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“Our ignorance of the laws of variation is profound” 

(Darwin, 1859/1999). 
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“In puzzling over the many mysteries occasioned by the 

methods and results of research devoted to ‘variability as 

a generalized operant class,’ I’ve come to see this area as 

representative of how little we know or understand about 

the complex dynamics of behavior”  

(Marr, 2012). 

 

 

 

“Now after many years of an odyssey through the stable 

baseline, the steady state, and the static condition, we 

are at last returning to the Ithaca of change, of 

transition, of variation- in a word, dynamics”  

(Marr, 1992). 
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���N�1��C�����|?��ë��:'!�@A�	
�
Û�AA�56�

¸¹�¾¿�»¼4�>��*þ÷rL%&*-��¾¿�y�ñA4���4BCD

ÝE�[BFG��C�?�:��-CD�HI��|?��C�?�O���:'c��

QR"�JK[�56%st¦D�C�?-P�"�c��56]^[�	
�	÷

��C�?&�éÓ�'	
�56��;<j,��Ì��	������¤¥����

�%&�'CD	
����XN%&�' 

� 	
������B	
�
Û�¾¿��C��ý�BÖ	%&�'�L��ã-�
Û

�	
;����F-	
�yz�������~M³ÝN�=O�J�[B:� �%

&�'��ú�56x���;<j,-&�:�	
��¸¹�56�÷����-ÇÈ

¦D�	
�
Û� 2@��J��C����éÓ�'1@�PQ4�	
�
-&�:�

PQ4�P%:����?Rz4�	
�
%&�'�D.i�»¼%"¢Û�1�D

�?�%���þS��:B?T*U[��D�C�Ê Dã-&�;�-&�:�&�

yz��E@��û ���[�rLÛ&�'V�-?[���
WX4%��:-

&�:�¾¿��;��YAý�BZ¦�?�%&��ª«��-CD� 2 @l�	
�


Û-��Ê2[\] (noise) �[Bf� ?[D�:'Perone (1991) �^�~í�_Ù

��:B-�ú�´°²` (trend)-vú�ab²U (bounce) �cd[B:�'^�~í
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�¾¿��:BRz4�´°²`�ef�?�%[ �:���gÊD�-�D��À

�	ö�¾¿��DÁ/¾¿��5h��[B:��%&�'	
��
Û�	
�;�

Fyz�ij����~M³ÝN�[B,:�XN�-»¼kl�#$�[B-��Ê2�

kl�mn���Bop�A8[\]�1��XN�-q4���ú�klú�XN�

r:�s�aSidman, 1960b'»�����ú� 2@�=O�t×�Ê9é-mn¦D�

»¼4��u����:é¦D�	
�
Û��ékl�#$�[BvB�A8%��

:'	
�
Û�	
������B~����Ö	Û�%@�%&�aPalmer, 2012b'

C�C��-�%� Skinner (1938) w�[B:�%&Ó�'�D7�xüyz{���

B�)*)�	
��
�|�[��%&�' 

�C%-ØÙÚ%f�	
�
Û�-stäåÛ��oç��:B_8�QRFQR}N

Ý²��t�~��'��stU���Ý���[B��-	
�56��N�FF��

�������gÊD�'�L��ã-�n[?QRÁ��stu 1 � 1 %�_���

	��:C�ÁÌ���� �%&�'����-&�56¸¹�� D�./���

��	
��t¦m� �:�XN��*��������%&�'�ã-Ferster and 

Skinner (1957) 8[����xüyz�c����stU���Ý���:B: �Q

R��D
�� ��8�[B:�'�p�¢õ��:B?QR�Â�����Ê9

%���-�paÝU´FÁ�4��-QR������`4��p��	
�
Ïô�

�C�Ì� �¦DB8�aSkinner, 1938; )+, 2014b' 

� 	����-	
�
Û�	
Á/�t[w9�?�%&�C� �-	
��Â4�


��D�Ûá%&�'	
Á/�|�F�î��~M³ÝN�?t×���:)�B

CDÝE�y�� DB:�'[ [-�D56P��3���=>-;<j,�»¼4

�>�����	
����[B�BCDÝE����C���:'»���./�	


°��%��Ì}�C���V���E'á����g�rL���éÓ�'	
�


Û���[\]%&��1��C�%8�:ª«��	
����~M³ÝN�[

Bý�BÖ	���� ��' 

 

��������

 

� Skinner (1938) �¡��»¼%�-����&�*�QR�ÕaQR�b�|�[-�

D: ��
�� �xüyz��*�8�[B:�-"��»¼%�QR�	[�

¢ (force)�|�[B:�'@P*-"ë�QR�|����:�B?-	
��:)�£

Û&�'�ã-°aÝ¤[	
�|����:��ª«�?-QR�ÕF¢�V�-Q

R�� (location)-QR�%w�� (duraton)-QR¥� (latency)-QR���ainter-

response time: IRTb��¦��D�'CD�	
�|�����.i�§¨�QR©ª 

(dimension) �c«'	
�
Û�-°aÝ�¤� ¬:��� �:��-®/�[B

�QR` (topography) �r:��*����ª«?¯�--.�ë�ã-|�¦D�QR
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©ª�èÊ�Ûá%&*-.i�QR©ª&���ã-�D�RÀB.i�	
�
Û?

¾¿��C�rL%&�'C����Ûá �¯@�©ª�¯�:)�©ª��9�	


�
Û�!	��Ïô[B:� (e.g., Herrick, 1965; Herrick and Bromberger, 1965; 

Herrnstein, 1961; Margulies, 1961; Millenson and Hurwitz, 1961; Milenson, Hurwitz, 

and Nixon, 1961; Notterman and Minz, 1965)'P�-¤Õ�©ª�W1«Êm|���ª

«Fqj��ª«?&� (Gharib, Derby, and Roberts, 2001; Ross and Neuringer, 2002)'

|���,¦D�QR©ª�@:B�°± (2003) ²³�P��B:�' 

� C����£´ �-	
�
Û�ÜÝÞ�[����µ�ª«�-1@�Ì¶�·¸�

[B-�"� �©ª�¹�[B	
�
Û�¾¿��C�¦��D�'�C%-ØÙÚ

%�º»	
��
Û�¼�'�`4�º»	
�-���¤Õ�©ª�W1«Êm?&�

�[Ó-"½4��¤Õ�µ¶T²¾¿�QR���[B��¦D�'�é[-º»	
�

�ã�nQR��%|����:�?�%��:'Blough (1966) F Hawkes and Shimp 

(1975)-Shimp (1970, 1981) � IRT�À�aSTU-P��Á²b�O*-ÂÀ��º»

Ã�[�º»	
�Ò[B:�'[ [-µ¶T²¾¿���©ª�Ä�[B|���º

»	
�ÅÍ4�Ê *F��-©ª��r:�ÜÝÞ���Ê9%��:��ã-C�N

%�y�¤¥t¦m��	��:'P�-û�*Æü¦D�!	��YÇ4¡�-È4

�Æw8Ïô��C�?Ö	%&�'�v-ØÚ%£�É��:¹*�-º»	
�ÊV

4�Ïô��¤Õ�µ¶T²¾¿�E�QRÁ�-P���D�%Ë�¦D�º»ÃE�

QRÁ��¹�[-P�	
�
Û�C�º»	
��
Û��[BÌ,��' 

ÍQ�º»	
��
Û����¡�ûÎ �stU���Ý�%QR�Ï%[-�

�vi�U���Ý�a�`4���pbEÐ�Æw8�»Ñ[-����º»	
�ÒÐ

�|�[�'"�[B-Antonitis (1951) �Ó¼/�TÔ´�Ì:-»¼Õó�Ö�×

50cm �Ê�*ØÙ�Ú1�(�[-[Ý]±ÝSQR�Á�[�Ú1����|�[�'

Ûn%������Á�[�QR?Î[�stugÒ¦D-\J-£�����QR�Ð

�¦DB:��-�pU���Ý�EÐ��QR����
ÜP��'C����Ý�

���JK�Æw8%	ÊD�������©����P���D�'¤Õ�º»Ã�,

�[-:nD�QR[B?Î[�stugÒ�rLÛ&�x$��:B-Ûn�}���

	
�
Û�Þ�B:� (Antonitis, 1951)-"�-�pEU���Ý���ß���	


�
Û§�aAntonitis, 1951b'��stU���Ý�à%�¨wstU���Ý��Y

AB	
�
Û§�aEckerman and Lanson, 1969; Ferraro and Branch, 1968, �é[

Herrnstein, 1961b'CD� �¦��D�rLÛ�[B-stu�QR��Ü��é9%

��-º»	
��:B�-	
��`t�Y��%��: �¦��D�'CD�-

Guthrie and Horton (1946) F�á (1955) ´±âTãäÝ��`t�ÇÈ[�C��

å�"�[B�*-Brown and Herrnstein (1975) Ð�4�
{|astop-action principleb

�c"é;�%�ÌrL%&Ó�' 

Vogel and Annau (1973) ��v�	
�
Û���øù�æ�� 1@�Æw84}T¾
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\¿�g�[�'~Ø4��QR����
Û%&�-�çS	% 1 S	��Á���

QRèé���B�
Û�|�[�'��Æw8%�-4ê4 �Þ´ëSU#�ì�¦D�

T\´�íiÃÄ�[B-î´�ïaleft: Lbðaright: Rb�ñ\EQR�	�'S	�

�Ý���ï¯�T\´Nò[B�*-"��ñ\E�QRT\´���ðE 1 @n

�[-?�"��ñ\E�QRT\´���àE 1 @n�[�'Nò��T\´ðà

P%Ð
���stugÒ¦D-©S	EÐ�'4��¯"��ñ\EQR[�ª«��

óTÔSBb´�v-©S	EÐ�'[��B-C�Æw8%�-ïð�ñ\EôÎ� 3

�QR��C�	÷¦D�-QRõö�Á?�Á���C�÷¦D�'\J-ÛnÍ

Q��-¦P�P�QRèéÁ�¦D�-Ûn¡¢��?�-QRèé��`t[B:

��'C�øù?stu��
Ð�t{|�"ú[�\J%&�'Schwartz (1980) ? 5ê

5�Þ´ëSUT\´��,[�d:�Æw8��:Bî´�	
�`t��C�-��

Ê2-70 �Á�rL�èé&�-Ûn�}���S	�û�"�%Á�¦D�üì4

�èé 1 @ý�¦D�C��øù[B:�'�é[-�pÆw8�Ð	���	
�


Û§[�' 

C�Æw84}T¾\¿��:BÞ´ëSUT\´���ÃÄÛ����õ1�IJ

�%@� �¾¿�����-Schwartz�»¼ 3% AB³þ\²��*-T\´Ïôà%

üì4èéý�¦D�v�-Þ´ëSUT\´���[�'\J-̧ ¹�Ð	Åv��	


�
ÛFF§[�-Ûn}	��?�-üì4èéÁ�¦D��1�¸¹��d

õ1P%���'CD�-üì4èé�ý���3�ÃÄ������æ�Ö	%��:

C��Ò[B:�' 

¦�� Schwartz (1982) �Þ´ëSUT\´�%��:-ïð� 4QRn@Á���C

��	÷��äåÛà%-î´�èé��
4�Á�¦m�C�rL%&� »¼4¾

¿�[�'»¼ 1 %�»¼�¡¼�î´�ÛnÍQ �-~Ø�äåÛ���B�S	�

�c��èé�Á����:�	÷��[�aTâÆw8b'[��B-üì4èé��

�¦m�C���à-	
�
Û�Ü��%&Ó��Q	[�'»¼ 2%�-2.%ÙQ�

Ê��¤Õ�Ûnã
\]�^[B-LLLLRRRR � RRRRLLLL � 2 @�èé����

Á�rL�[�¯%-·QRèé�=<�Á���C��	÷[�'·»¼�\J�?-s

t¦D�S	�}Ý�²ÜÝ�� 50�õ1%&*-P�»¼ 1%�stu����à��

��?oÊ�nüì4èéý�¦D�'Schwartz�C�üì4èé�ý���Ì���

��-stu���oÊ� (hedonic) £Û�-�ø5�oÊ� (informative) £Û&

*-�ú�£Û�IJ���B-QRèé�Ð�_8��%&Ó��¦È�	�B:�'

[��B-���-äåÛ	÷%	
�
Û�÷���[B?-stu�£Û��*	


�
Þ�%&Ó��\Ùº9B:�' 

 

�����������
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CDP%Ò[�stäåÛ�º»	
��
ÛE�IJ�-�
Ð�t{|��d%	

�rL%&��'��Ê2-a"©bstu��º»	
��`t��IJ&�-�:�

C�%&�'Schwartz (1980, 1982) %��
4�	
�äåÛ	÷[�ª«%?-�`

4�èéÁ�¦Dw9-�����st¦D�S	�}Ý�²ÜÝ��ÞÀ�' 

[ [-µ¶T²´»¼Õ�3%	ÊD�:�@ �!	��%�stäåÛ��*	


�
Û§[�C�øù¦DB:�'�ã-Pryor, Haag, and O’Reilly (1969) �\

���Ûn��:BCDP%�	��C���:	
�Á�[�ª«�st���C�%

���	
�ý�[�'Goetz and Baer (1973) ��������ü1�W1�B	
%�

��ü1�W1�B	
Á�¦D�ª«�st�	��':nD�ª«?-CDP%	�

B8�	
�i�	
�st��C����B	
�
Û§[����%8�' 

»¼½��:BÆw8��ít[-.�»¼4¾¿�?�-stäåÛ�(���C�

���B	
�
Û§�[��C��Ò[��� Page and Neuringer (1985) %&��'

��� Schwartz (1980, 1982) stäåÛ��*�
Û�Ü��S1���[�|?�-

Schwartz ��,[�stäåÛ���¸¹���%&��¦��'2@�µ¶T²¾¿%

Ë�¦D� 8 QRèé�¦��ª«-2� 8�-��Ê2 256^*�èé�Á���C�

rL%&�'[ [-Schwartz�Æw8%�/��ïð�º»Ã� 4�n@QR�Á�

[�9Dã��S	�st¦Dn�óTÔSBb´%�Ê��'[��B-?[
îÜ

:�
Û�Ò[-T²¾¿�	
Á�E º���ã-!�¡��S	stu���Dn

��Ê�C����'��������"|��OÛ�#$�°Ý#%²��*�
[�

v-Schwartz �d:� 1S	 8QRèéÁ��TâÆw8��:B-î´�Ûn[�'�

�\J-Schwartz (1982) �\J��Q��	
�
ÛÜP�C���
[�' 

¦��-TâÆw8�Tâ�Õ (¢pûS	�èé�c��C��	÷�� ) �5-10-

15-25-50�qj[B:��-Tâ�ÕhÜP��[��B	
�
Û�ÜP�B:

8-�Õh 25 ��& 50 �ª«��-'²(�ÝN���[�)K*Õh��Ê��:+

�,:����'¦��-Tâ 50�-� 5�Ô#%²�st�1 �.ÝS´¸¹�j�

[ ABAB³þ\²%¾¿�	���CÓ-.ÝS´¸¹%�	
�
ÛÞ/��C��

�
[�'[��B-st���Û����	
�
Û§�C��P�¦D�;�%&

�ae.g., Antonitis, 1951; Eckerman and Lanson, 1969b-Tâ�ÕÜP��@D-0

/st�11���C�é9-	
�
Û�§�¦m�Ê9%���-�
Û�	÷�

�äåÛ�2�[�C�����tst�IJ%&�C�Ì� �¦D�'¦��-C�

	
�
Û�ÃÄÛ�à���C�rL%&�'Denney and Neuringer (1998) �¡

ªU���Ý���:B-�
Û	÷¸¹�.ÝS´¸¹�T²¾¿�3*4���CÓ-

�
Û	÷¸¹��:Bî´�Ü:�
Û�-.ÝS´¸¹%�1:�
Û�Á�[-5«

U���Ý�E3*4���CÓ-������
Û�Ò[�'C�	
�
Û�Ü��Æ

w8�IJ�î´é9%��-\�� (Pryor et al., 1969)-TÔ´aCherot, Jones, and 

Neuringer, 1996; Hest, Haaren, and DePoll, 1989b-�ñ�\\²' (Manabe, Staddon, 
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and Cleaveland, 1997)-6´ (Goetz and Baer, 1973; Ù78, 1997; Neuringer, 1986, °

±, 1998, 2000) %?�
¦DB:�'Neuringer (2002) �CD��\J �-	
��Q

R�%w��F IRT ���©ª�dÀ���-�
Û�:�©ªÏô[-��©ª��

�õ1QR�T*U[-��õ1QR���� �|���91%Ë�¦D��gh[�'

C�91¯%-Z��
Û���`4QR�T*U�C��--���
Û��:0�T

²¾¿�QR�Á���C����'�[B-%w��F IRT ���©ªvwx���

��rL�µ¶T²´�1��C�%8���dÀ���-	
�
Û?µ¶T²

´%&�����	��' 

Page and Neuringer�v��� 20;�Ê�*-Neuringer��p�[�	
�
Û�

ÜÝÞ�[���ú��-C�ÈÆw8�à%	
�
Û����<¢4�øù[w9

B8�'�����¡��-	
�
Û�õ1�A�[�¯%-��stF�p-st=>-

;�stY���IJ��
[B:�C�E�9�D�a?@, 2008b'	
�
Û�A�

�-TâÆw8��%ýA4�äåÛ	÷�RÀ�	
�
Û�õ1��1��oÕoç

�:é¦D�C�%rL����'CC%�	
�º»Ã�@:B�¦���FF£B

%&�'�ã-Tâ�Õ 5 �Æw8��:B-¢p 5 S	�äåÛ�CDEó�Ïô[

�:èé�Á�� VARYº»Ã�º»�1�[a�
4º»b-!���CDEó�Ïô�

�èé�dÀèé�Á���C�� REPEAT º»Ã�º»�1��a�`4º»b'[�

�B-	
º»ÃÁ/�
Û�äåÛ	÷���B���D�'FG1��:º»ÃÇ

%�&�-äåÛ	÷��*º»Ã���D�N�-̂ â�ïð�°aÝº»Ã�ª«

�0�c��Ê9%��:'ïð�°aÝ¤[	
�º»Ã���ª«-��:nD �°

aÝ�Þ\SDU\ÔE����äåÛ�[B	÷��'¢F%w��H�IBÞ\S

DU\ÔE���qj%8� ��ª«�-TÔ´�J�°aÝ� 9B:��[B

?º»	
�Á���1�¦D�:'�DKD�º»Ã	÷��äåÛ�L��	
é

9ïð�°aÝ¤[	
F-�
4	
-�`4	
�[B|�¦D�' 

C�Æw84}T¾\¿��9�Ms4����:�@ Nf��a²³�?@, 2008; 

Neuringer and Jensen, 2012; Neuringer, 2002, 2004; °± , 2005, 2008 �CDb'

Neuringer (1992) � VARYº»Ã� REPEATº»ÃE�stugÒ���4�ì�[�

aStubbs & Pliscoff, 1969)'VARYº»ÃE�;�st��� 0 � 1P% 9¸¹%�t

¦m-QRèé�T*U�C���
4�Á���C����º»��:B-¢Z�R�

�ÞÔE²âyzamatching lawb�z[�O��Ò[�'C�\J�ïð�º»Ã��

[B;�st���t¦m�ª«�d:�O�%&�' 

Grunow and Neuringer (2002) ��
4	
%	÷���
P�õ1�r� 4Q�,�

[-�D����� CRF-VI 1 �-VI 5 �� 3 @�¸¹����stIJ�¾¿[B:

�'CDP%���%���stU���Ý�%�	
�
Û§�C��R�øù¦

DB:�ae.g., Eckerman and Lanson, 1969; Ferraro and Branch, 1968b-!�	
�


ÛÞÀ��:�øù?&�aHerrnstein, 1961b'Grunow and Neuringer %�-?�
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?�	
�
ÛÜ:Q%�	
�
Û�STÞ*-V�-	
�
Û1:Q%���s

tU���Ý�à%�
P§�[�'[ [-��§�?"�4�?�%&*-�Ô#%

²�Ö×��@DBª��
PE��B:��'C�����ÝUT\²�	
�
Û�

õ1���stU���Ý��IJ��=<j,Ïô��C�-P���st���	


�
Û�§��Uw4��w �:C��Ò[B:�'CD�o¨[B-�pU���Ý

��QR�1�Þ��IJ�û �-�
Û�Ü��IJ&�C���DB:�ae.g., 

Antonitis, 1951b-CD?�ÝUT\²��9�	
�
Û1:ª«�_8-?�?�

	
�
ÛÜ:ª«��-Ên ��t[ _8n-P�-º»Ã��;�QR�1��

û�"�øù�æ��:C�øù¦DB:�aNeuringer, Kornell, and Olufs, 2001b' 

P�-Wagner and Neuringer (2006) ��ÝUT\²�	
�
Û�õ1�st=>�

IJ�¾¿[B�*-?�?��
Û1:-&�:��õ1�Q%�st=>V&��

W�B-�
Û§[�-?�?��
ÛÜ:Q%�st=>V&��W�B-�


ÛÞ/[�'Odum, Ward, Barnes and Burke (2006) ?JK�\J�øù[B:�'C

C%?stU���Ý�	
�
Û�GH�IJ�-�ÝUT\²� �Ò¦D�	


�
Û�õ1�=<j,�%@C�~Ø4���[BÒ¦D�' 

ØX%Nf[B8����"Y[B-	
�
Û�Ü�����(�[�äåÛ��*

�
Û�õ1��tst%8�C��Ò[B:�'[ [-d��stu���
4	
�

�`Û�Ü��IJ?Ïô��C�øù¦DB:�'Cherot, et al. (1996) �î´��&

TÔ´% VARYQ� REPEATQ�(9-4QRèé��2 LLLL� RRRR�o� 14èé

�º»Ã���-FR4U���Ý�%st�	��'REPEATQ�¢p 3S	�:nD 

�dÀèé�Á���C��-VARY Q�¢p 3 S	�:nD�º»Ã�?c��èé�

Á���C��QR�[BZÕ[-QRÁ�¦D�1�[:\�]�[-QR 4 �Á

�¦D��^_�gÒ[�'��\J-stugÒ º��@D REPEATQ��*/�

�äåÛ	÷�L��������-VARYQ%�stugÒ º��@D-èé�T

*U[Á���1§[-QR`	at[�'st�� �=>���\J�P����-

	
�©�stugÒb:ª«��	
�
Û�Ü�F�:-stugÒ� ��

�@DB�`Û�Ò[F����O�&��:�C�%&�' 

 

��� ��
�������

 

�¯%V��[B8����-¤¥�	
���%|���	
�
Û��tst�o

����Q�-1980 ;M � 2000 ;MP%cw4��Jøù¦Dw9�-��"�

%-�D����� (e.g., Antonitis, 1951) ����-.)�QRÁ��å�:)�	
©

ª��9��
Û�ÇÈ��������øù�[ã����d�����-C�Q��

	
�
Ûabehavioral variabilityb�$��e��!	���û�"��-	
�
Û�

�tst���%&��'[ [- ;%�CD����}T¾\¿�×f:gh��¦
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D-��øù�Þ�B:�'�����;#�&�B-	
�
Û����������i

�&*�� �®j[©kE�@�à�' 

 

������������

 

Neuringer and Jensen (2012) ��
Û�-ÇÈ¦D�	
x�l«�%@mÛé�

�Ì��'��x����QRFQRèé%&*-��� 1 QR%@:)�QR©ª

a�ã-°aÝ�¤�¢F%w����b%&�'�D��T²¾¿nU�VW�\&@

9�'��Û (stochasticity) �T²¾¿�[ã[ãdÀ�h%�,¦D�-T²¾¿�

"|orLÛ-�%&�ª«��[-�����ª«��Âº»Ã��_�1�Î��

��_[-�p�":�p���'.)�QR��_�"|�Eq²U°���¯���*

��:'ÅÍ4��[B-500 �rs�tÝ�� 500 �us�tÝ�5LBZ��Õ

&*-l�@���PPtÝ�� 1@+8��'+8�[�tÝ��s�yz[B-Õ�

��'CD�T*U[�ª«-ÂtÝ��s�"|�Eq²U°���¯���*��:'

tÝ��+8��¢õ�T²¾¿CD�U (random process) �v³�%&*-yz¦D�

\J�T²¾¿èé (random sequence) %&�'��4��Î��%��:a\BU�&

�l«E? ,¦D�-�*"½4�,w�[BÌÊD�'�ã-!�Õ���tÝ��

%rs 800-us 200Z�B:�ª«%&�'"|O�����a0S	%r�º

Aãb0.8���-��CD�U�\J����[��'�L��-̧ ¹28�� 0.8

� 0.2�:� 1©���¯��ø�æ��: �%&�'�ã-us�tÝ�+ DB

?©�:@us�tÝ�+8�¦D� �@:B��ø���D�:' 

!��Ì[����-Neuringer (2002) F Neuringer and Jensen (2012) �-�
Û�

T*U[F"|rL%&�x �-��4%T²¾¿�xP%�Èx�Ê��¨w/-

&�:�©ª�[BsÉ[�'�����!	���
Û�Ü��stäåÛ�}Ty

ÝN�oÕ�[B	
�
Û�õ1�qj%8�C��Ò[B8�N�.��oç��

aMachado, 1989; Page and Neuringer, 1985b'�[B-}TyÝNh�(�©!%�--

���
Û-��Ê2T²¾¿�º»	
»;rL%&��øù¦D� (e.g., Neuringer, 

1986)' 

T²¾¿nU��Á/�-1950;Mz �6´�*Õ��rL%&� -P�-T²

¾¿nU�/[��{��C�%8�� �ÉA���Q�[B ;�|�P%øù

w:B:�'���ã-&�56%�Á��	
�Vú �"|¦D�:���	�C�

%8Dã�}%&�'~Ý¿FU±Ý��[B:�ª«�-;Æ��PD�:���	


%8�C�F-��
î�º D�:���Ó��
îE º��F-Ó��
î��


î ��à������¦D�'�����	
�-*Õ��oçº9�DBÙÀ�

DB:�ae.g., Falk and Konold, 1997b'P�-"�����ö���[��:���³Ý

N �RzÛ�����
�4L¢����[B-��4ÒÙ�L¢�T²¾¿nU��
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{��oçº9B��¦D�C�?&�ae.g., Bar-Hillel and Wagenaar, 1993b'Ù78 

(2006, 2008) � 1970 ;MP%�T²¾¿nU���#$N� 3 N�P��-	
�
Û

��C�����EGH[�øù�@:B�Ì[B:�'1@���Æw8�[B�x�

�	��ÌF�Ò�#$%&�'�`4�Æw8�[B-PnT²¾¿��û �@:BÓ

¼úE�Ì�	:-©�-%8�é9T²¾¿�Õ���A�����Ò�	�'[ [-

C��y%�-T²¾¿nU�@:B�Õ�4�Ì�²³¦�õ1F-Ê *F�¦�õ1-

P�Ó¼ú�Dé9�p��Ì��� �:��r:��*\J�8�c����D

&�'P��Ò�@:B?���A�T²¾¿���*?���A�"�¦D�:����

��Ò�	�ª«�û�-��¦D�èéT²¾¿� ����?øù¦DB:�

aFinke, 1984b'2 @l�Ó¼ú�	
������
Kº9� �#$%&�'�ã-

S°¶ë²¾��Õ��øù��N%�*Õ��»¼�dÀé-J[��[B-����

� 1�l��8���	&�'�D��[B-*Õ��»¼�ª«��-�Dé9���

e*W"%:� ��
�����:'���e*W?��àF*�::�Þ�+,

��-DÝ³ÝN�[Bd"�P���D�'[��B-Ó¼úÐ��	
£Û�Q�

[B:�� -����
Kº9�õ1�Z�B:�� Ài%8�:'3Nl�-���

~���[B-6´��Ç4�T²¾¿Û�YÇ4o��?��~�-��£áF¹��|

���C��¢N��:B:�C�%&�'[ [-*Õ���£Û������Ð�4�

£Û%&�� -;���?��t��?� -û� �Ûn�	�C�%¯�%8�L¢

%&�� �:���F���rLÛ����¾¿[BC� ��' 

1980;M��-���'²(�ÝN�ÜÛLt��&15 t}"éC��¡9�D-

»¼��ëB�N\¿�yz��*-QRO���>��C�¢£����'CD�¤9

B-QRFQRèé��[B`	\J�ãäÝ`aÔS�U�-stäåÛ���	
�¢

�rLÛ�¾¿}"é (Ù78, 1997; Neuringer, 1986; Rapoport and Budescu, 1992)' 

C�\J�[B-Pnëw�Ò�¥�n�-Ü�N���C��l��~Ý¿�[B*Õ�

��e*W��������'�*T²¾¿� :û���NÜ���äåÛ%&�'C

�Æw8��:BÕ�4��Ì�»¼�����	��:[-��àF*��	
[�ª«

��Ü�N�������%-�N��¸¹stu�[B7�����y�(��Dã-

1@l��& 2@l�#$N���¦D�'#$N 3�@:B�-��rLÛ�@:B�-

Å�¾¿	ÊD�����*-*Õ���kP�Ûn©!%Ü��C�%8�C�

Ì� �¦D�'P¦�	
�
Û�Ü������yÙT²¾¿nU����}i¦

m�' 

èé���RzÛ�N�o¨��N�[B-1950;Mz�*-�����Ú¦ �-§

¨ú�©ª (Gambler’s Fallacy«T²¾¿�x��©S	%�\J"|�	���Å�P

%�S	%dÀx�T*U[�_��û�!�x��\J�[B"|[F����;�) 

���?kl�l�Ý�� (e.g., Jarvik, 1951; Witte, 1964)'"�-aU�Ô´tÝ�ºÆ

�#�Ý´������>[� Gilovich, Vallone, and Tversky (1985) �-����Eq
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²U°���Èxó%&���?  Ê�n-^âQ	¦D��*?���#�Ý´��

�ÜP�Q�&��:�¬W�)%�B:�C����[-®Ô´î²`©ª

aHot Hand Fallacyb���;��c"é'§¨ú�©ª?®Ô´î²`©ª?T²¾¿

èé����6´���F�{�#$�o¨��%8��é-T²¾¿èé��[B

�ú��*[:¨�"|��¯�° Û�-vú��*Ù:¨�"|��/�° Û��

�[B�*-�D%�:@�����T²¾¿èé����"|Q,��� �:�#

:����D�9Dã���: (?@�±ª�²@�³¯, 2008)'Boynton (2003) ���

��x$��:BÂS	�"|�/´�RÀBO��Ê�C����[B:�'"|

/[ ��ª«��stIJ��*©S	�"|�/�° Û�À-"|3D�ª«

��-¢pÕS	�\J�¨�Ù¦Ù:û�a�ã-'\²�à%¢p 3�w9Bs

��ª«b-©S	%�!�\J�"|��'[��B-ssµ�:�\J�v�"|%

�-�S	�"|�/´�oÊ�n-µ�º«-µµµ�:�\J�v�"|%�-�S

	%"|���[�ª«��µ-3[�ª«��s�º«éÓ�'?@� (2008) ?»¼C

�ú�¶*����x$%»¼�	�� Boynton�þS�%8� ��'�[Ó-Ayton 

and Fisher (2004) F Burns and Corpus (2004) %Ò·¦D����-Ó¼úx��T

²¾¿¢õE�m¦m����-̄ �° ÛO�-̧ T²¾¿¢õE�m¦m����-

/�° Û�À�'CD��tst�\J�[B�*-ÃÄÛ�-&�:�íi�#$

%&�rLÛ�Ò·[B:�':nD�m�-/¯�° Û��À������:����

"|O�����C��rL�� �:��#:�8*-���_CD�U�@:B�

é�����Ìæ��DB:�Ê9%��:' 

C����-*Õ��F�{���?-§¨ú�©ªF®Ô´î²`©ª���?-	


�>�����¹�Bop%�DB:�'	
�
Û���CD�U����¦��Æ

ü[Ì� ���¢õ%-	
�
Û����1��n-º���E?øù�æ��rLÛ

�:�&*���¦��D�' 

©�-T²¾¿nU�ÇN �-	
�
Û��tst���¾¿[B1�:'�tst

Æw8���B-� �-Page and Neuringer (1985) FMachado (1989) %�-4QRè

é�:[ 8 QRèé�Á�� 1 S	�[-�Ô#%²ó%Á�¦D�QRèé�	
�


Û�-�P%Ü��C�%8�'����	
�
Û�|������Ì,[����

U h�[B��DB:�'C����º»ÃEÁ�¦D�;��_�1�»*�Õh%s

;[B:� (?@, 2008)'�ít[�ª«��-0 � 1P%�Èx%�
[--Z��


Û-��Ê2���"@�º»Ã�1�Á�[w9���ã 0--���
Û-��Ê20

B�º»ÃEÎ[�QR�ì�[�ª«�� 1 ���'q4�ë�ã-Î��Û����

:��'C���%��¦D�h 1 � K[��[B?-ÂS	%Á�¦D�º»��

èéÎÏÛ�Ïô[�:� �oÌ%&�'��Ê2QRÁ�T²¾¿%&���ã-�

�S	�º»Ê ���[B?-�D���B-©S	�º»�"|ÜP�C���:' 

Page and Neuringerº»	
��tst��,[�TâÆw8�-äåÛ�,��
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CDE�Z�¢p�S	Õ�Tâ}TyÝN%��[-��CDó�¯PD�º»Ã�3

�Á���C�%st�	��'¼��ë:s��-- Á�[B:�:èé�st���

:�C�%&�'CD��_�1"��¯1����QRèé��tst��C�%&

��¦��D�aÙ78, 1997b'Machado (1992) �C��tstT²¾¿�QRÁ�

���B��	��¸¹%&� �i���-î´�Ì,[-1S	� L� R�ñ\�:

nD E� 1QR�Á��[-Âñ\�º»�1�S	CDE ���[�'�[B-�1

1���û�½¾st��ÜP���ÂS	Ñ��¨w4����"�-0/st�

��â�"�������äåÛ�(�[�'���º»	
^���P%Ûn�	�

��CÓ-·º»ÃE�QR�1�Î[����-���ã-�S	% L �º»[�ª

«-©S	%� R �º»���:��¿=4}NÝ²�:�Ì��èéÎÏÛ�À�'

CD�º»Ã 2@�ª«aL� Rb-QR�T²¾¿�	Ên�?Î�1�Ï%[w9�

C�%8�^�[�Rz4}NÝ²%&��'�C%-w�»¼%Machado (1992, 1993) 

�S	Ñ��äåÛ�CDEó��4� 2@WaLL, LR, RL, RRb��ß[1�1º»Ã

�Z�[�'C�ª«-4º»Ã�Î�1�Ï%[w9��� LLRRLLRR…�:� 2Ö=

4}NÝ²�Á����	&�'\J�î´��*c�*-2Ö=4}NÝ²�Á�[�

./?:�-RzÛ��:T²¾¿�QR�Á�[�./?:�'-v�äåÛ�CDE

��4� 3@WaLLL, LLR, LRL, LRR, …, RRRb��ß[Ûn�	��'C�ª«��-

0B�î´T²¾¿�QR�Á�[�'C��� 8 º»Ã�Î�1�Ï%��C�r

L�^�}NÝ²� LLLRLRRR �:�}NÝ²�T*U�C�%&*-C����¤¥

�}NÝ²�����./�;D� ��'Machado�"¨�»¼�\JÒ�C��-

T²¾¿�	
��1é�����	��¸¹�-1�1º»Ã��tst��C��-�

�stäåÛ�4���º»Ã���¡�&�C�-/���?î´�ª«�� 8 º

»Ãõ1��	%&���:�C�%&�'º»Ã�Õ¡��	�|?�-º»Ã¡9

Dã�Dé90º»Ã�ÀÁ4�Á���^�}NÝ²¤¥��*������� 

�%&�'êë���-T²¾¿�	
Á���yÂ��¹�����^�}NÝ²���

%8�:C��	é���:�C�%&�' 

C�C�� 3@�¯��%@'1@�-�n[?�tstÁ/-&� ?Ã*ÄÃ*

�j*Å�������*���[ÅÆ�ÇE������-�DKD�./%�B:

�Â)�QR}NÝ²�e*p*-T²¾¿	
�ý���78�[B:�Ê9%��:

éÓ�-�:�C�%&�'@P*-	
�
Û�Ü������tstqj���C��

T²¾¿���C��d�%��:' (Marr, 2012)'�ã-1 S	� 4 QRèé�Á�

��ª«�-TâÆw8�Tâ}TyÝN� 15 �(�����ã-Å 16 S	��[B

16�º»ÃE 1�n@º»_8�9Dã���:-CD�ÈÂ�_8�rLÛ�¸â

�1:'É�� � 1 � 16�� D�tÝ��e*��ª«�-n�e*���0Bc

��Õ����rLÛ�-0BdÀ���rLÛ�d:�_C*��:'CD�dÀ%&�'

[��B-	
�
Û�Ü��Æw8�-Ô�S	 ��_8��:èé	
a1:�
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Û�%@	
b �Ô�S	 ��_8��:i�èé	
aÜ:�
Û�%@	
bE�

�¢¦m���[B:�'L � R � 2 º»Ã��������D����-C�äåÛ�

P¦�1�1�º»Ã�ºÊ���:�"<��ËQR�ý���Æw8��%&�'1

�1�º»Ãû�st.1�ÜP���Ì�-�taShimp, 1966b�"<�1��C�?

rL%&�'C��Ì�ª«��./Á�Âº»ÃEÁ�[�QR�1�Í¤Û�%@-

&�:�QR�1�íiÃÄ�[B�,%8�C���	���' 

2@l�-Á��QR�1�Æ *�[BÌ�-�t�rL���^�}NÝ²���

%8�:ª«-��¹*��:B	
�T²¾¿���� ?[D�:'[ [-�L��

ª«�T²¾¿���� '1@����\½��CÓ-./�T²¾¿�	
�Á���

C��Í��[�Î�%���-û?}NÝ²���%8� ��\J�[B-T²¾¿�

���� ?[D�:�:�?�%&�'�D�?-o:0�Ì�-�t���	ÊD�

C�%-Á�¦D�QR}NÝ²�ã�@8�8��*-0/�[B�>�[�ª«��

T²¾¿���� ?[D�:'&�:�-1S	 8QRèé�ª«-��Æ *�[B

Ì,[B:���QR�1%���-QR=4Õ%&*-â��õ1�QR=4ai.e., 8Q

R� 3.5�õ1b�	�C��./���[��é-CC%?o:0��������À

�ªÏ����	
�
ÛÜ����� ?[D�:aMachado, 1997b';ô��CÓ-

CD��ÙN�@:B��}i���DB:�:' 

3@l�-CC%Nf[�\JÒ[B:�C��-1�1%Á�¦D�º»Ã��ts

t��Æw8�ª«-T²¾¿nU�£Û��2Î��Û�L��������%&��

:�C�%&�'[ [-�tstÆw8���BèéÎÏÛ�Êo[B:�Ê9%��:'

�D%�-Î��Û�L������tst�[�\J-Ð©4�èéÎÏÛ�����

%���-èéÎÏÛ�Êo������tst���C��rL��éÓ� 'CD�2

Ñ��-'\²�à�\J���BQR}NÝ²�����-'\²��a\BU&�

B?�:-�:�#$%&�'a\BU&DãÎ�����*��:-�D%?¸¹2

8���Z�[B?"|�ÒÓ�����}NÝ²���%8�:'C�ÙN�@:B-

Hachiga and Sakagami (2010) �¨¾��B�Ôë]¿�Ì,��C����B-TÔ´

�èéÎÏÛ�1��tst���BÊo��C�rL%&�C��Ò[�'�D�-1

S	 1QR%-;S	�¯�Å 20S	�º»�CDE�,:B-¨¾��¾�AZP�

ëB�N\¿�Z�[-(�[�~í�YÇ[B�tst�	�?�%&�'º»	
^

���P%Ûn�w9��-û�"��./-a\BU�&�'\²����+,���

����a»¼ 1b'¦��-©�stugÒ¦D�°aÝ��� 0.5 %ïð��ì[�

�CÓ (Stubbs and Pliscoff, 1969)-¡��./-a\BU��:'\²����+,�

�a»¼ 2b'�é[-C�äåÛ�? Machado �»¼�dÀ��� 2 Ö=4}NÝ²�

��rL%&Dã-^����:�£´&����-:nD�»¼%? 1 ./�^�}

NÝ²O��Ò[�':nD�m�-C�»¼�-QRº»�Î��������ÕÖ×�

æ��äåÛé9%��-QRº»�èéÔ����C�?stäåÛ�(�©!%rL
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%&�C��Ò[�'[ [-TâÆw8�ª«�d:�ÙN	2Ë��'@P*-�t

st���	
��;��[BÒ¦D�-�L-�DrL%&��� -./�û�

��[B:�� Î�N%&�' 

� T²¾¿nU�	
�
Û�dÀ%��:��-	
�
Û�����T²¾¿nU

�Ð����	��:�é-T²¾¿nU���w�÷�Bi���C��Ø�ª«�-

¦��Ö��#$	2Ë��C�?��[�9Dã���:'�D�T²¾¿nU��

��oÌ¶¦�@:B%&�';#%T²¾¿nU��û �:�#:��[BÙ|4�

"Y[-¡Õ���úü%������P�B:�:'T²¾¿	
�N%���}i¦

m�����ª«��-���#$�´R�[�oÊ�C����'C��$�ÙN�ÙJ

2�P��� (ß��²³�-?@, 2006; Nickerson, 2002�CD)' 

  

������ �

 

Neuringer (2002) ��DP%�	
�
Û��tst���iØ[-	
�
Û�µ¶

T²´©ª%&����[�'��Ú9�[B-vwx���*��¤9�C�-!	Ã

Ä�Æ *�[B./ 3�KÛ� 3��
4	
���C�-��Ê2-3Üäå

Û��������C��»¼4�Ò[�'P�µ¶T²´�[B��
Û�y�Ý

]¿�[B Page and Neuringer (1985) �-©�����Ì��'»¼úî´�ñ\@

@8�ý����8��-ñ\@@8QR�Ûn[B:��%���-�[Ó-:@-�C

E-�D �?[ �������:��Þ��-ñ\@@8�Á��� ���B:�'

dÀ���-0B�	
º»Ã ��� 1 @�©ª&*-CD	
�
Û©ª�cã

D�'st�^ÀB�
Û�
n°ÝN�µ²��� µã��� -����:�
4�

�� �¦D�'CC%�
Û�
n°ÝN����4�	
�%�B:��[B

ß�¦D�ó4¢õ%&�'C�[�-�
Ûµ¶T²´%&��:���Á/à�%

&��C�-P�C�ó4¢õ����ÌoÌ¶%&����- ;-µ¶T²´�VW

�@:B�_Ù�á�[B8�'	
����~ØVW�@:B_Ù�+8_C[�C�

?-C���� 1@�i��1��C�%8�'ØÜ%�-Pnµ¶T²´�VW�oÊ

�¢p�¦È�P��-©�	
�
Û�µ¶T²´%&��:�����oç ��À

�_Ù�y@��' 

 

������ �!"
#$% �

Pn�
Û�@:B¾¿����-µ¶T²´VW�â|��'Skinner (1969) �QR

56��t��1�[-56��tQR��_��ã/��ª«�-��oç�µ¶T

²´-Ï%¦D�	
�µ¶T²´	
-µ¶T²´	
�ý���Æw8�µ¶T²´¸

¹º9�c"é'µ¶T²´	
�����-QR�vwx��oçaäåoçb�-äå

oçQR�EGH�IJ¯PD�'QR���¯à�vwx��stu�cãD�'s
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t�â�QR�&�£Û�äå��'[ [-QRst¦D��[B?-��QR£Û

äåÛ�L�[-[��Bµ¶T²´���¦D� â�Ì� %&�Ê9%��: 

(Zeiler, 1977)' 

Catania (1973a) � 2 @�QRSTU�Ài��µ¶T²´	
�VW�gh[�'»

¼Æw8���B(�¦D�vwx���1é�QRSTUay@4QRSTUb�-äå

oç���B�1øù�¤9�QRSTUaKL4QRSTUb%&�'C� 2@�QR

STU�:nD?� �C��%8n-·STU�oç �µ¶T²´�VW�*�@'

»¼ú&�äåÛ�(����8-&�QR£Û�~º:Bst�~í�(���'C�

st~íy@4QRSTU%&*-S�p�c«'���ã-»¼ú�QR�	��¢�

@:B-&�~í x �¯�¢%
î°aÝ�¤[�ª«�stu�gÒ��'�tst

}�P%�-x�¹��¢%QR��C��û�"�_8�:-FB-���¢%¤

¦D�QR��1§[B:�'�C%-Ûn��QR£Û�;��1�p Ri�-�ts

t}	[�v�;��1�p Rf&�'S�p� Ri�p�;o-S�p� Rf�p�;

o�YÇ���Bµ¶T²´�ý��P4�äå��C�rL%&�' 

Galbicka (1988) �µ¶T²´¸¹º9�¢õ��Â4�û� �QR£Û��t�¢

õ�¯1-µ¶T²´¸¹º9��QR�t�Î[:�����aÙJ 3b'QR�t%�

QRvwx���À����¸¹�»¼úæô4�£�[B:�'µ¶T²´¸¹º

9%�&�s¦�¯F-&�%w���¯%µ¶T²¾¿EÁ�¦D�QRé9yz¦

D�C�%ç�d:�£��	�B:�'C�Ài�»¼ú���B�r:%&*-Ó¼/

���B�����Ài�û�KL?J�¦n-d:�;��¡¼[B:��:��' 

o¨[B Skinner (1938) ��t�@:B¦���>�i�[-QR�t�st-�p-

áY� 3 @�¢õ ����¦È[B:�'äåÛ�L��QR£Û�-�*�R�_8

������QR£Û�dÀ%��:C�?&*-@P*-st�stu��1é¦�:Q

R��1�?øù�æ���'Skinner (1938) �C�øù�C��áY (induction) �c

"é'st�QR�aP�-QR£Û�W1«Ê¦��?��-��Ê2QR`�b�_�

��Ü��'áY�^[B-Å�st¦D��B?K�QR_8�'¦��áY�st¦

D�QRSTU�m¦�:QR?:�� ��[-�D��*�
Û�Ü��'�p�-Q

R��_���Þ��'P�-áY�^[BK�QR��_��?Þ��'�t�	è�s

tF�p�Å��IJáY���IJ�*?s:�:�C�%&�'[��B-Å�s

t¦D�~íQR��p¦Dw9�¸~íQR����-��~í�6�[BQR��_

1�t��'�é[áY_8���»��st¦D�QR� �%QRh��t[w

9�' 

 

����������!"
&'% �

Barba (2012) � Neuringer �Pé�
Ûµ¶T²´%&�C��¾éÁ/µ¦D

B:�:�����~êÙÚ��s[-�D��[Õ���ú'y²´�U[�'
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Neuringer Áò��s[B8�ëì�x�Ò[Á��íî��'y²´�U[�C�

�ï�C�%��:-��V���ú�'y²´�CC%Nf��������h�:

?�%&��'ØX%�Pn-BarbaÁò�_Ù��Ì[-w9BV���ú�'y²´�

P��B:�' 

Barba � Catania (1973a) �_Ù�Ù9�[B���i���'Catania��Dã-Rf

�p Ri�p�*? S�p�Ö¤¡:��ã�t_8��:��'�tCD�U�;

o�Ü¦�§���h���%-(Bð²�ü�;oçÕ r ��
�t����[B�

,%8�'�C%-;oçÕ�Z�[���
�Ò�����-S�p� Ri-Rf�pd

À£Û%��[B:��	&�'�ã-°aÝ�¤�%w��µ¶T²´�[B7�

C��¾é������-C�%w���©ª��:B�tst�~í�(�[-d©ª�

�9� Ri �pG& Rf �p�|��Dã�:'?[�
Û	
�µ¶T²´©ª%&�

��ã-�
4	
��tst��C�%8-\J�[BQR�t��'@P*-�


Û�:�£Û� S�p�����C�%8-��dÀ£Û¯%��¦D� Ri�p�ã/

��C����BQR�t�¢õ�|���C�%8�'	
�
Û�:�£Û¯� Ri

�p � Rf �pE��t���B�1-QR�t�¢õ�|�¦D��'@P*-

Neuringer �	
�
Û��tst�ÈÆw8� S�p�Ë���TâÆw8FñÆw

8�:���tst�~íqj�-R�p�Ë���Uh � S� Ri�pG& Rf�;o

���rL%��:��-C�ÇN��:B¾é�¦DB:�:'Barba �	
�
Û

µ¶T²´%&� ´ �¾¿������-U h�.��o¨[�QR�t~í�ò

,��A8é�gh[�'Catania (1973a) �~º:�JK�_Ù�°± (2005) ?i�[

B:�' 

�D��[-Barba�_Ù�Ù9%&� S�p�Ûn�v�Â R�p��;oµ¶T

²´������:����)#�à 9�DB:� (Marr, 2012; Machado and 

Tonneau, 2012)'Marr� Catania (1973b) %�µ¶T²´�KL4QRSTU�����

�� S �pE�ëG�[B:�:N�����'d"��ú��:B? Catania (1973a) 

�~íÐó¦DB��n-CD��n[?µ¶T²´��	��¸¹�1�����|

?�O���:'�ÝUT\²� Ri �pÛnv� Rf �p��t[���ã-Æw8

���B�¢rL�QRSTU�1�¦D�-��� S �p�ëG[���?-QR�

p��t�Ò��>��øù�:' ,[�äåÛ��oç% Rf � Ri �r:�|�[

�:��-S�p��;o%���-~íh�ô���p�¨ü�Ï�ÉA�û��:�

��[B:�' 

P�-Holth (2012) � Barba�gh��	
�
Û�	÷��äåÛ�	
�
ÛÁ/

����R�Òm��[B?-	
�
Û��tst��*��¦D�µ¶T²´��3

�M44�ÌÊo¦D�C��	%&������'M4�Ì�[B Holth � 3 N�

~M4�����[B:�'Pn-	
�
Û��tst�ÈÆw8%�-º»Ã�¤¥

�QRèé%(�����-st¦D�./dÀQRèé�T*U[Á�[���[�
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�[B?¹�&�'©�-�pÆw8��`4�	
�
Û�Ü��C��-T*U[�

p�õ�C�%õt_8-QR��ö)���_8������C���DB:�'

-v�stuÁ/íiKL�%@C�?rL%-FI U���Ý�%�stugÒÅv�

S
��IJ��*QR÷ø_8����%8�'CD��N�®«���-Neuringer �

ÈÆw8?stugÒQR��Ë�E�íiKL�J�[B:�rLÛ-- Á�

[�	
�T*U[�t�p��C�-st¦D�	
�T*U[Á���F ���

¦m�rLÛ-�[B-¤¥�QRèé�º»Ã�[B:�C�Á/���Bst¦D�º

»Ã�T*U�C��?�?��%&�rLÛ¦��D-CD�	
�
Û�Ü�

�C��ùæ[� ?[D�:' 

º»Ã�¤¥¦�Êo������QRèé%���-.i�µ¶T²¾¿Á/�º»

Ã�[B,:Dã�:'Holth (2012) �TÔ´�Ó¼/�[-Ý�� 4@�µ¶T²¾¿

�º»Ã�[B-TâÆw8�}TyÝN� 3 �(�[Ûn�	:-Î�1�QRÁ�

	ÊD�C���
[�v�-5@l�µ¶T²¾¿ (E
Ý²) �YZ[-Tâ}TyÝ

N� 4 ��ß[�'TÔ´��ú�E
Ý²+8���[-E
Ý²+8	
�stu

äå���-"�4�E
Ý²+8�T*U[Á���������'[ [-[ã���

p¦Dw9��FBV�º»ÃEÐ�B:�'10Õ�Ô#%²�Ûnv�� 5@�º»

Ã�%Î�1�Á�	ÊD�������'C�\J�st¦D�µ¶T²¾¿� 

�QR�T*U[��À¦m�-T*U[�p#0�¡¼��C���*aP�stu

S
��[B�78�����C���*b-FBÅ��st¦D�QR�T*U¦ni�Q

RE�*ûü�Ð�B:�¢õ%-	
�
ÛÜP�C���ÌrL%&�'?[-��

��D�~M4{|�N%�Ì%8���ã-�
Û�µ¶T²´�1��VW�ý�%

&�'QRst��p�PQ�%@stäåÛ�¤¥¦%)KT²¾¿�}ãþÝÞ²

U?�Ì%8� ?[D�:' 

Machado and Tonneau (2012) � Skinner (1938) �~º:B_Ù��t¦m�'stä

åÛ���B~í�À3*-~íóQR R�;��;�§�-~í3QR not RÞ�

�:�C�-Í�tÎ��h%&���-st��t��	���éÓ�'[ [-Skinner

�st-�p-áY�Ë�	û���QR�t�XN�ò,����ã-~íóQRst

¦Dw9���§���C��ÇÈ��é9%���%���-~í3QR�p¦Dw

9�C����BÞ/[B:�C�?�
���	&�'C�vú����zDã-�t

�Íµ¶T²´oç�Ò��	
¢õÎ��cA�:'�ã-Skinner (1938) �¨w

stU���Ý���*TÔ´�°aÝ¤[QR§�[-�pU���Ý�EÐ	��

�QRÞ/���:�ÇÈ%�-º»Ã� 1 @é9,�¦DB�*-�C%�t�|

�¦D�:-QR��§��µ¶T²´st�Ò�����%&*-S  R  �Ô��

�Ò¦D��D¸¹�YÇ��C�%-µ¶T²´oç����Ò�C�%8�' 

Marr (2012) �Barba�gh�[��BUh%|���	
�
Û�d"©ª%äå

Û��[-�P�QR�p��¢�Òm��[B?-����������%8�� -
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@P*-�[�äåÛ� Ri  � Rf E������ê[�� '���Dã��\J��

�4��m�D��%��:���C�%8� �:�)#8�C������'d

:�Machado and Tonneau (2012) �TâÆw8�����¢õ��*ÇÈ¦D� Uh

��1é�� oÌ¶%&�C����[�¯%'µ¶T²´st�stu��À�QR

����Ü�-�Â4�UÜ°µN\C�§�¦m�¢õ%&���ã-�
Ûst¦D

���Ù|��%��:�éÓ� �#�'P�-	
�
Û�s¦F���r�Bâ�?

�"@i�©ª�%@'���ãQRèé��
Û�:�ãQRèé�:� 1 ©�©ª

Ïô[-QRèé��
Û�:� 2©�©ªÏô��'1©�©ª%QRèé�s��

�-2©�©ª%�
Û�s���éÓ� �#�'?@ (2008) ?Æw84QRSTU�

[B 2©�©ª¯PDB:�:C����[Bd:�)���[B:�' 

Page and Neuringer (1985) ���4T²¾¿�
n°ÝN�µ²�µã��*stä

åÛ��QR�T*U[�s�-���
Û�Ü��C���Ì[�'[ [-�
Û

�
Û�
n°ÝN�78�ÎÏ����ã-û�
n°ÝN�µ²���� 'Page 

and Neuringer �	
��
Û�µ¶T²´¸¹º9�íi�¯��:�'st	
�


Û�øù�æ����-st¦D�x��*_C*F������%���-stu

T*U[	
�äå��#0���%¡:�	
�äå��#0�
îíi����%

&����'�ú��ÝU%��`4�	
§�[-vú��ÝU%���4T²¾¿�


n°ÝN�µ²�[-\J�[B	
�
Û§�'ß�C�T²¾¿�
n°ÝN�U

���Ý����
Û	÷�[��BÉâ¦D�aNeuringer, 1986b' 

Holth (2012) �Á�¢p�Á�[�QRaèéb�íiÃÄ�[�ÍyÂ�~º�Î

�
Û�-��	
%Ö	�=O�%@a� ��[BdÀ�%ÝS�T*U¦�:

C�b-T²¾¿�¢õ�?�%-%����	
�����:���-B��î\ÞÝ

��ú����Á�����	
�íiÃÄ�[B�,%8�:��_C�C�é���

��' 

Machado and Tonneau (2012) �-3N����	�'Pn-íi�ÝU�stVW�¤

ÕS	�¡¼[�9Dã-äåÛ��*T*U[��
��2�	÷¦DB:� íi

��C��%8n-1S	�µ¶T²´;��e*f��: (e.g., Iversen and Mogensen, 

1988)'©�-T*U[��
��2�st¦D� �
îíi%8��[B?-�

ã Lag25 %���õ1/��íi%8�� ';S	%Á�¦D�QRèé��� 25 S

	��2� 15 èé�r�� -10 èé�r�� '0/�QRèé�~º:�íi��

 -�D�?èé�"�ae.g., èé�ÝP*-;�ïðQRÕ-=4Õb�1�íi��

� oÌ%&�'�[B-v�-�ãTâ 5�ª«-st:)�QR�vw���ë

�B 1�Ô#%² 50S	��2 30S	%c��èé��À�C����%&�'C�ª

« 6 @�èéé9�PQ4�º»�Dã0B�stu��������%&�'yÂ�¹

����� 6 @�èé�PQÁ�%8�:�:����"YÛ)Ê[:'Neuringer �

íiß�������¹��Ò·[B:� ���%-Ü°���èé�
Û�íi��
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���yÂ¢�%�B:��né-���Õ.�èé�PQ4��t¦m�D�û��

yÂ¢��:�éÓ� ' 

Marr (2012) �C��Ì� Chomsky���4�ëw��	��dÀ%-"�y�Ý]¿�

������%@-;���Ì�����¦h¦D�?�%&*-m:L:��D�³Ý

N�"Y[B:�C�Ò¦D�é9%-"|¢�û�"��:�����'�D��[-

Machado (1992, 1993) �M44�Ì�[BstäåÛ�1�1ÎÏº»�gh[B:�'

�D��Dã-st�Ì�4�-?�_[��:�
�vw��rLÛÜ�-�*�_[

F�:�
��p¦D�rLÛÜ:'QRH����º»Ã��[B��tst�	

:s��D-s�QR_C�º»Ã��t�p¦DH��D�'ô
N%�-0B�º»

ÃE�	
Î[�s��*-QR�
Û�;OÜP�'Machado and Tonneau�C��

Ì�-staSb�QRaRb�öJ��qÔC���[-stäå��QR�s��C

��´�[�:N�sÉ��-Marr �C�M4�Ì� Neuringer ���4T²¾¿�


n°ÝN��]^�#$N��[B:�:� �PéÌ� %��:�����' 

Marr (2012) �	
�
ÛF��Û�QRSTU�1��C�%8� �:�#$�-

½tµ¶T²´ae.g., ���C�-oçE|Ù (relational frame theory) %Íoçº9

�C�Î-k���C�aattendingb-�Ý��W�C�- Úy�EW1��b�dÀ#$

�1��'½tµ¶T²´�l{P[��¢4%23�VW%&�-�éæ¹���%8-

¹��(9�C��[�-x»¯�"�	
?�Ì[B[P�¹��asuper-unitb%&

�'Marr�ÁÂ���[B	
�>��i¦m����8��·� 1@��>����@

:B�������C�%&� ?[D�:�����'	
����@:Bw�C��

û��h��� '�D�#�C��h�%@�[B-����������?��¦D

�� 'P�������D��[:����t��� '��L2B�*-C����N

�	
����V�ÁÂ��������r:���B:�' 

 

�����()�*+,-./0��	
����12�

 

	
�
ÛÁ/��X4�|1�Î9����-�Dµ¶T²´%&� ´ �\Ù

������Ó��?-	
�
Û�����	
¢õ��*�À�?�%&� �

)#�[B8*-�Ì��	�¦D�'CD�X% Barba (2012) �~êÙÚE'y²´

�U[��AB���ú"ú��N%&Ó� (Holth, 2012; Machado and Tonneau, 

2012; Marr, 2012)'�tst�����V�����DB:�;��[B-st��

4%&��-@P*st�11:ª«û�-	
�
Û?á�¦D� (Antonitis, 1951; 

Boren, Moerschbaecher, and Whyte, 1978; Tatham, Wanchisen, and Hineline, 1993; 

Tremont, 1984)'��������\J �-Gharib, Gade, and Roberts (2004) �Íø�

�Q	�Þ��C�aë:ê���-ø�gÒ�@:B� S
��à%�b	
�
Û�§

�¦m-ø�gÒ��� º�û�	
�
Û�Þ/¦m�Î�:�ß��g�[-TÔ



21 

 

´�Ì:-°aÝ¤[%w����
Û¡ªU���Ý�à%1:st�������

�*�8��
��C���
[B:�'Cherot et al. (1996) ?stugÒ º:B�

��[��B�
ÛÞ/��»¼\J�øù[B:�' 

C�N�o¨[B-Wagner and Neuringer (2006) ����kl�h��'C���%

�-�tst��*�ÝUT\²��	
�
Û�Ü�1%c�� 3 Q�,�[-st=

>a��&stvN\¿Bb´b�����7�� �¾¿[�'\J� 4N�P���

D�'Pn-QR��:nD�Q��:B?st=>V&��[�:Þ/[�'! 2�

�ÝUT\²��	
�
Û�Ü¦�QÑ���m�D��tst�äåÛ�RÀB�P

��'@P*�Ô#%²0/�	
�
Û�ÜQ-?Ü�-�Q�õ1��*-1Q%

-?1����'C�Q���
Û�Ü¦�õö�st=>�YZ��?�t[� ��'

! 3 �st=>�äåÛ���;<j,1�D�'	
�
Û�ÜQ%�=>§��

@D�
Û1à[-1Q%�!��
Û§[B:��'�Q%��
Û�û�"��Ê

�� ��'! 4 �st=>�MÊ*�-stvN\¿Bb´�YZ[�ª«�1Q��

Q%��
Û�ìíst=>YZ��YA�2�'P� 3 Q�AB��:B-N\¿B

b´��V&�õ-�
Û1àO��Ò[�' 

� C� 4 �l�\J�	
�
Û��[�äåÛ���BV�û� �øù�æ��	

ö¯PDB:�C��Ò·��'��	ö�[BWagner and Neuringer (2006) �U�

��Ý�áY-P��á�����¸µ¶T²´4�øù�¦È[B:�'¡����Ò

[B:������st��ì-�1@8-��[���	
�+8_C�'CD��	


�U���Ý�áYÛ	
 (schedule induced behavior) �cãD-	
�stu�o¨º

9�£��äåÛ�ÎÏ[�:"�-��4��Ò¦D�stu����4� �oÕ�

[B�t��aStaddon and Simmelhag, 1971b' 

Wagner and Neuringer (2006) �-C�áYÛ�IJ�@:Bst���  (inter-

reinforcement interval: IRI) �%-¯�����Þ����ß���C�%���»¼�

\J��Ì[�'stgÒÅv��	
�
Û�áY��IJÜ�-"©stu�gÒÅ

��	
�
Û�áYIJ�-?1���'IRI �-v�=>�À�ª«��QR� 

Fm���� IRI ��=>���P%%&�'"�-stvN\¿Bb´�À�ª«�

�-IRI��üQ�QR������¹¦D�'=>�ª«��-Á�¦DB:Dã	


�
Û�áY1 ��%&Ó���%�QR�¹¦D-N\¿Bb´�ª«��-	


�
ÛÜ�áY¦D�%&Ó���%�QR�¹�¤9�'��V�¸¹Î[:�

�ã-áY¦D�	
�
Û�st=>¸¹%�-N\¿Bb´¸¹�*?Ü���'CD

�-¦È%�,¦D��Ì�¯�?�%���-���OÛ�!v���¾¿¦D�A8?

