
論文 / 著書情報
Article / Book Information

論題 大学入試における合格実績データに系統的な欠損がある場合の大学入
試難易度序列の決定手法の提案

Title Proposal of a method to determine the difficulty level of university
entrance examinations when there are systematic defects in the results
of university entrance examinations

著者 青木 亮磨, 北澤 正樹, 高橋 聡, 吉川 厚, 山村 雅幸

Authors Ryoma Aoki, Masaki Kitazawa, Satoshi Takahashi, Atsushi Yoshikawa,
Masayuki Yamamura

出典 日本科学教育学会研究会研究報告, Vol. 34, No. 3, pp. 159-164

Citation JSSE Research Report, Vol. 34, No. 3, pp. 159-164

発行日 / Pub. date 2019, 12

Powered by T2R2 (Tokyo Institute Research Repository)

http://t2r2.star.titech.ac.jp/


12+V����-C4R#(!�NQK�E<���0-��

12+VZ@76,�F3:G�;D�

Proposal of a method to determine the difficulty level of university entrance examinations  
when there are systematic defects in the results of university entrance examinations 

�

�Ö�N¶��Ýf¨¢���ÝÚ Á����l{h����z�Ò����

Ryoma AOKI*1, Masaki KITAZAWA*1, Satoshi TAKAHASHI*2, Atsushi YOSHIKAWA*1, Masayuki YAMAMURA*1 
���M|�tv��q®|vÑÝ��Ð�vÑtv�®|vÎ�

*1Tokyo Institute of Technology, *2Kanto Gakuin University 
�

^TO�� �Â����=G:/§¯���Â�¸�§¯�-e�
Í~²0�����,Ýs� �Â�Ð�-

=G:
ÓÈ)�ÝWEB H�^Ï�.��-Þ�µ·�!tv]Ç�Ð�-=G:/¯��tv ]ÇÕ��
�` ¤w�¥/���-ÞjÚ� ^Ï���-tvk�x¾=G:!Ú� xc�tv]Ç Õ���Xu

�-º½±�¡���-Þ� º½±�¡�!Ú�
:G7;>��-tv &k�«
Ú��Ê/��Þ��

�ÝÚ��+ k�« Ú�tv ]ÇÕ��
S��-�¿
-�Ýk�« Ú�Î_� &¦³�-���

º½±�¡� �-=G:�]ÇÕ��/£Ì��-Þ� ©�+ÝËÔ/¯��J#�
�¥Ýk�«/¯�

�J#�
�¥ÝD2<1E5/¯���`¤w�¥ 3� �¥/U���Þ�+.��`/r
^Ï�-\
}Z�*-�`� ×T´Ð�ÆY��¼�Ýj�¥� ×T´Ð! 0.83Ý0.85Ý0.89 ��	Z����ÞO�
!¹�oH/³���Ým�×T�_Ø�.�tv ��-�`P�/�-�¥/�Å����Þ 
^�(&($_Evidence Based EducationÝ4G@E=G:Ýº½±�¡�ÝColley �¥ÝMarkov �¥Ý×T
´ÐÝtv]ÇÕ��ÝD2<1E5�¥ 
 
�].\�9/�

�Â����=G:/§¯���Â�¸H§��

e�
Í~²0�����-Þ� 	� 1��!
3?=E9FAG9F3=B6G8CEÛQIEBEß
Evidence Based Education�p$Ü
�-Ûg�Ý2018)
Û¬LÝÃ°Ý2017ÜÞ����
+ÝEBE !3?
=E9��	i���R
�-�'Ý�Â[®�b

��]��-��
i����	­ª
�-Þ� 

a» K�(W
"<9>=G:��."Ý3?=

E9���V¯��-*	�( 
�-(�°Ý%�
4nÝ2019)Þ����
+ÝyÉ��-ÄÙÀ��
Âd�
¤�-�ow��-�Â�¥/=G:/�

-�'�Ñ¯�-��
5��� �Ý]�
�!

