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Sidman (2000) has suggested that in addition to conditional and 
discriminative stimuli, class- consistent defined responses can also become 
part of an equivalence class. In the current study, this assertion was tested 
using a mixed- schedule procedure that allowed defined response patterns 
to be “presented” as samples in the absence of different occasioning 
stimuli. Four typically developing adults were first trained to make distinct 
response topographies to 2 visual color stimuli and then were taught to 
match those color stimuli to 2 different form- sample stimuli in a matching 
task. Three separate tests were given in order to determine whether training 
had established 2 classes, each composed of a response, a color, and a 
form: a form- response test in which the forms were presented to test if the 
participants would make differential responses to them and 2 response- 
matching tests to determine if the participants would match visual stimulus 
comparisons to response- pattern samples. Three of the 4 participants 
showed class- consistent responding in the tests, although some participants 
needed additional training prior to passing the tests. In general, the data 
indicated that the different response patterns had entered into a class with 
the visual stimuli. These results add to a growing literature on the role of 
class- consistent responding in stimulus class formation and provide support 
for the notion that differential responses themselves can become a part of an 
equivalence class.
Key words: equivalence, response, fixed- ratio (FR), differential reinforcement 
of low rates (DRL), humans

Stimulus equivalence�KDV�EHHQ�WUDGLWLRQDOO\�GHʈQHG�DV�WKH�DELOLW\�WR�PDWFK��LQ�D�
conditional discrimination task) certain stimuli together in novel ways after limited 
WUDLQLQJ��6SHFLʈFDOO\��DIWHU�EHLQJ�WUDLQHG�WR�PDWFK�VWLPXOXV�$�WR�%�DQG�VWLPXOXV�%�WR�&�
�ZKHUH�$��%��DQG�&�GHQRWH�WZR�RU�PRUH�VWLPXOL���LQGLYLGXDOV�FDQ��ZLWKRXW�DGGLWLRQDO�
WUDLQLQJ��PDWFK�LQ�DFFRUGDQFH�ZLWK�UHʉH[LYLW\��$Ǿ$��%Ǿ%��&Ǿ&���V\PPHWU\��%Ǿ$���DQG�
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WUDQVLWLYLW\��$Ǿ&��&Ǿ$��6LGPDQ�	�7DLOE\���������7KHVH�HIIHFWV�KDYH�EHHQ�GHPRQVWUDWHG�
in typically developing human adults and children and also in adults and children with 
YDU\LQJ�GHJUHHV�RI�GHYHORSPHQWDO�GLVDELOLW\��$GDPV��)LHOGV��	�9HUKDYH��������%DUQHV��
0F&XOODJK��	�.HHQDQ��������&DUU��:LONLQVRQ��%ODFNPDQ��	�0F,OYDQH���������6LGPDQ�
�������KDV�VXJJHVWHG�WKDW�ZKHQ�WUDLQLQJ�LQFOXGHV�FODVV��VSHFLʈF�UHLQIRUFHUV�RU�UHVSRQVHV��
those too become part of the class of equivalent stimuli.

:KLOH�WKHUH�LV�FRQVLGHUDEOH�VXSSRUW�IRU�WKH�LQFOXVLRQ�RI�UHLQIRUFHUV�LQ�WKH�GHʈQHG�
FODVV��%DUURV��/LRQHOOR��'H1ROI��'XEH��	�0F,OYDQH��������'XEH�	�0F,OYDQH��������
'XEH��0F,OYDQH��0DFND\��	�6WRGGDUG��������'XEH��0F,OYDQH��0DJXLUH��0DFND\��	�
6WRGGDUG��������-RVHSK��2YHUPLHU��	�7KRPSVRQ��������0F,OYDQH��'XEH��.OHGDUDV��GH�
5RVH��	�6WRGGDUG��������6FKHQN���������IHZHU�VWXGLHV�KDYH�FRQVLGHUHG�WKH�LQFOXVLRQ�RI�
WKH�GHʈQHG�UHVSRQVHV��2QH�RI�WKH�ʈUVW�RI�VXFK�VWXGLHV�ZDV�FRQGXFWHG�E\�0DQDEH��
.DZDVKLPD��DQG�6WDGGRQ���������7KUHH�EXGJHULJDUV�ZHUH�WUDLQHG�WR�PDNH�D�KLJK�FDOO�WR�
one visual stimulus (e.g., red) and a low call to another visual stimulus (e.g., green). 
Then, one bird (S4) was trained on identity matching to sample (MTS) in which red and 
JUHHQ�ZHUH�WKH�VWLPXOL��PDNLQJ�KLJK�DQG�ORZ�FDOOV�WR�UHG�DQG�JUHHQ��UHVSHFWLYHO\��VDPSOH�
VWLPXOL�ZDV�UHTXLUHG��EXW�VXFK�EHKDYLRU�ZDV�QRW�UHTXLUHG�IRU�WKH�FRPSDULVRQ�VWLPXOL��$OO�
three birds were trained on a second matching task in which form stimuli were presented 
DV�VDPSOHV�DQG�UHG�DQG�JUHHQ�ZHUH�SUHVHQWHG�DV�WKH�FRPSDULVRQ�VWLPXOL��,Q�RUGHU�IRU�WKH�
comparisons to appear, the birds had to make a call to the form sample stimuli, but the 
type�RI�FDOO�ZDV�XQGHʈQHG��(LWKHU�FDOO�ZRXOG�FDXVH�WKH�FRPSDULVRQV�WR�DSSHDU��,Q�WKLV�
latter task, S4 eventually began to make high calls to the sample associated with red and 
low calls to the sample associated with green, indicating that the high and low calls may 
have entered into a stimulus class with the visual stimuli. However, the other two birds 
GLG�QRW�EHJLQ�WR�HPLW�FODVV��VSHFLʈF�FDOOV�LQ�D�FRQVLVWHQW�PDQQHU��,Q�D�VHFRQG�H[SHULPHQW��
these latter two birds were given training on two additional MTS tasks in a manner 
VLPLODU�WR�6��LQ�([SHULPHQW����,Q�WKLV�FDVH��ERWK�ELUGV�EHJDQ�WR�PDNH�KLJK�FDOOV�WR�RQH�
stimulus and low calls to the other. These data indicate that for all three budgerigars, the 
KLJK�DQG�ORZ�FDOOV�HQWHUHG�LQWR�D�VWLPXOXV�FODVV�ZLWK�WKH�YLVXDO�VWLPXOL��VHH�6DXQGHUV�	�
:LOOLDPV��������IRU�DQ�DOWHUQDWLYH�H[SODQDWLRQ��VHH�DOVR�8UFXLROL��3LHUFH��/LRQHOOR��
'H1ROI��)ULHGULFK��)HWWHUPDQ��	�*UHHQ��������IRU�D�V\VWHPDWLF�UHSOLFDWLRQ�ZLWK�SLJHRQV��

:KHWKHU�GHʈQHG�UHVSRQVHV�FDQ�EHFRPH�FODVV�PHPEHUV�KDV�DOVR�EHHQ�LQYHVWLJDWHG�
ZLWK�KXPDQ�SDUWLFLSDQWV��)RU�H[DPSOH��%UDJD��.HQ\RQ��$QGUDGH��$KHDUQ��DQG�6LGPDQ�
(2006) trained seven typically developing adults to make distinct motor responses (such 
DV�D�KDQG�FODS��ʈQJHU�VQDS��RU�ʈQJHU�WDS��WR�HLWKHU�WZR�RU�WKUHH�VWLPXOL��H�J���$�Ǿ5���
$�Ǿ5���DQG�$�Ǿ5����7KHQ��SDUWLFLSDQWV�ZHUH�WUDLQHG�RQ�076�ZLWK�QHZ�VWLPXOL�DV�
VDPSOHV��%��IROORZHG�E\�WKH�IDPLOLDU�VWLPXOL�DV�FRPSDULVRQV��$���,Q�RUGHU�WR�SURGXFH�WKH�
comparisons, participants had make the R1, R2, or R3 response, but they were not 
required to make those responses to particular sample stimuli. Five of the seven 
participants developed differential sample responding, suggesting that the visual stimuli 
and the responses had become members of a common class.

