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ConstruCting relational sentenCes: establishing 
arbitrarily appliCable Comparative relations With 

the relational Completion proCedure
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The present study examined the effectiveness of the Relational Completion 
Procedure (RCP) in establishing arbitrarily applicable comparative relations 
after training with either linear (Experiment 1) or non- linear (Experiment 2) 
arbitrary relations. Linear relations were those presented in a sequential 
order (i.e., A–B, B–C, C–D, etc.), while nonlinear relations were presented 
in a nonsequential order (i.e., C–D, B–C, A–B, etc.). After nonarbitrary 
relational training and testing to establish the contextual functions of 
MORE THAN and LESS THAN, adults underwent constructed- response 
nonarbitrary relational training and testing with physically dissimilar 
stimuli in which they were required to “complete” relational sentences in the 
presence of the cues. Next, during arbitrary relational training with abstract 
stimuli, participants were randomly assigned to 1 of 3 training groups: All- 
More (E > D, D > C, C > B, and B > A), All- Less (A < B, B < C, C < D, 
and D < E), and Less- More (A < B, B < C, D > C, and E > D). Finally, 
during arbitrary relational testing, probes for mutually entailed relations 
were followed by probes for 1- and 2- node combinatorially entailed relations. 
The yield, or percentage of participants passing, was 83% in Experiment 1 
and 91.6% in Experiment 2. Our findings demonstrate that the RCP was 
successful in establishing arbitrarily applicable comparative relations with 
adults regardless of the order in which the arbitrary relational training trials 
were presented.
Key words: arbitrarily applicable comparative relations, More Than, Less 
Than, Relational Completion Procedure, constructed response, linear, adults

An extensive empirical literature now attests to the fact that human participants 
may come to respond in accordance with multiple stimulus relations, such as Same and 
Opposite, Before and After, and More Than and Less Than (e.g., Berens & Hayes, 2007; 
Dymond & Whelan, 2010; Hyland, O’Hora, Smyth, & Leslie, 2012; Munnelly, Dymond, 
& Hinton, 2010; for a review, see Dymond, May, Munnelly, & Hoon, 2010). Derived 
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comparative relations, such as More Than/Less Than, are involved “whenever one event 
LV�UHVSRQGHG�WR�LQ�WHUPV�RI�D�TXDQWLWDWLYH�RU�TXDOLWDWLYH�UHODWLRQ�DORQJ�D�VSHFLʈHG�
dimension with another event” (Hayes, Fox, Gifford, Wilson, Barnes- Holmes, & Healy, 
������S�������&RPSDUDWLYH�UHODWLRQV��VXFK�DV�0RUH�7KDQ�DQG�/HVV�7KDQ��DUH�ʈUVW�OHDUQHG�
ZLWK�QRQDUELWUDU\�VWLPXOL�GLIIHULQJ�DORQJ�D�VSHFLʈHG�SK\VLFDO�GLPHQVLRQ��VXFK�DV�VL]H�RU�
quantity, but may be brought to bear on any arbitrary (physically dissimilar) stimuli, 
given appropriate contextual cues. That is, relational responding may emerge that is not 
based on the formal, physical properties between the stimuli but rather the arbitrary 
relational context in which the stimuli are encountered. For instance, a young child may 
learn that “X is taller than Y,” and when asked, “Which is shorter?” he or she may 
subsequently respond, “Y,” without any further training. According to relational frame 
theory (Hayes, Fox, et al., 2001; Torneke, 2010), such instances of arbitrarily applicable 
derived comparative relations are controlled solely by the contextual cues “taller” and 
“shorter,” not by physical cues, and these relations may be applied to any stimuli 
regardless of their physical properties.

Studies examining derived comparative relations of More Than and Less Than have 
relied heavily on variants of the matching- to- sample (MTS) protocol. For instance, 
Reilly, Whelan, and Barnes- Holmes (2005) employed a contextually controlled MTS 
training and testing paradigm to examine comparative responding among adult 
SDUWLFLSDQWV�WR�D�ʈYH��PHPEHU�UHODWLRQDO�QHWZRUN��5HLOO\�HW�DO��FRPSDUHG�UHVSRQVH�
latencies to arbitrary test relations in three training groups: All- More, All- Less, and 
/HVV��0RUH��7KH�ʈUVW�SKDVH�RI�WKH�H[SHULPHQW��WHUPHG�nonarbitrary relational training, 
aimed to establish contextual control for two cues, More Than and Less Than. For 
example, participants were presented with one and two basketballs as comparison 
stimuli in the presence of the MORE THAN contextual cue, where correct selections of 
two basketballs were reinforced. Nonarbitrary relational testing, which involved the 
presentation of novel stimulus sets in the absence of feedback, followed. Participants 
were then exposed to arbitrary relational training involving abstract visual images (i.e., 
with stimuli that were unrelated to one another along a consistent physical dimension) 
with the MORE THAN and LESS THAN contextual cues. Participants in the All- More 
group were trained on B > A, C > B, D > C, and E > D in the presence of the MORE 
THAN contextual cue, the All- Less group on A < B, B < C, C < D, and D < E in the 
presence of the LESS THAN cue, and the Less- More group on A < B and B < C in the 
presence of the LESS THAN cue and D > C and E > D in the presence of the MORE 
THAN cue (it is important to note that > and < are used here to denote the contextual 
cues of “more than” and “less than,” respectively. Participants were not exposed to these 
inequality symbols. Instead, two abstract visual images served as contextual cues). 
During the arbitrary relational test phase, participants were presented with novel 
stimulus combinations and the two contextual cues, in the absence of feedback. For 
instance, mutual entailment was tested, for the All- More group, with presentations of 
A < B, B < C, C < D, and D < E; for the All- Less group, with B > A, C > B, D > C, and 
E > D; and for the Less- More group, with B > A, C > B, C < D, and D < E. Mutual 
entailment refers to the derived bidirectionality of stimulus relations, whereas 
combinatorial entailment refers to instances in which two or more relations are combined 
to make a third relation (Hayes, Barnes- Holmes, & Roche, 2001). For all three groups, 
one- and two- node combinatorial entailment was tested with presentations of A < C, 
B < D, C < E, C > A, D > B, and E > C (one- node) and A < D, B < E, D > A, and E > B 
�WZR��QRGH���5HVXOWV�GHPRQVWUDWHG�WKDW�UHVSRQVH�ODWHQFLHV�ZHUH�VLJQLʈFDQWO\�IDVWHU�RQ�DOO�
test relations for participants in the All- More group, in comparison to the other two 
groups (see also Munnelly et al., 2010).