�%&�-CDP%�	
�
Û����c��XNE�"#�[B~��C�%8

�' 

:nD�[B?-CDP%�	
�
Û��tst�����Æw8¤¥%&���

�-\J�����[�[B:�¨&�éÓ�'Skinner 	
�o��»¼��Ý[
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�ÍQ�z-�L
î�,:-�Lµ¶T²´Õ�cãD�	����[�� '�D�P

n�¿�56�	
�����C���*-p|����½�3�?��¤¥�56��

9�-6´�¯�¡��
î�	
�üì��{|�����C�%8��¦�� �

%&Ó� (Mazur, 1998, $�³¯�8«%, 1999)'C�<&�z���ã-!v-	
�


Û��Å¨[B:�C�¤¥�Æw8��/[-�*�¿t��C�	
�
Û�

|��'}�� 1@�()����gÊD�' 

	
�
Û�ÈÆw8��¿t�����-2@�N�@:B���A8%&�'Pn

1@�QRèé�º»Ã�[BÌ,��C��F��A8%&�'Æw8%QRèé�Ì,

��é9%?-:)�£Û��%8-�Dé9¤¥¦§�'�ã-ïð�°aÝ�µ

¶T²¾¿�[B����QRèé���4£Û�[B-èé�Ë��� L QRÕ-R Q

RÕ-L� R�èéó%���-QR=4���-èéÁ��	[���-°aÝ¤[�	

[�¢F%w����&�'P�-èé�;�4£Û�[B-- Á�¦D� nèé��

2�O*èé����_�1F-;��_�1-O*èé�dÀ=4�_Õ�%@èé��

_�1-dÀ LQR�_Õ�%@èé�;��1��&�'2Nl�[B-¢p�Á�[

�QR�CD[�¯%~í�(����tstU���Ý��Ì,��C��F��A8

%&�'!�@A����-�tst�����3�	
�
Û���-&�:��ts

t�à%�����	
¢õÏô��� �@:B�¾¿�8¦D�PP%&�'/�

��?�tst���;��[B�	
�
Û��¢����Ò¦D�"�-;0�D�

¯�i��1�D�:��-C�ÈÆw8�CéÊ��	?�:'QRèé%���.)

�µ¶T²¾¿�º»Ã�[B(�[-P�º»Ã�-1�	¸¹%&� 2 @�[-¢p

�Á�[�QR�CD[�¯%~í�(����tstU���Ý� �-�*�¿�s

tU���Ý�EstäåÛ��ß�Dã-�D�-:Ê7���U���Ý�x$��*-

�í4�º»	
���Æw8� º�'2@�µ¶T²¾¿�(�[-�D����st

Y�qj��Æw8�,:�ª«�?-CDP%�QRèéº»Ã�d:�N%�tst

�IJ�¾¿��C��rL%&�'�����¤¥����¦h���	���-��Q

RY�kl�Dã�:'QRY 1:1� K[�ª«-Î��Û�~í�L�¦D�C��

��'@P*-��U���Ý���:B-Î��Û�+;Û�#�C���Dû��h�

:C�%��:'[ [-C�Æw8x$��:Bº»	
�������
��� -Â

QRÁ�0�æRz%&�� -û� �QR}NÝ²Ïô��� -QR}NÝ²

Ïô����Dã-�D�������Ì¦D�A8�� 'C����#:�þ���C

��	
�
Û�������,Å��� ?[D�:'C����ÇN �-©X��:

Bº»	
�!	���i�E-$�,ê��' 

 

��� ��������������	����� !"#$%��

 

� Herrnstein (1961) �� 50;�Ê�*º»	
���	
�>���	�ÜÝÞ� 1
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@%&*w9B:�'��.�� Herrnstein�ÞÔE²âyz���-�"�	
�*?

�[Óº»	
C�	
�~M�1�����	
Ç-P�-�����ìí��>��

����A8 �@:B�/X��XÙ0-	
�$�F	
¡1����#ØÉ4���

�ý�-���ÜÝÞ&*-��ú��h�2_[w9B8�'�%�ÞÔE²âyz�

º»	
�o��iØÙÚ�¡Õ&*(Davison and McCarthy, 1988; Fisher and Mazur, 

1997; Grace and Hucks, 2013; Miller and Grace, 2003; Nevin, 1998; Staddon and Cerutti, 

2003; Williams, 1988, 1994)-Ø3���Nf��:B?-Ü4�5Ø (1982)-5Ø�Ü4 

(1982)-6) (1983)-Å7 (1989)-8��³¯ (2011)-�[B 1997;�	
�>���

��9�£l9 (º»	
���i�) ���iØÙÚ�%�×f:XN �º»	


���gh[B8�'ØÙÚ%�ÞÔE²âyz�¾¿���%���-	
�
Û�¾¿

����º»	
���Ò�B:�B1�:'	
�
Û�[B�����-QR����

��û;-:@-�����	ö�øù���� �:��	
��¢�i�	öij`�

����'�Ô#%²ó��¢�¢õ�kl����:�N��:B-<�BëG����

ã-�X%���-/X4�XN �!	��Ekl��'��:�-C�º»	
���

���ÞÔE²âyz=8��w�C��%8�:�%-©X%Pn�P �ÞÔE²â

yzE>D�' 

	
�
Û��tst���	
�
Û�stäåÛ�qj���B§Þ¦m�C��

r´�MN�OBB:�-stäåÛ��*Ï%¦DB:�	
�}NÝ²F�¢¢õ

�¯��*"½t¦m���ã-	
¾\?$SUabehavioral dynamicsb�d����

�@�¦D�'Marr (1992) ��Dã-	
¾\?$SU���¡��c���ÇN�%@

����%&�-	
��t����t�?���¸¹�y@�]^��l������

%&�'¾\?$SU�	
��t��h[-�t�	
ÒÐ#$�&���-?Ì� 

�;��:��'ÒÐ#$��-&�st¸¹ �i�st¸¹�AÐ��ª«F-st 

��pE�Ê���	
�tF-QR�����Bà�D�'[ [-�â#$�QR`

	?P�¾\?$ÔS#UÜ¿adynamic systemb�ÈC�¯PD�aLattal, 2013b'

�ã-Hoyert (1992) ��â#$ FIU���Ý��QR`	�£´º9�QR�¢�PQ

�����t�y@�����¸�ý¾\?$��#UÜ¿a�µU¢õb�Ì��' 

�m�D�äåÛâ�|�^*�7���¹��:'Zeiler (1977) �Å��Õ���

�Õ�[BstU���Ý�%7��Õ�Ài[�'�ã-FRU���Ý�%QR	÷

n�Å�4%£�¦D��Õ%&�'[ [-QR������  *-Y�	÷���

����-stugÒ������4���B:�'QR�st��
4�;<j,��t

�y@�� 1 @��y�[BãäÝ`aÔSoÕ&�'Y�U���Ý�%�st��

QR����BÅ�4����D�'ãäÝ`aÔSoÕ���:u�£���P4y@

%&�'�â#$��:B?�AB�stäåÛ-QR�;<j,�w9-\J�[B�

À�
4Ûá�ý4�	
�ÉâF��DE�¯�¾\?$��#UÜ¿%&�'Ø

ÙÚ%�-	
�
Û��� ��¨wÛ�Î9[B�â#$��9�QR�RzÛ�i
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j�ÖN���-C����XN �-ÒÐ#$��â#$�:��J�:0�F�[�

?���1�¦�:' 

�  

345�678�

 

� º»	
�����N�[B+,¦D�C�¡:�� Hernstein (1961)%&�'º»

	
Á/�²�� Tolman (1938)  TGH���	���,[»¼�}�B�*-µ¶T

²´»¼Õ%��U���Ý��Ì,[�»¼øù?CD���?&��ae.g., Ferster 

and Skinner, 1957; Findley, 1958b'[ [-Herrnstein;ôÈ4�Ì,¦D�Æw8

E-?s�øù�æ���¦��D�'Herrnstein ��Ö¨Iv �T\´%DJ¦D�

2@�ñ\�è��»¼ÕE�K�î´�ZDB»¼�	��'Âñ\º»Ã�Ô���


��avariable interval: VIbU���Ý�L*-U���Ý�h(�[�Åô���

¡¢v�QR��[BstuäågÒ¦D�'QR�3*4�����-QR=4}NÝ

²�ý��Mú���-?[V��º»ÃE VIst	N¦DB:��[B?-3*4�

Åv�QR�3*4�=>achangeover delay: CODb�¡¢v��1stugÒ	ÊD

�'CD� VIU���Ý�%�"��º»ÃE�Oô���oÕ�[B3*4�Åv�s

tugÒ¦D���§�£´&���P¢%8�:N%&��'Â»¼¸¹� 2 @

� VIh�Y�qj[B	ÊD-QR�^�[��N%©�»¼¸¹EÐ¦D�'��\

J-Herrnstein (1961, 1970) �Âñ\EÁ�[�QR�O«�Âñ\ ���D�stu

�O«E���Î[���C����[�'CD�ÞÔE²âyz�c&-©����P4

s;%Ò[�' 

 
� �

� � � �

� �

� � � �

=

+ +

 ............................................................................ (1) 

 

P��- 

 
� �

� �

� �

� �

=  ......................................................................................... (2) 

 

CC% B�QR�-R�st�-Q���º»Ã�Ài�s�' 

� ��v���ú��ÞÔE²âyz�R<�gh[B:��'Catania (1963) �QR�

�stP�ÞÔE²âoç�-Chung and Herrnstein (1967) �QR��st�S�Û

aimmediacy: st=>�!Õb�ÞÔE²âoç� Holland and Davison (1971) �

Miller (1976) �QR��stu�á�ÞÔE²â�øù[B:�' 

 

 
� �

� �

� �

� �

=  ......................................................................................... (3) 
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� � �

� �� � �

� �� � �

� �� � �

= = =  .............................................................. (4) 

 
� �

� �

� �

� �

=  ......................................................................................... (5) 

 

CC% A�stP-I�stS�Û-D�st=>-Q�stu�á�s�'��v���

�º»	
�y@4EW1���[-�*"½t�}��C��T�B:��'Baum and 

Rachlin (1969) �;�QR��*?;���ì��*ÞÔE²âoç�Q���C��

øù[-QR�aB1/B2b�Y�QR��ì� (T1/T2) �Y��8ê��C��gh[�'

Baum and Rachlin (1969) F Rachlin (1971)-Killeen (1972) �stu��FP���Û

á�P���¨\ÞÔE²âyz (concatenated matching law) �ýA�y@[B:�'

Rachlin (1971) %�©A������' 

 

 
� � � � � �

� � � � � �

� � � � � �

� � � � � �

= × × × =  ....................................................... (6) 

 

CC% X�st��-P-=>�3�stu�Ûá%&�astu�á?CC�¯PD�b- 

¨\ÞÔE²âyzs;[B:�C��-º»QRYa;�QRP��;���ì�b

stu�gÒ�FPF=>���Ûá�®«[�¯%�5h�Y�Î[:�:�C�%&

*-ÞÔE²âA�: ��st��ÕE?¥ô4� ,rL%&��:����Ú9�

æ�B�*Ö	�VW4}i���B:�' 

� ÞÔE²âyzst�:)�Ûá��[B�I%&�"�%-³ÝN��-.�ÞÔ

E²â ��UV�o��:�@ �<JÇÈ¦D�C���DB:� (Baum, 1974, 

1979)'-?��ÇÈ¦D��¢ZÞÔE²âaundermatchingb%&*-QR�O«

st�O«�YAæÏi� º�UV%&�'@P*-;�stO«�': (rich) º»Ã

�a: (lean) º»Ã&�ª«�-ÞÔE²âyz"|���*? lean º»ÃE¡�

QR�	�'CD��[¢�ÞÔE²âaovermatchingb�ÞÔE²âyz"|���

*?QR�O«� rich º»ÃE¡���'3 @l�UV�a\BU (bias) %&�'CD

�¸¹�%Âº»ÃE�stY�t[B?-ÞÔE²âyz"|���*?"Y[B

W��º»ÃEQR�	�'Baum (1974) �CD��UV�ÞÔE²âyz�"½t¦m

�C�%|���(�gh[�'CD�"½tÞÔE²âyz�[B��DB�*-©A%

s�' 

 
� �

� �

�

� �

�

� �

⎛ ⎞

= ⎜ ⎟

⎝ ⎠

 ................................................................................. (7) 

P��-�Õ�ê�	:- 
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� �

� �

��� ��� ���

� �

� �

� �

= +  ............................................................... (8)  

 

CC% b �a\BU%&*-��ºÊ����st��æoç��t��QR�Y��Õ

�s[-a�st�E�Í¤Û�s�}TyÝN%&�'"½tÞÔE²âyz��`4�

��ÕýAaA 8b%Ì,¦D-XÒ[�ª«-QRY��Õ�stY��Õ��ýoÕ�

[B�t��'�Õ�êv�-a�O8-b�3W��R[-a = b = 1 �ª«� Herrnstein

�ÞÔE²âyz�{`�"ú�� (A 2) '¢ZÞÔE²â� a�h 0�¯ 1�à-¢

�ÞÔE²â� a�h 1�¯-a\BU� b 1�3�ª«�����C�%8�' 

� Herrnstein (1970) � (A 2) "½tÞÔE²âyz%y@¦D���ã-¨\ÞÔE

²âyz (A 6) ER,¦D�C��¢£�Ò|¦D�i�%&�'1 @�a\BU}Ty

ÝN (b) �-Âstu�Ûá��R[�Í¤Û}TyÝN (aR-aD-aA-aX) ���B"½

t¨\ÞÔE²âyz����'C���"½t�ÞÔE²âyz×f:º»x$E

 ,rL�¦m�C�%Ö	%&*-C�XN�¯�-=>5hO+��&ÁY��Z


Û���}i[B:�� (Ainslie, 1974, 1975; Rachlin and Green, 1972, Rachlin, 1995)' 

� P�-i�Ö	�i��-Herrnstein (1970, 1974) �D4� 2@�º»Ãx$%�2

�B�ÞÔE²âyz�¸�d�º»x$-�ã 1 @�ñ\EQR��� [�: �

º»����"|E��[�C�%&�'»¼Õ���î´�ª«ñ\�@@�C�%s

tu%&�^_��A�KÛ���D�-��V�?¬º�Ó:Fij-÷[���:�

�	
�?���O:B�*-�����	
�ü�B:���4�stua&�:�

Premack`stu, Premack, 1959, 1963bV�&��ß���'ÞÔE²âyz�;�

stO«�RÀBQR�Á����%-C�ª«�ñ\E�QR�aB1b���ñ\E�s

t�aR1b�-��V�	
E�st��«�aReb����º»	
�[B©�����

At%8�' 

 

 
�

�

� �

��

�

� �

=

+

 ................................................................................... (9) 

CC%k�}TyÝNY�Õ%&�'Herrnstein (1970) �Catania and Reynolds (1968) 

�³ÝNE�A 9�OB�P*�ÉA-de Villiers and Herrnstein (1976) �ß�:)�

<-µ¶T²´QR-stu��:B?¾¿[-:nD?OB�P*�'Ê%&*-Ü:�

ç�Ì��Ò[�' 

 

�����9:;<=�>?������

 

ÞÔE²âyzg�¦D�ÍQ� Herrnsteina1970b���A	
�y@�[B�

���,%&��:�é9%���-�Ì|Ù%?&��1�[B:�'�����º»ª
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¨%?a»¼Õó%?�3%?b./�&�º»Ã ���D�st�5h�Í¤[-º»

Ã��5h�YÇ�RÀB	
�ì���'C����w��ª«��-CD�����U

���Ý��»¼³ÝN�y@[��:�C����P�n-C�yzÁ/./�º»

	
�"½|Ù%&��:�ß��g�[�C����%&Ó�'[ [-ÞÔE²âyz

��� 1 �Ô#%²�»¼³ÝN�®/-@P*YÇ4Ù:���ÇÈ�~º:B��¦

D�'����-�Ì|Ù�[B�ÞÔE²âyz���X4��|Ù�1�¦D�'[ 

[-»���Ô#%²ó%./�����	
��t¦mB:�� �@:B�û?w

��:'?[ ���-./��Ô#%²ó%û i�{|�~º:Bº»	
�	:-�

�\J�[BÞÔE²âoç��[B:�� ?[D�:'C����ÞÔE²âoç

�����	����*?[:��E%c��{|�i�|Ù��/X4��1�¦D�'

CD��c&��YÇ��|Ù�;�4����DB�*-&�P%?\4�?�%&

�-�X4�Ì�/X4�Ì�;]º»	
������ 1 @�O��ýj�B8�

�:��%&Ó�' 

¦B-ØX��X4�Ì�/X4�Ì��2�^?�[: �#����(9�D�

Ê9%��:'C�Ú¦��:Bº»	
����	
�
Û�����y@¦DB8

�%&Ó� '��Æ *�þ:-P��B:�C��l4�[B:�'�à�º»	


»¼x$��9�	
�
Û�Æ *�æ��!	���VÇ[B:�' 

� �Ì|Ù�[B�ÞÔE²âyz��[--Í�gh¦D�/X4�Ì� Shimp (1966) 

�Ì�-�t (momentary maximizing) %&��'�D�-./�º»QR�Á���Ì

��-st��-&�:�st�5h�-?Ü:º»Ã�º«�����%&�'Ì�-�

t�£´�ÞÔE²âoç��[�ª«�ÂQRÁ���-�t�����º»��

¦DB:���-./��`4�èé}NÝ²�Á��T*U[B:�%&Ó��"|�

�C�%&�'�ã-2 @�º»ÃE�stY 1:3 %&��ª«��st���Ü:

richº»ÃE 2�QR[-leanº»ÃE_�QR��C��T*U�C�-��Ê2 B1 B1 

B2 B1 B1 B2 `�:�èé}NÝ²ý�¦D�%&Ó�'�çS	�����x$%�C

����-�t_C*F�:C���DB:��� (²[��Å7, 1987)-Shimp �

î´�,:B 3ñ\�%@»¼Õ%-4@�»¼�»Ñ[Æw8�ab4�ã/[B:�C

�%-»¼ 1-2��çS	x$ �-»¼ 3-4�ãëÝµ¶T²´x$E º9B:8-

Ì�-�t�rLÛ�¾¿[�'Pn»¼ 1 %�cS	�dñ\�@@��-·§�ñ\

Nò��':nD �ñ\�� 3/4%st¦D��é-Nò��s���B��S	

%�2��ñ\st¦DF�: �¬9[�'/[� rich ñ\�º»[�ª«-�)s

tugÒ¦D-��v�S	���aITIb�e"%�dñ\Nò[©S	EÐ��'

stugÒ¦D�:º»Ã�º"éª«��f/S	��*-ñ\�s�dÀPP%Ï

%¦D-/[�QRÁ�¦D-stu�g¦D�P%w:�'S	�stugÒv �

©�stugÒvP%���¦D�'»¼ 2%�-»¼ 1� ITI���[-ñ\���aï-

ðb�st���Ð�[a�DKD 1/4 � 3/4b-»¼ 1 ����â��2� �ñ\�s
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tu	N¦D��%���-�� r%	N¦D�'stu	N¦D�v� leanñ\E

QR[�ª«��-ñ\�sh �is��Ê��'[��B-ñ\�sh�PP%

&�¹*-ïð�st��Y� 1:3�PP%&�-is��Ê��ª«-ñ\�3*4�

���� 1 %stuæ��D�'hs�ñ\E�QRº»QR�[Byz¦D�'»

¼ 3 %�-»¼ 2 �Æw8��2-ñ\�s����qj���[-�ABñ\�hs%

DJ¦D�'C�ª«�-�� VIVIU���Ý��dÀ���-&�ñ\EQR�[w9

�û�-Q�§�ñ\Estu	N¦D�rLÛÜP�B:�(Findley, 1958; Skinner, 

1950)'»¼ 3�-�tèé�stugÒv RRLRRL�T*U�C�%&*-��\J�

[BÞÔE²âoç��D�'»¼ 4%��� VIVIU���Ý��d:-=4QR�È

�st�Mú��-stu	N¦DB:�ª«�-3*4�v! 2 QRst¦D��

��[�aChangeover ratio 1: COR1b'C�ª«�-�tèé� RRRRLL�T*U�C

�%&�' 

C��������x$ �ö)��� VIVI U���Ý��£´EÐ[B:��"¨

�»¼%-"|¦D�-�t�O��"ú��èéAZP��D�'»¼ 3 � 4 %�¦

��0/��1�ÞÔE²âoç�Ò[�'�é[-»¼ 3 %�-�t"|���*?

��3*4��N\$²â[:=4QRO� RLRL F-���Ù:T*U[QRO�

RRRL �:��èé?��_8�C��
¦DB:�'»¼ 4 %�=4QR��_�û

�"������-T*U[O��ÎÂ�[B"|�*?Ü�_8B:�' 

� Nevin (1969) � 2ñ\�%@î´,»¼Õ%-1@�ñ\�rs-?� 1@�js�D

J[B»¼�Ý[�'1QRÁ���� ITI 6kÅZ¦D��çS	x$é��'P� 2k

�ñ\@@8_8�9Dã ITIEÐ	[�'jñ\� VI 1�-rñ\� VI 3�-ñ\�

s��& VI U���Ý�����S	Ñ��T²¾¿��ß¦D-VI st	N¦D�

ª«�©S	E%2ô¦D��%-C�Æw8�à%�W��ñ\ElÂ�QR[w9�

é9%stu��AB�g��C�%8�'23 �Ô#%²¡¢[B»��s:��ºÊ

_8�'�C%-3�¡¢Ñ��s������C��[�'��B��� 40�Ô#%

²Ûn[�v�-10�Ô#%²�p[-Ûn¸¹��[ 15�Ô#%²»Ñ[�' 

��\J-QR��a2 k��QRÁ�b�ûH 100%-�p�� 0%P%����2-

richº»ÃE�QRO«� 75%��*ÞÔE²âoç��
%8�'richº»Ã����

�t¦m��v%� rich QRO«�YÇ[��CÓ-��3*4Ê��v%?����

��Ð���O��Ò[�-QRO«�3*4���YA�»��2��%-0�íim

n�����Ð�[w9�Ê9%�� ��'"½4� VI U���Ý��Å��stug

Ò ����¡¢�oÕ%©�st_C*F����-richº»Ã� leanº»Ã�*

?�*��strLÛÜP�B:��%-»�� leanº»Ã �st���O«�Þ�

B:��"|%8�'�>�\J-� � leanº»ÃQR���B�À�st�O«� 0.5

 � 0.15P% 9S	���Þ/[B:��'[ [-QR�dÀÞ/O��Ò�C���

�-é:�: 0.25õ1%"�%&��'@P*-C�½¾stäåÛ�½¾QR�WÊ�
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 ��'P�-�� VIVIU���Ý�%�V�º»ÃE�Oô���oÕ�[BQ�§�

st���¯�B:�'richº»ÃE�QR�¨waQR¨bÙ���û� leanº»

ÃEÐ���8�st���ÜP�B:�'[ [-rich � leanEÐ����j richñ

\E�QR¨�oÕ�[Bà�B:��'[��B-CC%?-Ì�-�t���*�

CÓ���½¾stäåÛE[��QRO��Ò¦� ��'@P*-Nevin�0/st

Y�dõ1����QR�ì���C�%ÞÔE²âoç�����
[�-rich º»

ÃE�QR¨�oÕ�[B leanº»ÃE�3*4����Þ/[B:8-richº»ÃEO

ô[w9�O�ÜP�B:�C��Ò[�' 

Silberberg and Williams (1974) �-�t�èé}NÝ²Á�¦D�����¢p�

QR�yÂ¸¹%&����[�'î´�Ì�� 2ñ\º»Ã%-ITI� 1k-22k-

120k% 3Q��9BÛn�	��'��U���Ý��Ì:-"��º»ÃE�QR��

��&�V��º»ÃE�st��¯��'ïð%st���§�Y�c���'Ì�

-�t»;����=4QR�	:;�QR�1 0.5���ª«é��'\J-ITI1k

%�Ì�-�t�O���D�-V� ITIQ��2 22kQ%�ÙQÛn�¡¢��?

�Ì�-�tO��Ò�./?:�-22 k-120 kQ�ÞÔE²â��D�"�-Ì

�-�t���¦D�:O�0/�[B&��'C�C� � Shimp�Nevin�\J�

r:� ITI�r:%&*-ITIÙ:ª«��ÍmnÎ�À�C�|?�¦È[�' 

¦��-Silberberg, Hamilton, Ziriax, and Casey (1978) � Shimp � Nevin%Ì,¦

D����r:�kl[-ÞÔE²âoç�&��â#$%�	
�
Û�y@����

S1�'»¼ 1%-Shimp � Nevin �Æw8%î´�Qi��9þS[-Shimp �èé

AZP�>�-Nevin �QR¨�oÕ�[B�3*4�QR���·����,[B�>

�	��' ��\J-ShimpQé9%��-NevinQ%? Shimp (1966) �Ì�-�t�

:0%��:�[ÓW� �2%¸¹28���t[�'"�-Nevin Qé9%��-

Shimp Q%?QR¨�oÕ�[B3*4�QR���-rich QR¨ �� lean º»ÃE

�3*4��"�é��"�-leanQR¨ � richº»ÃE�3*4���[B�¨�Ù

¦�oÕ�[B3*4���Þ/[�'CD���Ê2-[:¨% rich º»ÃE3*4

����Ü:�é-̈ Ù���û�Ð�O�aperseverancebÜP�B:�C�?