:KLOH�WKH�DERYH�VWXGLHV�SURYLGH�VXJJHVWLYH�HYLGHQFH�WKDW�UHVSRQVHV�FDQ�EHFRPH�
part of an equivalence class, more direct evidence is needed. Sidman (1994, 2000) has 
RXWOLQHG�VSHFLʈFDOO\�ZKDW�VRUW�RI�WUDLQLQJ�DQG�WHVW�SURFHGXUHV�QHHG�WR�EH�FRQGXFWHG�LQ�
order to provide unequivocal evidence of membership of defined responses in 
equivalence classes. He suggested that training should consist of two symbolic matching 
tasks, with a different response required to the correct comparisons associated with each 
H[SHULPHQWHU��GHʈQHG�FODVV��H�J���$�Ǿ%��5���$�Ǿ%��5��DQG�%�Ǿ&��5���%�Ǿ&��5����
7HVWLQJ�VKRXOG�LQFOXGH�DOO�SRVVLEOH�HPHUJHQW�UHODWLRQVǿWKH�W\SLFDO�WHVWV�IRU�UHʉH[LYLW\��
V\PPHWU\��WUDQVLWLYLW\��DQG�HTXLYDOHQFH�DV�ZHOO�DV�WHVWV�LQ�ZKLFK�WKH�GHʈQHG�UHVSRQVHV�
WKHPVHOYHV�VHUYH�DV�VDPSOHV��H�J���5�Ǿ$���5�Ǿ%���5�Ǿ&��DQG�5�Ǿ$���5�Ǿ%���5�Ǿ&����
,I�WKH�UHVSRQVHV�ZHUH�PHPEHUV�RI�WKH�FODVV��WKHQ��IRU�H[DPSOH��ZKHQ�ȆSUHVHQWHGȇ�ZLWK�DQ�
5��VDPSOH�DQG�D�FKRLFH�EHWZHHQ�$��DQG�$��FRPSDULVRQV��SDUWLFLSDQWV�VKRXOG�FKRRVH�
$���EXW�ZKHQ�ȆSUHVHQWHGȇ�ZLWK�DQ�5��VDPSOH�DQG�WKH�VDPH�WZR�FRPSDULVRQV�FKRLFHV��
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SDUWLFLSDQWV�VKRXOG�FKRRVH�$���DQG�OLNHZLVH�IRU�WKH�UHPDLQLQJ�VDPSOH��FRPSDULVRQ�
combinations).

7KH�GLIʈFXOW\�ZLWK�WKH�WHVWLQJ�VHTXHQFH�MXVW�RXWOLQHG�VKRXOG�EH�HYLGHQW��+RZ�FDQ�
GLIIHUHQW�UHVSRQVHV�EH�ȆSUHVHQWHGȇ�DV�VDPSOHV"�2QH�ZD\�WR�DFFRPSOLVK�WKLV�LV�WR�SUHVHQW�
two different visual stimuli (i.e., observing stimuli) to which participants are trained to 
make the distinct response patterns. Then in the critical test, those observing stimuli 
would be presented as samples in a matching task, and making the required response 
pattern would result in presentation of the comparisons, thus allowing the participant to 
PDWFK�D�FRPSDULVRQ�WR�D�UHVSRQVH�VDPSOH��7KH�GLIʈFXOW\�ZLWK�WKLV�SURFHGXUH��KRZHYHU��LV�
that any test performance indicating the inclusion of the response in an equivalence class 
would not rule out the possibility that such performance was actually due to the inclusion 
of the visual stimuli rather than the responses per se (see Sidman, 1994, for a discussion 
RI�WKUHH��WHUP�FRQWLQJHQFLHV�DQG�VWLPXOXV�FODVV�IRUPDWLRQ���7KH�LVVXH�LV�WR�ʈQG�D�ZD\�WR�
ȆSUHVHQWȇ�UHVSRQVHV�DV�VDPSOHV�LQ�WKH�DEVHQFH�RI�GLIIHUHQW�RFFDVLRQLQJ�VWLPXOL�

/LRQHOOR��'H1ROI�DQG�8UFXLROL��������GHYHORSHG�D�PL[HG��VFKHGXOH�SURFHGXUH�LQ�
order to use response patterns as samples. Pigeons were trained to make two different 
responses to the same stimulus in order to avoid having to use differential observing 
VWLPXOL�WR�RFFDVLRQ�WKH�WZR�UHVSRQVHV��2Q�HDFK�WULDO��D�ZKLWH�VTXDUH�ZDV�SUHVHQWHG��DQG�
WKH�SLJHRQV�ZHUH�UHTXLUHG�WR�PDNH�HLWKHU�D�ʈ[HG��UDWLR��)5�����UHVSRQVH�RU�D�GLIIHUHQWLDO�
reinforcement of low rates (DRL) 3-s response. The response pattern required was 
random, and there was no cue indicating to the pigeons which one was required. The 
YDULDEOH�RI�LQWHUHVW�ZDV�ZKDW�WKH�SLJHRQV�GLG�DIWHU�PDNLQJ�DQ�HUURU��DOO�SLJHRQV�HYHQWXDOO\�
learned to switch to the opposite response pattern after emitting an incorrect response. 
Then, the pigeons were trained on a matching task in which correct white- stimulus 
responses were followed by a choice between form comparisons: choosing one 
comparison after a DRL response pattern and the other comparison after an FR response 
SDWWHUQ�ZDV�UHLQIRUFHG��$OO�SLJHRQV�OHDUQHG�WKLV�WDVN�WR�JUHDWHU�WKDQ�����DFFXUDF\�

/LRQHOOR��'H1ROI�DQG�8UFXLROL��������GLG�QRW�WHVW�WKHLU�SLJHRQV�IRU�HTXLYDOHQFH�
UHODWLRQV�DV�GHʈQHG�E\�6LGPDQ�DQG�7DLOE\��������DQG�WKHUHIRUH�ZHUH�XQDEOH�WR�FRQʈUP�RU�
GLVFRQʈUP�6LGPDQȃV��������������DVVHUWLRQ�UHJDUGLQJ�PHPEHUVKLS�RI�GHʈQHG�UHVSRQVHV�
LQ�HTXLYDOHQFH�FODVVHV��EXW�VHH�8UFXLROL��/LRQHOOR��'H1ROI��0LFKDOHN��	�9DVFRQFHORV��
������DQG�8UFXLROL�	�9DVFRQFHORV��������IRU�D�WHVW�RI�UHVSRQVH�LQFOXVLRQ�LQ�DQ�DFTXLUHG�
HTXLYDOHQFH�FODVV�DQG�UHODWHG�GLVFXVVLRQ���8VLQJ�D�VLPLODU�SURFHGXUH��6KLPL]X��������GLG�
LQFOXGH�VXFK�D�WHVW��(LJKW�DGXOW�SDUWLFLSDQWV�ZHUH�ʈUVW�WUDLQHG�WR�PDNH�WKUHH�GLIIHUHQW�
FRPSXWHU�PRXVH�PDQLSXODWLRQV�DV�GHʈQHG�UHVSRQVHV��HDFK�PDQLSXODWLRQ�FRQVLVWHG�RI�
four mouse movements that included changes in direction (e.g., right, down, right, and 
up). Next, participants were trained on two separate symbolic matching tasks in which 
WKH�VWLPXOL�GLG�QRW�RYHUODS��$Ǿ%��&Ǿ'��DQG�LQ�ZKLFK�GLIIHUHQW�PRXVH�PDQLSXODWLRQV�
ZHUH�UHTXLUHG�ZKHQ�UHVSRQGLQJ�WR�FRPSDULVRQV��H�J���RQ�$�Ǿ%��DQG�&�Ǿ'��WULDOV��
UHVSRQVH�5��ZDV�UHTXLUHG�ZKHQ�VHOHFWLQJ�%��DQG�'���ZKHUHDV�RQ�$�Ǿ%��DQG�&�Ǿ'��
trials, response R2 was required when selecting B2 and D2). Participants were 
VXEVHTXHQWO\�WHVWHG�RQ�WULDOV�WKDW�DVVHVVHG�PDWFKLQJ�LQ�DFFRUGDQFH�ZLWK�UHʉH[LYLW\��
symmetry, and transitivity among the visual stimuli and trials that assessed matching 
UHVSRQVH�VDPSOHV� WR�YLVXDO�FRPSDULVRQV��2Q�WKRVH� ODWWHU� WHVWV��SDUWLFLSDQWV�ZHUH�
presented with a white stimulus and were told to respond to it by making one of the 
previously learned mouse manipulations, and that if their manipulation was correct, the 
three comparison stimuli would be presented and they should respond as they did before. 
Results of this test showed that seven of the eight participants passed the response- 
stimulus test (and the eighth did on a retest).