The use of selection- based MTS procedures, such as those employed by Reilly et al. 
(2005) demonstrated the ease with which derived relational responding can be generated in 
a laboratory setting. Such procedures typically involve individuals pointing to, touching, 
or looking at a stimulus involved in a conditional relation (Shafer, 1993). With respect to 
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the Reilly et al. study, participants were presented with a contextual cue in the top third of 
the computer screen and two comparison stimuli in the bottom left and right of the screen. 
7R�VHOHFW�WKH�FRPSDULVRQ�VWLPXOXV�RQ�WKH�OHIW��SDUWLFLSDQWV�ZHUH�UHTXLUHG�WR�SUHVV�WKH�Ȇ]ȇ�
key, and to select the comparison stimulus on the right, participants pressed the “m” key. 
Participants were exposed to a number of conditional discriminations, where they were 
trained to select, for example, stimulus B and not stimulus A, in the presence of the MORE 
THAN cue (i.e., B > A). In another variant of MTS, constructed- response matching- to- 
sample (CRMTS), participants are required to “construct” the correct comparison stimulus 
IURP�LWV�LQGLYLGXDO�FRPSRQHQWV��H�J���GH6RX]D��*R\RV��6LOYDUHV��	�6DXQGHUV��������'XEH��
McDonald, McIlvane, & Mackay, 1991). For instance, a participant may be presented with 
the written word cat as a sample stimulus, where selecting the letters c, a, and t from a 
choice pool would indicate the correct comparison stimulus. Dube et al. (1991) used a 
CRMTS procedure to establish spelling repertoires in two individuals with developmental 
GHOD\V�DQG�IRXQG�LW�ZDV�HIIHFWLYH�LQ�HVWDEOLVKLQJ�JHQHUDOL]HG�LGHQWLW\�PDWFKLQJ�IRU�ERWK�
individuals.

Although there are many advantages associated with selection- based response 
systems, some limitations have been noted. For instance, the top- down method of 
SUHVHQWLQJ�WKH�FRQWH[WXDO�FXH�DERYH�ERWK�FRPSDULVRQ�VWLPXOL�GRHV�QRW�UHʉHFW�WKH�RUGHU�LQ�
which individuals encounter relational stimuli in their everyday environment. Typically, 
when individuals engage in tasks, such as reading non- Arabic languages (e.g., English), the 
stimuli are presented (read) in sequence from left  to  right. Indeed, Mackay and Fields 
(2009) proposed that nonarbitrary properties, such as the position of events in sequences, 
DUH�FULWLFDO�IRU�SHUIRUPDQFHV�RQ�OHDUQLQJ�WDVNV��7KXV��LW�PD\�EH�EHQHʈFLDO�IRU�UHVHDUFKHUV�
examining the emergence of multiple stimulus relations to incorporate training and testing 
SURFHGXUHV�WKDW�DUH�PRUH�UHʉHFWLYH�RI�UHDO��OLIH�H[SHULHQFHV��7KH�5HODWLRQDO�&RPSOHWLRQ�
Procedure (RCP; Dymond & Whelan, 2010) originally developed to examine Same and 
Opposite relations, may provide one such approach.

