æ�§\� F�f�� ×�æ

��� �í1px�§�� 37 "î
\� @/�#� ���t�\� @/ô�Ç s�K��̧\�¦ �̧��
ô�Ç ���õ���H ��6£§õ� °ú ��:
'Í	P:, �����+þA("fÕüt+þA) î̈
ç�H &h�Ãº��H 15 &h� ëß�&h�\�

6.16(2.89) &h�s� %3�#Q4R &ñ
²ú�Ò�¦�Ér 41.1%(19.3%)�Ð ��

��z�¤��. �����+þA &ñ
²ú�Ò�¦s� Z�}�Ér ë�H�½Ó�Ér 5 ���(75.7%), 1
���(67.6%), 6 ���(67.6%), 11 ���(62.2%) ë�H�½Ó í�Hs�%3��¦

&ñ
²ú�Ò�¦s� ±ú��Ér ë�H�½Ó�Ér 10 ���(18.9%), 15 ���(8.1%) ë�H
�½ÓÜ¼�Ð ����z�¤��. "fÕüt+þA_� �â
Äº��H 1 ��� (48.6%), 11
���(45.9%), 14 ���(32.4%), 5 ���(29.7%) ë�H�½Ó_� &ñ
²ú�Ò�¦s�
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Z�}�¦ 9 ���(2.7%), 10 ���(2.7%), 15 ���(0%) ë�H�½Ó_� &ñ
²ú�Ò�¦

s� ±ú��� �����+þAõ� @/|ÄÌ °ú �Ér ë�H�½Ó[þt�Ð ½̈$í
÷&#Q e����.

ÑütP:, �����+þA 6£x²ú�_� s�Ä»("fÕüt+þA 6£x²ú�)\�¦ :�x�#� �̧

>h¥Æ��̀¦ �������¦ ÅÒ¹כ �̧>h¥Æ� 11 >h\�¦ ���&ñ
ô�Ç ���õ�, ���

t�[þt_� %i�#î
§>= ������õ� %i�f��§>= ������\�"f ��Ë̈�Ð �������)a

���t��Ð��H ���ÀÓ�� âìØÔt� ·ú§��H����H �̧>h¥Æ�õ� 6�§_� ZO�gË:

_� &h�6 x z�́Ãº�� ���©� Z�}�Ér q�×�æ�̀¦ 	�t��%i���.

!Ó	P:, |9�éß� ��������� $í
, �<Æ§4�, �§f�� �â
§4�, �¦1px�<Æ�§ Ø�¦

���>�\P�, �¦1px�<Æ�§\�"f Óüto� Ãºy©�#�ÂÒ, @/�<Æ�§ Ø�¦����<Æõ�,

õ��<Æ �§õ�\� @/ô�Ç <Éªp��̧\� ���� ½̈$í
 |9�éß�çß�\� ���t� s�

K��̧_� 	�s��� e����Ht� ���&ñ
ô�Ç ���õ�, �����+þA_� �â
Äº\���H

õ��<Æ �§õ� <Éªp��̧\� ���� 1% Ãºï�r\�"f �¦�̧�Ð Ä»_�p�ô�Ç

	�s��� e��%3�t�ëß� ���Ér |9�éß� ������[þt\� @/K�"f��H ½̈$í
|9�

éß� çß�\� Ä»_�	��� \O�%3���. Õª�Q�� "fÕüt+þA_� �â
Äº\���H õ�

�<Æ �§õ� <Éªp��̧\�"f 1% Ãºï�r_� Ä»_�	��� ����z�¤�̀¦ ÷�rëß�

��m��� �§f�� �â
§4�õ� �¦1px�<Æ�§ Ø�¦���>�\P�\�"f�̧ 5% Ãºï�r

_� Ä»_�	��� µ1Ï|
�÷&%3���. �¦1px�<Æ�§ Óüto� Ãºy©��Ér ���t� s�

K��̧\�%ò
�¾Ó�̀¦ ÅÒt� ·ú§�Ér ìøÍ���, �¦1px�<Æ�§ Ø�¦���>�\P�(ë�Hõ�

· s�õ�)\� ���� Ä»_�p�ô�Ç 	�s��� ����èß� &h��Ér ÅÒ3lq½+É ëß�

���.