Ò[B:�'Nevin (1969) �C�O��@:B-¨Ù����@D;�st�1?]�

[BÞ/��C�%�Ì[�'[ [-Shimp �Æw8���U���Ý�� :��-

���oÕ���Bst���t��C���:'�D�?  Ê�n-d:�¨�oÕ

�[BÐ���O���D�'CD�;�st�1��t�]�[�:'Nevin��Ì 

�Y8�¦D� ShimpQ%�3*4����>�"|�-���¨�Ù¦�oÊ�nìÅ

�o�D�C�%&�'[ [»�����%�� ��'�C%i��*�¿�����

���-stäåÛ������æoç�º»	
`	���Ð�O��R��_�

��:�C�%&� (Morgan, 1974)' 

Silberberg et al. (1978) �-�çS	Æw8�V���U���Ý�aCOD&*-COD
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�[b���¨pU���Ý��Í5�@:B³ÝN�gl[-CD��Æw8à�º»	


�A«4�y@��v³��[B-yÂ^TÝ28-�t�QRÐ�O���� 2 ¢õ

��gh[�'~Ø4��º»	
�yÂ^TÝ28�-�t�[��-�)��4�

QRT*U[�	�#$EAÐ���[�' 

Silberberg and Ziriax (1982) �¦��-
î./�U���Ý�E�QRÁ/�-�t

�[��Bì����%���-Âº»ÃEQR�����ì�¦m���-�t�¦

mB:����/X4-�t�g�[B:�'����� VI VI U���Ý�a1 �� 3

�b%��QR³ÝN �-º»Ã3*4����ainter-changeover time: ICTbÑ��

QR�_����>[��CÓ-richñ\ � leanñ\E�3*4���� ICT��t�

�[B-����"�%&*w9�-leanñ\ � richñ\E�3*4����-[:

ICT%��Ü�-Ù����[��Bö)�Þ/[B:��'dU���Ý��#$�

°Ý#%²[��CÓ-richñ\E�3*4�v�st��� ICT�oÕ�[B&P*�

t[�:-lean ñ\E3*4��Åv�st��¸â�Ü�-ICT V&��[�

�B�Ä�1à[B:��'C� ICT QR�p�st�p��R �-./��� VI VI 

U���Ý���9�/X4�stäåÛ�Í¤Û&*-CD�þq[-�tO��Ò

[B:��[�' 

CCP%�!	��Ò[B:��â#$�&�º»	
��
Û�£´�-��Ì�

-�tO��À�C��&�-�n[?â���O��À�Ê9%��:'P�O�

��D��[B?-�Dû�Ì¶%��:ª«?¡:'¦��-ÞÔE²âoç��[

��[B?-Ì�-�t�À�:ª«�øù����?/����: (e.g., Herrnstein 

and Heyman, 1979; Herrnstein and Vaughan, 1980; Nevin, 1969, 1979)'C����#0

�¾¿���-Silberberg et al. (1978) �yÂ^TÝ28-�t�~��[B#$�°Ý

#%²v³����[�-~Ø{|�-�t�ò,���	��:rLÛ?&�'

Herrnstein and Vaughan (1980) � Vaughan (1981) ��â#$%ÞÔE²âoç��

����y�Ý]¿�[Br©Ò'|Ù (Melioration) �gh[�' 

 
� �

�

� �

� �

�

� �

= −  ..............................................................................(10) 

CC%-RD� L� Rº»Ã ��½¾st��Ï-RR-RL��DKD�º»Ã ���

D�stuÕ-TR-TL�Âº»Ã� F[����s�'?[-RD/��ã TR-¯�

�ã TL�§F����-Ó¼/���ì�[B:��[--�4��½¾st��Ï

sD�����CÓ%	
^�[-C��-�������ÞÔE²âoç����

(Baum and Rachlin, 1969)'r©Ò'|Ù�-º»	
��%"½4��� VI VI U��

�Ý�é9%���-�� VRVR U���Ý�F����x$��:Bst���Ü:º

»Ã�ûH"Y[Bº«	
�"|?	�' 

� r©Ò'|Ù�#$N�[B-��E�������8¦�(�[-½¾st��t5�

�� �:�N�@:BÚ9oÌ¶�NBà�D�'Vaughan (1981) %���E� 4
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��[Bt5�	��-��V���E%���������éÓ� 'Silberberg and 

Ziriax (1985) � Vaughan (1981) �Æw8�@:B-��E� 4�� 6k� 2@�¸¹�

(9B»¼�	��'C�»¼%�-Â¸¹%(�¦D���Eóa4�P�� 6kb%�

ì���-"��ñ\�»�Ba75%�¯b:�ª«�-©���E��9�st�Q

�§�ñ\%4[�Ü��*-�D�3���4�ì���é��ª«a25-75%b�-©

���%·º»Ã��st��Ï�� ��'\J-4�¸¹%� L � R�stY�r:

�oÊ�n���� RD = 0 ��*-r©Ò'|Ù�"|���*����'6k¸¹%�-

stY�oÕ�[B RD�����ý��t[-r©Ò'|Ù�"|�ü%[� ��'�

�EÑ����¦D�;�ì�����_�p���4�ì����*?·ý��:B�

1Ü����'CD� Silberberg and Ziriax (1982) �/X4-�t�"|�"ú��'

�L����4���ì��*?·ý4���ì�Eæ��D�½¾st��Ü: �%

&�'Siberberg and Ziriax�
î� 4����E��:B�-¢p�Á�[�QR-�:

[��ì��yÂ%8n-^TÝ�À����-�tO�uÊDB[P����[�' 

Baum, Schwendiman, and Bell (1999) �Ô�`��� VI VI U���Ý�� COD�

�æ�¸¹Ñ��qj[-P�i�¸¹%�-ÎÏ` (Stubbs-Pliscoff, 1969) ��� VIVI

U���Ý�� CODæ[�³ÝN�gl[�'"½tÞÔE²âyz'Ê�����C

���
[-©�i��>Æy�[B-Rich º»Ã� Lean º»ÃE�9-�DKD�º

»ÃE�Oô��aVisit durationb�Oô��QRÕ (pecks per visit: PPV) ���BZ

�[- Rich QR� Lean QR��ÕY�oÕ�[BXÒ[�'Rich º»ÃE�ºÊ�Y

[B RichQR�����ý�§�[�-LeanQR�û�"�§�n-COD�:ª

«�� 1 ��Oô�@8Åô 1-2 ��QR�1-COD&�B?Õ�§���1%&�

�'@P*-Rich º»ÃEQRüì4�_C*-�v Lean º»ÃE[�"��QR�

	�O�&*-Baum et al �C�QR}NÝ²� Fix-and-Sample �c"éaFix-and-

Sample� Houston and McNamara (1981) |Ù4�"|[�'P� Silberberg, et al. 

(1978) ��>�?d:�O�Ò·¦DB:�b'��Éâ¦D��� rich º»ÃE�Q

Ré9%&���Dã-r©Ò'|Ù�Ms¦D�-·º»Ã�%QR�ÉX[B:��ß

���º»v³��x»�|Ù4�ã/�w�D�' 

P�-Baum et al. (1999) �-Richº»Ã� Leanº»ÃE�stY�oÕ�[B·º

»ÃE�QRY��ÕÄ%XÒ[-ÞÔE²âoç�ÉA�añ\��� L� R%�>[

�ª«-ÞÔE²âoç�¢Z�R��b'��\J-O8�ûH 1����-Leanº»

ÃE"Y[�a\BU��D��øù�[B:�' 

Machado (1994) �CDP%�º»|Ùg_��º»	
à�QR}NÝ²� 2 <J

��9�'1@�-.)�QR'\²�à�\J���Bº»Ã���������¢õ

4��P������xÝ\`%&� (e.g., Bush and Mosteller, 1955)'Herrnstein 

(1970) ÞÔE²â|Ù%ß�[�QR}NÝ²%&*-Herrnstein and Vaughan (1980) 

F Vaughan (1981) �r©Ò'|Ù?-�â#$�|��v��C�QR}NÝ²�[�
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��¦�B:�'?� 1 @�Ì�-�t����-äåÛ����L���¿�}NÝ

²�ý��� (Shimp, 1966)'CD�^�}NÝ²`�c«'Machado � Silberberg et al. 

(1978) ��[����--�t������	�^�}NÝ²YÇ4�¿�ª«��-


î�^�}NÝ²`%QR��-	÷¦D�}NÝ²Ù��Dã��û�ÍyÂÎ�

¹���*-̂ �}NÝ²�Á�����*-��xÝ\`��t[B:��ß�[-C

D��
Ûst��%Ì,[�1�1ÎÏÕÖÆw8%Ò��C��S1�'?�?�

1�1ÎÏÕÖÆw8�-¢p�QR�Æü[QRO«�����Æw8%&�'C�N�

�:B(�¦D���Eó%��¦D���ì��~º:B�tst�	�Æw8�|1

��� �QRE�mãd`%&�C�Ê �'Machado (1992) �Æw8�Ò�[-s

tu��-�t��ª«�ïðñ\O«�¸¹Ñ��qj[�'C�Æw8%�-¢p 40

QR ���[�½¾QRO«�§��]�½¾st���ý�Þ/[B:�ãäÝ`

aÔSoÕ�(�[�'-�t��,N½¾QRO« 0.5 �ª«��^�}NÝ²�

LRLR��¿QR=4���C�%&*-1@��Á�[�QR�Æy *���C�%

8Dã-Á�rL%&�'-�t��QRO«�ã-ðQR�� 0.67-0.75�"��

º»ÃE»�������-�D�RÀB-^�}NÝ²�-RLLRLLF RLLLRLLL�

QR}NÝ²PQ�oÊ�¢p�QR§�B:�'[��B-yÂ[�9Dã���:

¢p�QR§�-̂ �}NÝ²`�Á�����*-��\J��xÝ\`QR}NÝ

²���éÓ�'�CÓ-»¼\J��2��`�?OB�P�n-:)�QR}NÝ²

ÇÈ¦D�¡:`����'"�-�X4�|1%�-ÞÔE²âoç1�D�' 

CCP%�º»	
���ÞÔE²âyz�y�Ý]¿��ú�Bz|Ù��OÛ�¾

¿��C��{
¢�[B¡����øù�¦DB8�'V�?CC%Nf[B:�:

:)�v³�Ïô��aBaum, 1981; Davis, Staddon, Machado, and Palmer, 1993; 

MacDonall, 2009; Myerson and Miezin, 1980; Rachlin, Green, Kagel and Battalio, 1976; 

Staddon and Motheral, 1978b-ØÙ�l4�ÞÔE²âyz�{�|Ù��OÛ�YÇ�

�C�%��:'�[Ó-º»	
`	��	
�
Û�£´º9�Æy *�i�C��

&��'����-�Ô#%²0/��9�QRì�F��ì��f�v³��Nf�ý¢

|��'�D%�-CCP%�Bà�º»	
�� �º»	
��
Û�@:B����

��O��Ì[�%&Ó� ' 

Pn Machado (1994) �\J�/X4�QRË}�y@�[B�,¦DB8���xÝ

\`}NÝ²?-�t`}NÝ²?¹�4�¸¹%[ _C��:C��Ò·��'½¾

QRO«��t��[½¾st���8��t��ª«��QR}NÝ²?-�t}N

Ý²�~Í�RÀ�-�Dû��8��t[�:ª«��-��xÝ\`�?^�}NÝ

²`�?c��¡:�QR}NÝ²�88�ý,&���éÓ����[�'C�

Machado (1994) �\J�����tst�IJ�^?�[:"¨�~�B:�'d:�-

Silberberg and Ziriax (1985) ¾¿[���E�IJ? 4����ì���t¦m���

QRO���8�����	&�-6kE��9���ì�����C��-YÇ4Á
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?�»	rL%&�éÓ�'��EF¢p�QRE�IJ�_\]Z¦9Dã�Dé

9-�8�½¾st���
�_C�C�%&�éÓ�aÙJ 4b' 

2@l�-CDP%���� Fix-and-Sample}NÝ²�Ïô?Ò·[B8�ae.g., Baum 

et al., 1999; Houston and McNamara, 1981; Silberberg, et al., 1978b'./� Richñ\

E¡����Oô�w9-&�:�¡��QR�Á�[-�v-Leanñ\EÐ�'Richñ

\ � Leanñ\E�3*4�QR-P��3*4����-�_�����"�%&*-

Richñ\E�Oô�Ù¦�oÊ*����4�Á�¦D�'"�-Leanñ\E�Oô�¡

�Ñ�[:��-&�:�[:QR¨%&�-Richñ\E�3*4��-LeanQR¨

F-Oô��V&�û��_��Þ/[B:�'CD��)-Leanñ\EOô[w9-

Ù�QR�w9�C���_8�C��Ò[B:�'Baum et al. (1999) -Lean§E

�QRa\BUÏô��N���[�N?-C�O��"ú��' 

-v�-¡����Ì�-�t���|Ù"|���*?QR�¨Ù�_8�C

��øù[B:�ae.g., Nevin , 1969; Shimp, 1966; Silberberg and Williams, 1974)'

Silberberg et al. (1978) �-�tO��QRÐ�O�� 2¢õ�����|?���B:

�'�D%�-�����QRÐ�O��_8��éÓ� '1@� Leanñ\E�)-Ù

:QR¨�À�C�-�D"½tÞÔE²â|1%a\BU�[B¾�¦D�C�

Bà�D�éÓ�'P�-Morgan (1974) FMenlove (1975) �stugÒÅv�-stu

gÒ¦D�º»ÃEÙ�QR�À�O��Ò[B�*-CD?Æy *�[BBà�

D�%&Ó�'��-C�vú�;�� 2000;���ºÊ}�U�[Bkl�l�Ý��

;��dÀ%&*-��!�94�øù%&��¦��D�'©X��:B-ºÊ}�U�

{�!	���¬D�þ:-ØÙÚ�»¼øùE�@�àB:�' 

 

��� �����&'	�()���

 

Skinner (1935) �	
����[B�QJ��>���������-ÍA reflex, then, 

is a correlation of a stimulus and a response at a level of restriction marked by the 

orderliness of changes in the correlation (p. 62, \NëÔS��ú�����)Î�@AB

:�'CD�CTâÞÜäÔS����yaGifford and Hayes, 1999b%&*-Skinner

QJ�VW���[�C��y�-µ¶T²´	
�VWE�����:B-/X��XÙ

0�ý���B;ôP%w:B:���éaÙJ 5b'Herrnstein (1970) F��v��X

4|ÙÄ��-	
�st���t�Å�4�Í1��[B�*-ÞÔE²âoç���

���C��X4�stIJ���?�%&��¦��'����-	
��Ì�4-&�

:�/X4�-�t�:�stäåÛ�½¾IJ{ö%�À�QR}NÝ²�Ïô[�

:�¦��'C�N�@:B�-�k%Nf[�z�����¹*%�)W�� ����

�:'[ [-/X4�ìí%�RzÛ���-�t�Ò[-����xÝ\`�T²¾¿

}NÝ²����?1�-P�-�té9%�~�8D�:¢õ?Ïô��rLÛ?&*-
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�é�Ì¶�\Ù���DB:�:'�X4�ìí%1�D�ÞÔE²âoç�-�*Ê9-

Baum (1974) g�[�"½tÞÔE²âyz (A 7-A 8) ��,ÛÜ�-/X4ìí

%�����QR}NÝ²�eÓ��?'Ê�RzÛ�Ò[B8�'C����!	��

�Æü�-Herrnstein (1970) IJ�yzRzÛ�Ò�ìí��X4�ìí�÷��C

��/[¦�þ
[B:���%&�' 

�â#$�RzÛ��X4ìí��>���~��C�Ò¦D�C��¤9B-

1990;M���-	
ÒÐ#$�������t��� -��Ê2-&�äåÛà%

�â#$�&��	
i�äåÛE�Ð	�å:������t��� Eklk

D������� (Bailey and Mazur, 1990; Hunter and Davison, 1985; Mazur, 1992; 

Mazur and Ratti, 1991; Schofield and Davison, 1997)'Bailey and Mazur (1990) �T²

¾¿Y�arandom ratio: RRbU���Ý��Ì,[B-�çS	`��� RR RRU��

�Ý��·st���¸¹Ñ��qj[-RichU���Ý�E�ºÊ 90%�|�P%�

ÒÐ�ÉA�'C�»¼%���� 5 �Ô#%²õ1%ÒÐ�:�[-i�¸¹EÐ¦D

�'̂ â-º»	
��â#$�¾¿����»¼Æw8%�-ÒÐ�Ê*�[:�â#

$��[�C��^�~í�L�[� ´ ��*�É��'�����^���P%

� 15�Ô#%² �D�¯�Ûn��	�[B:�'[ [-Bailey and Mazur �Ên

 � 5 �Ô#%²%�â#$��[�C��øù[B:�'P� Hunter and Davison 

(1985) � 3�Ô#%²%���� 4^�Û�Ò�C�-Shofield and Davison (1997) �

�Ô#%²Ñ��stY�T²¾¿��t¦m���U���Ý�%?Ûn�w9���

ã-û�"���Ô#%²�øù�ÊorL%&�C��Ò[B:�'@P*-stäåÛ

(���56ÙQ�"�%&*w9�¸¹à%�-	
� R?7��*}	[-��

��t��56%����}	����%&�'�C%-Davison and Baum (2000) �ß

����56��t¦m����Æw8�YZ[�'1@� VIU���Ý����Bst

u	N���[-(�[�Y�RÀB��4�stu��ì�����Æw8 (Stubbs and 

Pliscoff, 1969) �à%-1�Ô#%²�� 7���stYa1:27, 1:9, 1:3, 1:1, 3:1, 9:1, 27:1b

��t¦m�"�-0/st��Ð�[�PP-Â���ß�å�ÒÐ�¾¿[�'���

�óTÔSBb´eP*-Â����Ý�Æ *����-©���stY�@:B

�T²¾¿���¦D-Æ *�æ��D� ��'C�Æw8�à-80 � 100�Ô

#%²�¡Õ�Ûn�ü1--Í� 15�Ô#%²��8-8*�0³ÝN��>��,[-

���ÒÐ¢õ%�º»	
�£´�¾¿�	��'����>�à�é��N�-d"³

ÝN��[-¡©ª4���91%:)��>�i�[�C��&�éÓ�'�DP%��

X4��%&��Ô#%²0/�l�ìíé9%���-��ó-&�:�stugÒÑ�

������ºÊ�t��� �¾¿[B:�':)�ìí%RzÛ��æ�i�S1

�-Skinner (1935) �<&��»�z*-µ¶T²´	
��>����¾¿�@��

%&Ó�'�D��X4��ª�Ùs�����?-&�:�/X��X����Ù0�;

]�����|Ù�������?/[:()%&���é'Øk%�-Pn-º»	
�
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¡©ª4���91��>��y�â|�©X%"�	:-��v-Davison and Baum 

(2000) ����J��èé�[��BP��--v�º»}�U;��i��Nf��' 

 

����@A�BCD;EFG7�

 

� Davison ��³ÝN�:�@ �ìí��9B¡©ª4��>�	�Æy�gh[B:

�'Pn-�D��Æy�@:Bâ|���' 

 

�HIJ-�KL�@AEF�

� Davison and Baum (2000) �-���Ý �����stYE� R�¢õ�ÉA��

��-1stugÒÑ��º»	
��t�¾¿[�'7@���i�-��óstu�g

Òõ�ØÄ��*-ºÊ���%&�QRY��Õ�stuÑ����[�'Davison and 

Baum �C��>�	������-"½tÞÔE²âyz�Í1�Ì,��C��gh

[�'���Æw8��,���-1�Ô#%²ó% 7@�stY�³ÝNe�%8��

�-��Ñ��³ÝN��O[-QRY�Z���C�%ÞÔE²âoç�¾¿�����

çpX (ØÄ� stY��Õ-�Ä� QRY��Õ) �9��%&�aæÙ���� 1

�Ô#%²%�³ÝNÕ/�:�%-Ûn�w9-Õ 10 �Ô#%²�³ÝN�e�[-

P��B�>�Ì,[B:�b'¦��-Â��stu�ÒÕ%��¦DB:���a

�ã-Â�� 12stue����-óTÔSBb´�e1-©��EÐ	��b-��ó%

gÒ¦D�stuÑ��³ÝN��O[-1stuÑ��stY����QRY�÷�-Þ

ÔE²âoç�çpX�s�C�%8�'·�Õ%çpX��8-"½tÞÔE²âyz

�AaA 8b�OB��Dã-Í1�a\BU���ó�stugÒÑ��÷��C�%

8�'CC%-stugÒÑ��Í1��t�kl��C�%��ó�Í1�ÒÐÛ��â

Û�¾¿��C�%8� (e.g., Davison and Baum, 2000, Figs. 9, 10)'ØÙÚ%�-C

D�Í1���ÒÐ�>�cd[B��'�Ô#%²ó%�stY���Ñ���t¦m

�:W�`�Æw8%-JK��y��DB:�'Mazur (1992, Figs. 1, 2) %��Ô#

%²�Ý � 100 QRP%� 2 @�º»ÃE�stY� 1:1 �[-��v-Rich ñ\�

Leanñ\�stY��t¦m� (Bailey and Mazur, 1990, Fig. 1?CD)'�Ô#%²ó

� 100QR� 1óDÔS�[-�Ô#%²��P%�0 1100QR� 11óDÔS��O[-

Â)�QRO«���[�'C��>�-º»Ã�%c��stYYZ¦DB ��ºÊ

�Ô#%²}	�]������ÒÐ�� �ÇÈ[B:�' 

� Í1���ÒÐ�>�-;���stYE� R[B:�¢õ�|���é9%���-

���E� R#$ �-stugÒÑ��UV[B:�¢õ?s;��C�%8� 

(e.g., Davison and Baum, 2000, Figs. 17, 18)'C�ª«�-����stY�;����

9�QRY���çpX��8"½tÞÔE²âyz�OB���'C��>��*-��

�%ý�¦D�QRY�%2ô[IJ�-����¢õ�ÉA�C�%8�' 
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� 1stuÑ��QRY�ÒÐ�ÉA�i��y�[B Davison and Baum (2000) �&�

º»ÃE�stugÒ�èé�kl[�'C��>%�³ÝN� 7 @���%�Omn�

,[-stu&�º»Ã �¨w[BgÒ¦D�¨�ØÄ�e*-Â)�QRY��Õ�

��[� (Davison and Baum, 2000, Figs. 15, 16)'���Ý �! 1stugÒP%�¨

0-��v-&�º»ÃE�stugÒT*U¦D��&� 1-2-3-4-�ØÄ§[B

:�'P�-&�º»ÃEstugÒ¨w[�v�-i�º»ÃEstugÒ¦D-s

tugÒ�¨�É[�v�QRY?��[�'CD���>����Vã����ý

#�[B:���-ºÊ��Ë} (e.g., Baum and Davison, 2004; Landon, Davison, and 

Elliffe, 2002b)-P��-ºÊ�ëÝ�cãDB:� (e.g., Boutros, Davison, and Elliffe, 

2009)'ØÙÚ%�ºÊ�ëÝ�cd�ò,��' 

 

��MMN�OP@A��HQ.�EFR���EF�

� Davison and Baum (2002) �st�����ÒÐ�kl�����-0³ÝN�stu

gÒ�~N�[B��-�v-2kÑ��À�a2kÁ²b�(9-�DKD�Á²%-Q

RY��Õ���[�'C��>�stugÒ�v�QR�GH�IJ�¾¿�rL�

��'ØÄ�-��Á²�,:�ª«�-stugÒv�Á�¦D�QRõö��,[B-

1�l�QRY-2�l�QRY-`�:�ý%����ª«?&� (Davison and Baum 

2003)'~Ø4����v@����*-stugÒ¦D�º»ÃE"�4��8�ºÊ

�Ò�C�Ê �B:���-CD��[BºÊ}�U�c"%:� (e.g., Davison and 

Baum, 2003; Krägeloh and Davison, 2003; Baum and Davison, 2004)'ºÊ}�UÁ/�

ÇÈ¦D�;��C����-ºÊ}�U��>�:��ª«��-£�É��:¹*�-

ØÙÚ%�-C�stv�QRY�ÒÐ��>���C����'¡����%ïð�º»

ÃFjr�º»Ã����QRY�÷��aL/R F R/G ��b'C�ª«-�DKD�º

»Ã��[BstugÒ¦D�ª«%i.�ºÊ}�U�����-X�� 2 Ø���

� D�C����' CD�P��B-.i�º»Ã�oÊ�n-stugÒ¦D�

º»Ã� P (Just Productive) QR-stugÒ¦DB:�:º»Ã� NaJust Not-

productivebQR�[-CD��QRYaP/Nb�÷��C�?&� (e.g., Baum and Davison, 

2004; Davison and Baum, 2006)'ºÊ}�U?-stud"º»ÃE¨wgÒ¦D��

Õ���B�O[-�DKD�ª«%����C�&�'d:�-stud"º»ÃE

¨wgÒ¦D�v�!§�º»Ã �stugÒ_8-stuèé�É[�ª«�º

Ê}�U�÷��C�?&�' 

� ºÊ}�U��>%�-2 @�º»ÃEÁ�¦D�ÂQR�Y�ýA�[Bs;��'

Baum and Davison (2004, Fig. 4) �CD�ß�.i�QR¨��9BXÒ[�'stug

Òv--Í��#[�º»ÃEÁ�[�QRÕ�Õ�-©��#[�º»ÃEÁ�[�QR

Õ�Õ�-�:����QR¨�Õ�B:8-õ��CD�X��ABvD�%s;[�'

CD�-QR¨��>��?�%&�-Baum and Davison �ò�	
��JY �-



37 

 

&�º»ÃE��#��QRÕ (Responses per Visit, Pecks per Visit; PPV) �c"%:

�'ØÙÚ%? PPV�>�cd�Ì,��'CD�«ÊmB-&�º»ÃE��#���

XÒ��C�?&� (e.g., Baum, 2010, Fig. 9)'C��#���º»	
��9�ab´

�Ý���R[-PPV�ab´óQRÕ��R¦m��>Æy�1��C�%8�' 

� ºÊ}�U�>? PPV�>?-d:�Æy%QRY%���stY�Z�[-QRY�

�R29Bs;��C�%8�'ºÊ}�U�>�ª«��stugÒv-©�stu

gÒ¦D���Á²FQR�����C����'Baum (2010, Fig. 11) %�-"��º

»ÃE�QRÁ���&stugÒ�+1-V��º»ÃE�QRÁ��:[stugÒ�

�_%s;[-QR��&stu�xüQR�-�#õö�ØÄ��*XÒ[B:�' 

 

SMTULVWXYZ[�\]
@A^_�

� ���ÒÐ�����-���¡¢��?�	
������¢[B:� �ÉA�

C�%&�'?�/[-.�¦���-���¡¢�]�û� �x�ÒÐ[B:8-�

�x��ÒÐ�º»	
�ÒÐ�]���:u�ÇÈ[B:�'C��-��ÒÐx��

������×��	���� �RÀB-kl����×�:)��Ê*��' 

Herrnstein (1961) ���W��º»	
���-�"�stY�Ð�[B-^�~í�

L��P%-Õ 10�Ô#%²��Ûn�	�'-�4�^�[�-v� 5�Ô#%² �

10 �Ô#%²õ1�³ÝN�>��,[-�D���ÒÐ¢õ��9�Ûn³ÝN��,

¦D�:C�â%&��'[ [-Â�Ô#%²�QRY����Dã-̧ ¹��ß[�

��^�����P%�ÒÐ¢õ�ÉA�C�rL%&�'Bailey and Mazur (1990) �

2�3 �Ô#%²Ñ��¸¹��ß[�'Â�Ô#%²�QRÕ%��¦D��çS	`é

����-¸¹�ßv�ÒÐ¢õ�S	�óDÔSÑ��QRO«�÷��C�%XÒ[

�'��×��Ô#%²Õ�Ä�[�ª«�YADã�� �[:-;�stY�¸¹�

ß�:�-d:�qj����ÒÐ�ÉAB:�' 

Davison and Baum (2000) YZ[�Æw8�-;�stY�¸¹�ß��Ô#%²�

�%���-�Ô#%²ó�����%»Ñ[���-ºÊ�ëÝFÍ1��>�����

��Ý ����óstugÒÑ��QRY�ÒÐ�XÒ[�'C�ª«��-¦����

×�[��*-��ó�ÂstugÒ�:�x��~º:BQRÒÐÇÈ¦DB:�'C

D���>����×-&�:�DÝ³ÝN�l�ìí�r:&�-\J�:���Ò

Ð�O�K ��B�*-:nD��>%?-̧ ¹�ßv�ú�-���ºÊ�/¦D

B:8-ö)��tPZ¦���B:8-������â#$E���'C�JKÛ�@

:B Baum (2010) �º»	
�ÁY;KÛ (self-similarity) �c"%:�' 

� ºÊ}�U��>�-st������×�¼�BÒÐ�ÉAB�*-̄ @[�:nD�

ìí�*?½¾4%&�'ë:ê���-stugÒ�_N�[B��v�QRY��t�-

ÕkÁ²Ñ��-&�:�QRõÑ��÷�B:�'ºÊ}�U�¯@[�:nD�Æw8

%³ÝN�e�[�ª«�?¾¿��C�%8�'»���ºÊ}�U�JK�;��-
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Davison and Baum (2002) Í�Bøù[�Ê9%���-Morgan (1974) F Menlove 

(1975)  Herrnstein `�Æw8��:B�@9B�*-Mazur (1990, 1991, 1992) F

Bailey and Mazur (1991) %?kl¦DB:�'d:� PPV�>?:nD�Æw8 ��

�[�³ÝN%&�B?»Ñ��C�rL%&�' 

 

�`�EFYZ��	
@Aa0�bc;de�

 

KL�EF�

� ! 4k���%�Ì[����-CDP%-̂ �~í�L��P%-d"¸¹à%Ûn�

Ô#%²�T*U[-20�30�Ô#%²õ1��	�¦��DB8�'C�â� �¦�

��-./�56E� R�YÇ47��*/[n@}	[-¡��Ûn�Ö×�v���

¦D��Ò|¦D�'ÒÐ#$�Ô#%²Ñ��}	��ìí�ÇÈ��C�RzÛ�

����%8B:� ����ÍÀ�D�'[ [-1990;�v����-:nD?-.