With the RCP, stimuli are presented sequentially from left to right. The sequential 
presentation of stimuli from left to right in the RCP is intended to imitate real- world 
presentations of words and numbers used in educational tasks, such as reading and math 
tasks. For example, in the RCP, participants are presented with a sample stimulus, 
contextual cue, and a blank comparison on the top half of the computer screen, followed by 
three comparison stimuli on the bottom half of the screen. Participants are required to drag 
and drop one of the comparison stimuli from the bottom of the screen to the blank 
comparison on the top of the screen. Participants are then required to evaluate their 
UHVSRQVHV�E\�FRQʈUPLQJ�WKHLU�VHOHFWLRQ�YLD�RQH�RI�WZR�FRQʈUPDWRU\�UHVSRQVH�EXWWRQV�DW�
the bottom of the screen, “Finish Trial” or “Start Again.” This protocol was employed to 
train and test for the emergence of nonarbitrary and arbitrary relational responding. Results 
GHPRQVWUDWHG�D�IDFLOLWDWLYH�HIIHFW�IRU�WKH�FRQʈUPDWRU\�UHVSRQVH�UHTXLUHPHQW��DQG�D�JUHDWHU�
number of participants successfully completing the experimental task following training 
and testing with the RCP, in comparison to those who received an MTS training and 
testing protocol (Dymond & Whelan, 2010). On this basis, the authors suggested that the 
RCP may have utility as a novel procedure for training and testing other multiple stimulus 
relations. Finally, the RCP represents an attempt to move beyond standard MTS procedures 
and provides participants with the opportunity to engage in a more evaluative form of 
responding (Hayes & Barnes, 1997), the facilitative effects of which remain to be 
determined.

The current study sought to examine the potential utility of a variation of the RCP 
combined with a constructed- response training and testing protocol in establishing 
DUELWUDULO\�DSSOLFDEOH�FRPSDUDWLYH�UHODWLRQV��3DUWLFLSDQWV�ZHUH�ʈUVW�H[SRVHG�WR�QRQDUELWUDU\�
relational training and testing, followed by constructed- response nonarbitrary and 
arbitrary relational training and testing. During the arbitrary relational training phase, 
participants were exposed to one of three training designs (All- More, All- Less, and Less- 
More) used previously in MTS- based research (Munnelly et al., 2010; Reilly et al., 2005). 
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Regardless of group, all participants received arbitrary relational training trials presented 
in a linear order. That is, participants in the All- More group were trained on B > A, C > B, 
D > C, and E > D in the presence of the MORE THAN contextual cue, the All- Less group 
on A < B, B < C, C < D, and D < E in the presence of the LESS THAN contextual cue, and 
the Less- More group on A < B and B < C in the presence of the LESS THAN contextual 
cue and D > C and E > D in the presence of the MORE THAN contextual cue. During 
arbitrary relational testing, all participants were exposed to relevant probes for mutual 
entailment and common probes for combinatorial entailment.

experiment 1

method
participants. Twelve students, three male and nine female, ranging in age from 18 to 

30 years (Mage = 21.42, SD = 4.40), were recruited through personal contacts and the 
psychology subject pool at Swansea University. Participants were randomly assigned to the 
All- More, All- Less, or Less- More training groups at the outset of the experiment.

apparatus and settings. The experiment was conducted in an experimental room 
(2 × 3 m) containing a desk, a chair, and a computer with monitor. All training and test 
trials were presented on a 16-in display screen by a program written in Visual Basic.NET, 
which controlled all stimulus presentations and recorded all responses.

materials and stimuli. Two arbitrary images were selected from the Windings font 
and employed as contextual cues for MORE THAN and LESS THAN, respectively, during 
the nonarbitrary and arbitrary relational training and testing phases. Twenty- eight stimulus 
sets were employed during nonarbitrary relational training and testing, and these consisted 
of images of varying quantities of particular objects. For the arbitrary relational training 
DQG�WHVWLQJ�SKDVHV��ʈYH�LPDJHV�IURP�WKH�.DQML�VFULSW��VHH�)LJXUH����ZHUH�XVHG�WR�JHQHUDWH�D�
ʈYH��WHUP�OLQHDU�UHODWLRQDO�QHWZRUN��$Ǿ%Ǿ&Ǿ'Ǿ(��

A B C D E
Figure 1.�7KH�ʈYH�.DQML�LPDJHV�HPSOR\HG�GXULQJ�DUELWUDU\�UHODWLRQDO�WUDLQLQJ�DQG�WHVWLQJ��ODEHOHG�$��
B, C, D, and E (participants were never exposed to these labels).

general procedure
The general procedural sequence was as follows: Phase 1A: Nonarbitrary Relational 

Training and Phase 1B: Nonarbitrary Relational Testing; Phase 2A: Constructed- Response 
Nonarbitrary Relational Training and Phase 2B: Constructed- Response Nonarbitrary 
Relational Testing; Phase 3: Constructed- Response Arbitrary Relational Training; Phase 4: 
Arbitrary Relational Test 1; and Phase 5: Arbitrary Relational Test 2.

During all training and testing phases, the computer screen was separated in two; the 
top two thirds of the screen was blue, while the bottom third was white. During Phase 1, 
WKH�VDPSOH�VWLPXOXV�DSSHDUHG�ʈUVW�LQ�WKH�WRS�OHIW��KDQG�VLGH�RI�WKH�VFUHHQ��)ROORZLQJ�D�GHOD\�
of 1 s, the contextual cue (e.g., MORE THAN or LESS THAN) appeared in the upper 
center of the screen, and a blank yellow square was presented following a 1-s delay in the 
top right- hand side of the screen. Following a further delay of 1 s, two comparison stimuli 
appeared simultaneously in the lower third of the screen. The screen position (i.e., left or 
right) of these comparisons was counterbalanced across trials.

In order to make a response, participants were required to “drag” one of the two 
comparison stimuli and “drop” it in the blank yellow square. Immediately upon making 
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this selection, a red border appeared around the comparison stimulus, to highlight 
participants’ selections. Participants then clicked the left mouse button and held it down 
while dragging their selection to the blank yellow square. Releasing the left mouse button 
allowed the selected comparison to “drop” into the blank yellow square. At the same time, 
the screen position in which the comparison stimulus originally appeared was replaced by 
a blank yellow square.