s��©�_����õ��ÐÂÒ'� ú́§�Ér�í1px�§��[þts����t�_����ª�ô�Ç

������s� �r�Ð\� p�u���H %ò
�¾Ó\� @/K� "î
SX�y� s�K���¦ e��

t� 3lw� 9, ��1lxõ� q�5pwô�Ç �̧>h¥Æ�[þt�̀¦ ��t��¦ e��6£§�̀¦ ·ú�

Ãº e��%3���. Õª�Q�� s���H �í1px �§��_� ë�H]j��l��Ð����H ���

t�\� @/ô�Ç ?/6 xs� Äºo� ���� �§¹¢¤õ�&ñ
 ���ìøÍ\�"f d���̧e��

>� ��ÀÒ#Qt�t� ·ú§l� M:ë�HÜ¼�Ð Òqty���)a��.

ÆÒÊê ���½̈õ�]j�Ð"f �8 Z�}�Ér ���ø@�̧ü< ���Z>��̧\�¦ �����

������̧½̈\�¦ >hµ1Ï��¦, ���×þ�Êê [O�"î
d�� �����\�¦ �Å�#Q"f ���

{�� · Ãº\O� �'a¹1Ï 1px_� ~½ÓZO��̀¦ �̧{9��#� �í1px�§��[þt_� �̧
>h¥Æ��̀¦ �8¹¡¤ d���̧e��>� �������¦�� ô�Ç��. s�\�¦ �Ð@/�Ð ���

t�\� @/ô�Ç �̧>h¥Æ��̀¦ ����or�v�l� 0Aô�Ç ~½Óîß�õ� <Éªp�\�¦ Ä»

µ1Ï��¦ s�K�\�¦ [�vl� 0Aô�Ç áÔ�ÐÕªÏþ�_� >hµ1Ïs� ]X�z�́y� ¹כ

}©��)a��.

�¼��×. �¹ÅU� T�A0y¢ ßeÈ��y¢��

�:r ������̧½̈��H �í1px�§���Ð"f ���l��r�Ð\�¦ t��̧���HX<
¹ô�Çכ��9 ���t�\� @/ô�Ç C��â
t�d���̀¦ �̧����¦ ���½̈���HX<
Õª 3lq&h�s� e��_þvm���. ]jr��)a ë�H�½Ó�̀¦ �Ðr��¦ Ø�æì�ry�
Òqty���#� ²ú��̀¦ ���×þ�K� ÅÒr�l� ��³1Ñm���. ¢̧ô�Ç y��
ë�H�½Ó ���� �����+þA ²ú�_� ���×þ� s�Ä»\�¦ ��[jy� "fÕüt�#�
�����_� ���ø@$í
�̀¦ Z�}{9� Ãº e���̧2�¤ a�?�̧�#� ÅÒz��r��̧.
�����r�çß��Ér 60 ì�r{9�m���.

` Øכ�� %�h���· �Dø5� ���í5� £o>ê�> �¿��

���×þ� �½Ó3lq\���H îV’ ³ð ¢̧��H îËï ³ð\�¦ K�ÅÒr��¦, "fÕüt �½Ó

3lq\���H K�{©�êøÍ\� ��f��\O�s� l�F�K� ÅÒr�l� ��³1Ñm���.

• $í
Z>�: ` z�� a #�

• ��s�: ( ) �̧� ( ) �Z4 Òqt

• �<Æ§4� x9� �<Æõ�

(a) �<Æ��: ( ) õ�

(b) $3���: ( ) õ�

(c) ~ÃÌ��: ( ) õ�

• �§f�� �â
§4�: ( ) �̧� ( ) >h�Z4

• �¦1px�<Æ�§ Ø�¦���>�\P�: ` ë�Hõ� a s�õ� b

\V�̂0px c l��� ( )

• �¦1px�<Æ�§M:Óüto��'aº���§õ�3lq�̀¦Ãºy©��$4�_þvm���?

Ãºy©��$4������ #Q�"� õ�3lqs�%3�_þvm���?

` \V (õ�3lq"î
 : )

a ��m��̧

• @/�<Æ�§ (¢̧��H @/�<Æ"é¶) M: Óüto� �'aº�� �§õ�3lq�̀¦ Ãºy©�

�$4�_þvm���? Ãºy©��$4������ #Q�"� õ�3lqs�%3�_þvm���?