st�:c
mÃ��-Û»UÝ�ÕÝ2013ÜÞ 
!�Ý�Â�Ð�-=G:!Ð@�+���g�

4G@E�����-( (s�ÞW
"Ý���

CÙÓÈ)WEB����ÝKvCÙy¸r ^Ï
�-k�x¾)Kv]Ç\}ZÝm��ÝÚ�CÙ

y¸r)tvCÙy¸r ^Ï�-k�x¾)Ú�

]Ç\}Z/tv]Ç\}ZÝj�Ç� ¡i3+ 
GÞ¢²«ÝÚ� ^Ï�-tvk�x¾Ý{�Æ

Y�E6G>�

�-Þ�.+!¡=G:�!�

�ÚÇ=G:��-
Ý½t�Ö
�-Þ�.+/

7¯��Ý�pF��q/y5���Þ����


+Ý�.+ 4G@E�=G:
§¯�.����

�� (®¢
�-ÞW
"Ý�Ç ¼�!CÙÀ

��	�ÚJ�Xu���-�'Ý
 ®�vc


)#����	~w!ÝÄÙÀ¹
¤�-���9


��E�GGÞ�
 ±;Ãµ(���'ÝKÕ

��-Þ 
���ÝW
"�vc/Ú'��-v�/y5�

-���	*	�yÉ� Ú�GÞÈw/�-Þ�

 GÞ/Æ��'�!Ýjv����-]v��>

�� vcDA /�-mÃ
�-Þ]v����

�!]v�\}Z
(�V¯��-���(Ý>�

� v� vcDA !=G:�����Þ���

tv]Ç k�x¾=G:�+�./~w��."Ý

]v��>�� vc�+GÞ�y�-!n H²


�+.-Þ 
jÚ�)CÙÓÈ
^Á���-( �Ýtvk

�À�
�-Þ�.+!k�À���- �Ý>�

À�
s�v��_��v�(�-��)Ý�'�

日本科学教育学会研究会研究報告　　Vol. 34　No. 3（2019）

― 158 ― ― 159 ―



�k��-Tk�
(E�.��-�'Ým��(

� ��v
-=G:�!��Þ�.QH�GÞ�

�- 
Ý
 tv�k����
*,vc
Ú�

��
-���	ÌÞ��-Þ(�Ýv� �]c


�.%
X�+�����Ý�'!�~�(m±

 vc/-����-�¿
�(3¡i
3tv/

CÙ�-���!�� �Ý�`
�(�(��	

+�Þ 
Ê��Ë��-�ÝÚ� ^Ï�-tv]Çk�

x¾=G:�! 2� ¡�
uN�-Þ1�!/'
=G:��-Þ(�/'=G:/v	��
D¼�

�."Ý±Y�¥/¯��tv]ÇÕ��~w)/

'¼c ~w/À	��
D¼��-Þ���Ý�

 *	�/'
 w��-*	�=G:/��].

-��!KÕ��-Þ(	 1�!AÚ�-��
"
D¼�=G:��-Þtv £Ì/�-�Ýtv]

ÇÕ��
*�."3� Ú��+ k�À�
s

��- 
®o��-Þ� *	�k�x¾���

��."tv]ÇÕ���`(Ú�xc�`(U-

��
��-Þ���ÝxÙ!¤�,ÝL 1 *	
�tv]ÇÕ��
*��(3� Ú��+ k�

À�
s��-���!��ÞjÚ��!:G7;

>��-tv
uN�Ý:G7;>��-tv*,

]ÇÕ�� *�tv!�(�(¡i
CÙ/À�

���'k�À�
_���-Þ� �'Ý3� 

GÞ/¡i
Æ���/ow�-<9>�m�*	

�tv]Çk�x¾=G:/v	��!����Þ

tv]Çk�x¾=G:�!� *	�¡�
uN

�-
Ý���Ý¡�!�E���!��Ýº½±

�uN�-�'Ý� �Ê�k����¥/U��

-mÃ
�-Þ 

 

L 1 : ��-Ú� k�À�_a 
j� �`/¤w�-�¥�!ÝyÉ
¦}y¤

��¼��R	���2E>/V����×T/¤

'-�¥(A. E. EÝ1978) (M. E. GÝ1999) (M. E. GÝ

2001)�ÝNational Football League�¯�+.��-
Passer rating)Entertainment and Sports Programming 
Network U���Total quarterback rating *	�
3yÉÀ/�-Ý³�Ð��!w R��ÆY��

¼�/2�×T/¤'-�¥
¯�+.��-Tk


s�Þtvk�À� £Ì/À�	�����Ý

Ú�(tv(¦}y¤/���+�Ý��Ý¡��

�=G:��-�'�Z/� ��£Ì�-��!