2QFH�WKH�VHOHFWHG�FRPSDULVRQ�ZDV�SODFHG�LQ�WKH�EODQN�\HOORZ�VTXDUH��WZR�FRQʈUPDWRU\�
response buttons appeared simultaneously at the bottom of the screen. One button was 
labeled “Finish Trial,” and when participants hovered the mouse cursor over this button, a 
small text box with the caption “Click Here to Finish Trial” appeared onscreen. The second 
button was labeled “Start Again,” and hovering over this button produced the caption 
“Click Here to Start Again.” If the participant pressed the “Start Again” button, this 
cancelled the selection and resulted in all stimuli returning to their original positions 
before the selection was made; that is, the comparison stimulus that was selected returned 
to either the lower left or right portion of the screen, and the blank yellow square returned 
to the upper right of the screen (see Figure 2).
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Start Start
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Finish Finish

Training only

Testing only

<Beep>

ITI
Correct

Wrong

C

C

B

BB B B CC BB

S CC B1 s

1 s

1 s 1 s

3 s

3 s

1 s

1 s

1 s

OrS CC C

C

S CC C

C CC CB

CC CCB CC C

C BB B

C C

C CC C

Figure 2. Schematic diagram of the sequence of presentation of stimuli during the nonarbitrary 
relational training and testing phases (top) and the constructed- response nonarbitrary and arbitrary 
relational training and test phases (bottom). Note. S = sample; CC = contextual cue; B = blank 
square; C = comparison; ITI = intertrial interval. A dashed line represents dragging of a comparison 
VWLPXOXV��Ȇ)LQLVKȇ�DQG�Ȇ6WDUWȇ�UHSUHVHQW�WKH�FRQʈUPDWRU\�UHVSRQVH�EXWWRQV��$UURZV�SRLQWLQJ�IURP�%�
to C illustrate that once selected, the comparison stimulus moved to the top portion of the screen, 
while its original screen position was replaced by a blank square.

All stimuli remained onscreen until the participant pressed the “Finish Trial” button. 
During training, trials were followed by feedback presented on a blue background for a 
duration of 3 s. When a participant made a correct response, feedback consisted of, from 
left to right, the sample, the contextual cue, and the comparison stimulus the participant 
had selected on the previous trial. A yellow border surrounded all three images, and the 
word “Correct!” was presented in black underneath. A brief audible beep was presented 
following the word “Correct!” The only difference between feedback for a correct selection 
and feedback for an incorrect selection was that the word “Correct!” was now replaced by 
the word “Wrong” and no audible tone followed this feedback. During all testing trials, no 
feedback was presented; instead, the screen cleared and remained blue for 3 s. A 2-s 
intertrial interval (ITI) followed each trial, where the screen cleared and remained blue for 
the duration of the ITI.
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The presentation of stimuli differed during Phases 2 through 5. For example, 
participants were presented with a blank yellow square followed by a contextual cue and 
another blank yellow square in the top portion of the screen. Similar to Phase 1, two 
comparison stimuli were again presented on the lower portion of the screen, but the sample 
stimulus in the upper left- hand side of the screen was now replaced with a blank yellow 
square. During these phases, participants were required to “construct” their responses 
from left to right in the top portion of the computer screen. Participants were instructed to 
place one of the comparison stimuli in the top left blank yellow square and the other 
comparison in the top right blank yellow square (see Figure 2). Both the initial response 
DQG�FRQʈUPDWRU\�UHVSRQVH�UHTXLUHPHQWV�ZHUH�LGHQWLFDO�WR�3KDVH����$JDLQ��DOO�WUDLQLQJ�
trials were followed by feedback, whereas feedback was omitted during all test phases.

A task feedback thermometer was displayed in the center right of the screen during all 
WUDLQLQJ�DQG�WHVWLQJ�SKDVHV��)LHQXS��&RYH\��	�&ULWFKʈHOG���������'XULQJ�WUDLQLQJ��WKH�
thermometer displayed the mastery criterion needed to complete training (e.g., “You need 
this many correct to move on: 10”), the current number of correct responses (e.g., 6 out of 
10), which was incremented following every correct response. During testing, the 
thermometer displayed the total number of trials in the particular test phase and the current 
trial number, and it was incremented following every response.

procedure
phase 1a: nonarbitrary relational training. This training phase aimed to 

establish contextual control over responding for two arbitrary visual images (MORE 
THAN and LESS THAN) to comparison stimuli of varying quantities (see Appendix A for 
participant instructions). For example, on a given trial, participants were presented with a 
sample (e.g., two basketballs), a contextual cue (e.g., MORE THAN), and a blank yellow 
square in the top portion of the screen. Two comparison stimuli (e.g., one and four 
basketballs) were also presented on the bottom portion of the screen. In this instance, 
placing the comparison stimulus containing one basketball in the blank yellow square 
counted as a correct response. On the other hand, if two basketballs were again presented 
as the sample, alongside the contextual cue for LESS THAN, and one and four basketballs 
as comparison stimuli, placing the comparison stimulus containing four basketballs in the 
blank yellow square was reinforced. All training trials were followed by feedback 
presented for 3 s and by an ITI of 2 s.