`\V
(@/�<Æ�§ õ�3lq"î
 : )
(@/�<Æ"é¶ õ�3lq"î
 : )

a ��m��̧

• õ��<Æ �§õ�\� @/ô�Ç <Éªp��̧

` Z�}6£§ a �Ð:�x b ±ú�6£§
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` ~É��� %K�/�×Uc ������ÐM� #b�a ��m� e�¡õÿ? £� #a

s� ������̧½̈\�"f ���t���H l����§4�(E)õ� ?/ÂÒ$��½Ó(r)s� f��
§>= �������)a �Ü¼�Ð	כ çß�ÅÒ� 9 y�� �r�Ð\�"f ������_� $��½Ó�Ér

Áºr�½+Ëm���. ��A�_� l� ñü< 6 x#Q[þts� ����� ë�H�½Ó\� ��6 x
÷&m� ÅÒ_� U�·>� ¶ú�(R�Ðr�l� ��³1Ñm���.

•l����§4�: �o�<Æ\��-t�\�¦���l�\��-t��Ð���8̈�r�&�
�r�Ð\� ���ÀÓ�� >�5Åq âì\�¦ Ãº e���̧2�¤ ���0A	�\�¦
Ä»t�r�&� ÅÒ��H 0px§4�

• ?/ÂÒ$��½Ó: ���t�\�¦ ½̈$í
��¦ e����H ���t� ?/ÂÒ
Óüt|9�[þt_� $��½Ó

• ÂÒ�$��½Ó: ���t� ü@ÂÒ\� �������)a $��½Ó

` ��£�̧ ḈÐ %K�V�Uc 7��#b ¤n>��ÌfC I±Õ£�· ¤n>f9c��§ Ü« l�

ËÂ��· à�
ÃZ� £¿ÐM� �×��»à�
ÃZ�B� ÌÁk�e� ��J±Õf���.

1. ô�Ç >h_� ���t�\� ¿º >h_� ¡ó�����½̈�� f��§>=�Ð ������÷&#Q
e��_þvm���. ¿º >h_� ¡ó�����½̈ ×�æ ô�Ç >h\�ëß� Ô�¦s� [þt#QM®o
�����,��6£§×�æÕª��²ú̈Ü¼�Ð �̀��Ér�?¹כ���{9	�ÉrÁº%Á	כ ( )

` ¿º ¡ó�����½̈ ��s�\�¦ ��������¦ e����H ������s� =åS#Q&��l�

M:ë�Hs���.
a ���t��� �-Áº �̧A�÷&#Q"f ¿º >h_� ¡ó�����½̈\�¦ �̧¿º (��

Ãº \O�%3��̀¦ �.���s	כ
b Ô�¦s� [þt#Q�̧t� ·ú§�Ér ¡ó�����½̈��H Ô�¦s� [þt#Q�:r ¡ó�����

½̈�Ð�� $��½Ós� �s̀��� ����̀¦ �.���s	כ
c Ô�¦s� [þt#Q�̧t� ·ú§�Ér ¡ó�����½̈\���H Ô�¦s� [þt#Q�̧��H ¡ó

�����½̈�Ð�� ����Ér ���ÀÓ�� âìØÔl� M:ë�Hs���.

2. /BNg�A���·ú�(���t�\� æ¼#� e����H ���·ú�)s� 1.5V ��� ���t�\�¦
ô�Ç >h ������Ùþ¡�̀¦ M:�Ð�� f��§>=�Ð ���t� ô�Ç >h\�¦ �8 ������Ùþ¡

�8m� ¡ó�����½̈_� µ1ßl��� �8 #Q¿º0>&�����¦ ��&ñ
½+É �â
Äº,
��6£§ ×�æ £�Ím� NíâÖR� ¿��Ér? ( )

` ÆÒ���)a ���t���H B�Äº �̧A��)a ���t�{9� �.���s	כ
a �̀¦���Érf��§>=������s���m���,°ú �Ér�FGz�o���ÅÒ�Ð>���
Ë̈�Ð ������Ùþ¡�̀¦ �.���s	כ
b ÆÒ���)a ���t�\�¦ {���¦ e����H ���t� z�Äº>h�� d���>� 0lqs�

_þt#Q e���̀¦ �.���s	כ
c s��:r&h�Ü¼�Ð Ô�¦��0pxô�Ç ��&ñ
s���. ���t�\�¦ f��§>= �������
���, ¡ó�����½̈_� µ1ßl���H �½Ó�©� �8 µ1ß�������.