7KH�SXUSRVH�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�H[WHQG�WKH�ʈQGLQJV�RI�6KLPL]X��������E\�
testing for response membership using the mixed- schedule procedure developed by 
/LRQHOOR��'H1ROI�DQG�8UFXLROL���������7KH�FRPSOH[�QDWXUH�RI�WKH�UHVSRQVHV�XVHG�E\�
6KLPL]X�ZHUH�GLIʈFXOW�WR�WUDLQ��KDOI�WKH�SDUWLFLSDQWV�UHTXLUHG�UHPHGLDO�UHVSRQVH�
training at some point) and required the use of written instructions as well as visual 
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and auditory prompts (that were faded out prior to test), all of which may have 
IDFLOLWDWHG�VWLPXOXV�FODVV�IRUPDWLRQ��,I�WKH�YLVXDO�VWLPXOL�DVVRFLDWHG�ZLWK�HDFK�UHVSRQVH�
had become part of the class, those stimuli, instead of the responses, could have been 
UHVSRQVLEOH�IRU�SDUWLFLSDQWV�SDVVLQJ�WHVWV�IRU�HTXLYDOHQFH��,Q�WKH�FXUUHQW�VWXG\��WKH�
GHʈQHG�UHVSRQVHV�ZHUH�GLIIHUHQW�SDWWHUQV�RI�ȆWDSSLQJȇ�RQ�D�FRPSXWHU�WRXFKVFUHHQ�DQG�
could be shaped without the use of verbal instructions or visual cues. Moreover, 
training on the mixed- schedule procedure prior to the test sessions meant that the 
participants did not need additional instructions at test because the testing format was 
already familiar to them.

Four adult participants were given training that should have resulted in the 
formation of two stimulus classes, each containing one response and two visual stimuli. 
Participants were then exposed to three separate tests: one in which a visual stimulus 
was presented in order to determine how the participants would respond to it and two in 
which responses were samples and the different visual stimuli were comparisons.

Method
participants

7KH�SDUWLFLSDQWV�ZHUH�IRXU�IHPDOH�JUDGXDWH�VWXGHQWV��DJH�UDQJH����Ǿ���\HDUV��HPSOR\HG�
DW�7KH�1HZ�(QJODQG�&HQWHU�IRU�&KLOGUHQ��D�VFKRRO�VHUYLQJ�FKLOGUHQ�GLDJQRVHG�ZLWK�VSHFLDO�
QHHGV��$OWKRXJK�DOO�ZHUH�HQUROOHG�LQ�D�SDUW��WLPH�PDVWHUȃV�SURJUDP�LQ�EHKDYLRU�DQDO\VLV��
none had studied stimulus equivalence. Participation lasted for several hour- long sessions 
that took place over the course of 2 to 6 weeks. Participants were compensated for their 
time with movie passes, and this was not dependent on experimental performance.

apparatus
$OO�H[SHULPHQWDO�VHVVLRQV�WRRN�SODFH�LQ�WKH�DXWRPDWHG�WHDFKLQJ�ODE��ZKLFK�KDV�EHHQ�

H[WHQVLYHO\�GHVFULEHG�HOVHZKHUH��/LRQHOOR��'H1ROI�	�0F,OYDQH���������RQO\�UHOHYDQW�
details will be described here. The participants were seated in front of a touchscreen 
computer monitor mounted on a side wall. Beneath the touchscreen was a small counter on 
which was placed a plastic bin for token accumulation. To the left of the touchscreen 
PRQLWRU��ORFDWHG�RQ�D�GLIIHUHQW�ZDOO��DW�D����GHJUHH�DQJOH���WKHUH�ZDV�D�VPDOO�FRPSDUWPHQW�
in which red poker- chip tokens could be dispensed.

The researchers observed participants from the other side of the wall via closed- 
FLUFXLW�WHOHYLVLRQ��([SHULPHQWDO�HYHQWV�ZHUH�FRQWUROOHG�DQG�GDWD�ZHUH�FROOHFWHG�E\�D�
0DFLQWRVK�*��FRPSXWHU�UXQQLQJ�/DE9LHZ�VRIWZDUH��1DWLRQDO�,QVWUXPHQWV��ORFDWHG�RQ�WKH�
UHVHDUFKHUVȃ�VLGH�RI�WKH�ZDOO��7RNHQV�ZHUH�GLVSHQVHG�YLD�D�0HG�$VVRFLDWHV�WRNHQ�GLVSHQVHU�
�0RGHO�6*�������7KH�VWLPXOL�SUHVHQWHG�RQ�WKH�WRXFKVFUHHQ�ZHUH�VROLG�ZKLWH��UHG��DQG�JUHHQ�
VTXDUHV�DQG�WZR�EODFN�*UHHN�OHWWHUV��RPHJD�DQG�FKL��SUHVHQWHG�RQ�D�ZKLWH�VTXDUH�
background.

procedure
Participants were individually brought into the lab and seated in front of the computer. 

7KH\�ZHUH�WROG��Ȇ<RX�KDYH�WR�WRXFK�WKH�VFUHHQ��,I�\RX�WRXFK�LW�FRUUHFWO\��D�WRNHQ�FRPHV�RXW�
KHUH�ȇ�ZKLOH�WKH�UHVHDUFKHU�SRLQWHG�WR�WKH�WRNHQ�FRPSDUWPHQW��2QH�SDUWLFLSDQW��0+$��ZDV�
JLYHQ�WKH�DGGLWLRQDO�LQVWUXFWLRQV��Ȇ:KHQ�\RX�WRXFK��GRQȃW�GUDJ�\RXU�ʈQJHU�RQ�WKH�VFUHHQ�ȇ�
EHFDXVH�WKDW�WRSRJUDSK\�SUHYHQWHG�WKH�FRPSXWHU�IURP�UHFRUGLQJ�D�WRXFK��DQG��Ȇ,I�\RX�ZDQW�
WR�WRXFK�WKH�VTXDUH��WRXFK�LQ�WKH�PLGGOH�ȇ�EHFDXVH�VKH�IUHTXHQWO\�WRXFKHG�WKH�HGJH�RI�WKH�
square. This was problematic because the computer sometimes recorded such responses as 
KLWV�WR�WKH�VWLPXOXV�DQG�DW�RWKHU�WLPHV�UHFRUGHG�WKHP�DV�KLWV�WR�WKH�EDFNJURXQG��$IWHU�
delivering the instructions, the researcher left the teaching area, closed the door, and 
started the computer program.



Response MeMbeRship 773

phase 1 color- response training. ,Q�3KDVH���WUDLQLQJ��UHG�DQG�JUHHQ�VTXDUHV�ZHUH�
presented on the center of the screen (on separate trials), and participants were required to 
make either a DRL 3-s response or an FR 10 response. For the DRL 3-s response, two 
UHVSRQVHV�ZHUH�UHTXLUHG�LQ�RUGHU�WR�SURGXFH�D�WRNHQ��7KH�ʈUVW�SUHVV�VWDUWHG�D�WLPHU��DQG�D�
second press at least 3 s later resulted in the delivery of a token in the token well. Presses 
that occurred less than 3 s after the timer started caused the timer to reset. For the FR 10 
response, 10 consecutive presses were required, each less than 3 s from the previous 
UHVSRQVH��3DUWLFLSDQWV�-/,�DQG�0+$�ZHUH�UHTXLUHG�WR�PDNH�WKH�'5/�UHVSRQVH�WR�UHG�DQG�
WKH�)5�UHVSRQVH�WR�JUHHQ��IRU�SDUWLFLSDQWV�*15�DQG�/<.��WKHVH�FRQWLQJHQFLHV�ZHUH�
reversed.

$W�WKH�EHJLQQLQJ�RI�D�WULDO��HLWKHU�WKH�UHG�RU�WKH�JUHHQ�VTXDUH�ZDV�SUHVHQWHG�RQ�WKH�
FHQWHU�RI�WKH�VFUHHQ��,I�WKH�SDUWLFLSDQW�PDGH�WKH�FRUUHFW�UHVSRQVH�SDWWHUQ��D�FKLPH�
VRXQGHG��D�WRNHQ�ZDV�GLVSHQVHG��DQG�WKH�VTXDUH�GLVDSSHDUHG�IURP�WKH�VFUHHQ��$�QHZ�
WULDO�EHJDQ�DIWHU�D���V�LQWHUWULDO�LQWHUYDO��,7,���,I�WKH�SDUWLFLSDQW�PDGH�DQ�LQFRUUHFW�
response pattern (e.g., pressing the square more than 3 s between each response on an 
)5�WULDO���D�ȆVZLWFK�FXHȇ�VRXQGHG��WKH�WLPHU�UHVHW��DQG�WKH�VWLPXOXV�UHPDLQHG�RQ�WKH�
screen until the correct response pattern was made. There were 40 trials per session. 
$IWHU�FRPSOHWLRQ�RI�WKH����WULDOV��SDUWLFLSDQWVȃ�DFFXUDFLHV�ZHUH�HYDOXDWHG��%HWZHHQ�
VXFFHVVLYH�VHVVLRQV�RQ�D�JLYHQ�GD\��WKHUH�ZDV�D�EUHDN�RI���WR���PLQ�LQ�ZKLFK�WKH�
participant remained seated and the computer monitor was turned off. During this 
WLPH��WKH�UHVHDUFKHUV�UHYLHZHG�WKH�GDWD�MXVW�FROOHFWHG�DQG�VHW�XS�IRU�WKH�QH[W�VHVVLRQ��
Participants remained in Phase 1 color- response training until they reached an 
DFFXUDF\�RI�����FRUUHFW�LQ�D�VHVVLRQ�RI����WULDOV�RU�XQWLO�WKH\�UHDFKHG�DQ�DFFXUDF\�RI�
������RQ�WZR�FRQVHFXWLYH�VHVVLRQV�

)RU�*15��DIWHU�ʈYH�VHVVLRQV��DFFXUDF\�UHPDLQHG�DW�FKDQFH�IRU�ERWK�FRORU�VWLPXOL��$W�
WKDW�SRLQW��VKH�ZDV�JLYHQ�IXUWKHU�LQVWUXFWLRQV�WR�ȆWRXFK�WKH�VTXDUH�DV�VRRQ�DV�LW�DSSHDUV�ȇ�
$IWHU�WZR�DGGLWLRQDO�VHVVLRQV��DFFXUDF\�UHPDLQHG�DW�FKDQFH��$W�WKLV�SRLQW��WKH�UHVHDUFKHU�
demonstrated how to complete each response one time.

phase 2 form- color matching.�,Q�3KDVH����SDUWLFLSDQWV�ZHUH�WUDLQHG�WR�PDWFK�WZR�
*UHHN�OHWWHU�VWLPXOL�WR�WKH�FRORU�VWLPXOL�IURP�3KDVH����$W�WKH�EHJLQQLQJ�RI�D�WULDO��HLWKHU�
WKH�RPHJD�RU�WKH�FKL�VDPSOH�ZDV�SUHVHQWHG�LQ�WKH�FHQWHU�RI�WKH�VFUHHQ��$�VLQJOH�WRXFK�
resulted in its removal and the presentation of red and green squares on the left and right 
VLGHV�RI�WKH�VFUHHQ��$�VLQJOH�WRXFK�WR�HLWKHU�FRPSDULVRQ�VWLPXOXV�UHVXOWHG�LQ�WKH�HQG�RI�
WKH�WULDO��,I�WKH�FRUUHFW�FRPSDULVRQ�ZDV�FKRVHQ��WKH�VWLPXOL�ZHUH�UHPRYHG��D�WRNHQ�ZDV�
GLVSHQVHG��D�ȆFKLPHȇ�VRXQGHG��DQG�D���V�,7,�EHJDQ��,I�WKH�LQFRUUHFW�FRPSDULVRQ�ZDV�
FKRVHQ��DOO�VWLPXOL�ZHUH�UHPRYHG�DQG�D���V�,7,�EHJDQ��(DFK�3KDVH���VHVVLRQ�FRQVLVWHG�RI�
20 trials, 10 with each sample stimulus. Red and green comparisons appeared in the left 
and right positions equally often across successive trials. No additional instructions 
ZHUH�JLYHQ�WR�WKH�SDUWLFLSDQWV��)RU�-/,�DQG�*15��UHG�ZDV�WKH�FRUUHFW�FRPSDULVRQ�DIWHU�D�
FKL�VDPSOH�DQG�JUHHQ�ZDV�WKH�FRUUHFW�FRPSDULVRQ�DIWHU�DQ�RPHJD�VDPSOH��)RU�0+$�DQG�
/<.��WKHVH�FRQWLQJHQFLHV�ZHUH�UHYHUVHG��3KDVH���FULWHULRQ�ZDV�����FRUUHFW�IRU�RQH�
VHVVLRQ�����WULDOV���$V�LQ�3KDVH����VXFFHVVLYH�VHVVLRQV�ZHUH�FRQGXFWHG�DIWHU����WR���PLQ�
break periods in which the participant remained in the teaching area and the researcher 
examined the data and set up for the next session.

phase 3 mixed- schedule training.�,Q�PL[HG��VFKHGXOH�WUDLQLQJ��WKH�SDUWLFLSDQWV�ZHUH�
trained to make two different responses to a single white square stimulus. The purpose of 
this training was so that in subsequent testing, the FR 10 and DRL 3-s response patterns 
could be used as samples in a matching task.

$W�WKH�EHJLQQLQJ�RI�D�WULDO��D�ZKLWH�VTXDUH�VWLPXOXV�ZDV�SUHVHQWHG�LQ�WKH�FHQWHU�RI�
the screen. The participants were required to make one of two responses to it: either an 
)5����RU�D�'5/���V��DV�GHʈQHG�LQ�3KDVH�����7KHUH�ZDV�QR�FXH�WR�LQGLFDWH�ZKLFK�UHVSRQVH�
SDWWHUQ�ZDV�UHTXLUHG�RQ�D�JLYHQ�WULDO��,I�WKH�SDUWLFLSDQW�PDGH�WKH�FRUUHFW�UHVSRQVH��H�J���
responded with 10 presses each less than 3 s apart when an FR 10 was required), the 
ȆFKLPHȇ�VRXQGHG��D�WRNHQ�ZDV�GHOLYHUHG��DQG�WKH�ZKLWH�VTXDUH�GLVDSSHDUHG�IURP�WKH�
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VFUHHQ��$�QHZ�WULDO�EHJDQ�DIWHU�D���V�,7,��,I�WKH�SDUWLFLSDQW�PDGH�WKH�LQFRUUHFW�UHVSRQVH�
(e.g., responded with two presses equal to or greater than 3 s apart when an FR 10 
UHVSRQVH�ZDV�UHTXLUHG���D�ȆVZLWFK�FXHȇ�VRXQGHG��WKH�WLPHU�ZDV�UHVHW��DQG�WKH�ZKLWH�
square remained on the screen. The trial then continued until the participant made the 
correct response pattern.

There were two variables of interest during this phase of training. Since there was 
no cue indicating which response pattern was scheduled for a given trial, participants 
were expected to randomly respond with one or the other response pattern. Thus, hit rate 
ZDV�GHʈQHG�DV�LQLWLDO�DFFXUDF\�RQ�HDFK�WULDO��L�H���SHUFHQWDJH�FRUUHFW���7KLV�ZDV�H[SHFWHG�
to remain at chance throughout training. The main variable of interest was the switch 
rate��7KLV�LV�GHʈQHG�DV�D�VZLWFK�WR�WKH�RWKHU�UHVSRQVH�SDWWHUQ�DIWHU�DQ�LQLWLDO�HUURU�RQ�D�
trial. For example, if a DRL response was scheduled for a trial and the participant 
initially responded with an FR response, would participants, after hearing the switch 
FXH��VZLWFK�UHVSRQVH�SDWWHUQV�DQG�PDNH�D�'5/�UHVSRQVH"�7KH�VZLWFK�UDWH�ZDV�H[SHFWHG�
WR�LQFUHDVH�ZLWK�WUDLQLQJ��&RUUHFW�UHVSRQVH�SDWWHUQV�WKDW�RFFXUUHG�DIWHU�WZR�RU�PRUH�
errors on a trial were not included in the switch rate.

(DFK�VHVVLRQ�FRQVLVWHG�RI����WULDOV�LQ�ZKLFK�)5�DQG�'5/�UHVSRQVHV�ZHUH�UHTXLUHG�
an equal number of times according to a prearranged random sequence. Prior to the start 
RI�WKH�ʈUVW�WUDLQLQJ�VHVVLRQ��SDUWLFLSDQWV�ZHUH�WROG��Ȇ1RZ�WKLQJV�ZLOO�ORRN�GLIIHUHQW��EXW�
\RX�ZLOO�VWLOO�UHFHLYH�D�WRNHQ�IRU�FRUUHFW�UHVSRQVHV�ȇ�7KH�FULWHULRQ�WR�FRPSOHWH�WKLV�SKDVH�
RI�WUDLQLQJ�ZDV�RQH�VHVVLRQ�ZLWK�D�VZLWFK�UDWH�RI�����RU�EHWWHU�RU�WZR�FRQVHFXWLYH�
VHVVLRQV�ZLWK�D�VZLWFK�UDWH�RI�����RU�EHWWHU�IRU�ERWK�VHVVLRQV��)RU�*15��VZLWFK�UDWH�
YDULHG�EHWZHHQ�����DQG�����RYHU�VL[����WULDO�VHVVLRQV��'HVSLWH�WKLV��*15�ZDV�PRYHG�WR�
the next phase of the experiment.