Four stimulus sets were employed during nonarbitrary relational training. Mastery 
criterion for this training phase was set at 10 consecutive correct responses. If participants 
met this criterion, they immediately proceeded to the nonarbitrary relational test phase. 
However, if participants failed to meet this criterion following exposure to 240 training 
trials, they were then exposed to a second nonarbitrary relational training phase, which 
involved four novel stimulus sets.

phase 1b: nonarbitrary relational testing. This phase was similar to Phase 1A, 
except that four novel stimulus sets were presented and all feedback was omitted. 
Participants were presented with a total of eight test trials and were required to respond 
correctly across all eight trials in order to progress to the next phase of the experiment. 
However, if participants failed to meet this criterion, they were re- exposed to nonarbitrary 
relational training (i.e., Phase 1A) involving the same four stimulus sets. This was again 
followed by a nonarbitrary relational test.

phase 2a: Constructed- response nonarbitrary relational training. The 
purpose of this phase was to train participants to “construct” the relation between two 
comparison stimuli, in the presence of a particular contextual cue (see Appendix B for 
participant instructions). On each trial, participants were presented with a blank yellow 
square, a contextual cue, and another blank yellow square in the top portion of the screen. 
Participants were also presented with two comparison stimuli on the bottom portion of the 
screen. For example, participants were presented with the contextual cue for MORE 
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THAN and six and four guitars as the comparison stimuli. A correct response consisted of 
dragging and dropping the six guitars in the top left blank yellow square and the four 
guitars in the top right blank yellow square, in that sequence. Similarly, if six guitars and 
four guitars were presented as comparison stimuli in the presence of the LESS THAN 
contextual cue, placing the four guitars in the top left blank yellow square and the six 
guitars in the top right blank yellow square was reinforced. Again, feedback was presented 
following all training trials.

Participants were presented with four stimulus sets during training, and mastery 
criterion was set at 10 consecutive correct responses. If participants successfully met 
training criterion, they were immediately exposed to the constructed- response nonarbitrary 
relational test phase. However, similar to Phase 1A, if participants were unsuccessful in 
meeting the training criterion after exposure to 240 training trials, they were re- exposed to 
constructed- response nonarbitrary relational training, followed again by constructed- 
response nonarbitrary relational testing.

phase 2b: Constructed- response nonarbitrary relational testing. This phase 
was identical to Phase 2A, with the exception that participants were presented with four 
novel stimulus sets, and feedback was no longer provided. Participants were exposed to 
eight test trials and were required to respond correctly across all trials to progress to the 
next phase. If participants failed to meet this criterion, they were re- exposed to 
constructed- response nonarbitrary relational training involving the same four stimulus 
sets. This was again followed by a constructed- response nonarbitrary relational test 
phase.

phase 3: Constructed- response arbitrary relational training. This phase 
commenced immediately upon completion of Phase 2B (see Appendix C for participant 
instructions). Similar to Phase 2, participants were presented with a blank yellow square, a 
contextual cue, and another blank yellow square in the top portion of the screen. Again, 
two comparison stimuli were presented simultaneously on the bottom portion of the 
screen. However, during this phase, the comparison stimuli consisted of arbitrary images 
(i.e., Kanji script), which are labeled, for the purposes of clarity, A, B, C, D, and E (see 
Figure 1).

Participants were presented with training trials in a linear order, and training pairs 
differed between the All- More, All- Less, and Less- More training groups. The All- More 
group were trained with B > A, C > B, D > C, and E > D trials in the presence of the 
MORE THAN contextual cue; the All- Less group with A < B, B < C, C < D, and D < E 
trials in the presence of the LESS THAN contextual cue; and the Less- More group with 
A < B and B < C trials in the presence of the LESS THAN contextual cue, and D > C and 
E > D trials in the presence of the MORE THAN contextual cue. All training pairs were 
presented in this order for all three groups (see Table 1).

For all groups, the four training pairs were presented a total of three times each, 
resulting in a block of 12 training trials. Mastery criterion for the arbitrary relational 
training phase was set at 12 out of 12 correct responses on any given block. Training 
blocks were repeated until participants achieved criterion.

phase 4: arbitrary relational test 1. Upon reaching the arbitrary relational 
training criterion, participants were exposed to an arbitrary relational test phase that 
probed for the properties of mutual entailment alongside maintenance of the baseline 
arbitrary training relations. All feedback was now omitted, and participants were presented 
with 8 test trials, each presented 4 times, which resulted in a total of 32 test trials (see 
Table 1). Dependent on the training group, the mutually entailed test trials presented to 
participants differed between the groups. For example, the mutually entailed relations 
presented to the All- More group were A < B, B < C, C < D, and D < E; to the All- Less 
group, B > A, C > B, D > C, and E > D; and to the Less- More group, B > A, C > B, C < D, 
and D < E.