3. ��1lxs� z�́Ãº�Ð |	����t� ¿º >h\�¦ ��Ë̈�Ð #î
§>= �������%i�
_þvm���. Õª���X< s� �r�Ð\� �������)a ¡ó�����½̈\� Ô�¦s� [þt#Q
M®o_þvm���. s� �©�S!��̀¦ ���©� ú̧� [O�"î
ô�Ç ��Ér	כ Áº%Á	{9¹כ���?
( )

` ���t�\�¦ ��Ë̈�Ð ���������� ]X�@/�Ð Ô�¦s� [þt#Q �̀¦ Ãº \O�

#Q. ���� ô�Ç ���t���H �FGs� ú̧�3lw ³ðr� �)a ���t�{9�����.
a ���� ô�Ç ���t���H ?/ÂÒ$��½Ós� B�Äº ����¦, ���Ér ���t���H
?/ÂÒ$��½Ós� B�Äº 	�H ���t�{9� ����.
b ��Ë̈�Ð ������ô�Ç ��Ér	כ �r�Ð\� ��Áº��� %ò
�¾Ó�̀¦ ÅÒt� ·ú§

��. ����"f s� �r�Ð��H ���t� ô�Ç >h�� �������)a ��õ	כ °ú ��.
c {©����ô�Ç ����. ���t�\�¦ #Qb�G>� ���������Ht� çß�\� �r�Ð��
¢-a$í
÷&��� ���½̈\� Ô�¦s� [þt#Q �̀¦ Ãº e��#Q.

4. ���t�\�¦ �̧Ï?@1lxîß� ��6 x����� ~½Óu����� ���t��Ð"f

_� l�0px�̀¦ {9�>� |̈em���. ���t�\�¦ ��6 x�<Ê\� ���� ���t�_�
l����§4�õ�?/ÂÒ$��½Ós�#Qb�G>�����l�M:ë�H{9¹כ���? ( )

` l����§4�õ� ?/ÂÒ$��½Ós� �̧¿º y���èô�Ç��.
a l����§4��Ér y���è��¦ ?/ÂÒ$��½Ó�Ér 7£x��ô�Ç��.
b l����§4��Ér {9�&ñ
��¦ ?/ÂÒ$��½Ó�Ér 7£x��ô�Ç��.
c l����§4��Ér {9�&ñ
��¦ ?/ÂÒ$��½Ó�Ér y���èô�Ç��.

5. y��y�� /BNg�A���·ú�s� 3V ���, Dh |	����t�ü< Ø�æì�ry� �̧A� ��
6 xô�Ç |	����t�\�¦ ÕªaË>õ� °ú s� &ñ
~½Ó�¾ÓÜ¼�Ð (�ª��FGs� °ú �Ér

~½Ó�¾Ó�̀¦ �¾Ó��̧2�¤) f��§>= �������#� ¡ó�����½̈\� ������Ùþ¡�̀¦
M:, ��6£§ ×�æ £�Ím� NíâÖR� ¿��Ér? ( )
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` ���t�_� f��§>=������ �ª�éß�_� ���·ú�s� Dh ���t� �ª�éß�_� ���·ú�

�Ð�� �����.

a Dh ���t���H ~½Ó���÷&���"f ���§4��̀¦ /BN/åLô�Ç��.

b �̧A��)a ���t���H ~½Ó���÷&���"f ���§4��̀¦ �èq�ô�Ç��.

c �̧A��)a ���t���H Ø�æ����)a��.

6. 1lx{9�ô�Ç ���t� ô�Ç >hü< 1lx{9�ô�Ç ���½̈[þt�̀¦ ��6 x�#� ��A�

ÕªaË>õ� °ú �Ér �r�Ð\�¦ ëß�[þt%3��8m�, ���½̈\� Ô�¦s� [þt#QM®o_þv

m���. [j ���½̈ (��), (��), (��)_� µ1ßl�\�¦ q��§���� #Qb�G

>� |̈c¹כ��? ( )

(��) (��)

(��)

` (��) >(��) = (��)

a (��) = (��) > (��)

b (��) > (��) > (��)

c (��) = (��) = (��)

7. e��_�_� �r�Ð\�"f #Q�"� ���t�\�¦ :�xK� âìØÔ��H ���ÀÓ�� ¿º

C��� �)a�����, Õª ���t� �ª�éß�_� ���0A	��̧ ¿º C��� |̈c¹כ��?