/�Õ�Ô#%²��-P���Ô#%²ó%-���ÒÐ���x»øù¦DB8� 

(e.g., Bailey and Mazur, 1990; Belke and Heyman, 1994; Hunter and Davison, 1985; 

Shofield and Davison, 1997)' 

Davison and Baum (2000) �l4�C� R�1�r:�û Øá4�r:&�� 

´ �� ��C��&��'��Æa�[B-Í1��>�ºÊ�ëÝ��,[�'��

��Ô#%²ó%��stY½¾4��t[B:�Æw8�-W��Æw8�YAB-s

täåÛlPú�[��t��C�£´%&�-C�äåÛ��t�1���[B

:�?���������stuÕ%&�'�ã 1 �� 4 stu%����ª«� 1 �

� 12stu�YA�ª«-�ú%��[:��stY(�¦DB?-�*��i���

E�Ð�B:��%-vú�YAB�t�ì�56%&��:��'Davison and Baum 

(2000) ���stuÕ�¸¹Ñ�� 4, 6, 8, 10, 12 �qj[-��%w�Í1�ÒÐO�

�ÉA��CÓ-��%w[:û�Í1Ü����:�O��û�"���D� �

�'��stuÕ�r:�oÊ�n-Í1���ó�-Í� 3�4stugÒP%��8�

ÒÐ4�t�Ò[-�D�v��tO�Þ�[B:8-��ó� 6�12 stu%�-Í

1�¯�O�0���D�:Ê9%��:�[Ó-Í1��t×�Ên ��� 

(Landon and Davison, 2001 ?þS)'P¦���ó�QR`	ÒÐ#$ ��â#$E

�Ð�B:� ����O�����'P�-����stYE�Í1��>�t5[��

CÓ--Í�2�3stugÒP%�-ö)�Þ�[B:�%2ô[IJ1�D� (Davison 

and Baum, 2002; Landon and Davison, 2001 ?þS)'%2ô[IJ�����óTÔS

Bb´��V&��Þ�B:�-;���stYE�Í1¯��1��T>[�:

(Davison and Baum, 2002)'Davison and Baum (2000) �¸¹Ñ�� VIh� 27k-P

�� 10k�(�[0/st��IJ?�
[�'0/st��Í1�ÒÐ�IJ��D-

st�Ü:û�Í1�¯���&-� h�Ü¦Ü����'@P*-stugÒ�
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R%&�û�-;���stYE�Í1���������C�Ò·¦D�'���Ì,

[�ÕstugÒÑ�����stY�t��56%�.i�stugÒ./��[

:;�stYE� R�����C�Ò¦D-Davison and Baum (2003) �CD�0B

�stuÖ	%&�(Every reinforcer counts.b�:�ë�%s;[B:�' 

��v������B-Í1�t�:)�	ö��oç¾¿¦D�'Davison and 

Baum (2003) �IJ�"½Û��
�����-st�1�YastY�¸b%���-

stP�Y�qj[�'»¼ 1%�-st�1�Y� 1:1�Ð�[�PP-��Ñ��st

P�Y�qj[� (1:7, 2:6, 3:5, 4:4, 5:3, 6:2, 7:1)'stP� 1.2k�^_��¯àBî´

�,rL���KÛ�û�¨w%æ�� ��*��¦D�'P��mB¸¹Ñ��0

/st��qj[�(VI27k, VI10k, VI40k)'C�\J-stPY���Í1�t�s

t�1Y�qj[�ª«�YAB=�-��� ��%ô[IJ��;<j,&��'0

/st�Ü:ª«��-%ô[¦D�Í1 0.1õ1%Ï%¦Dw9-0/st�1:

ª«��-st�1Y�ª«�d:�%ô[Í1�Þ/[B:��'»¼ 2%�-st�1

Y���Ñ���t¦m-stPY�¸¹Ñ��qj[�'»¼ 1 �YA��»¼ 2 �Æ

w8�û�stuÑ��Í1�� h�Ü ��'@P*-11���%8�^_�®P

�*?-^_gÒ¦D�KÛ�®ÕEî´�Ü:Í1�%��'Landon, Davison, and 

Elliffe (2002, 2003a) �-ñA4� Herrnsein ` Æw8 (¸¹Ñ��stY�"��[-

^�~í�L��P%�Ô#%²�T*U�) %st�1Y�stPY�YÇ�	:-st

�1Y�qj[�ª«�Í1�û�Ü���C��Ò[B�*-Æw8�r:�oÊ�

n-d:�O�Ò¦DB:�' 

Krägeloh and Davison (2003) �ñ\T\´�DJ��r�i�ì� (1PQ 1.34k�

�Ë���s�O«) � 7 @����íiÃÄ�[BÌ,[�'íiÃÄ&�ª«��-

�[:���Ð��-Í �Ü:Í1�Ò[-¦����stu�gÒÑ��Í1�¯�

[B:8-� h�Í1� 0.82 P%¯�[�'P�-COD��æ�qj[��CÓ-

COD���D�ª«%-� h�*Ü���O���D�"�%-��� ��%

ô[IJ? COD&�ª«�IJ�8 ��'®ÀB COD���D��ÒÐ��t

×�8�Ì¶�����%&��' 

Landon, Davison, and Elliffe (2003b) �¨w[�����stY��t×�����C

Ó-stY�»*-º»Ã�%!,��ª« (�ã-1:27  � 27:1 E�t��ª«) 

��-̄ @����"½4�Í1ÒÐ�%ô[IJ��D�-stY�t×Z×��

�P�ª« (�ã-1:27  � 1:2.37E�t) ��-;��stYE�Í1�¯��=�-

� h?1����' 

 

�HIJ-�EF�

0B�stuQR`	�øù�æ���[B-�D������7��éÓ� 'st

ugÒ¦D�1�"��s1���[-�Dxü[B:��éÓ� '»��stu�
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����78�[B:�� ������ 1 @�Æ *�æ����� Davison and 

Baum (2000) �ºÊ�ëÝ��>�	��'��\JÒ[�O��-PndÀº»Ã 

�stugÒT*U¦D�û�-��º»ÃE�ºÊÜP�B:�-�t×�T*U

[gÒ�1�Þ/[B:�C�é�� (Davison and Baum, 2002; Landon and Davison, 

2001 ?þS)'CD�Í1��>�;DB:�O��"ú��'"�-º»ÃE�stug

Ò�¨w�É[�ª«�ºÊ�-Å��stuäå[�º»Ã���E�¸â��8

��t�Ò[-�DP%�Dé9stu¨wgÒ¦DºÊs�ý�¦DB:���-û

�"�æÏiP%»*��/��IJ�Ò[� (Davison and Baum, 2002 ?þS)'P�-

0/st�Ü:û�-º»ÃE�stu�¨w���ºÊ�¯��1���-� h?:

�� Ü����-stu¨w�É[���O����t�� ��'¦��-���

Ý� �-Í�stugÒP%���ºÊ�æÏi2 %&*-�Dé9Å����P%

�ºÊs�ý�¦DB?-����óTÔSBb´��ºÊ��E��/¦D� �

��%&��'-v�N�@:B�-Õ�Ô#%²Ñ��;�stY��t¦m�ª«?-

d:��Ô#%²��Ý���-��: �ºÊý�¦D���?-æÏi2 P%��

C�øù¦DB:� (Hunter, 1979; Mazur, 1996)' 

��v��� �-ºÊ�ëÝ�O�����óTÔSBb´�Ù¦�oç[�:C� 

(Davison and Baum, 2002)-©���¬9��íiÃÄ�æ��ª«��-íiÃÄ�

:ª«�YAd"º»ÃE�stugÒ�¨w���ºÊ��t��8��*-"�-̈ w

gÒ��É���ºÊ��t�-íiÃÄ&�ª«��æÏiP%�à��:O��

Ò[�C� (Krägeloh, Davison, and Elliffe, 2003)-COD&�ª«��-�:ª«�Y

A-�� �ºÊ�t×�8��*Ì¶��*-stugÒ¨w��ª«����º»

ÃE�ºÊ��8�Ü�-̈ wgÒ�É[�ª«��ºÊ��8���[-æÏiE º

9�IJ&��(Krägeloh, Davison, and Elliffe, 2003)'íiÃÄ�*? COD�û�

�t×�Ü��IJ�s ��'P�-�Ô#%²0/%�stYº»Ã�%Î[���

�:���-��stY�W1«Êm�º"éª«-óTÔSBb´v�æÏiE���%

���-0/stY�»*�Q�[�ºÊ ��ëÝ�Ý��-stu�T*U[FT*

U[��É���ºÊ�t�O����8�r:���D� �� (Landon, Davison, 

and Elliffe, 2003b)' 

Herrnstein `�Æw8%�-stugÒ�T*U[F���É���ºÊ��t×�¸

â�Z¦���� (Landon, Davison, and Elliffe, 2002, 2003a)'stPY�qj[�ª«

?dÎìí�ºÊ�t��D� (Landon, Davison, and Elliffe, 2003b)'56�t�R

�_8nÐ�¦D�Æw8à%�-stud"º»ÃE¨wgÒ¦D���ºÊ�t�

O��¸â�Z¦ ��-stugÒ�¨w�É[�ª«�ºÊ�àà��-Davison 

and Baum (2000) �K�-YÇ4�8��t�Ò[�' 
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�HQ.��EF�

� stugÒQR`	Eæ��øù�¦��½¾4�¾¿�����-Davison and 

Baum (2002) �stu��� (inter-reinforcer interval: IRI) �kl[�'�Ô#%²ó

� 7 ���³ÝN�«�[stugÒ¦DB � 2 kÁ²Ñ��QRY��Õh�÷�

��CÓ-stugÒ¦D�Åv��stuäå[�º»Ã§EºÊ�8�»*-�

�¡¢��?�ö)�ºÊ�Þ/[B:8æÏiE º:B:�}NÝ²�Ò[-C�"

�4�ºÊ�§s��[BºÊ}�U�c"é'ºÊ}�U�����óTÔSBb´�

�� (1k-10k-30k-120k) �qj[B?��O�����øù�æ�� ��-

æÏiN ��»*�:��h%�-óTÔSBb´Ù���û�-:�� ºÊ�»*

�8����'Davison and Baum (2003) �st�1Y� 1:1�Ð�[�PP-stP

Y� 7 ��%qj[-C�ª«?ºÊ}�U�À�C���
[B:�'�é[-st

PY����ºÊ}�U�-st�1Y�YAH�-P�æÏiN2 P%ºÊ�2�v

�[:PQ%=<�º»Ã��ºÊZD4Ê�}NÝ²�Ò[�'Krägeloh, Davison, 

and Elliffe (2003) ��stY�ÌÒ��íiÃÄ�IJ��&-COD �IJ�ÉA�

�CÓ-íiÃÄ�IJ�ºÊ}�U��_�û�"�øù�æ�� ��"�-COD

�:ª«��ºÊ}�Uû�"��À� ��'ºÊ}�U��_� CODÖ	�	ö

%&�C�Ò·¦D�-v���øù% COD��B?ºÊ}�U�À�C�ø

ù¦DB:� (Baum, 2010)'P�-COD ��%ô[IJ&�rLÛ&*-��¸¹

% COD�&�¸¹�¡¼[�ª«��-©� COD�[¸¹%?ºÊ}�U_8�C�

øù¦DB:� (Krägeloh, Davison, and Elliffe, 2003)' 

Herrnstein `���U���Ý�Æw8��,[�ª«�?-d:�ºÊ}�U�À

� (Landon, Davison, and Elliffe, 2003b)'�é[-Davison and Baum `�Æw8�ª

«��-&�º»ÃEstugÒ¨w���-�D�@DB-æÏiN ��ºÊ�UV

�8���B:�xüIJºÊ}�U�?��D�-Herrnstein `�Æw8%�-

xüIJ���D� ��'&�º»ÃE�stugÒ�¨w�É[�ª«�ºÊ}�

U�:nD�Æw8`%?YÇ4Z¦�-[:?�é��' stPY�qj[�ª«�?-

ºÊ}�U�À�-Davison and Baum `%��D����ºÊ�PQ4�t���

D� �� (Landon, Davison, and Elliffe, 2003a)';rN:�@ ��D�?��-º

Ê}�U;���_�:�N%�-Æw8`�r:�oÊ�nV×d:�O��À�C

��
¦D��:��' 

 

�HQ.��fg^_������h:;i'jk
�l�

Herrnstein (1961)  �ÝP��� VI VI U���Ý���,[�º»	
�ÞÔE²

âyz�{���%�-ÞÔE²â;���	ö�{*-�X�/X�ÇN%Ù0�À�'

èéAZP (Shimp, 1966) F-QR¨ (Nevin, 1969; Silberberg et al., 1978) F-3*4

���� (Silberberg and Vaughan, 1982) �~º:�/X4°��%�-�t�-&�<
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�¸¹â�ãÇÈrL%&�C��ë���%&�-ÇÈøùÁ/�-�t�ü%�

�ª«?ü%[�:ª«?&*:)%&�'[ [-stY�QRY�ÞÔE²âoç�:

��X4�RzÛ�-��ú��ª�¹�-û�"��ª«��
¦DB8�'C����

º»	
���ïÁ/���B-Herrnstein (1970) �IJ�yz��X4�ìíE��2

9����sÐ�ü%���[w9B8��:��'[ [-º»	
�ÒÐ¾¿¦DÝ

�-¡©ª4�>�Ô#%²ó�¦P�P�ìí�&�<�QR}NÝ²��D�C

���
[B8�C�-�X4|ÙÄE�����·���B:����1��' 

Davison and Baum (2000) gh[�Í1��>G&ºÊ�ëÝ��>�-Davison 

and Baum (2002) gh[�ºÊ}�U��>��*-3@��>ìí��9�~Ø4�

���:-��v?<¢4�þS	ÊD-;��[B�¬¥Û�Ü�B8�'CD��

�>ìí%��D�;����oç��������B:��éÓ� 'Í1�ºÊ�ë

Ý�?�?� 1stugÒÑ��QRYE�IJ�ÇÈ[B:���-<:�oç�:'

1 stugÒÑ��QRY�stYi�XÒ[�ª«�O��	�[���Í1%&*-

stugÒ�¨w��&�É�:�ÇN%¦��²³��>�	��?�ºÊ�ëÝ�

X%&�'	���%&�Í1�O��stYÑ��ºÊ�ëÝ�XÒ�Dã-d:��ø

���C�%8���-Í1��>�ºÊ�ëÝ��>E ªrL%&��:���' 

Í1�ìí%ÇÈ¦D�;�ºÊ�ëÝ�ìíE ªrL%&�C��-�X4|Ù

���B-�*�x»%&Ó� '������%��:'ºÊ�ëÝ�x»�-ÎÂ�[

BstY���BQRYøù�¤9��:�ÞÔE²âyz����¡¢[B:� �

%&�'stY�r:��*-��ó� h�Ü¦�Ï�À-�D"½tÞÔE²ây

z%y@%8���Í1}TyÝN	����[B�,rL���B:�'&�º»

ÃEstu¨wgÒ¦D�û�ºÊæÏi ��8�»�B:�:u�-º»	


st¦D�1�s��DB:��:�-�X4�IJ�yz�/;[B:����1��' 

CD��[B-ºÊ}�U�;�������1�mã�: �:�#:E����|

Ù4�ý�BK/�>D���&�'ÙN� 2@&�'Pn-ºÊ}�U������	

ö���B�À��éÓ� '?[?-½¾4�stugÒ�oÊ�IJ�1�m��%&

Dã-ºÊ}�U�;��stY�QRY�oç�:��X4�	ö��oç��:/X

4�QR�	ö7:B:�C����'@P*-º»	
��X4��	öé9%�

P��%���-�*½¾4�IJa���ã.)�stu�stIJb?Ïô��rLÛ

�À�'st�{|�-�X4�ìí%;�4�£F �}	��st�-"�4 @�

��QR�Ü�-Õ 10k%IJ����½¾4st�:��	ö� 2¢õÙ�
��

9Dã���:C����'2@l�-ºÊ�ëÝ�\J�ºÊ}�UE� ª��C��

%8��éÓ� '!���[����ºÊ�ëÝ�ìí��stugÒÑ��ºÊÜ

P�xüIJ&�'C�xü�u�"½tÞÔE²âyz�Í1ÜP�B:�'?[-

C�ºÊ�ëÝ%1�D�;�4x»-ºÊ}�U �_ö���é�[��-�[Bº

Ê}�UÁ/�½¾4�st�{|���B�_���é�[��-�X4ìí%1�D
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�ÞÔE²âoç�������À�Ð©4;�%&�C��Ì��'CD�-�t�

��n[?dÀ%��: ?[D�:-/X4|ÙÄ��B8����W�\u�ë

��%&Ó�'Landon, Davison, and Elliffe (2003b) �ºÊ�ëÝ�ª«�d:�-&�

º»ÃE�stugÒ¨w���@D-��º»ÃE�9�ºÊ}�UæÏiN �

�UV�xü4�§[B:��øù[B:�'ºÊ�ëÝ�;�ºÊ}�UE ª¦D

�rLÛ�¤�x%��¦��%&�' 

 

�HIJ-��HQ.��mDno
���

C�#:��������n[?���¾¿	ÊDB:�Ê9%��:'[ [-YÇ

4üQ�´�4�ý�é9��DB:�'�D�-ºÊ}�U�ºÊ��¡¢�]��

CEg���� ������%&�'?[-æÏiNE������%&Dã-stY�

r:���B�PD�ºÊ}�U��8¦é9-�Ô#%²a��b0/�l�ìí��

9�ºÊ�æÏiN ��»*E�Q�¦DB:�rLÛ&�'[ [-?[ºÊ}�U

�Ô#%²a&�:���b0/�stYìíE�g�[B:��%&Dã-C��Ô#

%²a��b0/�stY�ÞÔE²â�����QRY�aæÏi%���b»�mB:

�IJ&�C����'ºÊ}�U?"�øù�æ��%&Ó�-�Ô#%²a��b

0/�ºÊ�����%�g�[�QRY�sDB:��¦��D�'Landon, Davison, 

and Elliffe (2003b) �Â���stY�W1«Êm�qj[-�2� �º»ÃE�Ô#

%²0/�stY»�¸¹%Ûn�	��'\J�-Â���?stYÜ:º»Ã��

EºÊ�g�[B:8-ºÊ}�U�æÏi�~í�¦����ã-stY�1:º»ÃE

�}�U�Z¦�[�-�ú�stYÜ:º»ÃE�ºÊÐ�B:��'C�\J�-

Davison and Baum (2006) %?�
¦D-P�-Herrnstein `�Æw8%?-Landon, 

Davison, and Elliffe (2002, 2003a) d:�O���
[B:�'Davison and Baum 

(2002) �?�?�º»Ã�%�d4�stY����%(�[���-�Ô#%²0/�

stY� 1�1%&��'0³ÝN�«ÊmB��[�ºÊ}�UæÏiºÊE�g�[

B:����OÂ%&�����%8�'[��B-ºÊ}�U�-@j4�l�ìí�

�:BQRYstY�ÞÔE²âoç��À��	ö%&� �#���ã-����

�´%&�'[ [-æÙºÊ}�U0�øù�æ��:Ê9%��:�%-ºÊ�ëÝ

�	ö� 1 @�[B�8�'P�-C�\Jé9%-�4�´�4\Ù�Y9�Ê9%�

�:�%-¾¿�ý,�Pé���&�C��¥���A8%&�' 

 

�HQ.��fgpq��r���s�t�uvs�t�

� @j4�QRY�stY�ÞÔE²âoçF-ºÊ�ëÝ%d"º»ÃEstugÒ

T*U¦D�1�Ò¦D�ºÊ�§sIJ�-ºÊ}�UE:0� ª¦D�C���¦

��%&�'?[�������%8���ã-stu�KL� 2 @�i�ìí%7�C

��Ò·��'1@�ºÊ}�U��>�1�D����-QR[Q4�s¢�st¦D-
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��IJ����Þ/�Ò[-2@l�ºÊ�ëÝ��>�1�D����-QR����

stIJ��8��t�+8_C�Ê9%��:IJ�©stugÒP%%w[-ö)

�ºÊxü4�sP�B:�'CD�st� 2¢õ��c"%�C�'̄ @[����-

?[?st� 2 ¢õ��
����ã-�X4ìí�?/X4ìí�?st7�C��

��'[ [-�����\Ù�Y���-CCP%�_Ù%st� 2¢õ��¾é���

�	ÊDB:�:C��k��A8%&�'�?�?-ºÊ}�U��_y�Ý]¿�Pé

Ì� %��:' 

� Davison and Baum (2006) �-ºÊ}�U�y�Ý]¿�i����-¸¹stu%?

ºÊ}�U�À�� ��
[�'»¼ 1 %¸¹stu�[BÞ¦�²T\´��,[

�'Þ¦�²T\´�^_�gÒ¦D���-�gÒ%DJ¦D�?�%&�'stU�

��Ý��äåÛ	÷�L�[���-̂ _�Þ¦�²T\´�gÒ¦D� -Þ¦�²

T\´é9gÒ¦D� ���4���[�'C�vú�ª«�¸¹stu����º

Ê}�U��_�1�[-�ú�ª«�YÇ[�'Þ¦�²T\´é9gÒ¦D���º

Ê}�U��8¦�-̂ _�Þ¦�²T\´�gÒ¦D�ª«�YAZ¦ ��-:n

D�m�ºÊ}�UÇÈ¦D�'C�»¼%-Davison and Baum �_��ó%Þ¦�

²T\´é9gÒ¦D��Õ�qj[�'@P*-"©stu�¸¹stu�gÒY�è

A4��t¦m�'C�»¼%x��1��DKD�ºÊ}�UEû�"�øù�æ��

 ��'@P*-��ó�^_�Ò�ÕÞ/[B?-@P*-"©st�à�B?ø

ù� ��'��ó�Þ¦�²T\´��_�Õ?d:%&��'CD�/[��%&�'

Þ¦�²T\´é9�gÒ���1�§��-̂ _���gÒ�Õ�Þ���%-̧ ¹st

u�IJ�H����?�%&�'[ [-»��������� ��' 

CC%-"©stu�¸¹stu�;��_�1�;oÛ�kl���-i��rL%

&�'Â¸¹�%º»Ã��stY�qj[�-&�º»ÃE"©stu�R�gÒ¦

D�¸¹%�-̧ ¹stu?�D�"ú���1%��º»ÃEgÒ¦D�'@P*-"©

stu�¸¹stu�gÒY����:0�/�;oÏô���%&�'?[&���

�-Í�stx�Þ¦�²T\´�Nò%&����ã-§��^_gÒ�-Þ¦�²T

\´�Nòäå[�º»Ã§ �gÒ¦D�rLÛÜ:'�Ù-�D��»%��:-

stY�º»Ã�%�»*�8:û�¬9�[B�=O�¬¥�J�?����'@P

*-Þ¦�²T\´�¸¹stu%���-íiÃÄ�[B7:B:��¦��D��%&

�'Þ¦�²T\´�^_��gÒ¦D��%¸¹stu�:����*���'»¼ 2

%�ñ\T\´��,[-d:�Æw8%Ûn�	:-»¼ 1�þS���[�'P�-ñ

\T\´Nò����qj[-Âº»ÃE�^_gÒ�stY�-:0�/�;o��¸¹

�-:0�¯�;o�Ò�¸¹�¾¿[�'��\J-ÃÄ�^_�;o©!%-æÏiº

Ê�~í�[�ºÊ���!,��C�Ò¦D�'@P*-/�;o�ª«�� P º

»ÃaÅ��ñ\T\´äåNò[�º»ÃbE�ºÊ}�U�À-�D�YA-¯�

;o�ª«�ü)� N º»ÃaÅ��ñ\T\´äå[� ��º»ÃbEºÊÐ�
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�'�é[-:nD�;o�ª«�?-ñ\T\´gÒÅvÕk��-Pº»ÃEºÊ�

À�'C�-v�\JFF)#�[B8�?��-0/�ºÊ}NÝ²ÃÄ-^_;o

���B�¦D�C�����Ò¦D�'ñ\T\´�^_��gÒ�¦D���?-Þ

¦�²T\´�ª«�d:�\JO��Ò[-P�ÃÄ-^_;o���B-ºÊ�}NÝ

²�t��C��Ò[�'CD��0B-ÃÄT\´�Nò�-̧ ¹stKL�J���

*?-íiKL�J��C��Ò[B:�'C���^��%&Dã-"©stu�@:

B?d:���%8�� Davison and Baum (2006) ���[�'@P*-"©stu�

gÒ�DÁ/?-�Däå[�º»Ã �§��stu?�ÀF�:C��Ò�¬9�

��'@P*-stu�stKL%���-stu�íiKLC�-st������_

��-ºÊ}NÝ²�{ö%��: �:�ß��g_[�' 

� ?[-ºÊ}�Ustu�½¾4�stIJ%���-stu�íiKL��*��[

B:��ë����ã-º»	
��X4|Ù���B�¨«':'�L��-!�g_

[�st� 2 ¢õ���2-ºÊ�½¾4�[Q§sIJ�-»���st¦D�C�%

§s[��%��:C���*-IJ�yz�©��X4�ìíé9�p���C�%

8�'P�-íi�-1��stx�é9%�_C*�n-.)�stu�S�IJ�ß�

��C���[:'�[Ó-./T*U[¡¼[B8�st�FstYC��ö%&

�C��Ò·��'[��B-/X4�ìí%��D�	
��
}NÝ²%&�ºÊ}

�U�-�X4|Ù9*¾����	ö�ìí���B��rL%&�C����' 

� Krägeloh, Davison, and Elliffe (2005) �Âº»ÃE©�gÒ¦D�stu�gÒ���

-v�gÒ¦D�stu���¸¹28��%qj[�'¸¹28�� 1 �ª«�-�

Ô#%²�Ý��stu�gÒ��T²¾¿��P*-�D�v�ABdÀº»Ã �

stugÒ¦D�'¸¹28�� 0 �ª«�-Å��stuäå[B:�:º»Ã

E�n©stuäå��'@P*--v�gÒ¦D�stu�Æy *�[B-©stu

äå[���º»Ã�íi��C��rL���Æw8%&�'��\J-stu�¸¹

28����*-ºÊ}�U�èA4�øù�¤9�C�Ò¦D�'̧ ¹28��Ü:

a@P*-dÀ�� �+&stugÒ¦DF�:bû�-ºÊ}�U��*�8�æÏ

iN ��D-��¡¢v?Ù�ºÊ�»*w:�'̧ ¹28��1:û�-ºÊ}�

U�Z¦�-Pº»ÃE�ºÊæÏiNE���P%���� ��'P�-¸¹28

�� 0 �ª«��-stugÒÅv �:�� -N º»Ã§EºÊÐ	��O��Ò

[�'C�\J�-ºÊ}�U�"©stu�íiKL��Å�4�ü%��\J%&��

:���' 

� P� Cowie, Davison, and Elliffe (2011) � Herrnstein `�Ô�` �� VI5k VI50

kU���Ý�%-ïð�º»ÃEìè¦D�U���Ý��¸¹Ñ���t¦m�'��

�2�-¸¹ 4 %�-ïº»Ã�â� VI5 k-ðº»Ã� VI50 k�ìè[�'C�¸¹

%-ºÊ}�U��>�	���CÓ-stuäågÒ	ÊD��ïº»Ã%&�B

?ðº»Ã%&�B?-st¦D�v��-ïº»ÃEºÊ}�U�À�C�Ò¦D-
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��¡¢��?�ºÊ���ðº»ÃE�Ð	[B:��'ðº»Ã%st¦D�v�ï

º»ÃE!}�U�À�\J�stu�½¾4�SÁ4�stIJ%��Ì�[:"

�%-stuastU���Ý�b�íiKL��s�ü%[B:���%&�' 

� ºÊ}�U�y�Ý]¿�[B-ª»�stu�íiKL��
¦DB:��%-\J

�)#N�:Ê9%��:'Krägeloh et al. (2005) � Davison and Baum (2006) �\

J�:nD?-Å��stuFÃÄ�gÒ-©studº»Ã ���À�rLÛ1

:C��¬9[��[B?-Å��stuFÃÄgÒ¦D���E�ºÊ0/»�O

�&��'@P*-Davison and Baum %�¯�;o�(�¦D�ª«��-ÃÄT\

´�v�-T\´äå[B:�:º»Ã§E"�4��8�ºÊ»�!ºÊ}�U 

(anti-pulse) �cA�O��ÀBÂ�A8%&�-\J�-Pº»ÃEÊn �ºÊ}

�U�À�'Krägeloh et al. %�¸¹28�� 0.5%&Dã-Å�stu�äå��

Ê �B?¬9IJ�Q	%8�:��-ºÊ}�U�sD-�� 0.5�¯%&Dãº

Ê}�U-0.5�L%&Dã-!}�U�O�-ýh� 2��@D�d4�sP�C�

"|¦D�-\J�-�AB�¸¹28��¸¹%-stugÒÅv� P º»Ã��

�E+8n�D����O��Ò[-N º»ÃE�¢1�ºÊ �ö)�æÏiN2 E

 º:B:�!}�U�cA�O����¸¹%?Ò¦D� ��' 

� C�N�o¨[���� Boutros, Davison, and Elliffe (2011) gh[B:�'���

Herrnstein `�Æw8��:B-ºÊ}�U�-d:��>Æy%-stugÒv���

�Á²Ñ��À3�B-ÂÁ²��9���stY���[��CÓ-ºÊ}�U�QRY

�û�"�"ú��ÒÐO��stYÒ�C��:é¦D�'0/stY"��(

�¦DB:��?  Ê�n-stugÒÅv��-Pº»Ã§EstY�8�»�B:

��%&�'Boutros et al. (2011) �CD� COD�Ì,{ö%&����[�'COD

Ì,¦D�Æw8à%�º»Ã�3*4��v-2kõ1��p#$�¡¼��C����'

[��B-stugÒ¦D�Åv�-º»Ã�3*4���[B?-�ú�st¦D�

rLÛ�û�"��:-3*4�n�dÀº»ÃEOô[w9�ª«��-���-�ú

�	N¦D�©stugÒ¦D�rLÛ&�'@P*-COD�IJ��*-stug

Òv�½¾4�stY�8�»*�Ò[-d:�QRY?»*�Ò�'./�-C�½¾

stY�r:�íi[-�D�W�BºÊ}NÝ²��¦DB:������C�%

8�'P�-½¾stY�½¾QRY%çpX��9ã-CC�ÞÔE²âoç1�D-

C�N��:B?-�X4|Ù�ÇN �-½¾4�/X4�QR�
�~��C�rL

%&�C�Ò¦D��%&�'P�-Boutros, Davison, and Elliffe (2009) %�-

Herrnstein `�Æw8��:BÃÄ��gÒ��æ�ÃÄ-^_;o�qj�	:-

Davison and Baum (2006) �\J�"½Û�� ��'�CÓ-C�»¼%�-ÃÄ

^_��gÒ¦D�ÃÄ¸¹%�-��ÃÄ��[BH:ºÊ}�U�À-�gÒ¦D�

:ÃÄ¸¹%�-ºÊ}�U�û�"�_C�� ��'V�-^_-ÃÄ;o���-º

Ê}�UE��t�û�"���D� ��'�gÒ���¸¹stIJ¡/�Ïô�
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�C��Ò·��é9%���-^_-ÃÄ;o0�7 � ��C��C�\J�

Davison and Baum (2006) ����� �Q�%&�'CD��[B-Boutros et al. (2009) 

�ÃÄ��ø5���%&�����[B:�'Davison and Baum `��Ô#%²��

û1?stY�t��Æw8%�-Â��%-�����stY(�¦D� ���Æ

 *�[B-ÃÄ�gÒ����ø��,�5h�%@'[ [-Herrnstein `�Æw

8%-̧ ¹�t[�:¹*�-T*U¦D��Ô#%²��:Bâ�d"�stY(�

¦D�ª«��-̂ �~í�L��P%Ûn�T*Umã-�)gÒ¦D�ÃÄ�¥�n�

?-stY�íi%8B:��¦��C�%8�%&Ó�'C����FF±U´®ÔS

%&�C��´��:-/���?íiKL��ÈC��:B��rL%&�C��

Ò[B:�' 

� ¦��Âº»ÃE�stY%���-st=>Y�qj[� Davison and Baum (2007) 

%�-=>V&��¨DBºÊ�»*�8���O��Ò[�-·º»ÃE�=>

Î[�Vã¦D�ª«��-æÏiN�~í�[�ºÊ}�U�»*��8¦�-º»Ã�

�Ï���D� ��'V�-st=>Y� 1:1 �»�m��-ºÊ}�U�æÏiN 

��»*�·º»Ã�%Ì¶�Ï�Ò[�'CD���4�=>�Ù¦%���-·º»Ã

��;�=>ºÊ}�U�ïð��C���h[-ë:ê�Dã-.)�=>%���-

T*U[¡¼[�st=>Y��*��¤9��:�C�Ò¦DB:�'d:�-

Apparacio and Baum (2009) %�-;�stPY���BºÊ}�Uøù�¤9�C�

Ò¦DB:�'CD��\J?-�X4|Ù9*¾����	ö�ìí%ºÊ}�U

��%8�C��Ò·[B:�' 

� C����-CDP%�ºÊ}�U��_ö�¾¿��!	���-st�1�P�=>

���£Û�º»Ã��;�Û��m[-.)�stu+8_C�½¾4-S�4�IJ

�´�[�'MÊ*�-stuFÃÄT\´�íiKL�g_[�'CD��*-º»	


�ÒÐ#$%��¦D�;���X4|Ù��*"Y[B�ÌrL%&��:����

ö)�Ð�B:��' 

 

���	����wxqmD�yz{|�

� �Ü%�-º»	
�ÒÐ#$�������X4|ÙÄ�Ì�S1� �Ä�V�

[B8�'CDP%��Ì%�stY�:�;�4IJ�íiKL���B-�X4|Ù�

�����ÌrL%&�C��Ò[B8�'[ [-�?�? Herrnstein (1970) g�

[�ÞÔE²â|Ù�-.)�QRÁ/�T²¾¿��_��C��ß�[B:�'

Herrnstein and Vaughan (1980) F Vaughan (1981) �r©Ò'|Ù%¦�-·º»Ã�

½¾st��Ï�«��ý%��ì��	�����[B?-.)�QR�"Y[�}N

Ý²Ïô��C�P%���[B:�:'[ [-1990;zP%�!	����:B?