Mastery criterion for this phase was set at a minimum mean of 12 out of 16 correct 
responses on the baseline relations. For the mutually entailed relations, participants 
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were required to make three out of four correct responses on each individual mutually 
entailed test trial. If participants were successful in meeting criterion on both the 
baseline and mutually entailed relations, they progressed to a second arbitrary relational 
test phase. However, if participants failed to reach this mastery criterion, they were re- 
exposed to the experimental task from the very beginning for a maximum of three 
further exposures.
Table 1
Training and Test Trials Received by the Three Groups in Experiments 1 and 2

Group Relation type Test trial type
Phase 4: Arbitrary Relational Test 1

Specific relations in each group
All-Less Baseline A < B B < C C < D D < E

ME B > A C > B D > C E > D
All-More Baseline B > A C > B D > C E > D

ME A < B B < C C < D D < E
Less-More Baseline A < B B < C D > C E > D

ME B > A C > B C < D D < E
Phase 5: Arbitrary Relational Test 2

Specific relations in each group
All-Less Baseline A < B B < C C < D D < E
All-More Baseline B > A C > B D > C E > D
Less-More Baseline A < B B < C D > C E > D

Relations common to all groups
CE1 C > A D > B E > C A < C B < D C < E
CE2 D > A E > B A < D B < E

Note. Baseline refers to test trials involving directly trained relations presented in the absence of 
feedback. ME = mutually entailed; CE1 and CE2 = one- and two-node combinatorially entailed 
relations, respectively. The inequality symbols, < (less than) and > (more than), denote the contextual 
cue presented and indicate which comparison should be selected over the other, with the reinforced 
comparison shown on the left and the unreinforced comparison on the right. It is important to note 
that the actual contextual cues used in the present study consisted of abstract visual images and not 
the inequality symbols described here, which are used for the purposes of clarity.

phase 5: arbitrary relational test 2. This test phase commenced immediately on 
completion of Phase 4. Participants were presented with probes for one- and two- node 
combinatorially entailed relations, along with the four baseline relations. Each trial was 
presented 4 times in a test block of 56 trials in a quasi- random order. Participants were 
required to make a minimum of 12 out of 16 correct responses on the baseline relation 
trials. The same one- and two- node combinatorially entailed relations were presented to all 
JURXSV��7DEOH�����)LHOGV��9HUKDYH��DQG�)DWK��������GHʈQHG�D�node as a stimulus linked by 
training with at least two other stimuli. For example, when probing for emergent relations 
such as BD, the C stimulus is the node separating the two stimuli. The number of nodes 
that separate the stimuli between which an emergent relation is formed can vary (e.g., one-, 
two-, and three- node relations) and is referred to as nodal distance. Thus, in the current 
VWXG\��SDUWLFLSDQWV�ZHUH�WUDLQHG�DQG�WHVWHG�RQ�D�ʈYH��WHUP�UHODWLRQDO�QHWZRUN��DQG�ZHUH�
exposed to probes for 6 one- node relations (e.g., D > B, with C as the node) and 4 two- node 
relations (e.g., E > B, with C and D as nodes; see Table 1). Across these probe trials, 
participants were required to make a minimum of three out of four correct responses on 
each individual one- and two- node test trial. If participants were successful in meeting the 
Phase 5 criteria, the experiment ended. However, if this criterion was not met, participants 
were re- exposed to the entire sequence from Phase 1 for a maximum of three further 
exposures.



Comparative relations 759

results and discussion
Of the 12 participants who took part in Experiment 1, 2 (P2 and P3) failed to achieve 

the predetermined Phase 4 arbitrary relational test (mutual entailment) criterion within the 
maximum four exposures to testing (see Table 2) and were excused from further 
participation. Ten participants successfully completed the experiment, with the total 
number of test exposures required ranging from 1 to 4 (M = 1.5, SD = 0.85; see Table 2).
Table 2 
Individual Data and Trials to Criterion for Participants in Experiment 1 During 

Nonarbitrary and Arbitrary Relational Training

Participant

Phases 1A & 2A: 
NARB & CR-NARB 
Relational Training

Phase 3: CR-
Arbitrary  

Relational Training

Phase 4: Arbitrary 
Relational Test 1 

(mutual entailment)

Phase 5: Arbitrary 
Relational Test 2 

(combinatorial entailment)
Baseline ME Baseline CE1 CE2

All-Less
 1 10 10 24 16/16 16/16 16/16 24/24 16/16
 2a 12 10 132 8/16 11/16

10 10 12 8/16 12/16
13 10 12 7/16 8/16
10 10 12 10/16 10/16

 3a 22 10 132 8/16 9/16
15 10 24 10/16 4/16
10 10 60 7/16 10/16
10 10 12 6/16 7/16

 4 41 10 48 16/16 16/16 16/16 23/24 16/16
All-More

 5 12 10 48 3/16 0/16
10 10 24 16/16 15/16 14/16 16/24 14/16
20 10 12 16/16 16/16 16/16 24/24 16/16

 6 22 10 36 16/16 16/16 16/16 24/24 16/16
 7 13 10 36 16/16 16/16 15/16 19/24 16/16

13 10 12 16/16 16/16 16/16 24/24 16/16
 8 15 10 60 16/16 16/16 16/16 24/24 16/16

Less-More
 9 40 10 132 16/16 16/16 16/16 24/24 16/16
10 17 10 60 16/16 15/16 16/16 24/24 16/16
11 12 10 48 16/16 16/16 16/16 23/24 16/16
12 10 17 36 16/16 15/16 16/16 14/24 16/16

14 12 12 16/16 15/16 16/16 20/24 16/16
15 10 12 16/16 16/16 16/16 24/24 16/16

Note. Baseline refers to test trials involving directly trained relations. NARB = nonarbitrary; CR = 
constructed response; ME = mutually entailed; CE1 and CE2 = one- and two-node combinatorially 
entailed relations, respectively. Data are displayed for the number of correct responses to the 
baseline and mutually entailed relations during Test 1 and to the baseline and one- and two-
node relations during Test 2. 
aParticipant failed to complete the experiment.