( )

` ��m���. ���0A	�_� ����o��H ���t�\� ���� ��ØÔ��.

a ��m���. ���ÀÓ�� ¿º C��� ÷&��� ���0A	���H ìøÍÜ¼�Ð ×�¦#Q

��H��.

b ÕªXO���. 6�§_� ZO�gË:\� _��#� ���ÀÓ�� ¿º C��� ÷&��� ���

0A	��̧ ¿º C��� �)a��.

c ÕªXO���. ���ÀÓ�� ¿º C��� ÷&��� ���t�_� ?/ÂÒ$��½Ó\� _�

ô�Ç ���·ú�y©���̧ ¿º C��� ÷&Ù¼�Ð ���0A	��� ¿º C��� �)a��.

8. ��A�_� \P��2; �r�Ð\�¦ ½̈$í
��¦ e����H ���t���H ?/ÂÒ

$��½Ós� 1Ø s��¦ 6V _� l����§4��̀¦ ��t��¦ e����. ���ÀÓ

>�(A)ü<���·ú�>�(V)_�è�H�FK�Ér\O���\�¦����èq¹כ��? ( )

V

6V 1Ω

A

���ÀÓ>� ���·ú�>�

` 6A 6V
a 6A 0V
b 0A 6V
c 0A 0V

9. ?/ÂÒ$��½Ós� 1Ø s��¦ 6V _� l����§4��̀¦ ����� ���t�\�

2Ø _� ÂÒ�$��½Ó�̀¦ �������#� ��A�ü< °ú �Ér �r�Ð\�¦ ½̈$í
�

%i���. s�M: ���ÀÓ>�ü< ���·ú�>�_� è�H�FK�Ér \O���\�¦ ����èq��

?¹כ ( )

V

6V 1Ω
A

2Ω

���ÀÓ>� ���·ú�>�

` 2A 6V
a 2A 4V
b 3A 6V
c 3A 4V

10. l����§4�õ� ?/ÂÒ$��½Ós� "f�Ð ���Ér ¿º >h_� ���t�\�¦ &ñ


~½Ó�¾ÓÜ¼�Ð(�ª��FGs� °ú �Ér ~½Ó�¾Ó�̀¦ �¾Ó��̧2�¤) #î
§>=������ �%i�

�̀¦ M:, ����̂ l����§4��Ér #Qb�G>� |̈c¹כ��? ( )

` ¿º ���t�_� l����§4�_� 	�s�°ú̀�כ¦ °ú�>� �)a��.

a ¿º ���t�_� l����§4�_� ×�æ�©�°ú̀�כ¦ °ú�>� �)a��.

b ¿º ���t�_� l����§4�_� ��s�\� e����H #Q�"� °ú̀�כ¦ °ú�>� �)a

��.

c l����§4�s� ����Ér ���t�_� l����§4��̀¦ °ú�>� �)a��.

11. ��6£§ ×�æ ¿º >h_� ���t��� ���½̈\� #î
§>= �������)a ��s	כ

��ä�> ¿��Ér? ( )
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① ② ③ ④

12. l����§4�s� 1.5V s��¦ ?/ÂÒ$��½Ós� 0.5Ø ��� ���t� [j >h
\�¦ ÕªaË>õ� °ú s� ¿º ���t���H &ñ
~½Ó�¾ÓÜ¼�Ð ô�Ç ���t���H %i�~½Ó�¾Ó

Ü¼�Ð f��§>= ������Ùþ¡�8m� ���½̈\� Ô�¦s� [þt#QM®o_þvm���. 1lx{9�
ô�Ç ���t� ô�Ç >h\�¦ 1lx{9�ô�Ç ���½̈\� ������ô�Ç �â
Äºü< q��§Ùþ¡�̀¦

M:, ��A� ÕªaË>_� ���½̈_� µ1ßl���H? ( )

` ���t� ô�Ç >h\�¦ ������Ùþ¡�̀¦ M:�Ð�� #QÑüv��.
a ���t� ô�Ç >h\�¦ ������Ùþ¡�̀¦ M:ü< °ú �Ér µ1ßl�s���.
b ���t� ô�Ç >h\�¦ ������Ùþ¡�̀¦ M:_� ¿º C� µ1ßl�s���.
c ���t� ô�Ç >h\�¦ ������Ùþ¡�̀¦ M:_� [j C� µ1ßl�s���.