-�tÒ¦D��B?¡:�QR}NÝ²Ïô��C�øù¦DB8�(e.g., 

Machado, 1994)'Øk%kl[B8�ºÊ}�U�-stugÒ��oç��:BYÇ4
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��8*�/X4�QR}NÝ²&�C��Ò[B:��:��'ë:ê���-º»	


��
Û��Ì¶�´°²`&�C�Ò¦DB:��ë�C�%8�'�X4|

ÙÄ�-/���?C�N��:B Herrnstein ����Ï%[w9�C��%8�:éÓ

�'�D%���������ã/��C�%8�éÓ� 'CC%�-Øk�����

�oÊ*- @-;M��X4|ÙÄ�Ms�"�¦��D� Baum ��� (Baum, 

1995, 2002, 2010) �â|[B:�' 

 

}~OP��SM��E�qs�';�������E}�

� Baum (1995, 2002) �"Y[B	
�¬u�����ç4��N��[B~��
��

����'! 1 �-	
�ÝP*��Ê*�À3�3Dl��4�[ ���C��%

8�:'! 2 �-?[&�Ì��"N�	
��[��� �./[B:�	
�û 

�#ÊDB?-Ü:�¬�%�B���C��%8�:'r¬9��%�2øP����

é ��ë�B-��¬9�Ê���	�B:���¹��:'?[ ���NS#

Ý^*  ���	�B:�� ?[D�:[-�	�B:�� ?[D�:'û�[

B:� �w8�ÇÈ[��B�Ì¶�����:'! 3 �-	
�Á��������

�D�Dé9®³�QR%&�B?��4�×��	%&*-|������?d:�

C�ë��'	
��N�%~��C��%8�:' 

� Baum (1995) ��Dã-S-Rp|��g���K¯Ù4�B?D�Ý-	
��N�

�[B1���`%&�'K¯Ù%��ç4x�adiscrete eventsbd°�oçÉA�

D�'"���ç4x�-?�"���ç4x�Eøù�æ�����-�>acontiguityb

�{|78-Å��x��
8-©�
8�S�4�{ö (immediate cause) ���'

2Ñ��Áë±Ý`�tÝ�a�ç4x�b,�B:8-øP�B:�i�tÝ�a�

ç4x�bE«@ ��-��\J�[B!P%øP�B:�tÝ�,*��'C�[

�¦��� 19���p|�%�-ÇW�¨«�:�¦��Fa�>�{|��*¨«ý

�¦D�ÇWd°%&�ª«��-"��ÇW�²�-?�"��ÇW�c&_C�b-

	
�QJ���y@aÃÄ+8³���BQR�+8_C�� -ÃÄd°�>4�

�gÒ�¤9��-¨«��b%-FG1�¦���ë��' 

� Thorndike �IJ�yz��o�vwx��Î�	
��Ì�g_[�'C�¦�

�� S-R p|�4�K¯Ù4¦�� ��DÝ����N����'�L��-vwx�

�!	��QR�s����-QR��Ì������-���QR�_�vwx���¾

¿��C���	���'CD�-S�4{ö��*�Ì[�����EW1 �-st�

´µ�~º:B	
��Ì��EW1E��t�"#�¶�B:�'[ [-Thorndike�

IJ�yz�ÎÂ�[B-!	ÃÄ�QR�¨«��t¦m�N��:Bvwx��Ö	

%&*-�D�!	ÃÄ-QR-vwx��0B�ç4�x��ß�¦D-¨«����Ä

¯��>Ö	�1�¦DB:� (Baum, 1995)' 

� Skinner�û�"��QR�Ì��!	ÃÄ�[��_���%-S-R4XN%�-��
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�	
��Ì%8�:�¦��'�C%-Thorndike�IJ�yz�6²´��Bµ¶T²

´	
�VW�ý�[�'s¨4�� Thorndike �!	ÃÄ·QR·vwx�v³��K

B:�-ÚØ4�r:&��'K¯Ù�¨«Ù%�-	
�QJE�O¦D-QR�£

��
8F
jèé%&*-��
8�¯PD�)g¸���B£�¦D�'Skinner�5

6E�IJ-56�qj���B��¦D�QR�STU�[B-µ¶T²´QR���[

�'Skinner���BQR�-qj4��¦D��ÜÔëÝ�m��£��x�¦D�' 

� Skinner �µ¶T²´QR���KL���B£´º9�	�KL4��%&�'CD

�-S-R�XN%�-¤¥�	
����¦"��¿�QR �W1�B�D���Ë}

4�cãD�C���Y¦D�'Skinner�µ¶T²´	
��[�\J-}tÙ4�Ì

rL����'	
�KL4��ÜÔëÝ�<�VW�KB:�'P����	
F¤¥

�	
��Ì�����-vwx��Î�ÕÖ�´µÖ	����-CD����<F

¤¥�<�}t4��Ì�JY���'K¯Ù4XN%�	
�
Û�y�Ý]¿Ì�

 ����¹��Êo¦D���%&��-}tÙ4�Ì�EW1%�	
�
Û�	


�Øá4�£Û%&*-	
�ý������vwx�j,��ª�æ��?���

��'Skinner��Dã-	
�~��&�y�Ý]¿�-S�4�{ö�--�4��&

¡è��@ � ?[D�:-�������&���[B?-vwx��Î�QRý

��´µ�N%	
�_��|����:�ÙN��B����C������:' 

� P�-µ¶T²´QR��!	��S�4��çÃÄ�:�%-QJ��í4�|1%

&�¥��Wm�Õ�[B;R[��:'���� Skinner �µ¶T²´��í4�|1

�[BSTUx��_�-��Ê2QR��gh[�'QR��"�Q����	��Q

R�Õ�Õ�-��%o��'C�|1�¸â�º1�-K¯Ù4¦�� ���V�}�

�C��ùæ[�'�L��ã-QR�%�-�çÃÄ�Ö	�_N�1���	�º1�

�ËrL��*-P���Ä¯�&��N�é9%�|�%8n-QR�����QR�l

���	������DÁ/%�ç4�x�%��:[-V��ç4x����>?¦�

�C����%&� �é'[ [-Baum (2002) ��Dã-Skinner�QR��ò,[

�?��-:0�K¯Ù4¦�� ��D�Ê9%�� ��'Skinner (1938) �-P�

%��Wm�Õ�-QRs1-&�:�QR��%&� ����1�[-QR��QR�

�-�:[QRs1� 1 @�s;ýA�~�B:�a��v?d:�
�T*U[Ò¦

DB:�, Skinner, 1950, 1953b' 

� Baum and Rachlin (1969) �QR�����i����gh[�'���-Gilbert 

(1958) °aÝ¤[Fñ\@@8����QR�ab´ó%"���%_8�aGilbert�

CD�QR�Ü²±(the tempo of responding)�c"éb�:������[B-QR��

�
�ab´�%w����
�ab´��÷ø��
 ��À��¦��'C�ª«-a

b´ó�QR��â�"��¦���%-&�Ü²± (k) %_8�QR� F[��� 

(T) QRÕ (N) �����' 
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 � ��=  ..........................................................................................(11) 

 

CD��çQR N � kT %�8ê�rL%&�C���h��'?[-�Ø»�¦D��

�0/a^â��Ô#%²�����b� S�����ã-QR� (B) �- 

 

 

��

�

�

=  ..........................................................................................(12) 

  

%s;%8�'A 12 ��çQR N �ÌÊn�QR��y@rL%&�C��Ò[B

:�'	
�|������¼½491�-�çQR�MÊ*�-���÷���%&�'

Wm�Õ�QR� F[����O«�1��C��gh[�' 

 

 

� �

� ��

=  ..........................................................................................(13) 

 

/X4�K¯Ù4�XN��p������-	
�ç4�QR �Ë�¦DB:��

��?�%&*-V�-�X4�XN��p������-��Ä¯%��¦D�	µ�}

NÝ²atemporally extended patterns of actionb%&�'CD��
aactivityb�c«' 

� ¦B-�¯�:�����-Skinner�STUVW�ò,-Wm�Õ�[B�QR��ò

,��X4�	
ÇE�	
���g��Ð	�}��C�E�����?�%&��-

1 @�stuF 1 @�¾aÃÄ�:���ç4�vwx�£��QRSTU�m��x

��>4�vw��C����B-QR��1Eøù�GH��1�[B:���-

Skinner�\½-vwx�?P��X4,w%£´º9��CÓP%�: � ��'C�

N��:B-Skinner�IJ�yz� Thorndike �?��JK�PP%&*-CD��>

�ÝU�IJ�yz�c«C����' 

� Baum (1995) ��Dã-�>�ÝU�IJ�yz��OÛ�H�� 3 @�ÙN&�'

1 @l�	
����QRstu��>[B:�C��n[?�	%��:�:�C

�%&�'î´-TÔ´-6´��:B 30kõ1�=>&���[B?QRý��À

�C�øù¦DB:�  (Critchfield and Lattal, 1993; Lattal and Glesson, 1990; 

Okouchi, 2009)'6´�ª«���â������	
���FÏ%����stu�

.���>��	%��:¼���@ �'Û¿À�"Áx�Ê��&�ÂÃ�?�

�Ê9%��:[-�Â%&��	?�: ([ [-ÂÃ�9Dã	
�Ï%¦D�:)'

¬9r���Ä�ø��-��	
�s���������>[�stu��O��

�:'�D%?-¥ô4�x;�rLÛFrQE�Ô´�3�D��:��¢p�¾ax�

-�D���Ë��Ä�Åø	
�@��B:��¦��D�'! 2�-�>�ÝU�

�Ì%�-"�-S�4�{ö�O���:ª«��-ß�Ë�/�j*¯àB-�D�
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�*�Ì�	�'�ã-¬9r���øP�|?���r¬9o^�Í��+8_C

[-øP�C�%o^�Þ�[-C�o^�ÆÞøP�	
�¯�st���B:��:

��Ì%&*-CD�:Ê7��Ë� 2 	ö|Ù%&�'¬9��Bo^�ÍÀB:�é

9��:-�>[�stu��������-o^�Þ/�Ì�W1�PD�'! 3�

stU���Ý��Øá4�;�%&�-VR-VI �QR�Ï��Ì%8�:'�>�ÝU

��Ì�-VIU���Ý�%� IRTÙ���û�st��ÜP�O�&��%-Ù

: IRT �tst¦D���QR�1�����Ì��'[ [-CDé9%�-�L

~Ø4� VRU���Ý��Ü:QR��Ï%[w9�� �oÌ¶%&�'VRU���

Ý��ª«� 1k IRTéÓ� 1�� IRTéÓ�st���dÀ%&�'P�-VIU

���Ý�% IRTÙ���û�st��Ü���C�-	
�����%&Dã-

st�� 1� 2�P% IRTÙ���B:�%&Ó�'[ [-�Dû�¢Ç�C�

�_C�n-^�[��õ1�QR��Ï%[w9�'�>�ÝU�XN%� VR� VI�

QR��Ü¦��Ì%8�:éÓ� (�é[-Tanno and Sakagami, 2008; Tanno, 

Silberberg, and Sakagami, 2010; Tanno and Silberberg, 2012 �C�_Ù�Qé�æ�B

:�)' 

� Baum (1995) � VR-VIQR�Ï�#$E�����Ì�-;o�ÝU�IJ�yz�N

 �g�¦D������'Y�U���Ý�%�-QR�Ü���û�-st�Ü�

��'Ü:QR���tst[B:�'[��B-U���Ý�QR�Ï%�����-

%8�¹*Ü:QR����C�"|¦D�'VI U���Ý�%�-ÜQR��ª«�

�-st��¯¹QR� �Ô��st�����aVI1���ã_�O�*_stub'

[ [-1QR��ª«��-VI U���Ý�%?QR�¯Dãst�?ÜP�'C

�ãäÝ`aÔSoÕaU���Ý����B�m�D�QR�E�st��ÎÏÛb�

Skinner oÕoç�c"ést�E�QR��ÎÏÛ���À��ÝC�oç�&*-

QR�ãäÝ`aÔSoÕ�^ÀBst�Eøù�æ�-st�oÕoç�^ÀBQR�

øù�æ��'C�./�56�ãäÝ`aÔSè�,w�,:B	
;��y@��C

�%8�%&Ó�[-ãäÝ`aÔSoÕ�oÕoç�£��DãÇÈ¦D�}NÝ²

��Ì��C�?rL%&Ó�'P�ãäÝ`aÔSoÕ�PDã-�C �"|�+8

�[¡¼4��
��C�?rL%&�' 

 

������������mD�yz{|�

� �Ü%VÇ[B8����-Baum��X4�	
��%�-./�â�º»ª¨�õ¦

DB�*-	
��º»��?�%&��1��'P�-º»��ç4-Ì�4�µ¦D�

?�%���-&�����ó� ���
���ì��1��'º»�øù�æ��56

¸¹����ª«��-./���ì�}NÝ²�t���1��'C�
�Á/�-

Herrnstein (1970) �gh��»�¡¢[��[B:�?��1��C�%8�aÈk_

XCDb'ØÙÚ%�op��X4	
����OÛ�gh��C����:'!�@A�
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���-ÒÐ#$�¾¿�-½¾4��>��	�����º»�/X4|Ù�°ÉÛÜ

:���1��'�â#$��[���QRF���ì��~M4�³ÝNìí�1�[

B8��X4|Ù�-ÒÐ#$�»¼4¾¿�}i©!%�-��^?�[¦�8�H�

�D�rLÛ&��%��:éÓ� 'C����)#��[B-�X4|ÙÄ���

�����,�[B:�� ��
��C�CC%�l4%&�'�X%� Davison � 

Baum ºÊ}�U�{�B��������i�[-�X4|Ù���B������

h&*��� �ÙÀ�'CC%�-Baum ��X4	
���XN �-û��¦

DB:�� �Nf��' 

� ¾\?$SU���Ä¯%��taÒÐb��[B�*-º»�¾\?$SU���Ä¯

%���ì���taÒÐb��[B:�'ÒÐ}NÝ²�-�4�ô
N (equilibrium) 

E�[^���'C�C��ãäÝ`aÔSè%y@rL%&�'�`4�ãäÝ`aÔ

Sè%&�_ÝvUNÔ´�ÊË{Ì%¼���Ì�	�'(�Í1astYb��[B-

½óÍ11:aQRYÞÔE²âô
N �b:bª«-s�Î7[½óÍ1��8�

ÒÐ¦m�aÒÐ#$�&*QRF���ì��8��t��b'(�Í1�dÀ���

�ª«�ÊË�Åø[aô
N��[-ÒÐ#$ ��â#$EÐ�b-[ã��[B-½

óÍ1+&à�B���-ÊË+Î7��C�%-ô
N2 %½ó�ÍÏ%¦D

�aÞÔE²âoç����b'ô
N��[��[B?³ ��
�_8@º9�-

���
�(�Í1��t¦m�ª«�_8��
�YA��Ñ�¹�D�Èx%�1_

8�' 

� C�����ÒÐ#$�-W��	
���%�-�Ô#%²Ñ���t�[BÇÈ�

	�B8�'&�56¸¹�./��8-¡���Ô#%²� F[BT*U[Ûn�w9

�'./�ö)�	
��¢¦mB:8-FB�â#$��[-̂ �~í�L�[��N

%-��¸¹à�Ûn��23�'[ [-ÒÐ#$�¾¿�W���c��Æw8��:

B?¾¿¦DB8�'Davison and Hunter (1979) ��� VI VI U���Ý�%:)� VI

h�W1«Êm�Ì,[Ûn�	��'£��A8C��Ên 6�Ô#%²%¸¹� 

�t¦mB:��C�%&�'��\J-Ên 6 �Ô#%²��2����ºÊý�

¦D-^�[�'Hunter and Davison (1985) F Schofield and Davison (1997) ��� VI 

VI U���Ý�%Ì,�� VI h�µ¶T²¾¿�W1«Êm��Ô#%²Ñ��T²¾

¿��t¦m�'\J-ºÊ�����t[-Â�Ô#%²�ºÊ����Ô#%²%(�

¦D�stY��P �ÞÔE²â[-��Ô#%²�stY�øù�û�"���[�'

Mazur (1992) ��Ô#%²�Ý���stY� 1:1�(�[-d�Ô#%²�d� � 2:3

F 3:1-9:1�:��stYE�t¦m�'��\J-ºÊ�����t[-��� 1�Ô

#%²ó%ÒÐ ��â#$E���P �AÐ���[�'�Ô#%²ó%�ÒÐ�:

��V���ú?d:�\J�øù[B:�aBanna and Newland, 2009; Mark and 

Gallistel, 1994b'��¨pU���Ý���:B?ÒÐ�¾¿��JK���&�

(Kyonka and Grace, 2008)'�[B Davison and Baum (2000) �Æw8?-�Ô#%²ó
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%�ÒÐ�¾¿��Æw8� 1@�[B���C�%8�' 

� »�¯-�â#$�Ò���C��YÇ4Ù:��×a91b��	���"�%-ÒÐ

#$�ÇÈ��C���*[:��91%rL%&�'W��Æw8%�-��91� 1�

�� 1�Ô#%²%&��'[ [-�Ô#%²Ñ��¸¹�t��Æw8%�-�â#

$E� K 1 �Ô#%²ó%_8�'ÒÐ�ÇÈ������ 1 �Ô#%²0/�*?

Z¦:��%��91�R����	&�' 

� Mazur (1992) ���91� 9�F 15��:�W�� 1�Ô#%²�* 1���Z¦�

��-º»	
�|�[�'��\J�-��Ä�c��9D�?-1�Ô#%²��%Ò

Ð�¾¿��ª«�JK�ÒÐO���D�'Mazur �¦��Z¦:��91�[B-

stugÒv�! 1 QR �! 6 QRP%�-1 QR� 1 ���[Bl�[-ÂQRõ�

�9�QRO«��>[�'��\J�-stugÒv-Ý��-v�stuäå[�º

»Ã��[Bs�ºÊ�À-ºÊÞ/[B:�'Leanº»Ã�ª«?O��dÀ%&

�-æÏiN�~í�[B Richº»ÃE�ºÊ�!,��_8�'CD?ºÊ}�U

� 1%&�' 

� �ã-?[ÞÔE²âyz-W��*?�Dé9Z¦:��91EÐ[B?����

C��
¦D���ã-?[-��oç�������91�,:B?�:é¦D��

�ã-�D���91��ÁY;Ka91o�b4�oçÛ�ëÊD�'[ [-½¾4�

aZ¦:��91%�bRzÛÏô[-��RzÛ�ÁY;K4���¦D�91%Q�

¦D�C��:��ã-��Z¦:��91%�RzÛ �ÞÔE²â+8�¦D�

 ?[D�:'"�-��Z¦:��91%�RzÛ�ÞÔE²âoç �+8�¦D�C

���:'�ã-2@�º»ÃE�QR¨st���ó%Rz4��t��'CD�º

»Ã�3*4��@:B�Rz4�¾\?$SU�Ò·��'3*4�}NÝ² �ÞÔ

E²âoç�+8��C��rL%&Ó�-ÞÔE²â �3*4�}NÝ²�+8�

�C��%8�:'ë:ê���-º»	
�¾\?$SU�3*4�}NÝ²FQR¨E

 ª¦D�éÓ�'CD��>���91�� ª4�oçÛ�%&�' 

� ÒÐ�¢õ�ÇÈ��	�����×�Æw8c�Dã�t��'Herrnstein (1961) 

���ñA4���U���Ý�%�-^�~í����P%-1@�¸¹�T*U�'C

�ª«-ÒÐ�ÇÈ������Ô#%²%&�'Mazur (1992) �Æw8��Ô#%²ó

%stY 1:1 �E��stYE�t��'����ÒÐ�¢õ��Ô#%²ó�S	ó

DÔS��%�
�[�'P� Davison and Baum (2000) �Æw8%��Ô#%²ó� 7

����9-stY�T²¾¿����'_���gÒstuÕ%��¦D�'C�ª«-

ÒÐ���ó%��[-��ó� IRI ��%ÒÐ�ÇÈ[�'C����Ì,��Æw8

��-56�t��¦�«Êm����	
�ÒÐÇÈ¦D�'�[B-ÇÈ¦D�Ò

Ð���Ì,[����r:�oÊ�nJK�ý�Ò�'C����-Ì,����91�

oÊ�n-JK�;�ÇÈ¦D�ª«-ÁY;K4�oç�&��ë�-Ì,¦D���

×��oç��dÀ¢õ;����[B:�rLÛ&�' 
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Herrnstein `�Æw8%�-�â#$��[�v�QRY�stY����ÞÔE²â

oç1�D�'Baum (2010) �stY¸¹�%!,��ª«�-¸¹����v�-

Í� 3�Ô#%²�ÒÐà�QR�st� Visita��Ê2QR¨b��%ÉA�'��\

J-·º»Ã�%gÒ¦D�stu�xüÕ�Ï�»*ö)�æ4���B:8-stu

�gÒÕ�»*�vþ:�����QRÕ?»�B:��'@P*-ÒÐà%?stugÒ

�QRÁ������/�;o&*-CD�@P*-a¢Z%&�B?bÞÔE²âoç

ÇÈ¦D�C��Ò[B:�'C����ÒÐ#$��:B?�%�ÞÔE²âoç�

#ÇÈ¦D��%&Dã-QRYstY�þä[-�â#$%����ÞÔE²âoç

�À��:��ÌrL%&�'P�-Davison and Baum (2000) �Æw8%��Ô#

%²ó� 7��%Ì,[� 7 @�stY�ª�-��ó�-v�Õ IRI %�stY���

�QRY�XÒ[��CÓ-ÞÔE²âoç��[B:�C�Ê ��'¦��-d:

�Æw8 ���D�ºÊ}�U�X%� IRI ó�.i�ÕQRóDÔS��%ÇÈ[�

�CÓ-©�stu�stY?}�Uý��t�[B:�C��
¦D-C�stY��

��QRY�XÒ[��CÓ-CC%?¢ZÞÔE²â��[B:�'C����¡��

�����r:�oÊ�nÞÔE²âoç����C� �-CD?ÁY;K4oçÛ

��[B~��C�rL%&�'P�ÞÔE²âoçÒÐ������N�QR�

st�;oÏô[-¦��ë�ã-stY�QRYvþ:������t[B:��¦

��D�'ºÊ}�U�:�½¾4�ÒÐ%?d:�C�ë��'��Ê2-ºÊ}�U

�QR·st�;oÛ���B�À�;�%&*-������Z�r:�oÊ�n-CD

?ÞÔE²âyz��X4|Ù���B�ÌrL%&�' 

�*Ù:����%_8�;�-�*[:����%_8�á4�c��;�%�Ì

¦D��- ª4�oç�&��:�'�Ô#%²Ñ��QRY�ÒÐ��Ô#%²ó%_

8� Fix and Sample }NÝ²%�Ì¦D� ?[D�:'P�-ºÊ}�U;��-Âº

»ÃEÁ�[�QR¨�;��[B ª��C�rL%&�'��Ê2-stugÒv-

Í�QR¨¸â�Ù�-�DQRY|1%��8�»*�[BÇÈ¦D�' 

@P*-Baum (2010) ��Dã-��×�c��;���ÁY;KÛ� ªÛ�:�i

<�oçÛ&*���:�'�2��kl��� ��*-_Ù�MN��t��-:

nD?�O�ë_ÝES^Ô#%²��1���[B����%&Ó�'û�þG�� 

���ú���l4���Bc��'�[B-ÒÐ;�F-Z¦:����%��D�Rz

Û-ÞÔE²âoç�M����X4|Ù�Ï �C���:�¦��'91o�4�Þ

ÔE²âoçÇÈ¦D-�D��]^�CD�U���B��[B:�rLÛ���

��PD��¦�� �%&�'ÞÔE²âoç�./stY��[BÍ¤Û�%@C

�-ë:ê���-ãäÝ`aÔSoÕ%R�¦D�QR�·st�oç��*./�º»

	
��¦D�C�~��&��¦��'¦��"Ð¡1�1-./stYFst�

�r:�íi[�����-º»	
�ãäÝ`aÔSoÕ��*�¦D�rLÛE�

ëG�}�B:�' 
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��������������������������������������-������t�

� ºÊ}�U�½¾4��À�RzÛ%&*-stugÒÅv�æ4�O�%&� �-s

tu�[Q4-½¾4�IJ�1�¦DB8�astu�st�FíiKL�b'[ [-

McLean, Grace, Pitts, and Hughes (2014) �ºÊ}�U��_�stu�[Q4IJ�ß

�[��B?����ÌrL%&*-[��B-�:é¦D�[Q4IJ�BÝÜäãÑ

S´%&����[�'CD�-�X4�|Ù�o%��i�i��¦��D�'Baum and 

Davison (2004) �ºÊ}�UQR¨�Ë}aVisit&�*�QRÕbE ªrL%&�C

��Ò[�'CD�¤9B McLean et al. �#$�°Ý#%²���B�1�[�QR¨

%º»	
�DÝ³ÝN�ý�[-v ���³ÝN�stugÒ���~º8-stug

Òv�QRÑ��QRY��>[��CÓ-ºÊ}�UÇÈ¦D�' 

QR¨�¦²Þ�p���B��[�' 

 

( )

� �

� �

� �

�

� �

� �

�

θ

θ

− −

=

Γ

 ..........................................................................(14) 

CC%-k�ÍShape” }TyÝN-Ò� ÍScaleÎ}TyÝN-Ó(k) � k%�ü?�D

�¦²ÞoÕ%&*-kâÕ�ª«�-(k�1) ! �Î[:'x�QR¨%&*-âÕh�

1�Ì,��'¦²Þ�p�Åôh� kêÒ-�í»Ï�ÔkêÒ%R�¦D�'��-¦

²Þ�p�£i�ª«�[B-kÕ1 �������p�ÖÕ1 / Ò ��Õ�p�"ú��' 

McLean et al. �C�¦²Þ�p���ó�}TyÝN����|Ù4�����C�Ê

n-�é#$�°Ý#%²������U���Ý�%�QR¨�£´º9����Ì,

[�' 

#$�°Ý#%²�©�Æõ%	ÊD�'����Âº»Ã��[-¦²Þ�p�(�[-

Â�p �QR¨� 10,000n@��[�'QR¨d3D�C��-i�º»ÃE�QR

�3*4��C���h���%-2@�¦²Þ�p ���[�QR¨�=<�«ÊmB

:�C����B×K4QRé���[�'0B�QR� 0.4 k%"�� IRT �%@C�

�[-ïðstY 3:1 � Stubbs-Pliscoff ` VI30 k���B-U���Ý�	÷L�¦

D�QRÑ��stuNâ���B:��'CD�DÝ³ÝN�[BºÊ}�U��:�'

McLean et al. �·¦²Þ�p�}TyÝN�qj[B:)�W1«Êm%#$�°Ý#

%²�	��'�ã-ÅôhY�"�����PP-ÅôhÁ/�Vã[B:��ª«�

�ö)�ºÊ}�U�O�s�Ù���B:�C�-�í»ÏY�"�����PP-�

í»ÏÁ/�Vã[B:��ª«��-�í»ÏZ¦:ª«��stugÒv�QR

}��@DPQ4�ºÊZD4Ê�Øý�[B:�-ö)�Øý�gP*0/stY

� :,NEg�[B:��'stÅv�}�U�v-ºÊØý�Ò�³ÝN� Davison 

and Baum (2003) stPY���BÇÈ[�\J�dÀ%&�'·¦²Þ�p% k=1�

Ð�[-ÅôhY�Ð�[��Õ�p%#$�°Ý#%²[�ª«��-QR¨�·Åôh
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[:ª«��ºÊ}�U��Àn-Ù����[��B}�U�À�' 

CD��#$�°Ý#%²��Ù%ºÊ}�U��[�'[ [QR³ÝN��[B-

stu�v ����À3*�[B���D�é9%&���-stu�[Q4-½¾4I

J�"3øù[B:�:'�D%�-�LºÊ}�U�À��éÓ� '�D�QR¨

Ù����@D-stuNâQR¨�d�%ÅZ¦D�rLÛÜP� �%&�'st

uNâd�%ÅZ¦D�ª«?-¨�8*�QR�ÍÁ�Î[�v�[ -QR3*4�

�_C��:'[��B-stugÒÅ��d"�QR�stugÒv[ã����-Á

�[w9���-QRY���[�ª«�stugÒ¦D�º»ÃE��8�ºÊ�»*

1�D��%&�' 