Table 2 displays the trials to criterion and participants’ number of correct responses 
to the baseline and mutually entailed relations during Test 1, and to the baseline and 
one- and two- node relations during Test 2. Results demonstrate that the 10 participants 
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who passed the experimental task displayed high levels of accuracy on the baseline, 
mutually entailed, and combinatorially entailed relations during the critical arbitrary 
relational test phases. There was little difference between the three groups’ accuracy 
during testing. It may, therefore, be concluded that the RCP training and testing protocol 
was successful in establishing arbitrarily applicable comparative relations of More Than 
and Less Than.

experiment 2
The arbitrary relational training tasks in Experiment 1 were presented in a linear, 

sequential order. Previous research has suggested that the order in which the training 
pairs are presented may have an effect on test performance (Hunter, 1957; Russell, 
0F&RUPDFN��5RELQVRQ��	�/LOOLV���������0RUH�VSHFLʈFDOO\��+XQWHU��������DUJXHG�WKDW�
performances at test are weakened when training pairs are presented in a non- linear 
order (i.e., randomly) compared to a linear order (i.e., sequentially). For instance, Russell 
et al. (1996) proposed that transitive test pairs, such as B < D and A < D, are easier to 
solve (i.e., select B over D and A over D) when training pairs are presented in a linear 
order (e.g., A < B, B < C, C < D, and D < E) compared to a nonlinear order (e.g., B < C, 
D < E, A < B, and C < D).

Two previous studies conducted under the rubric of RFT have investigated this issue 
(Gorham, Barnes- Holmes, Barnes- Holmes, & Berens, 2009; Vitale, Barnes- Holmes, 
Barnes- Holmes, & Campbell, 2008). Gorham et al. (2009) exposed five typically 
developing children and three children with autism to More Than and Less Than arbitrary 
UHODWLRQV�LQYROYLQJ�WZR��WKUHH��IRXU��RU�ʈYH�LGHQWLFDOO\�VL]HG�FRLQV��$OO�FKLOGUHQ�LQLWLDOO\�
failed baseline tests involving the targeted (A–B, B–C, A–B–C, and A–B–C–D) and 
transitive relations (B–D) and thus were exposed to a training phase, in which these 
relations were presented in a linear order. Results from both experiments demonstrated 
that seven participants met training criterion and passed a subsequent test phase for the 
targeted and transitive relations when they were presented with novel stimulus sets. In 
addition, Vitale et al. (2008) examined the effects of linearity on arbitrary comparative test 
SHUIRUPDQFHV�ZLWK�D�WKUHH��WHUP�VHULHV�WDVN��$FFRUGLQJ�WR�WKH�GHʈQLWLRQ�RI�linearity adopted 
LQ�WKH�FXUUHQW�VWXG\��9LWDOH�HW�DO��H[SRVHG�SDUWLFLSDQWV�WR�WDVNV�LQYROYLQJ�VSHFLʈHG��VDPH�
�OLQHDU��$�!�%�DQG�%�!�&�RU�$���%�DQG�%���&��DQG�VSHFLʈHG��VDPH�WUDQVLWLYH��QRQOLQHDU��
A > B and C > A or A < B and C < A) arbitrary relational training relations. In addition, 
SDUWLFLSDQWV�ZHUH�H[SRVHG�WR�D�QXPEHU�RI�RWKHU�WUDLQLQJ�WDVNV�LQYROYLQJ�XQVSHFLʈHG�
relations (e.g., A > B and C > B). Irrespective of whether the trials were presented in a 
linear or nonlinear order, all participants were exposed to the same arbitrary relational 
WHVW��$FURVV�ʈYH�H[SHULPHQWV��WKH�DXWKRUV�IRXQG�WKDW�DFFXUDF\�ZDV�FRPSDUDEO\�KLJK�RQ�
three- term linear and nonlinear arbitrary relational tests.

In Experiment 2, therefore, we sought to replicate and extend the findings of 
Experiment 1 by presenting the arbitrary relational training trials in a nonlinear order.

method
participants.�7ZHOYH�VWXGHQWV��VHYHQ�PDOH�DQG�ʈYH�IHPDOH��UDQJLQJ�LQ�DJH�IURP����WR�

34 years (Mage = 22.58, SD = 4.34), were recruited via an email announcement and the 
psychology subject pool at Swansea University. Participants were randomly assigned to the 
All- More, All- Less, or Less- More training groups at the outset of the experiment.

procedure. The procedure for Experiment 2 was identical to that of Experiment 1, 
with the exception of the presentation of tasks in the arbitrary relational training phase 
(Phase 3). In this phase, the training pairs were presented in a nonlinear order. That is, in 
each group, the computer program quasi- randomly presented each of the four arbitrary 
relational training trials (Table 1), with the constraint that each trial could not appear more 
than twice consecutively. Mastery criterion for this training phase and all other phases 
remained the same.
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results and discussion
Of the 12 participants who took part in Experiment 2, 1 participant (P5) failed to 

meet criterion on the arbitrary relational test, within four exposures to testing. 
However, 11 participants successfully completed both arbitrary relational test phases, 
requiring from one to three (M = 1.45, SD = 0.69) exposures to testing to do so (see 
Table 3).
Table 3
Individual Data and Trials to Criterion for Participants in Experiment 2 During 