13. l����§4�s� 3V, ?/ÂÒ$��½Ós� 1Ø ��� ���t�\�¦ ��6 x�#�
�r�Ð (A)ü< °ú �Ér �r�Ð\�¦ ½̈$í
�%i��8m� ���½̈\� Ô�¦s� [þt
#QM®o_þvm���. �r�Ð (B)ü< °ú s�, �r�Ð (A)\�"f ��6 xô�Ç ���
t�ü< 1lx{9�ô�Ç ���t� ¿º >h\�¦ %i�#î
§>=(��Ë̈�Ð #î
§>=) ������ �
#� 1lx{9�ô�Ç ���½̈\� �������%i������, s� ���½̈_� µ1ßl���H #Q*�
���x_þvm���? ( )

(��)

�r�Ð (A)

(��)

�r�Ð (B)

` ���½̈ (��)��H Ô�¦s� [þt#Q�̧t� ·ú§��H��.
a ���½̈ (��)ü< ���½̈ (��)_� µ1ßl���H °ú ��.
b ���½̈ (��)��H ���½̈ (��)�Ð�� µ1ß>� Ô�¦s� [þt#Q�:r��.
c ���½̈ (��)��H ���½̈ (��)�Ð�� #QÑüv>� Ô�¦s� [þt#Q�:r��.

14. 1lx{9�ô�Ç ���t�ü< ���½̈\�¦ ��6 x�#� ��A� ÕªaË>õ� °ú �Ér
¿º >h_� �r�Ð\�¦ ëß�[þt%3�_þvm���. �r�Ð (��)_� ���½̈�� �r�Ð
(��)_����½̈�Ð��#Q¿º�°?_þvm���.1lx{9�ô�Ç���t�\�¦#î
§>=������
�%i��̀¦M:�r�Ð\�#Q�"�%ò
�¾Ó�̀¦p�u�l�M:ë�H{9¹כ���? ( )

�r�Ð (��) �r�Ð (��)

` ����̂ l����§4�õ� ����̂ ?/ÂÒ$��½Ós� �����t�l� M:ë�H\� Ô�¦

_� µ1ßl��� #Q¿º0>��� �.���s	כ

a ����̂ l����§4�s� &�t��¦, ����̂ ?/ÂÒ$��½Ó�Ér ���t��� ô�Ç

>h{9� M:�Ð�� �����t�l� M:ë�Hs���.

b ����̂ l����§4�\���H ����o�� \O�t�ëß�, ����̂ ?/ÂÒ$��½Ó�Ér ���

t��� ô�Ç >h{9� M:�Ð�� �����t�l� M:ë�Hs���.

c ����̂ l����§4�\� ����o�� \O�l� M:ë�H\� Ô�¦_� µ1ßl���H >á¤°ú 

��. #QÑüv���¦ Ö¼��� ��Ér	כ è�H_� �ÃÌy��{9� �.���s	כ

15. ��6£§ [j ��t� �r�Ð\�"f ���½̈_� µ1ßl�\�¦ q��§�#� ��

�©� µ1ß�Ér ��'ÂÒ	כ ��ØÔ>� ��\P�ô�Ç ��Ér	כ #Q�"� �?¹כ���9}	כ (

) (éß�, ���t�_� l����§4��Ér 6V, ?/ÂÒ$��½Ó�Ér 2Ø Ü¼�Ð 1lx{9�

�<Ê. ���½̈_� $��½Ó�Ér 1Ø e��.)

�r�Ð (��) �r�Ð (��) �r�Ð (��)

` �r�Ð(��) > �r�Ð(��) > �r�Ð(��)

a �r�Ð(��) > �r�Ð(��) = �r�Ð(��)

b �r�Ð(��) > �r�Ð(��) > �r�Ð(��)

c �r�Ð(��) > �r�Ð(��) > �r�Ð(��)

Ycp w� ÃUØ ��ô

[1] W. M. Saslow, Electricity, Magnetism, and Light

(Academic Press, New York, 2002).

[2] J. Sanny and W. Moebs, University Physics (WCB,

New York, 1996), pp. 467–497.

[3] H. D. Young and R. A. Freedman, Sears and Zeman-

sky’s University Physics, 10th ed. (Addison-Wesley,

New York, 1999), pp. 809–819, 832–841, 856–864.



-280- ô�Ç²DGÓüto��<Æ�rt� “DhÓüto�”, Volume 53, Number 4, 2006�̧� 10�Z4

[4] D. Halliday, R. Resnick, and J. Walker, Fundamen-
tals of Physics, Extended, 6th ed. (Wiley, New York,
2001), pp. 638–657.