"D¼��-Þ*��Ýj� �`/¤w�-�¥

/¯�-��!����Þ 
���Ý�µ·�!Ýº½±�¡�/��=G:

�yn���`¤w�¥���Ýtv]Çk�x¾

=G:/¯��tv]ÇÕ���`/¤w�-�¥

/U��-��/³���-Þ 
�

�]LM�?G�

�]#(!�

tv]Ç�Ð�-=G:���ÝjÚ�
^Ï�

��-k�x¾ÝjÚ� >�À�ÝÂ� r/tv
]Çy¸�2>
^Ï���-tv \}Z=G:

/V¯�-Þ� 4Ýjtv� k�x¾=G:�

jÚ� >�À� =G:/tv �` ¤w�¯

�-ÞOH!OQ�/¿q�-�'Ý�MÓÝ=¿

§ÝS¬§Ý«Z{§��-tv/Ú� & =G:
/¯���-Þ=G:/]����Ú�! 886�Ý
tv! 77�����Þ 
�]:G�;D�U*:G�

Ú� Å��}
�-�'Ýtvk�À�/� 

��£Ì�- �!��>�À��8-���Ú�

 Å� ¢Å;/À	Þ���Ýtv(Å��}


�-�'Ý>�À��¢Å;��>�À�/�+�

¢Å;��( /tvk�«��-ÞjÚ��+ 

jtv� k�«� E K#;�;� #;�<���#A�BL!QI
�wº�-Þ 

3.�/ E
4.�/
,.

DH40�/
,00

� I�J 

���Ým!Ú� �Ýn!tv �Ý#>�?!Ú� i
�+tv j� k�«Ý$>�?!Ú� i�+tv j� 
k�À�Ý�>!Ú� i >�À�/Á�Þ  
����U*:G�

tv]Ç Õ��!��ÇÙ�
�*-\}Z


�-ÞW
"Ý3ª r/tv]Çy¸�2>
^Ï
���-\}Z ��_a/L 2 �©�Þ���Ý

日本科学教育学会研究会研究報告　　Vol. 34　No. 3（2019）

― 160 ―



¸Í!Éf�-\}Z�Éf�-tv � 8k�

�-Þ�./Ä���-*	�Ýjª�(\}Z


!¾���-���!��Þ\}Z!dP 50��\
} 10 ¢Å_a�j	mÃ
�-
Ýtv \}Z
!� tv�k��-�'�mÃ�\}Z ³[�

�-�'Ý¢Å_a�j���-mÃ!��Þ 

 
L 2 : r \}Z ��_a 

����
+Ý�.�. \}Z�+�+.-t

v�` 9���E ×T´Ð,�/�-�Á 1
 *	��,Ý\}ZA�\}ZBÝ\}ZB�\
}Z CÝ\}Z C�\}ZA ×T´Ð! 0.98�
Ûc�Ú�Þ���Ý�µ·��+.-tv]ÇÕ

���` ÆY!Ýj\}Z�+�+.-�`� 

9���E ×T´Ð/B-( ��-Þ 
Á 1 : r/�2> ×T´Ð 

 A B C 
A 1.00 0.98 0.98 
B 0.98 1.00 0.98 
C 0.98 0.98 1.00 

����)�A����6,F3�

tv J#�
/À	���tv]ÇÕ�� �

`/U��-�¥��-Þ�µ·�!Ý�Mtv�

�M<­�­tv/tv K��(]ÇÕ�� Ú

�tv���Þ  
������WY���)�A��

jÚ��+ k�«/jÃµ���A�> ��

�¿
�� tv× ËÔ/¯��J#�
/À	Þ

U����¥ � ����!QI ��,��-Þ 
1.� tv¹ U(6�Z!�Mtv��M<­�­

tv)/×T iÛ­N  G@H�)��- 
2.� tv¹U�+ ËÔ/X����Ý×T�¤
w tv/ X-means /¯����9:�E

5�- 
3.� tv¹ U �+j��9:� ËÔ dP


�(^����9:�u`�-tv/��

�tv¹U��- 
4.� ×T�¤w tv
�����Tk·#Þ×
T�¤w tv
uN�-Tk! 1� 

OH!ËÔ��� Canberra distanceÝManhattan 
distanceÝEuclidean distanceÝHamming distanceÝPearson 
product-moment correlation coefficient/¯��ÞËÔ
��ÝÇÀ���¼�
¤�-�'ÝËÔ���

4000 H 8�BDG8CE/À�Ýtv 9��
� E K&;� &<� �� � &BL/QI e�+�'-Þ 

6. EH H 5.�/�1
���
0

F5.�0�1G

:888

/

)

1
� I�J 

���Ý&>/tv i ÆYZÝ�/¯�� 5� ËÔ
 ÚkÝ�%>�?�@ � �/ËÔ k/¯��� 8�BDG
8CE j���-tv i ×T��-Þ�'�9�
�/�×�J�-���Ýtv �`
�+.-Þ 
º½±�¡�!Ú�
:G7;>����tv/

CÙ������+¥¡�-( ��-ÞÚ� :

G7;>��-tv!k�«
Ú�Ý]ÇÕ��


S��-�¿
-��
��-Þm�Ú��+:G

7;>��.��-Ý(��!m�Ú��+:G7

;>��.���� 2� tv!tv× ËÔ
¨
��-��	�Ê/¯�-���Ýº½±�¡��

yn�-��
��-Þ� �¥!Ú� J#�


!À���tv J#�
 &/À	��ÝV¯�

-ËÔ�*,¼�
t��¤�-��Ý��9:�

E5/¯�-���*,Â� tv
m�×T��

-��
 k��-Þ 
������12-CI���)�A��

jÚ��+ jtv� k�«/¯��J#�


/À	Þtv�Ú�/&$�Õ��/xc Ú�×£
�J�����¥��-ÞU���� ����!

QI ��,��-Þ 
1.� tv¹�(6�Z!�Mtv��M<­�­
tv)/×T iÛ G@H�Ü��- 

2.� tv¹ U � k�« kÇ
Ú�Ú�/
��� � !�"��Òx�Ý�./Ú�¹H��
- 

3.� Ú�¹H�+ k�«/¯��Ý×T�¤w
 tv/ X-means /¯����9:�E5

日本科学教育学会研究会研究報告　　Vol. 34　No. 3（2019）

― 160 ― ― 161 ―



�- 
4.� Ú�¹ H �+ k�« dP
�(Ú��

�9:�u`�-tv/���tv¹ U �
�- 

5.� ×T�¤w tv
�����Tk·#Þ×
T�¤w tv
uN�-Tk! 1� 

ÇÀ���¼�
¤�-�'Ý4000H 8�BD
G8CE/À�Ýtv 9��� E K&;� &<� �� � &BL
/QI e�+�'-Þ 

6. E H 5.�/
���
0

F5.�0G

:888

/
� I	J 

���Ý&>/tv i ÆYZÝ�%>�? � �/8�BDG
8CE j���-tv i ×T��-Þ�'�9�
�/�×�J�-���Ýtv �`
�+.-Þ 
� tvA/:G7;>��-Ú�!tvA*,]Ç
Õ�� Ú�tv)*�tv/:G7;>����

�'k�«
*�ÝtvA)tvA�S�]ÇÕ�
� tv� k�«
Ú���	º½±�¡� �

Ê/7¯�ÝÚ�¹�+ k�«
Ú�(=]ÇÕ�
�
S��-)tv/Â�Òx�-���º½±�
¡��yn�-��
��-Þ� �¥�!Ú��

tv��.�.�`
��-��Ý2.2.1�m��Â
� tv
m�×T��-��
 k��-Þ 
����%�"�' �J
�6,F3�

� �¥�( 2.2.1� 2.2.2�m���Mtv��
M<­�­tv/tv]ÇÕ��
�(Ú�tv�

��Þjtv�� Ú� D2<1E5!Colley 
�¥�Markov �¥ 2Ï, �¥/¯�-Þ�
�ÝMarkov �¥/¯��Tk D2<1E5�!Ý
yt/À�� 2� 	�k�« *�Ú�
k�«
 Ú�Ú�� 1¬/w¬�-Tk�Ýk�« *�
Ú�
k�« Ú�Ú��k�« }/w¬�-T

k 2Ï,/¯��Þ U���� ����!QI
 ��,��-Þ 

1.� jtv����Ýk�«/� ���©�¿

 Ý j Ú �  D G > � E K�;�;� �;�<�
�� � �A�BL/¤w�- 

2.� ×T¤w�&tv� E K�;��<��� � �CL (6
�Z!�Mtv��M<­�­tv) DG
>� E K';� '<��� � 'BL/Ô&���Ú� 
DG>� E K ;�  <��� �  AL/�� 