� McLean et al. �ºÊ}�U��_ö�[B»��stu�½¾4IJ0��:��

¦�B:�:'��MÊ*�-C�#$�°Ý#%²���B��¦D�ºÊ}�U��æ

ß�4�ºÊ}�Uanull-hypothesis preference pulse: NHPPb�[B�,��C��g

h��'»��
î��[�ºÊ}�U�-��
î�QR¨Ë}�[B��[�

NHPP ��Ï�e���ã-8Ï�[B�ºÊ}�U8�'C�8Ï}�UC���

stu�½¾4IJ�s��¦��D��:�' 

NHPP�[B��,��Pé_Ù?8�%&Ó�-:nD�m�-McLean et al.s

tu�IJ�¯P�:¿Ú�#$�°Ý#%²�1���B-ºÊ}�U�ý#�Ò[�

C�����h�:C�%&�'CD�¿Ú�QR¨�Ë}�1���BºÊ}�U�

���C��Ò·��'�[BQR¨��p�£´�-	
��X4�§¨%&���-�

X4�	
£´�1���B-/X4�RzÛ%&�ºÊ}�U������1��C�

%8��%&�' 
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�

�� �� � ��������	
�����������������

 

� Davison and Baum (2002) ��� VI VI���	
���������������

����� 1 �� !"#$%&'(�)*+,-��./0�12��34�"#56

7,�,�"#89�:;<=just-productive alternative> P :;< ?@A !:BC

DEFGH���5���GHCIJ!�FKL�& �M3�N+O@ P :;<@A 

!PQR"#S5�:B�3��T:BU��V�WXYM 

� Z 1 [�\] !E�^_@�:BU���]`� !"#$�"#ab]�cdab

]C%e89!E�MKrägeloh et al. (2005) �"#$Cfg%&89�:;<hij"#

$C%&89RklmEno�pkl�qr�����9@A !:BU��st�u�

�:B�GH�DE8Cv# �M ' �klmEnoC 0 �wxyz{|2!�kl

��P:;<}Lh:BC~��(9R^_�KLC���M 

Cowie et al. (2011) �Stubbs-Pliscoff����VI 57 VI507 ���	
�����M

kl 4 ���y ��"#���	
�� ! VI5 7C:;89�wx@������	


���@�:;<��E�VI507C:;89�wx@��@�:;<h���	
�C

�H�!(9�M3����	
���"#$C����9�:;<hfg%&89�wx

y���5�:BU����@�:;<�h�J�M3�����"#ab]��]`C�

'��C�cdab]��N� !�RM 

Boutros, et al. (2011) �:BU�����}����!"#$%&5�"#0�12�M

�����kl��"#0CN���Rwx�y�IRI�)*����"#0@�GHC�

H��H��"#$%&S5@��J:;<'("#$C%&89R�b�CPF�+,)

*��y@GHC�F���M��(�39� COD ���@^R��� �MCOD Cm

 89�wx�y �"#$C P :;<'(%&89Rwx@��"#$S5@ij"#

$C¡(9R�b�C�RC��"#$CS¢@"#89�'��:;<=Not-just-

Productive alternative£N:;<?@¤¥89�wx��¦@ VI���	
�§¨C©�

89�wx�y�N:;<h./�ªH«¬�5�67,�"#$C%&89R�b���

�M��"#0�./0�stC®�KL�¯F3���3�"#0�cd|R3��:

BU��C�JR�|Rcdab]�°± !�RM 

²³�^_��´�µ¶����·F�:BU����¸�"#$�"#ab]��]

`C�'��C�cdab]��¹�@]`C�b��R^_��RM ' �39Q��

´�µ¶�:BU����¸@��!cdabCº»O@§¼89R3��& !����

�QHº§kl�n� !���M:BU���½¾¿À��cdabCÁ���� �

_@��klÂ�y�¸|R'y 9��MÃÄÅ 1 ���3�Æ�Ç&|R�{�ÄÅ

�%e|RM 

� ÃÄÅ��¿È��ÉÅÊ� �� VR� EXT� ���	
��Â�������M2�



 59   

 

�ËÌ
�³[@�R 2 ��ÍÎ¿Ï��_ÐN}C¿ÀÑÒ@ÆÓ �¿Ï�ÆÓ�Ô

Õ89�:;<C�Ö��"#89R:;<��RM3�ÄÅ���S¢Ö�@"#$%&

�×��:;<C�Ö�� VRËÌ
@�Rwx� EXTËÌ
@�RwxC�RM�3��

39(��9Ø9@A|R:BU����¸�nÙ|RM 

� :BU��@A|R]`� !ÃÄÅ��"#$�cdab�Ú�H@"#$@^RÛ

Ü�%e|RMBaum (2012) �ÛÜ�UÝÞß��Ûà�á��âã !�RM�9@^

9ä�ÛÜ�åæOklç��èé|R\ê��RC�UÝÞß��./ÛàY����F�

UÝÞß��]`C�b��R'ëYì`��í=e.g., mf�íîïð�í??yèz|RM

mf�íîïð�í��¸§l� !�UÝÞß�klç�@��!�§l��R�ñò

O@ó§�ôõ=e.g., ö÷%&?�±�Æ�øù !�RMö÷%&�^_�úûà�O

@ó§�ôõ=phylogenetically important event: PIE?���ôõ��¸8üRËÌ
ý

 ./��þ��=fg�?����ËÌ
�ý|�í� PIE ���í@|RM� ! PIE

��¸� PIE ���í�ÛÜ|RM �C�!�ö÷Cfg%&89�ËÌ
:;<@A

 !�ö÷%&S5@./Cij¸3RM 

� Killeen, Hanson, and Osborne (1978) �"#$@^HÛÜ89R�í@��!�y_ 1

��Ç� ¬!F9RMFT���	
�@^H�@ö÷%&� �+@�ö÷%&5@

�í�CP{(9�ö÷%&'(�)*+,C��@�9!I� !���My :BU�

�CKilleen et al. ��KL�ÛÜ89R�(ä��(�ÛÜ���í��	�
@^�!�

:BU����6�
y��ER��4_M 

� ÃÄÅ��E@��R"#$�cd]�"#]�ÛÜ]����á��2RMcd]�

�5@"#$Cfg �ËÌ
C�Ð(��R'����F�VRËÌ
h:BC¸ER3

����|RM"#]���"#$� ¬R'�'@��(�S¢@"#$C¸E�ËÌ


h:BC�¸|R3����|RMÛÜ]�� PIE ��ÍÎ� !�ËÌ
�ÔÕ¿Ï

����þAO����x�@�� !�6��b��&�|RM�"#$����ÔÕ|

R¿Ï�C §� PIE ��ÍÎ� !ab|R�(ä�¿Ï���hÔÕC¸ER��4

_My "#89�ËÌ
C §� PIE ��ÍÎ��R�(ä�S¢@"#$Cfg �

:;<h:BC¸ER��4_M� !�"#89�ËÌ
�¿Ï��!}C PIE ���

í�~E¸3|�(ä�!ÍÎCÛÜ|R�í@:BC"#�×�R��4_M 

 

��� �

����

8$�½��Wistarú ¿È�=ÉÅÊ%Õ£A1'( A8?�ÄÅ@�& �M��9�

'ÊyÄÅë)Å��H�ÄÅ��()+@ 36*+Y��MÊó�,-é.+� 80%h/

089�M1�23�
���ÄÅ�²4�,-@é5�b����M236� 12+,7

��8`qrC��9�9¢ 8+@:Ó �95 8+@ÆÓ �M;<� !ÄÅ�* 5=

9¢ 9+'( 10+@()89�ÄÅ>ð5@m?@A����M 
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���

� B�E 21CD 28CP8 27=cm?�½¾¿À�ÄÅE��FGE@H� ÄÅ@�& 

�M@AI�JK�LK� !�MJK�NO�PQR�S�LK�TK�P�US�VW

� !X& �MY�SZ 1 mm �[�MJKhù ��^� 15 mm D�LK'(TK

Q��� !¤�89�MLK�J@�Y'( 12 cm�LKJ�\'(�9Ø9 10 cm]

9���@ 24 V�ÍÎ¿Ï�C�H�39� 2��RËÌ
��9Ø9�³[@���M

ÍÎ¿Ï��Â[@H�89�ËÌ
�Y'( 8 cm�LKJ�\'( 8 cm �w�@H�

89�^ÏQÞ�ÏÈ_�(`��{@ 0.15N�a�§ �MLKJ��\�Y'( 2 cm

@ö÷ICH�89!��MNO�TK�\[mb@� 24 V �NOÓC���MÄÅ�@

ÄÅEM@�'9��c
d
'(�efÏ�gÏhCi9�FGE4�G�Fj �Mk

!�ÄÅ�ßR
lß�� Visual Basic Express Edition (2005mj 2010) �X& !Ä

n89�	
o��@�ßR
lß�� R�X& �M 

 

	
��

� ��"#=continuous reinforcement: CRF?���	
��Â�ÀpqrÏcÀs@

^H!ËÌ
h./|R^_@������M./Ct�O@,à89R^_@���5

��uv�î{�'Ê�,wO@ 100 "#$�5¡|RQ�./�,à �5¡5xÈq

yÀC>ð �M2��RËÌ
��Ð(h./�,à !y"#$C¡(9�¿È��!

ËÌ
h./�z( CÐ����C�N}�ËÌ
�{h|�X��./�,à|R'

Ê@A !��}}�ËÌ
�{@ CRF���	
��~�� ���xÈqyÀ��v

 ������M 

� !ËÌ
h./Ct�O@,à89R3��nÙ �5�����E�ÄÅ� §��

Eh���@bç�!���MxÈqyÀC()89R�¿ÀÑÒ@�}�ÍÎ¿Ï�C

ÆÓ �MÆÓ�ËÌ
@� 12��¿ÀÑÒ@%&|R VR���	
�=Fleshler and 

Hoffman, 1962?C¤¥89�:Ó�ËÌ
@�./� !y"#89R3���� EXT

���	
����!��MVR���	
��§¨�©� �./@A !¾ËÈ�	�

�¾À÷
'("#$� !¾ËÈ� 1 �C%&89�M3�+�	��¾À÷
�rí

G�ö÷Ih�Ð!FR¾ËÈ�²4�ÍÎv#�¸E�'��M"#$�%&�ÃÄÅ

��Ö����� �M"#$C%&89�5|�@�Ö��¿Ï�CÆÓ �VR���

	
�Cab|R��C¿ÀÑÒ@��89�MN�j��89�¿Ï�����	
�

����Ö�C>ð|RQ��±89�MVR ����xÈqyÀ�����y@ 2 '(

20 Q���@³�(9�MVR ��v��'Ê�./�����'(ÄÅ�C�j �M

pxÈqyÀ� 100"#$%&�Q�� 60�)*���9'@^�!>ð �M 

� ��C>ð|R�� ÄÅkl�() �Mfg��S¢Q������N����C�

�N�á�� VR�C 20@��89t����©�|Q�xÈqyÀC��(9�3��
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���Mt���������©�|3��89�M(a) ��F�y 35 xÈqyÀCÄn

89!�R3��(b) VRËÌ
h�þA:;�x@��!��5� 9xÈqyÀ� 3xÈ

qyÀÝÞÈQ-�@�� �ÝÞÈQ-�@�� ����,����D�C 9 xÈq

yÀkÊ����� 15%�@�QR3������M 

 

��

� 7 $�¿È�C 36 xÈqyÀQ�@t�1�@� �M¿È� 2 �{ 55 xÈqyÀQ

����§ �M 

� ÃÄÅ��& �ËÌ
�R�¿QoÝ�
�����{�39�ö÷C%&89!'

(y./� ��R./�*=runover?C¸ER�b�C�RM  1-1�S¢@"#$C

fg �ËÌ
=just-productive lever: P ËÌ
?@A|R./¡���> 9xÈqyÀ

�x¢ �"#$%&5 107Q����� 500UR7£¤=¥À?�& �M|2!�¿

È��"#5 2 7Q�@��./o�¦§@I� !���M./�*C�¨ ö÷Ih

©í|RQ��ª+C 1 7'( 2 7Q�@�J!��3�C�'RM|2!�¿È�C 2

7²«���@��./o�¬8ü!���M�3�"#$%&5 2 7@~'9�®S

t�k!�¿È��./�*C�¨ �¯Æ�{� �²5�����"#5 2 7�)*

5@,à89�./Y���&|R3�� �M 

�   1-2³�p'Ê� VRËÌ
h�þA./¡��°|E±� ��RME��²�1�

t�����E�³³�Â³�´��µ¶�° �E�³Â@�RÆt�·ÆC�D���

¸��°|Mk'Ê��������� 0.87Y��M  1-2Â�"#$%&5� 27¥À

-�@./�¹¢ �)*+,��6� !� VR ËÌ
h�þA./¡������°

|M�^� 307Q�@ VRËÌ
h�:B�ºb�@�|R»©�& �M 

�   1-3� PËÌ
h�./�S¢�"#$Cfg �'��ËÌ
=Not-just-productive 

lever: NËÌ
?h�./��0��&A6��&|M39� Log P/N ./0� !´�

µ¶�¡¼@X&89!E�:B�â½��R=e.g., Baum, 2010; Davison and Baum, 

2006, McLean et al., 2014?M¾¿�ÀÞ�:B�GHC��3��L��CP�|� PË

Ì
h�:BC"�3���Á@Â��CP�|� N ËÌ
h�:BC"�3��&|M

"#$%&5 40 7²«@�¸ �./�ÃA6C����{Ã��@�& �'��M

Log P/N ./0��$��Ä���9'CÀÞ�wx@���89��M3�^_�Å·

�:BC¡(9�wx�¾¿�·@Æ¿��Õ�°&� �MPËÌ
�´@]` �^_

@S¢�Ö��"#$C¡(9�ËÌ
���â� !�H�39�5�|RÖ��cd

ÍÎ����â� !�R������Æ@ÇÈCº§��RMy �L=�?ËÌ
h�

./@fg !"#$C%&89�wx�3�ËÌ
C P ËÌ
�{�89�5�|RÖ

��ÍÎ¿Ï����C R=�?ËÌ
�h©��� !y�LËÌ
h�./C P./�

89�RËÌ
h�./� N./� !¹¢89RMp'Ê� ��Æt� PËÌ
�|

��Ð¢Ö�� VR ËÌ
C5�|RÖ��ij VR ËÌ
����wx�:B�»©�
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& �Ät�NËÌ
�|��Ð¢Ö�� EXTËÌ
C5�|RÖ�� VRËÌ
���

�wx�:B�»©�& !�RM 

� k!�'Ê��"#$%&5�67�,��� VRËÌ
C�Ð(�ËÌ
��R'@�

�(��ö÷I'(]9�5@ P ËÌ
hijÉRKLC���M ' �C(�:Bv

#�DE8="#5�:B�v#�x�?� VR ËÌ
���C5�Ö��v# �5�

EXTËÌ
@A !^H`ÊY��M 

�   1-4A � EXTËÌ
@A|R�k!�'Ê�"#$%&5�+,��6� !� Log 

P/N ./0�����°|MÍÎ¿Ï����CË�:;<h©��5�8¬���O@

Ì�!67,� EXTËÌ
h:BCÍ(9RM 

�   1-4B �  1-4A�./0���|RÎ@�&89���$��Ä@��R./¡��

&|MÆ¿��Õ�ÏÖ�� VR ËÌ
���� N ËÌ
@A|R./¡��ÐÑ�Õ�

ÏÖ�� EXTËÌ
���� PËÌ
@A|R./¡��°|M 

� EXTËÌ
h�./�+,O»©��	�#|R�{@ Killeen et al. (1978) �Òóâ

6�6�ÛÜ�	���&�ÓÔ �M�	�����6
��RM 

 

 
� �

� �
� � � �

� � � �

− −

= − .......................................................................(15) 

 

33��R�½O��R�í�./o��RMA�ÕÖ1�=arousal?�° �N+O�

./×/=I?�Øx�í (C) @^R./o×/ÆÞx�C��!���wx@�Ù89R

./o��D�@Ú �MI �"#5ÛÜ��¬(9���"#�Ý�O��H�"#$%

&5�+, (t) ��6� ! RC¦§@Þ? �â6�6 (1 - e) @^�!°Ï89RM�

�5�Øx�í�Þ?��{@ R �I� !�FMÃÄÅh3�
�ß&|R@��H�

U¿à
o C�"#$%&5@N+O@PQ��ÕÖ1��I��°|U¿à
o Dh�

áâ�v� �M 

 

 
� �

� �
� � � �

� � � �

− −

= −  ......................................................................(16) 

 

3�áâv���	����@�"#� ¬��M 

� 
 15 �Øx�í@�|R�6�����	
�ÛÜ��í�ãJRÎ@�"#$%&5

@�¸¡��³C��mf�í=�R���,�í?CI� !�F3���äR2E��

"#$%&�+,Cbç�!FR@ �C�!�ïð�íC°¤O@��!�FN}�mf

�íC�¨ !�F�]`89R (Staddon and Simmelhag, 1971)MKilleen (1975)�

Killeen et al. (1978) ��"#$� FT���	
�@^�!7�O@%&89RM �C

�!�"#$%&5�+,�)*���"#$%&�ÔÕ|R�C'H������4_M

 ' �ÃÄÅ��E���+,)*� VR���	
�@^R"#$%&��,@���
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qyÀ�Ï  �M ' �ÃÄÅ�
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�Â�./@æ�O� Fix-and-Sample����¬é�E��M ' �McLean et al.

�>À^�?@^R:;�í��	�#��_�¬�îï�\êO¢�@��R3�@�

v�H��MFix-and-Sample����è·@���?�U¿à
o�v¬R3�@^�!�

Ì��@�çF:;89'(#[|R3�C�E����RM 
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�� �� 	
�./�01234�56�

 

� Ããj�39Q��ÄÅ	
@^�!��� VR EXT ���	
���� VI EXT �

��	
�@��R:;�í�89mjví�����{!E�M"#$%&5@��%

&89�"#$@^�!ÛÜ89 P ËÌ
h./�ªC¸ERM+,)*�ø@ÛÜ@^

R.//õ�I� !�E�îC!½¾¿À�*L@^R.//õC°¤O@��!�FM

:;�í�kÊO�ví�� Fix-and-Sample@^�!_QF�89RM�QH�"#Ë

Ì
h�F¶å =Fix?�+½�EXT ËÌ
h©í|RM��©í�|R'�"#ËÌ


h,à �./���8��6� !NJ�¿ÀÑÒ��RMN}�EXTËÌ
h©í5�

·F�wx���' 2Î3./�"#ËÌ
hÉRC=Sample?�+½�EXTËÌ
h�ª

 �é�@��./��,à|R3�C�RM3� EXTËÌ
h��ª���"#$%&

5�N+O@ EXT ËÌ
h�:BCPQR EXT U��@^�!áâC�b��H�[Ì

|R�:;�í@�Win-Stay KLCzQ9!���{�|3�C�ERMÄÎ@�3�¦

�@ �C�!qU	Ë
qyÀ�����34�ÄÎ�	
o��'(¡(9�·F�

KL�N�|R���&|3�C�E�MQ�������	
��X& �"#���	


�C VR��R'�VI��R'@��!��./o@���J�C�·ºO�·F��

�@��!RO@�JKL�& �M39(����ZQ¬!:;�í�ví����

 !�:;�í�Win-Stay, Fix-and-Sample�	��%e|R@êH�39�Ããj@�

�R:;�í�89���mj�ví��*L��@��RN��ë�Æ�& �M 

� Ããj���39Q���íví�µ¶Cé�@�¦���E�&�!E�3��.K

ìí� ��R2Fè·���E��& !:;�í�ví*L�12R3��7â �M

�����	
�@��!"#���	
�� 1�� �y_N}� EXT���	
��

 �3���"#���	
�,�Eî�¸��{���E�è·#�N�����M '

 �:;�í�½�� Herrnstein (1961) ²ä��� VI VI ���	
���RM½�O

��E@02�ÃÄÅ��E��îîïi��R3���{��MÃãj����� VI VI 

���	
�@LK'(5H3�¢�Ic�ð�~FC�^HàF:;�í�89mjv

í��*L@��Rô���ÓÔ|R3���ñäO@M89�³P� 1 ��Ì¬R��

4_MÃÄÅ����� VI EXT ���	
��X& !�:;�í�ví�àd�hÒ

@��!��Ròó��{��9@^H��� VI VI ���	
��ÓÔh�©R¢�I

c��Í�ý{R3��7O�|RM 

ÄÎ��34�ÛÜ@^R Win-Stay �^j Fix-and-Sample KL�:;�í���

 !���L��ô���±����4_'MQ� 1 ��ãÆ���ËÌ
h�"#0�

:BU����¸}L@��!��RMÇ¬ä�"#$@^RÛÜCWin-stayKL��J

R��_���{!E�C�ÄÎ@�ÛÜ�9,Ê�þ�yQY^F�'�!���M

Baum (2012) ��¿È�@��!�ö÷�^_� PIE (phylogenetically important event) 
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C PIE�fg ��í� PIE ���í� !��8ü�²5 PIE� PIE ���í�ÛÜ

|R� �|RC�ô'�àd�hÒ�õô@��!�%e !���MWin-stay �íñ

îö��)�89R�íKL� !^F�(9!�RC (e.g., Evenden and Robbins, 

1984)�+@� Win-shift KLC)�89R3�y	
89!�R (e.g., Olton, Walker, 

Gage, and Johnson, 1977)MWin-stay�Win-shift�KL���^_���@�H���

^_�§úCKL���|R�Y4_'M39@�� !�:BU���µ¶@��!y�

Win-Shift�	
C�RMCowie et al. (2011) ���&��ÄÅ���� VI 57 VI 50

7���	
���& �p"#$%&-�@�F"#���	
��¿ÀÑÒ@�� 

�=Stubbs and Pliscoff, 1969?M��(�·F�ÄÅkl�H�!���Än �C���

_Ð�kl 4���y �RÖ��:ä9����	
�C VI 57����wx��º�

� Ï'("#$C%&89�y :ä9����	
�C VI 507����wx��º�

� Ï'("#$C%&89R��E��& �=left sooner, right later?M���"#$

%&5��� Ïh"�:BC¸E�+,)*�ø@KL�Á# �� Ï�:B|R^_

@���M3�KL��5�"#$Cfg%&89� Ï=P:;<?C���R'���

R'@���F�J�M �C�!�� ÏC"#89�wx@�Win-stayKL�N�|

RC�� ÏC"#89�wx@�Win-shiftKL�& �3�@�RM 

Cowie et al. (2011) �µ¶C&�|R3���"#$C|�@%&89R ÏC�@�

��R�{�"#$%&S5@� Ïh�./�É|�No�½¾¿ÀÑÒ���ÌÏP�

C�J!�H�39@^�!Win-shiftKLC�J��b�C�R��_3���RM39

Q�Ããj�	
� !E�ÄÅ�k!���ËÌ
��@��R"#0� 1:1 ��Ú�

 !E�My ��ËÌ
h�"#$0�¤�G(ü�wx���GH@/J!���ÌÏ

P�C¸E��9C:BU���}L@RO�"#� ¬R�Y4_'M 

2 �7�ãÆ�ÍÎ¿Ï��cdÍÎ� !�`Ê�� Fix-and-Sample KL����

�RMFix-and-Sample KL��H�� COD �X& ��wx��� VI VI ���	


����	
89!�HNh��~ !�R (Baum et al., 1999; Silberberg et al., 1978; 

Smith et al., 2014)MÃãj�� Fix :;<h�./,à�¿ÀÑÒ@¸E�Sample:;

<h�./ªH«¬no��^�N���R�{� �N}�Sample:;<h�./�.

/Ì����Ì��,./ÛÜ�� 2 �''(�R�{� �M ' �:;�í@��

R./�?���9�:;<�yÌ�����R�{�|	
y�H  (Banna and 

Newland, 2009; Menlove, 1975)���^_�¦��+& !(ã�3�wxy�R 

(McLean et al., 2014; Smith et al., 2014)M3�Íá�á��÷á8üR3���b��4

_'M�¬(9R3�� 1��Ããj@��!+& !E���E@��!�2��:;<

���|RÍÎ¿Ï�@^RÍÎ�/õaCv6��R�b���RMÇ¬ä��� VI 

EXT ���	
�@��!�y ÍÎ¿Ï�C�å �����9ä����ËÌ
@A

 !�Ú@"#$C¤�89R Stubbs-Pliscoff ���� VI VI ���	
����EO

@����RM3�wx@ VI :;<� EXT :;<@ �C�!��� �wx���(
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F Fix-and-Sample �W2R|���EH �KL@��(����4_MVI � EXT :

;<�øJHx����9yA6��+,â½@��!��î'@½9�[��st�¯F

��4_M��wx����9�:;<yÌ�����?� !�R�{�89R��4_M

�QH�:;<���|RÍÎ�/õaC¹�����wx@���9@/J! Fix:;<

� Sample:;<h�./�øå|RJþ�P{R��4_M 

� �5�ãÆ��̂ È_Às�<��RM|�@Z 1[�yãJ�^_@�:BU��C

^È_Às�<��Õàd�hÒ�{�|Íá@���O�	
C�89!�R (e.g., 

Davison and Baum, 2006; Landon, Davison, and Elliffe, 2002, 2003a,b)M �C�!�^

È_Às���«TO�U��Ïõhùú�b'�'�`('@|R3��ÄÆ�|R�

�����M33��òóOÓÔ�ãÆ��̂ È_Às���ÍÎ¿Ï��cdÍÎ� !

�`Ê�������RM3�Æ@��!�Sakai and Fukai (2008) �¢�(ã�)Æ'

(	û�D#�^È_Às�í�����ÓÔ !�H�(ãOTü�%Ã !F9RMý

ò@��R/õ(ã'(�þû@^H"#ò&��v�aú�}@�'v6�óT|RM

�'v6�'ÊCÈQ���Â|Î@X&|R�	�Ì�[¬R3�C�E�'Ê,��

*¹��íî�4×�O����RÍÎî��9(��	�T��V���â|M�O (2013) 

��'ÊCÈQ���|RÎ@�D	û�¡R�{@ßª��'v6�5Ràd�hÒC

�9ä�	û�D# �ß�í��R3�C�ERC�̂ È_Às��C)�89Ræ�O

�"#���	
����ßª��'v6C�'�'H@F����	
�@��!�R

�âã|RMVI ���	
����}�:;<�:; ��!�R+,�Ïå��'v6

� !&�!����'@/J!./��_3�C�	û�D#@��!º§��RM '

 �ÄÅE��íñCßª@3��	@Ç7� ��R3����������4_Mßª

��'v6�Í�|3�C�E���'�£d� �'������D#�E�@^È_À

s���&|�����'�ãJ!�RM 

®� �� Herrnstein and Loveland (1975) ���@��!2!�RM�(�§+

�D#� �h�¬p� !�̂ È_Às��C)�89R���"#���	
�CÚR 

(homogeneity) �wx��R� � �M�QH�y 'Ê��íC"#no�éÚR�@

�×��~|R���9ä���ÍÎC4×�O��9�×�O��9��í�ÍÎ�/õ

Â@�RMÇ¬ä�A� B� 2�� ÏC�H�Bh�./C Ï�qu@v¬�Ah�

./C Ï�Ðu@É|Mqu��@ A./C,à89RQ��±89�Ðu��@ B.

/C,à89RQ��±89RMy  ÏCqu�(ä�A./Cno 1�"#89�B.

/C"#89Rno�ÀÞ�|RMQ��y  ÏCÐu�(ä�A./C"#89Rno

�ÀÞ��B./�no 0.5�"#89R�|RM3�^_@uÍÎ�?¬R3�@^H�

3����	
��1î·ú���	
��{�|3�C�ERMp����� FR1 EXT

���� VR2 EXT ��RM'Ê�0o���	
��:¹���	
��,�:;��

��p����0o���	
��ø}O@:-�(ä��9��D#��H�'�^È_

Àsy��|RM3�^_�·ú���	
�ô'@��!���,�x� �./0C�
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�,�x� �"#0�^È_Às���&|3��	y�Ù ��Y4_M3�^_�

wx�^È_Às���ÓÔ�·ú���	
�kÊ���Fp������9R3�C


8� �M^È_Às���·ú���	
����,�^_@ÍÎ�/õ@^�!"