$IWHU�FRPSOHWLQJ�3KDVH����SDUWLFLSDQWV�ZHUH�JLYHQ�D�VHULHV�RI�WKUHH�GLIIHUHQW�WHVWV�LQ�
order to test membership of the FR and DRL response patterns in the stimulus class. 
However, if completion of Phase 3 occurred at the end of a 1-hr period (or if the 
participant indicated she wished to stop for the day), the test series was given on a 
GLIIHUHQW�GD\��,Q�WKRVH�FDVHV��SDUWLFLSDQWV�ZHUH�JLYHQ�UHIUHVKHU�VHVVLRQV�RQ�3KDVH���DQG�
Phase 2 training prior to being tested. The order in which the tests were administered 
was counterbalanced across participants.

form- response test.�,Q�WKH�IRUP��UHVSRQVH�WHVW��HLWKHU�WKH�RPHJD�RU�WKH�FKL�VWLPXOXV�
was presented on the center of the screen and remained there until the participant 
completed either a DRL 3-s response pattern or an FR 10 response pattern. Thus, any 
two presses spaced 3 s or more apart ended a trial, even if those two presses were 
SUHFHGHG�E\�VRPH�SUHVVHV�VSDFHG�OHVV�WKDQ���V�DSDUW��2QFH�HLWKHU�SDWWHUQ�ZDV�FRPSOHWH��
WKH�VWLPXOXV�GLVDSSHDUHG�IURP�WKH�VFUHHQ�DQG�D���V�,7,�IROORZHG��1R�IHHGEDFN�RU�WRNHQV�
were delivered in the test. Twenty test trials were presented, 10 with each stimulus.

response- form matching test.�,Q�WKLV�WHVW��HDFK�RI�WKH����WULDOV�EHJDQ�ZLWK�
presentation of the white square stimulus. Participants were required to make either a 
DRL or an FR response to it, and the contingencies were similar to that in the Phase 3 
mixed- schedule training described above. However, once the correct response pattern 
ZDV�PDGH��WKH�WULDO�GLG�QRW�HQG��,QVWHDG��WKH�WZR�*UHHN�OHWWHU�VWLPXOL�ZHUH�SUHVHQWHG�DV�
FRPSDULVRQ�VWLPXOL��$�VLQJOH�SUHVV�WR�HLWKHU�FRPSDULVRQ�VWLPXOXV�HQGHG�WKH�WULDO��ZKLFK�
ZDV�IROORZHG�E\�WKH�,7,��7KH�FKL�DQG�RPHJD�VWLPXOL�DSSHDUHG�LQ�WKH�OHIW�DQG�ULJKW�
comparison positions equally often, and DRL and FR served as samples on 10 trials 
each. No feedback or tokens were delivered for any comparison selection.

response- color matching test.�&RQWLQJHQFLHV�LQ�WKLV�WHVW�ZHUH�VLPLODU�WR�WKDW�LQ�WKH�
UHVSRQVH��IRUP�WHVW��H[FHSW�WKDW�WKH�*UHHN�OHWWHU�FRPSDULVRQ�VWLPXOL�ZHUH�UHSODFHG�E\�WKH�
red and green stimuli.

$IWHU� FRPSOHWLQJ� WKH� ILUVW� WHVW� VHULHV�� GDWD�ZHUH� H[DPLQHG�� ,Q� VRPH� FDVHV��
participants were given further training in an attempt to facilitate class formation. 
Procedural details in those cases are described in the Results section.
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results
training

Participants completed Phase 1 (color- response) training in an average of 4.8 sessions 
(range: 2–10), Phase 2 (form- color matching) training in an average of 2.3 sessions (range: 
2–3), and Phase 3 (mixed- schedule) training in an average of 3.3 sessions (range: 1–8). 
)LQDO�DFFXUDF\�DYHUDJHG��������UDQJH������Ǿ������DQG���������UDQJH����Ǿ������IRU�
3KDVHV���DQG����UHVSHFWLYHO\��)RU�3KDVH����RQ�WKH�ʈQDO�VHVVLRQ��WKH�DYHUDJH�KLW�UDWH�ZDV�
�������UDQJH������Ǿ�����DQG�WKH�DYHUDJH�VZLWFK�UDWH�ZDV������UDQJH����Ǿ������

,QWHU��UHVSRQVH�WLPH��,57��DQG�ODWHQF\�WR�UHVSRQG�WR�HDFK�VWLPXOXV�ZHUH�DOVR�DQDO\]HG�
during Phases 1 and 3 to ensure that differential responding developed to the two stimuli 
�3KDVH����DQG�WR�WKH�ZKLWH�VTXDUH��3KDVH�����7DEOH���VKRZV�WKH�DYHUDJH�,57�DQG�ODWHQF\�
GDWD�LQ�WKH�ʈQDO��FULWHULRQ��WUDLQLQJ�VHVVLRQ�IRU�HDFK�SKDVH�IRU�LQGLYLGXDO�SDUWLFLSDQWV��,Q�
3KDVH����,57V�DYHUDJHG�������PV�IRU�WKH�FRORU�VWLPXOXV�IRU�ZKLFK�SDUWLFLSDQWV�ZHUH�
required to make an FR response and 3,781.9 ms for the color stimulus for which 
participants were required to make a DRL response. Latency data, however, were similar: 
������PV�DQG�������PV�IRU�HDFK�VWLPXOXV��UHVSHFWLYHO\��,Q�3KDVH���PL[HG��VFKHGXOH�WUDLQLQJ��
participants continued to emit two distinct response patterns in the absence of a differential 
REVHUYLQJ�VWLPXOXV��2Q�WULDOV�LQ�ZKLFK�DQ�)5�SDWWHUQ�ZDV�UHTXLUHG��,57V�DYHUDJHG�������
PV��DQG�RQ�WULDOV�LQ�ZKLFK�D�'5/�SDWWHUQ�ZDV�UHTXLUHG��,57V�DYHUDJHG���������PV��2Q�
average, participants waited longer to respond on trials in which an FR pattern was 
UHTXLUHG��������PV��WKDQ�WKRVH�RQ�ZKLFK�D�'5/�SDWWHUQ�ZDV�UHTXLUHG��������PV��
Table 1
Average IRT (Latency) Data for FR- and DRL-Response Required Trials, in 

Milliseconds, for Phases 1 and 3 Training for Individual Participants

Participant

Phase 1 Phase 2

FR DRL FR DRL 

GNR 231.9 (834.8) 3,686.0 (619.4) 468.9 (668.6) 3,054.9 (404.8)

JLI 236.7 (595.3) 3,697.2 (741.2) 806.3 (461.3) 4,754.3 (434.2)

LYK 162.7 (584.9) 3,404.9 (664.3) 221.4 (792.4) 2,099.5 (684.3)

MHA 196.7 (786.9) 4,339.4 (1,099.6) 258.4 (572.5) 2,054.5 (496.2)

M 297.0 (703.0) 3,781.9 (781.1) 438.7 (623.7) 2,990.8 (504.9)

testing
Figures 1 and 2 depict the percentage correct during each training session and the 

percentage of class- consistent responding on each of the initial tests for individual 
SDUWLFLSDQWV��$OVR�VKRZQ�LV�DFFXUDF\�RQ�DQ\�DGGLWLRQDO�WUDLQLQJ�DV�ZHOO�DV�FODVV��FRQVLVWHQW�
responding on any repeated tests.

Gnr. 'DWD�IRU�*15�DUH�VKRZQ�LQ�)LJXUH����WRS���*15�UHFHLYHG�RQH�UHIUHVKHU�VHVVLRQ�
on each phase of training prior to test because training and test sessions took place on 
GLIIHUHQW�GD\V��$OWKRXJK�VKH�UHTXLUHG�PRUH�VHVVLRQV�WR�DFKLHYH�FULWHULRQ�OHYHOV�RI�
performance in Phase 1 than any other participant, and although her switch rate never 
UHDFKHG�KLJK��L�H��������OHYHOV��*15�PDGH�FODVV��FRQVLVWHQW�UHVSRQGLQJ�RQ�DW�OHDVW�����RI�
the trials in each of the three tests. Thus, this participant showed strong evidence that the 
'5/�DQG�)5�UHVSRQVHV�KDG�EHFRPH�SDUW�RI�D�FODVV��DORQJ�ZLWK�WKH�FRORU�DQG�*UHHN�OHWWHU�
stimuli.

Jli.�'DWD�IRU�-/,�DUH�VKRZQ�LQ�)LJXUH����ERWWRP���-/,�DFKLHYHG�KLJK�DFFXUDF\�LQ�
3KDVHV���DQG���LQ�WZR�WR�WKUHH�VHVVLRQV�DQG�DFKLHYHG�D�VZLWFK�UDWH�RI�EHWWHU�WKDQ�����LQ�KHU�
ʈUVW�3KDVH���VHVVLRQ��+RZHYHU��RQ�WKH�IRUP��UHVSRQVH�WHVW��VKH�PDGH�)5�UHVSRQVHV�WR�ERWK�
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Figure 1. Percentage correct during training and refresher session and percentage of class- 
consistent responding during test sessions for GNR and JLI.
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VWLPXOL��UHJDUGOHVV�RI�SRWHQWLDO�FODVV�PHPEHUVKLS��,Q�DGGLWLRQ��RQ�WKH�UHVSRQVH��PDWFKLQJ�
tests, she chose the comparison belonging to the opposite�FODVV�RQ�HYHU\�WULDO��$W�WKLV�SRLQW��
-/,�ZDV�JLYHQ�DGGLWLRQDO�UHIUHVKHU�VHVVLRQV�RQ�3KDVHV���DQG����DQG�WKH�HQWLUH�WHVW�VHULHV�ZDV�
repeated. The results, however, were no different.