3.� jÚ� DG> H /R��tv DG> U

/�� 
4.� ×T�¤w tv 	�Ý�(DG> Ú�

tv/×T¤w�&tvÚk�Î9 
5.� 3� tv
×T¤w�&����Tk6�Þ

×T�¤w tv
uN�-Tk! 2� 
6.� ×T¤w�&tvÚk��´�.�×£/

tv]ÇÕ��×T��- 
Ú� DG>� E K ;�  <��� �  AL�tv DG
>� E K';� '<��� � 'BL!QI *	�wº�-Þ 

-. EH+.�/ � 7/

(

/
� I
J 

7. EH-/ � 3/�.
2

/=9
� I�J 

���Ý#>�?!�eI�J�wº��k�«Ý�>�?!�×
1�U���tv j���-Ú� i DG>Ý�!×
T¤w�&tvÚk��-Þ��Ýtv 9��� E
K&;� &<� �� � &BL/QI e�+�'-Þ 

6. EH 5.�/
���
0

F5.�0G

*

/
� I�J 

���Ý&>/tv i ÆYZÝ�/jtv� Ú� 
D2<1E5�¯��3� �¥ ÚkÝ�%>�? � �/
jtv� Ú� D2<1E5�¯���¥ j��
�-tv i ×T��-Þ�'�9��/�×�J
�-���Ýtv �`
�+.-Þ 
tv DG>/���-���Ú� DG>��

 Ú��+ k�«/Ô&���DG>/³5�Ý

Ú� DG>/���-��tv DG>�� t

v���-Ú� DG>/Ô&���DG> ³5

�-Þtv/:G7;>����-Ú� hÜ/t

���-���ÝtvA/:G7;>��-Ú�!
tvA*,]ÇÕ�� Ú�tv)*�tv/:G
7;>�����'k�«
*�ÝtvA)tvA
�S�]ÇÕ�� tv� k�«
Ú���	º

½±�¡��yn�-��
��-Þ 
�

	]PB�

j�¥��+.�tv]ÇÕ���`�jr/t
vCÙy¸�2> \}Z/Ø×�J���` 9

���E ×T´Ð�ÆY/À��Þ¼�/Á 2�
©�Þ\}Z/Ø×�J���`�ËÔ�*-J#

日本科学教育学会研究会研究報告　　Vol. 34　No. 3（2019）

― 162 ―



�
�¥�*��U��.�]ÇÕ���`� ×

T´Ð,�! 0.82~0.84Ýk�«�*-J#�
�¥
�*��U��.�]ÇÕ���`� ×T´Ð,

�! 0.85�Ý1��k�«�*-J#�
�¥�*
��U��.�]ÇÕ���` �
Ú�
Ý%


m��Ú��Z����ÞD2<1E5/¯���

`¤w�¥�*��U��.�]ÇÕ���`�\

}Z/Ø×�J���`� ×T´Ð,�
�(Ú

�Ý0.88~0.90�����-Þ 
Á 2 :j�¥�*-tv]ÇÕ���` ÆY¼�  

ËÔ k�« D2<1E5 

A 0.84 0.85 0.90 

B 0.82 0.85 0.88 

C 0.84 0.85 0.89 

����WYX=�8[�

ËÔ�*-J#�
�¥!|¯�-ËÔ�*��

�`
t��¤�-Þ|¯�-ËÔÐ��.�.�

 �`�jr/tvCÙy¸�2> \}Z/Ø×
�J���`� ×T´Ð/B-�Á 3��-Þ 
Á 3 : J#�
�¥ jËÔÐ� ÆY¼� 
�  Canberra Manhattan Euclidean Hamming Pearson 

A 0.26 0.82 0.59 0.22 0.88 

B 0.26 0.79 0.56 0.23 0.86 

C 0.26 0.81 0.58 0.23 0.86 

Pearson product-moment correlation coefficient/¯�
��`
�(×T´Ð,�
Ú�Ý���Manhattan 
distance/¯��Tk ×T´Ð,�
Ú�ÞPearson 
product-moment correlation coefficient � Manhattan 
distance !£Ì�- 2 � tv� Ú� k�« 
0o
S��-�¨��-*	�ËÔ��-Þ  