#���	
�kl�á�C`&89�klÂ���F�·ú���	
������^

_@ÚR�C�±89�klÂ�)�89R2E��R�ãJ�M 

Ããj�X& !E���E@��!��'ÊC�'v6�[Ì|R�	û��D#|R

�{@X&�ERcdÍÎC`Ê@�å !�RM|��ÐÍÎ¿Ï���RM"#���

	
���@��(��'Ê�ÍÎ¿Ï��ÆÓ�h�@./�,à ��9ä^���

�RM ' �ÄÎ@��9�ìïk��R3���39Q��Ããj�ÄÅ	
�Nð 

!& ���;ú�½¾¿À�OÈQ���*L�}@ÛÜ89�./CzQ9R3�@

�R� � !E�M�9�y��D#�^È_Às�!·@���¿���|R�(ä�

¡(9����ïk����� !y�D#KL�& !�R�{�|3���E^_M

ÃÄÅ@��!"#0�qr !^È_Às��� &|RÎ@��9@?¬!�cdÍÎ

�`Ê��qr �wx���^_@�R�Y4_'M39Q��^_@ 2 ��RÍÎ¿

Ï��N}CÆÓ �}}C:Ó|Rwx�ÃÄÅ��E@��R�D�`Ê��|R�

(ä�2��ÍÎ¿Ï��Æ�8üþAÆ�o�qr|R3��`Ê��qr|R3�C�

ERM�QH�è�+,��H=Ç¬ä 1.57,��H?��9yÆÓ�:Ó��Ú@EF

@|H�|wx��ÍÎ¿Ï��cdÍÎ� !X&|R3��VW��4_MVI ËÌ


�¿Ï��è�+,��H�ÆÓ+,�:Ó+,^H�F �EXT ËÌ
�¿Ï��è�

+,��H�ÆÓ+,�:Ó+,^HÝF|R����@cdÍÎ� !�ÍÎ¿Ï��

`Ê�CPQ�!�F��4_M´�(ãO��@¾_�(ä�ÍÎ¿Ï�@^�! VIË

Ì
� EXTËÌ
��'�£d��E��wx@�y^È_ÀsKL�& �ÍÎ¿Ï�

�cdÍÎ� !�`Ê�CPQR@ �C�!��D#KLhbç�!�F��4_M 

Q�{R��ÄÅ 4���Win-Stay, Fix-and-Sample�ô���ÓÔmj�:;�íµ

¶h���RÅ��ên@�:;�í�89mjví�@"#� ¬R�b���Rv6

�qr òó��_M�� VI EXT ���	
�@��!���ËÌ
h�"#0¤��

qr|R3���:BU��h�"#�ÓÔ �Q�ÍÎ¿Ï��cdÍÎ� !�`Ê�

�qr|R3���Fix-and-SampleKLh�"#mj�^È_Às��h�"#�ÓÔ|

RM 

 

���

����

� 16$�½�� Wistarú ¿È�=ÉÅÊ%Õ£D1 '( D16?�ÄÅ@�& �M��

9�'ÊyÄÅë)Å��H�ÄÅ��()+@ 44*+Y��M��}�Æ�ÃãjÄÅ

1��J����M 
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���

� ÃãjÄÅ 1��J�����& �M 

 

	
��

� �ÃO�����E�ÃãjÄÅ 1 ��J����MÍÎ¿Ï��&�!�����	


�����|RÎ@��� VI EXT ���	
��������M�9Ø9 12���&

 !���	
��8� �(Fleshler and Hoffman, 1962)M"#$%&�5@�Ý¿ÈQ

P��C 2 7,�v89���,@¸E�./�"#���	
�h�"#� ¬�'�

�MÝ¿ÈQP���5|�@¿ÀÑÒ@ÍÎ¿Ï�C 1 �ÆÓ ���"#$%&��

j���ËÌ
����`& �MEXT ËÌ
'( VI ËÌ
hªH«¬RÎ@�ªH«

¬m²=changeover delay: COD?27C³ü(9�¦@��"#$C�´µ{�����

 !y�COD C>ð �5�u�./Q�"#$�fg%&89�'��MVI ���	


��� D1'( D8���+,,±C 27'( 207Q�³�(9�D9'( D16� 27

'( 407Q�³�(9�M���	
���v��ÄÅ���j���9�MpxÈqy

À�>ð��� 80 "#$%&Q�� 60 �)*���9'C©�89R3�����MÄ

Å��&|R VI�Q�³�(9�5�D1'( D4��D9'( D12�w A�D5'( D8

��D13'( D16�w B� !�ÃÄÅC()89�M 

� ÄÆ��Rs�v6� 2����M1����"#0��H�pÖ��"#89RËÌ


��CnoO@��89�C��ËÌ
h VI���	
�C�H�!(9Rno�qr 

�M2�7�v6��ÍÎ¿Ï��þAÆ�o����M1500ms�è�� ! VI ËÌ


� EXTËÌ
�è����ÆÓ+,�x�qr �Ö��,39�|H� �MpËÌ


�ÆÓ+,�x���P�ÁRhÒ��� �M 

 ����� � ����

��� ���

� �

�������	 �����
�

⎛ ⎞ ⎛ ⎞
= × = − ×
⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠

�  ..........(18) 

x �þAÆ�U
xÀ4
�U¿à
o�FlashExt� EXTËÌ
�ÆÓ+,�FlashVI�

VIËÌ
�ÆÓ+,��RMx = 0�wx�FlashExt = 0ms�FlashVI = 1500ms��H�

39��+ VIËÌ
CÆÓ �EXTËÌ
C:Ó|R�'@Ú �Mx = 50�wx���

9y 750ms��H 1500ms��¢UU�C!ËÌ
�yÆÓ �5UU�C!ËÌ
�y

:Ó �ÍÎ¿Ï��~��cdÍÎ� !X&�E�F�RM"#$%&5�Ý¿ÈQP

��>ð5��u� 1500ms@��!�pËÌ
�Æ�()+,C�@���^_@��

6�gÏh�'�!()+,��( �M 

� w A�'Ê��ÍÎ¿Ï��þAÆ�oU¿à
o� 0�20�30�50'(5H«¬� 

@NrOÖ� !pkl�X& ��ËÌ
h�VI���	
��H�!no� 0.5�0.63�

0.75�0.88'( 1���H�!�²5kkl��N'Ê��Nno��±89�Mw B�

'Ê���ËÌ
h� VI���	
��H�!no� 0.12�0.25�0.37�0.5�0.63�0.75�

0.88� 7���'( 1��pkl�X& �ÍÎ¿Ï��þAÆ�oU¿à
o��N'
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Ê��kkl��N��C�&89�Mk'Ê�p��kl�U¿à
o�° 4-1@&|M 

ÄÅkl������©� �wx@t��{� d�klh�©� �MVI ËÌ
h�

þA:;�x@��!��5� 9 xÈqyÀ� 3 xÈqyÀÝÞÈQ-�@�� �ÝÞ

ÈQ-�@�� ����,����D�C 9 xÈqyÀkÊ����� 15%�@�QR

3���RM��@��5� 9xÈqyÀ��& �M 

 

��

�   4-1�!w�pkl@��R VIËÌ
h�./�x�&|M³I�w A�ÂI�w B�

�G� VI207��G� VI407�����RM'Ê-��pkl@��R���½9t�

�����RM�kl� 2 ¬Än !�Rwx�½9tC������ùR^_@¯'9

!�RMw A�ÍÎ¿Ï��þAÆ�oC 0�wx���9�'Êy�y./�xCPF�

Æ�o 0.5hbçF@ �C�!I� !���MD2�{ÍÎ¿Ï�@^RÍÎ�/õC

Å{!K'��C���}�'Ê�®�KL�& �M ' �Æ�o 0@��!y VI

ËÌ
h�./�x� 0.8'( 0.9L���Hïk���'��MÍÎ�/õCN���R

Æ�o 0.5kl���ËÌ
h�"#0�á�@/J!./�x�P8C}@�XYM 

� w B��æ�O���KL���ËÌ
h�þA"#0��6� !U���./�x

�v#�& �M"#0 0.5�./�xC«I �M ' �D6��ËÌ
h�"�ÌÏ

P���{��³CH�KL�& �M�^�ÍÎ�/õ�L�@/J! VIËÌ
./�

x��j�Æ�o 0�'ÊC�yPF�Æ�o 0.5�'ÊC�yKF���MÆ�o 0.2�

0.3 �'Ê�`n�á��&8�'��M��9�w@��!y VI ���	
���á�

�DE����JR3���F���}���@��!y��KL��J�����{�²

5�VI�@��!�x� ���@X&|R3��|RM 

�   4-2�w A�:BU��������&|M³I� PËÌ
C1î VI ËÌ
���

�wx�:BU���ÂI� PËÌ
C EXTËÌ
����wx�:BU���°|Mp

G���ËÌ
�"#no�ó�R'Ê-�����& !�RM����� 5 �@§�

89RM(1) VI U����ËÌ
h�"#noC³CR@ �C�!�kÊ�:BC P Ë

Ì
�h³æ �M(2) ÍÎ¿Ï�Æ�o 0 �wx@�|�X�U���KL�Í(9��

Æ�oC³CR@�9:BU��C^H��EH��J�M(3) EXTU���Æ�o�á�

@��(�)�89�MÆ�o�SÅO@:B�1�@"#� ¬�cdCòB��R|�

1î VIËÌ
��R NËÌ
�h�:BC"F�J�M(4) "#no 0.88�wx� EXT

U���|�X��J�'��M(5) �ËÌ
h�"#no�á�� VI U���wx�ó

�H�kÊ�:B1�@"#� ¬R3���'��M 

�   4-3�w A�:BU��� PËÌ
���@^�!�@�� �M³ 2IC�� PË

Ì
Cij VI ËÌ
��R VIU���Â 2IC PËÌ
C1î EXTËÌ
��R EXT

U���1I7� 3I7� PËÌ
C�ËÌ
Y��wx�2I7� 4I7� PËÌ
C

�ËÌ
Y��wx@��!& !�RMpU��@�ÍÎ¿Ï�Æ�o�ó�R 4 kl
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CzQ9!�RM	
o6C����{ 47¥À,±�¢6� �MLog P/N ./0��

R�����9�U���y./0�Æ¿�}Lh"#S5@N+O@GH���5:BC

I� !�FstC¯'99ä�:BU��KLC&89�3�@�RM��� 6 Æ@§

�89RM(1) � VI U�� ���"#noCPQR@ �C�!�u�:B�P8CP

F�H�^H��EH �U��KL�& �M(2) � VI U�� ���kl�á�@�

�(�:BU���)�89�'��M� 4�kÊO�:B1���"#noC³CR@

 �C�!�NËÌ
�=|��Ð�ËÌ
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h0�ODE�v#�& �M:BU����́ �µ¶@��!"#ab�cdab��Ð

(�½¾¿À�*L@��Â_�'CÓÔ89!E�C���9y EXTU���]`�E

���{� �Q�qU	Ë
qyÀ@^HP
4�ß5Q�]�y���Killeen et al. 

(1978) �ÛÜ�	��	
oh��!�QH�ò8�& �"#$@^�!N+O@ PË

Ì
h./CÛÜ89R�|R¦]�%e �M 

ÄÅ 2���"#$@^RÛÜ¦]��½¾¿À�*L@^R/õ��b�� !� 3Y

"#fg��k9¦]��Ð(C^Hô���R'¦]Ó�����MÓ��ãÆ� 2 �

�H�1��ÍÎ¿Ï�@^Rcd/õC���à |RQ�@�"#$%&5�F('�

+,Om²C�å ���cd/õ�m²��{@ EXTU��Cà�|R�'�y_ 1�

�¿Ï�@^Rcd/õCm²|R,@ P ËÌ
h,à89R./�;ú�"#$�"#

ab��{��R'��_������MQ�ãÆ 1 �Ó�³P���^_@H� �M

�� VR EXT ���	
�@��! VR ËÌ
h�./�x�L./o�{� �wx�
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VR0oCP�|�x��CPF�ÉÅÊ@��!ÍÎ¿Ï���åCó§@�R�{�Í

Î�/õC,¡89î|F�L./oC³CR��¬(9RMy 3�cdv6CL./o

���@��!ó§��R�(ä�P� VR 0o�����{ÍÎ�/õ�n�|Raì

�)�5��^HK� VR 0oklh© �wx@yL./oC#© PF�±89RY

4_=Â«úGw?MN}�K� VR0o�t�|RQ����ó��5@P�0oh�©

 !�Fwx@��ÍÎ�/õ�¹�@n�|Raì�±��'���{�K� VR0o�

�K'��L./oC�VR0o�³�R@ �C�!³C�!�FY4_=³æúGw?M

 ' �y ÍÎ�/õ�n�CL./o@A|Rv6���'��wx@����89�

^_�w,�KL��Í(9����4_M�@ãÆ 2 �Ó�³P� !�kÊ"#o�

./¡����@Ç7� �M½¾¿À��í����	
�ÛÜ��í���9y"#

o�v#@A Á U ��&|�Ì�9RC�ÄÎ@�!��LÂ�Á}L��{�±�!

�RMVRî VI���	
�@��R½¾¿À��í� 10 /min L��"#o�./¡�

C�D@�H�"#o�I��ø@./yI�!�FMN}����	
�ÛÜ��í� 1 

/min ²Â�"#o@��!¡�CPF�J��9^H"#oCÞ?|R��y@./CI

�!�FM�3��EXT U���8�|R1î EXT ���	
�@�j��� P ËÌ


h�./¡�C VR 0o-�@ó�RkÊ"#o@A ��^_�KL�&|')���

��M39(�¦]Ó���{@�Wistarú¿È� 4'Ê�³æúGw�Â«úGw@�

��� VR EXT ���	
��������M�����EXT U���8�|RÖ�k

Ê�L./o@��!��ÍÎ�/õCv6��Rwx�L./o�v#����N� 

�C�"#$%&S5�{�L./o�12��34���ùH@��(�'��MEXTU

��@��R P ËÌ
h�./¡��"#oCÂCR|�./C·F,à89RKLC&

89�M�ã��"#$@^RÛÜ]�ô��CPF�"#$%&S5@� P ËÌ
hÛ

Ü./C�¸ �ÛÜ./�I�5@�½¾¿À�/õ89�./,àh�©�|R*LC

&�89�M��Èü�ÍÎ¿Ï�@^Rcd/õ�m²�n'@Ù{(9RC�L./o

h�"#��"#$%&S5���F�3�½¾¿À�/õC�a�à  �J{!'(!

(��89�M 

� ÄÅ 3��:;�í@A|R89���	�� !�Win-Stay, Fix-and-Sample�%

e|R�{@�ij�� VR20 EXT ���	
�� 6'Ê�Wistarú¿È���� �M

?¬!�d� 6'Ê��� VI27” EXT ���	
���� 0� �MQ� ABAB	É

ÏÀ@^H�ÍÎ¿Ï�CcdÍÎ��Rklmj�"#$%&��C��"#$%&��

�cdÍÎ��Rkl��0�����M��@�& ��F�'�â½@��! VR �

VI !���	
��:;�í�89@��!��O�á���9�yRO@��Ú���

�Mkkl@��! EXTU��C)�89�M�	��McLean et al. (2014) �>À^�

?qU	Ë
qyÀ�"#@X& �MMcLean et al. �:BU���P
4�ß5Q��

��5HùF�{��N¦]O:BU��� !%e� ��YC�ÄÅ 1 @��!ÄÎ

� EXTU����.A}L@U��C�JRÁU�����! Q_3��nÙ �M3
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�>À^�?:;�
���� VI VI ���	
�@��R:BU����� !�0

�OòB��R3�C�(9!�RC�ÛÜ@^RWin-stayKL��{@v9!���3

�C�� VR EXT ���	
��� EXTU���� ����;ú�»� �M�3�� 

Win-stay KL�?¬�>À^�?:;�	��qU	Ë
qyÀ����RO@ EXT U

������b��R3��nÙ �M ' �A6��+,â½�pËÌ
h�./KL

�12��34�VR�VIËÌ
h� IRT�ªH«¬./,+,=ICT?�£d|Rº§C

�F�Q�{!â6�?@^R./,à�{�üRN}�EXTËÌ
h� IRT� ICT�d

�â6�?� !£d|2E��R3�C&89�M�QH�EXT ËÌ
h�./�Ì�

�O@�¸ !��C�VR�VIËÌ
h�./,à�+,)*@A NJ�no�¿ÀÑ

Ò@,à89!��MEXT ËÌ
h�./���ÃO@ÝF�|�@ªH«¬RnoCP

�C(sample �áâ89�)�+�é�@����,à|R3�y�'��(Win-stay �á

â89�)M�3� VR�VIËÌ
h�./����|R>À^�?�U¿à
o�v�|

R3��Win-Stay, Fix-and-SampleqU	Ë
qyÀ�	��r� �M39@^H�� 

VR EXT ���	
���� VI EXT ���	
��:BU���� �E�'��� VI 

VI ���	
�@��R:BU����y²¢��J@�b��R3��nÙ �M 

� ÄÅ 4 �� Win-Stay, Fix-and-Sample �	��Nh��Ó���:;�íµ¶h�$

% � !^È_Às���òóO@nÙ �MÓÔ �ãÆ� 3Æ��RM1���Win-

stay KL��ËÌ
h�"#$%&no�qr|R3�@^�!��ÌÏP��~E¸3

|3�@^�!Win-shift KLhv¬R3�C�b'�2�7��ÍÎ¿Ï��cdÍÎ�

 !�`Ê���� !�F��Fix-and-SampleKL�!:;<h�./�yÌ��KL

hv#|R�'�� ! 3 �7��ÍÎ¿Ï��cdÍÎ� !�`Ê�CK�wx@�

^È_ÀsKLC�P�wx@��D#KLC�JR�'�39(�Ó� �M16 $�

Wistarú¿È�� 2w@���w A��"#no�qr� 4��Â�w,��ÍÎ¿Ï�

�`Ê��'Ê��qr �Mw B�ÍÎ¿Ï��`Ê�� 4 ��Â�w,�qr ��

"#no�'Ê��qr �M�����"#no�P{Rqr@^�!��./h�:B

CÞ �:BU��y�F('PQ��M��N}��./�|�X�U��C�J��"

#$%&'(�+,@A !:B��^�N�����M�QH����Win-stayKL�

×/|R3�@��Ú �C�39Y�� Win-shift KLh#[8üR3���E�'�

�MWin-stay, Fix-and-Sample KL�ÍÎ¿Ï��`Ê���� !y`"FMRKL�

& ��NÍÎ¿Ï���í'H� !��a�ïk@øù �kl@��! Fix-and-

SampleC&9�M ' �3�+�!:;<CÌ���@�R����F�� 4���

9yâ6�?O�./,àKLh�v# �M��F�y3�ÄÅ���'(�:;�í

���9�:;<yÌ��O@�R�|R ���.�á��& �M^È_Às���

VI U��Ö�� EXT U��Ö�@��!ÓÔ �M¢�� VI ^È_Às�5�� EXT

^È_Às�W-M��F�y VI ^È_Às����RL�����H�KL�& �M

ÍÎ¿Ï��`Ê�C�yP�wx@�*D^È_Às����=ÃÄÅ@��R�D#
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hb�KL?M ' �EXT^È_Às@��!�Á@ÍÎ¿Ï�C�í'H� !X&�

b�wx@��|�X�1�@b�1�Q�*¸^È_Às��H�|�X�^È_Às�

��@�!�Q�!����{�üR������M ' ��D#����y����'

��M39�Q�'����H���;ú�`('����C�̂ ��Ïõ� !�m|R

<�y�R'y 9��M ' ���Ïõ��m�Ããj� (��]9R�{15�³

P� !M|M 

 

SV�YZ [\]^_( `a�

)*+,-bcH)CDE\]�

� Davison and Baum (2002) C:BU���Ì_l¢�Ïõ@ ¬!²ä�10)²³@�

�H:;�íµ¶�^��¿(� !Ç7�¹{!E�M39Q��´�µ¶@��!�

"#$�"#ab]�"#$�cdab]�� !�P
4�ß5Q�]C%�89!��M

2013)��HQ��:BU��µ¶�i9�"#$�cdab]@^R]`�e"|Rã

jC·Fà°89!��M��^_����ÃãjÄÅ 1@��! EXTËÌ
@A|R:

BU��CàÍ89�3���3�Ïõµ¶@ 1 ��DE�"#� ¬��Q�9RM�

ë�(�VS@áâ�|R�(ä�EXT ËÌ
h�:BU���*ÕO@cdab���

|Ry�Y'(��RMÍÎ¿Ï�C�@"#89R���ÔÕ !�H�¹������

XY'Ê�ÍÎ¿Ï�@^RÍÎ�/õ�,¡ !�RM�9@y''�(��"#$%&

5 ä(F"#89RÍ�{���1î EXT ËÌ
���� P ËÌ
hÉH./�|H

�|���RM�u@ÃÄÅ 1 ��& �"#���	
�C VR ���	
�����

3�yó§��RMVI���	
��wx@��EXTËÌ
h./�,à !*-|+,

C��9ä��|��VI "#$C�´89RnoCPQ�!�FM �C�!�+àO@

EXTËÌ
h�./C"#89���_áây�b��RM ' �VR���	
��w

x�EXT ËÌ
h./ !�R,�"#noCkFv# ��M�'@�¬^_����

./�����HN,����RM 

cdÍÎ@^RÍÎ�/õCm9�g����,�ËÌ
��CcdÍÎ��H P ËÌ


C"#89���_ñLáâ��H¡^_M3�^_@�¬Rwx�:;�í����6

�XY"#fg�Có�O@î{x_*L��R��_Í}@ÄÆ��!R3�@�RM

+@�./�"#$��JYC�´�|RcdÍÎ�R���'v6Y�CØx �C(

/õ���-�x_MNÍ�¦���RC�ÄÎ@������	
�@��!�ËÌ
h

./ "#89R3����ËÌ
h./ "#89R3��Ã¬�Øx !�R���

RMÍÎ¿Ï�@^R/õ�39(@�@?¬(9��'v6� !�å|RM½¾¿À�

�:;�í� !��3�^_@{�|3��(ãO@é¬î|��'y 9��C��3

@ PIE ���í���� PËÌ
ý �íCÛÜ89R��_áâC?�RMÃÄÅ 2�

��39(�]�¦]Ó��Ö{�C�QY·ºO@ÓÔ|Rd¯�M�!�R�Q�9RM 

3�^_�¿(��{ !{R��:BU��µ¶��u�¬(9!��"#ab]�
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cdab]�A���_8 �îîìQ.@Q¬!FRM½¾¿À��í� 3 Y"#fg

�C�Ãè���R�(ä�cdabC,¡89R��"#89�'(��H�"#abC

"{R����RcdÍÎ�./���j�E�{�|3�C�ERM��wx@��!¦

]�����J@�RY4_M39Q�:BU���/R¦]�îî��C01�QQ.

ãC�{(9!E�^_@Q�9RM ' �39�ÛÜ]@��!yÌ¬R3���RM

Ã�@ÛÜ� P ËÌ
h�{./��¸8üR¦���'��R��kl�Z���N Ë

Ì
h�./�ÛÜ8üR3�C�H_R�'MÃãj�ÄÅ 4 ���� P ËÌ
h�.

/¬�� î|8@02!�NËÌ
h�Win-shift��Ð³CH�ó8C2õO��RM

ÛÜ�×/Q���bYC�ÛÜ� PËÌ
h�JRy���H�Win-shiftKL�cdÚ

}�àd�hÒ@�R�'y 9��M 

McLean et al. (2014) �>À^�?�X& �./��?�qU	Ë
qyÀ@^�!

3TO�./��?C�Q9ä���89'(P
4�ß5Q�� !:BU����s

t�¯F3�C�ER3��& �M�(�qU	Ë
qyÀ��"#$�����'(

�] !¯�R:BU����N¦]:BU��=NHPP?� �Ä�89�:BU��'

( NHPP����5HM��U���"#$���O����{�|2EY� � �M

ÃãjÄÅ 3���McLean et al. �>À^�?@^RqU	Ë
qyÀ�NHPP� !

���F��	�@��R:;�
�� !X& �M�9��McLean et al. C NHPP�

{� �qU	Ë
qyÀ��Á@�"#$@^�!ÛÜ89�Win-stay��_����

�?¬R��_��E���!�RMQ��Fix-and-Sample �¦�@<H�Rich ËÌ


�./��?��¡�C�·@��çFâ6�?@^H�LeanËÌ
�./��?�â6

�?^H8(@¦§@I�|RC�4�noC��./�Q��F�F�?@H� ���

�R>À^�?�5�H�?��ó�R¦��+& �M3�^_@�P�ÁRhÒ�X&

}���?@��!�¦��DEFv¬�@y��(��Ãµ¶����McLean et al. �

 ��Nð���± �M�QH��� VI VI ���	
��qU	Ë
qyÀ��Win-

stay����EC�F�y��RL��:BU��C�J�Win-stay����'ü�wx

@�^H"�:BU��C�J�M¢��NHPP�{� !5�'(���Ü�ä��9

�"#$@^�!ÛÜ89�Win-stay����_����CMR���RM 

'�!�:;�íµ¶��^È_Às�<�/H���«TOàd�hÒ� !§+�D

#î«TO�D#C%e89!E� (Shimp, 1966; Silberberg and Ziriax, 1982)M ' �

�D#�(ãO��KL��ó�RJ��KLyzQ9!��M��_Ð� 1 �@./�

ªKLC���MLean :;<@A|R./��Ý�_Ð@ Rich :;<hªH«¬Rno

CP��YC�./�C�F�R|�� 4ªH«¬C¸3H@FF�RKL����MÃ

ãj���C&�|R3������ªKL� EXTU�������Y4_��_3��

�RMEXT ËÌ
@,à89R./�6�� !·F���{�"#89R6��ÛÜ@

^�!�¸|RWin-stayKL�DE��ª�� !)�89RM3�"#$@^RÛÜK

L� Rich :;<�yÚ F¸E!�R��¬(9RM ' ��y�ykÊ./6C·�
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�{?¬(9�Win-stay./�KL�|�X�Í(9�F�RM ' �ÄÅ 4@��R

./���6� !� VI ËÌ
'(�ªH«¬./no� EXT ËÌ
'(�ªH«¬|

�îï���'��C��F�'�kl���./�CBjR|��î'@no�I�C¸

ER3�C)�89�M39�Win-stayKL��E�&�|Ry���¬(9RMy y�

3�Win-stayKL�5HùF3�C�E9ä�̂ H`Ê@§+�D#î«TO�D#��

_«TO(ã���@N�|RKLC¡(9R�Y4_'M39�)ÅO��P��H�1

5�³P��RC�¦@�Ú|9ä�:;�í�89@�|Rµ¶hNb���|R3�@

�RY4_M 

�   

def��gEh\]�

� Page and Neuringer (1985) ��9²¢��íví��µ¶�ó�R��EOµÇ�%

Ã ��9²5��íví�µ¶� i� ! 30)bFµ¶C�� �MÃãj�Z 1[

���3����RT½¾¿À�ví�Vµ¶�¡(9��Í�Q�{��F�'�µ¶�

à¿O¿(�}L��ÓÔ �M���� 1 �C���R�����	
�ô'h�Å�

��_ÃãjC+& �7����M3�7�+&@�XÆC���MQ��½¾¿À�v

í��µ¶��E�:;�í�No����C�./úG�è���{�úG��./�3

{x�ü@^�!�·6�:;<�H��Q��*¹@,à89�:;�8T ��9@�

ç�!�#"#�¨<��{R��_�é�@�¦���E���!��M ' �2:;

<@��Rví��Uo
Àî��¦��#"#�Än ��wx�:;�í�ví�@

��!��¹�@ÓÔCµXY��Ì�W�MÃãj�+& ���E���' 2 :;<

�&���3��F"#���	
����� 1 ��&��M3�^_@è·���E�

+& �3�'(�ÍÎ¿Ï���þFr&@^H��^_@:;�íCví�&|�'�

��ví����^_@]`C�b��R'�ÓÔ|R3���b� �M�����̂ �

�ûüý�Ïõ�Í� �9��´�µ¶��%e89!���^��ô����R¦]

��_3�C�E�M3�^_@è·��°O���EÂ��:;�í�ví��ò¨�

�{R3�@^�!�"#$%&î"#���	
�����@��!:à|R:;�í

�ví�KL�á`hL�� 1�����&|3�C�E�M 

� Page and Neuringer (1985) �ûüý�)ÅO	
o�%Ã ví�µ¶h�� �C�

Ç7�¹{�(-��9Y����F�7^ �\ê�%e �3�@y��!��M|�

�Ð�íví�� 3 Y"#fg�@^R/õC�b� 1 ��½¾¿À��í��R��_

TÆ��RMÃãjZ 1 [��39@��!��;'�µ¶�@^R<;�]` �M�

3����F�y�d�º�'(\êO�ì¥Câã89!��C�Ããj�ÄÅ	
�×

�!�33�y_ 1 �âã�ER3�C�RM"#���	
�Â@�R:;�í�k!

C½¾¿À��*L����'y 9����_3���RM�N��=s¿ß�
�±

�:;�í���!y�+@�ÛÜ��/õÂ@�H�+@�½¾¿À�/õÂ@�RM"

#���	
�kl�����{����:¹���	
�h©�|R��íví�CP



 109   

 

F�R:¹@^Rví��ÛÜ@Ú°89R���klv�CÛÜ���±��b��²

¢'(�(9!��C�Ããj�����^_�klv������F�J"#���	


�Â�����XYwx@y�ÛÜ�/õC�F3��&� �My 39CL ��|R

�(ä����R½¾¿À��í�{�89!E�:;�í@��F�'��í*LCø

å|R3�@�H�,à89�:;�í��ÊO�ä(�E�ví�½¾¿À��W-�

(ä���ví�½¾¿À���°O*L@�½¾¿À���do�*LyzQ9R��

_�� ���CÜ'9R^_@Q�9RMh�½¾¿À�=generalized operant?��_

>X�\êC�H�n'@ví�½¾¿À�y�9@ç�|R�'y 9��M ' �y

 �°O�í*L�ôÄ�N?Y@ü��@A�\ê�����R�(ä��9�îîÆ¿

s^4�ÈQ@*�R^_@Q�9RMÄÅ�í��ò�á��R½¾¿À��í��_

\êC))BC�E�|D9���'�îî\¤@�RM 

�íví���_4
^�� !ÄÅO�í��ò@��!i�|R4
^����M

 ' ��y�y��í�Ã¬�v#|R�K�±Ð��íví��NE���(9��M

./��î�í@A|R��@^RFGC�b��R���3�ví��HI� !X&

|9ä3�ÄÏ89RMQ��Skinner (1935) CN¨<@Í¬R�í�ví���@/0

����@��!¨<O�KL�Í� �µ¶�á� �^_@��íví��¨<Ov#

�é¬R3�'(�µ¶Aõ��R�í@A|R(áCýQH��í�Jò�Nb¢�8ü

R3�h��CR��4_M�íví���_&K,ÊC�&89Rµ¶wK�Ïå��

340�O��RC�ÄÎ@��ív�*L��í�ÑÏÌUhÒ��í�Uo
À@Ç7

 KL�òRµ¶��Ú F��íví��Ïõ(á��<�^j;(�(á��m|Ry

���R�i��|R3�C�b��4_MMê�C(�"#�;(��mAõ� !ÙL

89!�RC��íví���<î;(@��!�MP@�R3��|�X���M ' �

�9�¬�33@�ßÞÀ4�PCàC�!�R��¬R3�C�ERM�9L�ÏõCë

YÍ�Y89�ªX��R�'�òóO@ÓÔ��{R '��MSkinner C"#���

	
���_DN�àÍ ���YC� ' �C(�ÄÅO�í��ò�|�@�O �

�9|��Ïõ�y_Í�'(��Y4_�P)|R(-���M� 4�í�Jò��

�|RòQ� !���@ò|Ra���R2E��4_M��ST8�L�@��!�í

�Jò�¼U|R�Q�9R'(��RM 
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Galbicka (1988) �`r���#I� Skinner (1938) �vwxyzæçè�Jäåb 

�}�s#� 2���?ûü&!J<¯�hùHiJHþ� 

Both topographical and quantitative differentiation follow the rule of original 

operant conditioning that responses of the required form must be available prior 

to reinforcement if differentiation or conditioning is to take place. Extreme 

forms or values are obtainable only through successive approximations (Skinner, 

1938, p.339).  
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