1H[W��-/,�ZDV�JLYHQ�D�UHIUHVKHU�RQ�FRORU��UHVSRQVH�WUDLQLQJ��3KDVH�����7KHQ��VKH�ZDV�
trained on color- form matching—the symmetrical version of the trained Phase 2 task. This 
training was followed by a repeat of the form- response test. This time, class- consistent 
UHVSRQGLQJ�ZDV�EHORZ�FKDQFH��-/,�EHJDQ�WR�PDNH�VRPH�'5/�UHVSRQVHV�WR�WKH�*UHHN�OHWWHU�
VWLPXOL��EXW�WKRVH�UHVSRQVHV�ZHUH�WR�WKH�VWLPXOXV�EHORQJLQJ�WR�WKH�RSSRVLWH�FODVV��$IWHU�WZR�
PRUH�UHIUHVKHU�WUDLQLQJ�VHVVLRQV��WKH�UHVSRQVH��IRUP�PDWFKLQJ�WHVW�ZDV�JLYHQ��&ODVV��
FRQVLVWHQW�UHVSRQGLQJ�EHJDQ�WR�HPHUJH�GXULQJ�WKLV�WHVW��)RU�WKH�ʈUVW�VHYHUDO�WULDOV��-/,�
chose the comparison belonging to the opposite class. Then, that behavior pattern ceased 
DQG�-/,�PDGH�FODVV��FRQVLVWHQW�UHVSRQGLQJ�XQWLO�WKH�HQG�RI�WKH�VHVVLRQ��$�VHFRQG�VHVVLRQ�
ZDV�JLYHQ��DQG�DOO�UHVSRQVHV�ZHUH�FODVV�FRQVLVWHQW��2Q�WKH�VXEVHTXHQW�UHVSRQVH��FRORU�
PDWFKLQJ�WHVW��FODVV��FRQVLVWHQW�UHVSRQGLQJ�ZDV�������)LQDOO\��WKH�IRUP��UHVSRQVH�WHVW�ZDV�
JLYHQ�DJDLQ��DQG�WKLV�WLPH��PRUH�WKDQ�����RI�WKH�UHVSRQVHV�ZHUH�FODVV�FRQVLVWHQW�

Mha.�'DWD�IRU�0+$�DUH�VKRZQ�LQ�)LJXUH����WRS���0+$�UHTXLUHG�VHYHUDO�VHVVLRQV�
to acquire the DRL and FR response patterns to the color stimuli in Phase 1. Phase 2 and 
3KDVH���WUDLQLQJ�ZHUH�HDFK�FRPSOHWHG�LQ�WZR�VHVVLRQV��2Q�WKH�UHVSRQVH��PDWFKLQJ�WHVWV��
UHVSRQGLQJ�ZDV�ODUJHO\�FODVV�FRQVLVWHQW��ZLWK�����FODVV��FRQVLVWHQW�FKRLFHV�RQ�WKH�
UHVSRQVH��IRUP�WHVW�DQG������FODVV��FRQVLVWHQW�FKRLFHV�RQ�WKH�UHVSRQVH��FRORU�WHVW��2Q�WKH�
IRUP��UHVSRQVH�WHVW��KRZHYHU��FODVV��FRQVLVWHQW�UHVSRQGLQJ�ZDV�DW�FKDQFH�OHYHOV��-XVW�DV�
-/,�GLG��0+$�PDGH�DOO�)5�UHVSRQVHV�WR�ERWK�WKH�*UHHN�OHWWHU�VWLPXOL��6KH�ZDV�WKHQ�
given training on color- form matching (the symmetrical version of Phase 2 training) in 
WKH�VDPH�PDQQHU�DV�-/,��DQG�WKH�HQWLUH�WHVW�VHULHV�ZDV�UHSHDWHG��8QOLNH�IRU�-/,��WKLV�
WUDLQLQJ�GLG�QRW�IDFLOLWDWH�FODVV��FRQVLVWHQW�UHVSRQGLQJ�RQ�WKH�IRUP��UHVSRQVH�WHVW��0+$�
was then given experience with Phase 1 (color- response) training without tokens or 
IHHGEDFN�IRU�FRUUHFW�UHVSRQVHV�SULRU�WR�EHLQJ�JLYHQ�WKH�IRUP��UHVSRQVH�WHVW�D�ʈQDO�WLPH��,Q�
WKLV�ʈQDO�WHVW��FODVV��FRQVLVWHQW�UHVSRQGLQJ�ZDV������LQGLFDWLQJ�WKDW�WKH�'5/�DQG�)5�
responses had become members of a class that also included the color and form stimuli.

lYK.�'DWD�IRU�/<.�DUH�VKRZQ�LQ�)LJXUH����ERWWRP���&ULWHULRQ�ZDV�PHW�LQ�WZR�
VHVVLRQV�IRU�HDFK�RI�WKH�WKUHH�WUDLQLQJ�SKDVHV��3ULRU�WR�WKH�ʈUVW�WHVW�VHULHV��/<.�ZDV�JLYHQ�
UHIUHVKHU�VHVVLRQV�RQ�3KDVHV���DQG����2Q�WKH�IRUP��UHVSRQVH�WHVW��/<.�PDGH�DOO�)5�
UHVSRQVHV��MXVW�DV�-/,�DQG�0+$�GLG�RQ�WKHLU�LQLWLDO�IRUP��UHVSRQVH�WHVWV��2Q�WKH�UHVSRQVH��
IRUP�PDWFKLQJ�WHVW�������RI�FKRLFHV�ZHUH�FODVV�FRQVLVWHQW��EXW�RQ�WKH�UHVSRQVH��FRORU�
PDWFKLQJ�WHVW�������RI�FKRLFHV�ZHUH�WR�WKH�RSSRVLWH��FODVV�FRPSDULVRQ��/<.�ZDV�WKHQ�
given one session of training on color-form matching (the symmetrical version of the 
Phase 2 task), and given the tests again, in a different order. This time, on the response- 
IRUP�WHVW�������RI�FKRLFHV�ZHUH�WR�WKH�RSSRVLWH��FODVV�FRPSDULVRQ��EXW�RQ�WKH�UHVSRQVH��
FRORU�WHVW�������RI�FKRLFHV�ZHUH�WR�WKH�FODVV��FRQVLVWHQW�FRPSDULVRQ��7KLV�ZDV�WKH�
RSSRVLWH�UHVXOW�RI�WKH�ʈUVW�WHVW�VHULHV��2Q�WKH�IRUP��UHVSRQVH�WHVW��/<.�DJDLQ�PDGH�DOO�)5�
responses. Refresher sessions on Phase 1 and Phase 2 symmetry were repeated, and a 
VHVVLRQ�RI�3KDVH���WUDLQLQJ�ZLWKRXW�IHHGEDFN�RU�WRNHQV�ZDV�FRQGXFWHG��2Q�WKH�VXEVHTXHQW�
tests, she made all FR responses to the forms, and made class- opposite responses on both 
response- matching tests.

/<.ȃV�EHKDYLRU�SDWWHUQV�VHHPHG�WR�LQGLFDWH�WKDW�VKH�UDQGRPO\�UHVSRQGHG�LQ�D�
FRQVLVWHQW�ZD\�RQ�HDFK�WHVW��L�H���DUELWUDU\�DVVLJQPHQW��GH�5RVH���������:H�VSHFXODWHG�
that training had not produced any stimulus classes, even between the visual stimuli. 
Thus, we decided to train her on two different matching relations composed entirely of 
visual stimuli (non- representative black forms on a white background) and then give her 
VWDQGDUG�HTXLYDOHQFH�WHVWV�RI�UHʉH[LYLW\��V\PPHWU\��DQG�WUDQVLWLYLW\��7KH�UHVXOWV�RI�WKHVH�
WHVWV�ZHUH�VLPLODU� WR� WKRVH�GHVFULEHG�DERYH��2Q�KDOI� WKH� WHVWV�� VKH� UHVSRQGHG� LQ�
accordance with equivalence, and on the other half, she responded to the opposite- class 
stimulus.
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Figure 2. Percentage correct during training and refresher sessions and percentage of class- 
consistent responding during test sessions for MHA and LYK.
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response- time data.�7DEOH���VKRZV�,57�DQG�ODWHQF\�GDWD�IRU�DOO�SDUWLFLSDQWV�RQ�
HDFK�RI�WKH�WHVW�VHVVLRQV��)RU�WKH�IRUP��UHVSRQVH�WHVW��Ȇ)5ȇ�DQG�Ȇ'5/ȇ�UHIHU�WR�WKH�
stimulus with which FR and DRL responses were expected to be associated on the basis 
of equivalence. For the response- form and response- color matching tests, FR and DRL 
indicate the required response pattern to the white stimulus. Data in bold indicate 
VHVVLRQV�LQ�ZKLFK�FODVV��FRQVLVWHQW�UHVSRQGLQJ�ZDV�REWDLQHG��,57�GDWD�IURP�WKH�PDWFKLQJ�
tests indicate that all the participants continued to respond with distinct response 
patterns, although some participants tended to respond more quickly on DRL- required 
WULDOV�LQ�WHVW�WKDQ�WKH\�GLG�RQ�WKRVH�WULDOV�LQ�3KDVH���WUDLQLQJ��H�J���0+$��
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Discussion
Three of four participants showed evidence that different response patterns do 