Canberra distance /¯���`!×T´Ð,�

0.26�*�ÝHamming distance/¯���`(×T
´Ð
 0.22~0.23�����,Ý×T´Ð
%
��Þ 
Canberra distance!Manhattan distance�¤�,¢Å
;/À����-�'Ý£Ì�-k�«mW
^�

��(hÜ
t���-ÞHamming distance!£Ì
�- 2� tv k�« } t������+�Ý
2 � k�« m��/£Ì�Ý�Z
¤����
�Tk�ËÔ
!wZ��V
-�'Ý�(�(�

Z t^/£Ì�-���o�����ËÔ��-Þ  

Euclidean distance /¯���`!×T´Ð

0.56~0.59�Ú�(*�(���Z�����-Þ�
 *	��Z����?I���s� tv
m�

×T�����-��
¿
+.-ÞÇÀH� s

� TkÝ�Mtv��M<­�­tv ���M

|�tv)! tvÝ�¯°tvÝrsºrtvÝ

MARCH(��tvÝÖzvÑtvÝ°�tvÝKY
tvÝ¥�tv)Ý��ß\(��tvÝ��tvÝ
ß¨tvÝ\.tv)�
 40QH tv
m«×T
�����,Ý¶��×T	�
������Þ  
����12-CI���)�A��

tvk�«�*-J#�
�*��U��.��

`!×T´Ð,�
��.( 0.85�����-Þ�
.!ÝÂ� tv
m�×T�_Ø�.-��
�

-�'��-ÞOH¯���-tv! 77���,Ý
ÇÀH� 	�s� Tk 6�E� ×T
���Þ
!£H �E��!R�����-�Mtv��M

<­�­tv/z
��-�'Ý�, 5�E��
75 �
_Ø�.��-ÞH�+ 3 �E�³�
MARCH/Kl��� 15�®�ÝH�+ 4�E�
³���ß\/Kl��� 20�®�ÝH�+ 5�E
�³�!t�%bM(t��;tvÝ��tvÝ%¶
%tvÝbMtvÝMW$tv)/Kl��� 30�
®�
_Ø�.��-Þ� *	�m��E��s

� tv
_Ø�.������,Ý×T´Ð
*

�����-Þ  
����%�"�' :G�8[�

�.�. D2<1E5�¥����U���t

v]ÇÕ���`� ×T´Ð,�/Á 4�©�Þ  
Á 4: jD2<1E5�¥ ÆY¼�  

Colley Markov_1¬ Markov_k�«} 

A 0.91 0.89 0.88 

B 0.89 0.87 0.85 

C 0.90 0.88 0.87 

Colley �¥/¯��Tk( Markov �¥/¯
��Tk(jÚ� DG>! 0QH 1QI Z��
-
ÝColley �¥�*��³5�.-DG>!k
Ç��( 1��-�!++��!�ÝMarkov �¥
�*��³5�.-DG>!kÇ�-� 1��-)
�
�-Þ� �'ÝMarkov �¥�*��³5�
.-DG>!k�« Ú�Ú��k�« *�Ú�

� }
Colley �¥/¯��Tk*,^���-Þ

日本科学教育学会研究会研究報告　　Vol. 34　No. 3（2019）

― 162 ― ― 163 ―



� �'ÝMarkov �¥ �
×T´Ð
*���
��¿
+.-Þ 

 

]S5�

�µ·�!ÝjÚ����-tvk�x¾ =G

:/¯��ÞÚ�(tv(DA ��
�,ÝÚ�

�.�.�:G7;>��-tv
�,Ý:G7;

>��-tv k�«
Ú�Ý�.Q� tv k

�«
*���	º½±�¡�
���Þ� º½

±�¡��yn�-�'Ý��-Ú��+k�« 

Ú�tv!]ÇÕ��
S��-�¿
 3� �@
�G�/À��Þ 
ËÔ�*-J#�
�¥�!k�«/Ãµ���

ËÔ/¯��k�« Ú�Î_���¦³�Ýtv

× ËÔ
¨�."S�]ÇÕ�� tv��-�

¿
-���º½±�¡��yn��ÞV¯�-Ë

ÔÐ��Pearson product-moment correlation coefficient
)Manhattan distance�
 £Ì�-2� tv� 
Ú� k�« 0o
S��-�¨��-ËÔ/¯