[5] P. F. Hinrichsen, Phys. Educ. 36, 327 (2001).
[6] S. I. Hong, J. Y. Choi, and B. O. Kim, SAEMULLI

(New Phys.) 48(3), 223 (2004).
[7] P. V. Engelhardt and R. J. Beichner, Am. J. Phys.

72(1), 98 (2004).
[8] D. H. Current, Am. J. Phys. 47, 463 (1979).
[9] http://classroom.kice.re.kr/content02/second02/da

ta06/add2-3.htm.
[10] The resistance R of a resistor is defined as the po-

tential difference V across it divided by the current
I flowing through it: R ≡ V/I. Ohm’s law indicates
the case that R is constant, independent of V (or I),
and hence V is proportional to I. Strictly speaking,

the phrase ‘Ohm’s law’ is not appropriate for a light
bulb; because its resistance R increases with increas-
ing V , it does not satisfy Ohm’s law. In the present
paper, however, we will use the phrase ‘Ohm’s law’
to indicate the definition of the resistance in the case
of the light bulb.

[11] J. Song, I. Kim, Y. Kim, S. Kwon, W. Oh, and J.
Park, The Map of Physics Conceptions of Students
(Books Hill, Seoul, 2004).

[12] D. Shipstone, Phys. Educ. 23, 92 (1988).
[13] P. M. Heller and F. N. Finley, J. Res. Sci. Teach.

29(3), 259 (1992).
[14] W. T. Griffith, The Physics of Everyday Phenom-

ena, 2nd ed. (McGraw-Hill, New York, 1998).
[15] Y. D. Son and H. B. Koh (Translators), Fundamen-

tals of Battery (Seong An Dang, Seoul, 2000).



¿ ���½̈�7Hë�H À �í1px�§��[þt_� ���t� s�K��̧ x9� �̧>h¥Æ� ì�r$3� – þj�Ér&ñ
 1px -281-

Surveying Elementary School Teachers’ Understanding and
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The purpose of the present paper is to examine elementary school teachers’ understanding of and

misconceptions about batteries. In previous surveys, a battery was regarded as a source of EMF only,

but such a model cannot explain many experimental results correctly. Hence in the present paper, a

model of a battery is adopted in which the EMF and the internal resistance are connected in series.

Based on the essential concepts about batteries extracted through the analysis of primary science

textbooks, we developed a questionnaire that consisted of 15 multiple-choice questions and asked

teachers to write the reason for their choice for each question (essay-type test). The questionnaire

was administered to 37 teachers in S elementary school in Incheon. The results of this study,

such as the reliability and the discrimination of the questionnaire, and teachers’ understanding

and misconceptions about batteries, can be summarized as follows: First, as a way of measuring

reliability, the Cronbach’s αs for a multiple-choice test and an essay-type test were 0.65 and 0.75,

respectively. The item discrimination was assessed by using the Pearson correlation coefficient

between total scores and the item scores of the teacher sample. The mean correlation coefficients

for the multiple-choice test and the essay-type test were 0.42 and 0.46, respectively, indicating the

questionnaire is highly discriminating. Second, the mean multiple-choice (essay-type) score for the

questionnaire was 6.16 (2.89) points out of a possible 15 points, which corresponded to a rate of

41.1 % (19.3 %) correct answers. Analysis of the essay-type answers revealed elementary teachers’

misconceptions; the most frequent misconceptions were (a) the idea that in antiparallel or anti-series

combinations of batteries, no current flows through a battery connected in the reverse direction

and (b) an error of the application of Ohm’s law. Third, using ANOVA, the difference in the

understanding of batteries was tested according to gender, education, teaching career, high school

department (i.e., liberal arts or science), having taken a physics course in high school, university

department, and interest in science. For the multiple-choice test, only interest in science gave

rise to a significant difference at the 0.01 level. For essay-type test, however, there are significant

differences according to teaching career and high school department at the 0.05 level as well as

according to interest in science at the 0.01 level. As a concluding remark, because elementary

school teachers’ misconceptions originate from the fact that the science education curriculum for

pre-service teachers does not deal with a profound knowledge of batteries, a battery education

program needs to be developed to promote pre-service and in-service teachers’ interest and to help

them understand primary science experiments concerning electricity.
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