EHFRPH�SDUW�RI�D�FODVV�WKDW�DOVR�FRQWDLQV�YLVXDO�VWLPXOL��$OO�WKH�SDUWLFLSDQWV�ZHUH�WUDLQHG�
to make two distinct response patterns (FR and DRL) to two different color stimuli. 
Then, all were trained to match those same stimuli to different form samples in a 
PDWFKLQJ�WDVN��$OO�SDUWLFLSDQWV�UHFHLYHG�WUDLQLQJ�RQ�D�PL[HG��VFKHGXOH�SURFHGXUH�WR�
establish a history of making both response patterns to a common stimulus. Testing 
consisted of presenting the form stimuli and requiring participants to make one of the 
WZR�GHʈQHG�UHVSRQVHV�WR�WKHP��DQG�ȆSUHVHQWLQJȇ�WKH�UHVSRQVHV�DV�VDPSOHV�IROORZHG�E\�D�
FKRLFH�EHWZHHQ�WKH�FRORU�DQG�WKH�IRUP�VWLPXOL��LQ�VHSDUDWH�WHVW�VHVVLRQV���,Q�WKH�LQLWLDO�
WHVW�VHULHV��RQH�SDUWLFLSDQW��*15��SDVVHG�DOO�WHVWV��LQGLFDWLQJ�WKDW�WKH�GLIIHUHQW�UHVSRQVH�
SDWWHUQV�KDG�MRLQHG�LQWR�WKH�FODVV�ZLWK�WKH�YLVXDO�VWLPXOL��5HVXOWV�IRU�WKH�UHPDLQLQJ�
SDUWLFLSDQWV��KRZHYHU��ZHUH�PRUH�YDULDEOH��$OO�WKUHH�LQLWLDOO\�PDGH�RQO\�)5�UHVSRQVHV�WR�
WKH�IRUP�VWLPXOL�LQ�WKH�IRUP��UHVSRQVH�WHVW��$IWHU�VXEVHTXHQW�WUDLQLQJ��WZR��-/,�DQ�0+$��
HYHQWXDOO\�PDGH�GLIIHUHQWLDO�UHVSRQVHV�FRQVLVWHQW�ZLWK�FODVV�PHPEHUVKLS��2Q�WKH�
UHVSRQVH��FRORU�IRUP�PDWFKLQJ�WHVWV��RQH�SDUWLFLSDQW��0+$��PDGH�FODVV��FRQVLVWHQW�
FKRLFHV�IURP�WKH�RXWVHW��$QRWKHU�SDUWLFLSDQW��-/,��PDGH�DOO�FODVV��LQFRQVLVWHQW�UHVSRQVHV�
initially, but then made class- consistent responses after subsequent exposure to a color- 
form matching task. This task was the symmetrical version of Phase 2 training, and her 
UHVSRQVHV�ZHUH�V\PPHWULFDO�IURP�WKH�ʈUVW�WULDO�

2QH�SDUWLFLSDQW��/<.��GLG�QRW�VKRZ�HYLGHQFH�RI�WKH�)5�DQG�'5/�UHVSRQVH�SDWWHUQV�
becoming part of a stimulus class. Her choices on the response- matching tasks were 
either completely class consistent or completely class inconsistent, and this changed for 
HDFK�W\SH�RI�WHVW�ZLWK�HDFK�WHVW�VHVVLRQ��/<.�ZDV�VXEVHTXHQWO\�JLYHQ�WUDLQLQJ�RQ�076�
ZLWK�RQO\�YLVXDO�VWLPXOL�DQG�WKHQ�JLYHQ�VWDQGDUG�WHVWV�IRU�UHʉH[LYLW\��V\PPHWU\��DQG�
transitivity. Her behavior on these tests showed the same pattern as that on response- 
inclusion tests—sometimes it was class consistent, and other times it was class 
LQFRQVLVWHQW��7KXV��/<.�GLG�QRW�IRUP�HTXLYDOHQFH�FODVVHV�HYHQ�ZKHQ�WUDLQHG�LQ�WKH�
typical manner.

The results of this study add to the growing body of literature investigating the 
VWDWXV�RI�FODVV��FRQVLVWHQWǾGHʈQHG�UHVSRQVHV�LQ�HTXLYDOHQFH�FODVVHV��'\PRQG�	�%DUQHV��
������������0DQDEH�HW�DO���������6KLPL]X��������8UFXLROL�HW�DO���������8UFXLROL�HW�DO���
������8UFXLROL�	�9DVFRQFHORV������D������E���6HYHUDO�SUHYLRXV�VWXGLHV�DOVR�ZHUH�
VXFFHVVIXO�LQ�SUHVHQWLQJ�UHVSRQVHV�DV�VDPSOHV��H�J���'\PRQG�	�%DUQHV��������������
6KLPL]X��������WR�KXPDQ�SDUWLFLSDQWV�XVLQJ�GLIIHUHQW�SURFHGXUHV��DQG�WKH�UHVXOWV�RI�WKLV�
VWXG\�FRPSOHPHQW�DQG�H[WHQG�WKRVH�GDWD��,Q�6KLPL]X���������WKH�UHVSRQVHV�ZHUH�GLIIHUHQW�
four- step sequences of computer- mouse manipulations, and training involved the use of 
written instructions as well as visual and auditory prompts. The participants were then 
required to make those responses when choosing comparisons in subsequent matching 
WDVNV��,Q�WHVW��D�ZKLWH�VTXDUH�ZDV�SUHVHQWHG�DQG�WKH�SDUWLFLSDQWV�ZHUH�WROG�WR�PDNH�RQH�RI�
the previously learned responses (i.e., mouse manipulations), and if they were correct, 
comparison choices would appear and they should respond to them as they did before. 
2XU�UHVXOWV�H[WHQG�WKH�UHVXOWV�RI�6KLPL]X�E\�VKRZLQJ�WKDW�VLPLODU�UHVXOWV�FDQ�EH�REWDLQHG�
using a task that does not require written or other visual cues in order to train the 
responses, thereby eliminating the possibility that those cues were responsible for 
IDFLOLWDWLQJ�VWLPXOXV�FODVV�IRUPDWLRQ��,Q�DGGLWLRQ��WKH�PL[HG��VFKHGXOH�SURFHGXUH�GRHV�QRW�
require any additional instructions at the time of testing because the participants are 
already familiar with the testing format.