�-���º½±�¡��yn����¿
+.-Þ 
k�«�*-J#�
�¥�!ÝËÔ�*-J#

�
�¥�m��Ýk�« Ú�Î_���¦³�Ý

Â� Ú��+ k�«
Ú�tv!S�]ÇÕ�

� tv��-�¿
-���º½±�¡��yn

��Þ� �¥�!
H  G@�*��¤w�.

�Ú�/R��Òx�-tv/¤w���,Ý� 

Ú�!
H  G@�*��¤w�.�tv��3

tv��y�-3Ú�� £«/��k���( 

��Ò".-Þ�µ· =G:!tv 77 �ÝÚ�
886 �/¯���,Ýtv 1 ����Ú�

������

 � ����Òx�.-Þ� *	�Ý�`/
¤w�-�'�V¯�-Ãµ
Ý�`/¤w���

Ãµ*,s�Tk!Ýº½±�¡��yn��
+

[w���`
�+.-�¿
+.-Þ 
D2<1E5/¯���`¤w�¥�!jtv�

���Ú� D2<1E5/À�Ýk�«/¯��

tv D2<1E5/À	� ������Ý� 

tv/:G7;>����-Ú��tv hÜ/�

'Ý:G7;>������Ú��tv hÜ/�

'-���º½±�¡��yn��Þ×T´Ð
U

��� 3� �¥ 	��(Ú�5��-
m«×
T
5���¥ �'Ým«×T/s�5���T

k�!o����¿
+.-Þ 

�

�������

�µ·�!ÝjÚ� tv]Çk�x¾=G:�

�	º½±�¡� �-=G:�yn�-�'Ý�

�-Ú��+k�« Ú�tv!]ÇÕ��
S�

�-�¿
Ýtv]ÇÕ���`���ËÔ�*-

J#�
�¥Ýk�«�*-J#�
�¥ÝD2<

1E5�*-�`¤w�¥ 3� �¥/����Þ
ËÔ�*-J#�
�¥�!×T´Ð
 0.82~0.84Ý
k�«�*-J#�
�¥�!×T´Ð
 0.85ÝD
2<1E5�*-�`¤w�¥�!×T´Ð


0.88~0.90����Þ 
ËÔ�*-J#�
�¥)k�«�*-J#�


�¥�!m��E��s� tv
_Ø�.��-

�'Ý� �E�4���-�`¤w/À	���

*��¹�/Ú'-��/O� ÌÞ��-Þ 
�

>H�

g�¢�(2018)ß3?=E9 �
,�G�.-�
Â�  ̧ª��"±9�  �Â�(�/'�-
�  eo�+Ýª��(�Ý21Ý20-28 
¬L%�ÝÃ°&	(2017)ß3?=E9�R	��
Â �' ¸�=G: Æ��¥ÝMÙR��t

vvq. I-A �Âµ·Ý59Ý5-16 
�°!�Ý�Õ��ÝÚ ÁÝz�Ò�Ýl{h

(2019)ßv#���-ÆY �º`X;��³�
�Â�­³× ÆY Ð,Ý��­v�Âv�Ý

43Ý421-424Þ 
»U��Ý�Õ,(2014)ß3MvcFv#ª�(�
Û�'¶��(�Ü ¼�/§¯��vc�hÜ

/�
-ÃI_��Ð�-(�µ·Ýd�-.~

��vc(�/§¯��\*±�ÌÞ_��Ð�

-(�µ·�ÝM°tv¥'�' �
�tv 
Arpad E. Elo(1978)ßThe Rating Of Chess Players Past & 

PresentÝArco Publishing 
Mark E. Glickman(1999)ßParameter estimation in large 

dynamic paired comparison experimentsÝ Royal 
Statistical SocietyÝ48Ý3Ý377-394 

Mark E. Glickman(2001)ßDynamic paired comparison 
models with stochastic variancesÝJournal of Applied 
StatisticsÝ28Ý6Ý673-689 

日本科学教育学会研究会研究報告　　Vol. 34　No. 3（2019）

― 164 ―