,Q�'\PRQG�DQG�%DUQHV���������WKUHH���PHPEHU�HTXLYDOHQFH�FODVVHV��$���%���&���
$���%���&���$���%���&���ZHUH�HVWDEOLVKHG�SULRU�WR�WUDLQLQJ�SDUWLFLSDQWV�WR�PDNH�FODVV��
consistent responses to one member from each class. Participants were presented with a 
cue (the words spacebar task) on the computer screen followed by the presentation of 
HLWKHU�%��RU�%���SDUWLFLSDQWV�ZHUH�WDXJKW�WR�HLWKHU�SUHVV�WKH�VSDFHEDU��H�J���WR�VWLPXOXV�%���
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or to refrain from pressing the spacebar (e.g., stimulus B1) and were given written 
IHHGEDFN��L�H���ȆFRUUHFWȇ�RU�ȆZURQJȇ�DSSHDUHG�RQ�WKH�VFUHHQ���,Q�D�VHFRQG�SKDVH�RI�WKH�
trial, the stimulus was re- presented and followed by a choice between the two B stimuli 
�L�H���LGHQWLW\�PDWFKLQJ���,Q�D�VHULHV�RI�VWHSV��WKH�YLVXDO�VWLPXOL�WKDW�RFFDVLRQHG�WKH�
spacebar press (or the absence of a spacebar press) and the sample stimuli were faded 
RXW��VXFK�WKDW�LQ�D�ʈQDO�WUDLQLQJ�SKDVH��RQO\�WKH�ZRUGV�spacebar task were presented, the 
participants were required to either respond or refrain from responding, and there was 
QR�FXH�LQGLFDWLQJ�ZKLFK�ZDV�FRUUHFW��,I�WKH�SDUWLFLSDQW�EHKDYHG�FRUUHFWO\��H�J���GLG�QRW�
SUHVV�WKH�VSDFHEDU�ZKHQ�ȆQR�UHVSRQVHȇ�ZDV�UHTXLUHG���WKH�ZULWWHQ�IHHGEDFN�VWLOO�DSSHDUHG�
DQG�ZDV�IROORZHG�E\�FRPSDULVRQ�SUHVHQWDWLRQ��,I�WKH�SDUWLFLSDQW�EHKDYHG�LQFRUUHFWO\�
(e.g., did not press the spacebar when a response was required), the word incorrect 
DSSHDUHG��DQG�LW�ZDV�DOVR�IROORZHG�E\�FRPSDULVRQ�SUHVHQWDWLRQ��,Q�WHVW��WKH�FRPSDULVRQV�
ZHUH�WKH�&�VWLPXOL�IURP�WKH�SUHYLRXVO\�HVWDEOLVKHG�HTXLYDOHQFH�FODVVHV�DQG�DFFXUDF\�ZDV�
DVVHVVHG�E\�GHWHUPLQLQJ�LI�SDUWLFLSDQWV�FKRVH�D�FRPSDULVRQ�WKDW�ȆPDWFKHGȇ�RU�ȆZHQW�
ZLWKȇ�ZKDWHYHU�UHVSRQVH��VSDFHEDU�SUHVV�RU�UHIUDLQ�IURP�VSDFHEDU�SUHVV��WKH\�KDG�MXVW�
PDGH��L�H���&��DIWHU�ȆQR�VSDFHEDU�SUHVVȇ�DQG�&��DIWHU�ȆVSDFHEDU�SUHVVȇ���$OO� WKH�
participants responded in a class- consistent manner.

Like Dymond and Barnes (1994), our study involved a motor response to a single 
visual stimulus (pressing a key on a keyboard versus tapping a computer touchscreen), 
but unlike Dymond and Barnes, our study involved two discrete response patterns across 
FODVVHV�DQG�SDUWLFLSDQWV��ZKHUHDV�IRU�'\PRQG�DQG�%DUQHV��RQH�ȆUHVSRQVHȇ�ZDV�not 
pressing the spacebar. This may be an important difference between the studies, as it 
ZDV�QRW�UHSRUWHG�ZKDW�EHKDYLRU�WKH�'\PRQG�DQG�%DUQHVȃ�SDUWLFLSDQWV�HQJDJHG�LQ�ZKHQ�
WKH\�UHIUDLQHG�IURP�SUHVVLQJ�WKH�VSDFHEDU��1RQHWKHOHVV��WKH�UHVXOWV�RI�6KLPL]X���������
Dymond and Barnes, and the current study all provide convergent evidence supporting 
6LGPDQȃV��������DVVHUWLRQ�WKDW�GHʈQHG�UHVSRQVHV�FDQ�EHFRPH�PHPEHUV�RI�HTXLYDOHQFH�
FODVVHV��VHH�DOVR�'\PRQG�DQG�%DUQHV��������IRU�DQ�H[WHQVLRQ�RI�WKHLU�JHQHUDO�SURFHGXUH�
to relations other than equivalence).

$OWKRXJK�WKH�FXUUHQW�UHVXOWV�SURYLGH�VXJJHVWLYH�HYLGHQFH�VXSSRUWLQJ�6LGPDQȃV�
(1994, 2000) hypothesis, there remain some open issues. For example, only one 
participant (of the three who showed evidence of class formation) made differential 
responses to the form stimuli when they were presented in test. Similar variability was 
IRXQG�LQ�6KLPL]X���������,Q�WKDW�VWXG\��RQ�DOO�WHVW�WULDOV��any response to a class- 
FRQVLVWHQW�FRPSDULVRQ�ZDV�VXIʈFLHQW�WR�HDUQ�UHLQIRUFHPHQW��EXW�SDUWLFLSDQWV�ZHUH�JLYHQ�
WKH�RSSRUWXQLW\�WR�PDNH�RQH�RI�WKH�GHʈQHG�UHVSRQVHV��)RXU�RI�WKH�HLJKW�SDUWLFLSDQWV�
failed to make a class- consistent response on at least some of the test trials, even when 
they passed tests that involved response samples and visual comparisons. The variability 
REVHUYHG�LQ�WKH�FXUUHQW�VWXG\�PD\�EH�UHODWHG�WR�VSHFLʈF�DVSHFWV�RI�WKH�WUDLQLQJ�SURFHGXUH��
,Q�ERWK�3KDVH���WUDLQLQJ�WR�PDNH�)5�DQG�'5/�UHVSRQVHV�WR�WKH�FRORU�VWLPXOL�DQG�LQ�3KDVH�
3 mixed- schedule training, participants heard a switch cue when making an incorrect 
UHVSRQVH�SDWWHUQ��)RU�H[DPSOH��RQ�D�PDMRULW\�RI�WULDOV��SDUWLFLSDQWV�SUHVVHG�WKH�VWLPXOXV�
RQFH��DQG�ZKHQ�QRWKLQJ�KDSSHQHG��WKH\�SUHVVHG�DJDLQ��,I�WKH\�GLG�QRW�KHDU�WKH�VZLWFK�
FXH��WKHQ�WKH\�UDSLGO\�FRQWLQXHG�SUHVVLQJ�WKH�VWLPXOXV�XQWLO�LW�GLVDSSHDUHG��,I�WKH\�KHDUG�
WKH�FXH��WKH\�SDXVHG�EHIRUH�PDNLQJ�DQRWKHU�SUHVV��,Q�WKH�UHVSRQVH��IRUP�WHVW��KRZHYHU��
WKHUH�ZDV�QR�VZLWFK�FXH��DV�HLWKHU�DQ�)5�RU�D�'5/�ZDV�VXIʈFLHQW�WR�HQG�WKH�WULDO��7KXV��
WKHVH�SDUWLFLSDQWV�GLG�LQ�WHVW�ZKDW�WKH\�KDG�EHHQ�WUDLQHG�WR�GR��,Q�WKH�DEVHQFH�RI�WKH�
switch cue, they continued responding until the stimulus disappeared.

:KDW�LV�XQFOHDU��KRZHYHU��LV�ZKDW�DVSHFWV�RI�WKH�DGGLWLRQDO�WUDLQLQJ��LI�DQ\��VRPH�
SDUWLFLSDQWV�UHFHLYHG�FDXVHG�WKHP�WR�EHJLQ�WR�HPLW�GLIIHUHQWLDO�UHVSRQVHV��)RU�-/,��
responses became differential after both color- form matching exposure and class- 
FRQVLVWHQW�SHUIRUPDQFH�RQ�WKH�UHVSRQVH��PDWFKLQJ�WHVWV��,W�LV�XQFOHDU�ZK\�WKDW�VKRXOG�EH�
the case, as the response- matching tests would serve to strengthen the switch- cue guided 
EHKDYLRU��VLQFH�HDFK�WULDO�VWDUWHG�ZLWK�WKH�ZKLWH�VTXDUH�VWLPXOXV���)RU�0+$��WKH�DQVZHU�
is a little clearer. She too was given training on color- form matching, but this had no 
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effect on subsequent form- response behavior (and she matched in a class- consistent 
PDQQHU�RQ�WKH�RWKHU�WHVWV�IURP�WKH�RXWVHW���3ULRU�WR�KHU�ʈQDO�WHVW��VKH�ZDV�JLYHQ�D�
refresher training session on color- response training without any reinforcement, in 
ZKLFK�DFFXUDF\�ZDV�������7KXV��MXVW�SULRU�WR�WHVW��VKH�H[SHULHQFHG�D�VHVVLRQ�LQ�ZKLFK�
she made differential responses to the color stimuli, did not hear the switch cue, and was 
not given any reinforcement: conditions that were identical to those in test with the 
exception of which visual stimuli were presented.

2QH�ZD\�WR�WHVW�WKH�VZLWFK��FXH�K\SRWKHVLV�LV�WR�VLPSO\�UHDUUDQJH�WKH�RUGHU�LQ�ZKLFK�
training and testing is conducted. For instance, training could be conducted in Phase 1 
ZLWKRXW�D�VZLWFK�FXH��VXFK�WKDW�WKH�VWLPXOXV�MXVW�UHPDLQV�RQ�WKH�VFUHHQ�XQWLO�D�'5/�
response is made). Then, form- color matching could be conducted, followed by the form- 
UHVSRQVH�WHVW��2QFH�WKDW�WHVW�LV�SDVVHG��SDUWLFLSDQWV�ZRXOG�WKHQ�EH�JLYHQ�PL[HG��VFKHGXOH�
training and tested for response membership in the class. Doing so, and also testing for 
the full complement of emergent relations, will provide strong evidence for response 
membership in equivalence classes.
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