Nonarbitrary and Arbitrary Relational Training

Participant

Phases 1A & 2A: 
NARB & CR-NARB 
Relational Training

Phase 3: CR-
Arbitrary  

Relational Training

Phase 4: Arbitrary 
Relational Test 1 

(mutual entailment)

Phase 5: Arbitrary 
Relational Test 2 

(combinatorial entailment)
Baseline ME Baseline CE1 CE2

All-Less
 1 17 10 48 15/16 15/16 12/16 24/24 15/16
 2 11 10 36 16/16 16/16 16/16 24/24 16/16
 3 12 10 24 16/16 16/16 16/16 24/24 15/16
 4 19 10 60 13/16 16/16 16/16 23/24 16/16

All-More
 5a 10 11 108 16/16 16/16 16/16 9/24 8/16

15 10 12 16/16 14/16 15/16 8/24 8/16
10 10 12 16/16 16/16 16/16 8/24 9/16
10 10 12 15/16 16/16 16/16 9/24 8/16

 6 10 10 48 15/16 16/16 16/16 24/24 16/16
 7 13 10 72 16/16 15/16 16/16 24/24 16/16
 8 12 10 72 13/16 16/16 16/16 8/24 10/16

10 10 12 16/16 16/16 15/16 24/24 16/16
Less-More

 9 26 10 72 15/16 16/16 15/16 24/24 16/16
10 12 10 36 15/16 16/16 16/16 8/24 0/16

10 10 12 16/16 16/16 16/16 7/24 1/16
10 10 12 16/16 16/16 16/16 24/24 16/16

11 15 10 84 16/16 16/16 16/16 19/24 15/16
10 10 12 16/16 16/16 16/16 21/24 15/16

12 12 10 72 16/16 15/16 16/16 12/24 16/16
10 10 12 16/16 16/16 16/16 24/24 16/16

Note. Baseline refers to test trials involving directly trained relations. NARB = nonarbitrary; CR = 
constructed response; ME = mutually entailed; CE1 and CE2 = one- and two-node combinatorially 
entailed relations, respectively. Data are displayed for the number of correct responses to the 
baseline and mutually entailed relations during Test 1 and to the baseline and one- and two-node 
relations during Test 2. 
aParticipant failed to complete the experiment.

Table 3 displays the trials to criterion and number of correct responses participants 
made to the baseline and mutually entailed relations during Test 1, and to the baseline and 
one- and two- node relations during Test 2. Results demonstrated that the 11 participants 
who passed the experimental task displayed high levels of accuracy on the baseline, 
mutually entailed, and combinatorially entailed relations during the critical arbitrary 
relational test phases. There was little difference between the three groups’ accuracy 
during testing. Thus, it may be concluded that the RCP was successful in establishing 
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responding in accordance with the relational frames of More Than and Less Than when the 
arbitrary relations were trained in a non- linear sequence.

Further analyses
Additional analyses were conducted across both experiments to examine the overall 

yield (i.e., the number of participants who successfully passed both arbitrary relational 
tests) and the effectiveness of two arbitrary training designs (i.e., linear and nonlinear) in 
facilitating the emergence of derived comparative relations.

experiments 1 and 2
In Experiments 1 and 2, there were yields of 83% (10 out of 12 participants) and 

91.6% (11 out of 12 participants), respectively. Thus, the RCP with training pairs presented 
in a nonlinear format was found to have a slight advantage over the RCP with training 
pairs presented in a linear order, in terms of the overall yield. This difference was not 
VWDWLVWLFDOO\�VLJQLʈFDQW��p = .55).

arbitrary training
The mean number of trials required by participants in Experiment 1 to complete 

arbitrary relational training was 83, whereas participants in Experiment 2 required a mean 
RI����WULDOV��7KLV�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLʈFDQW��p = .80).

general discussion
7KH�SUHVHQW�ʈQGLQJV�GHPRQVWUDWH�WKDW�WKH�5&3�LV�DQ�HIIHFWLYH�SURWRFRO�IRU�HVWDEOLVKLQJ�

GHULYHG�FRPSDUDWLYH�UHODWLRQV�LQ�DGXOWV�DQG��LQ�VR�GRLQJ��H[WHQG�WKH�ʈQGLQJV�RI�HDUOLHU�
studies on the relational frames of Same and Opposite (Dymond, Ng, & Whelan, 2013; 
Dymond, Roche, Forsyth, Whelan, & Rhoden, 2007, 2008; Dymond & Whelan, 2010). In 
what follows, we will address some of the potential factors responsible for the present 
performances.

The linearity, or sequential presentation, of arbitrary relational training pairs varied 
across the two experiments. Previous research conducted in domains outside behavior 
analysis suggests that the order in which arbitrary relational training pairs are presented 
may influence arbitrary test performance (e.g., Hunter, 1957; Russell et al., 1996). 
Cognitive models of such performance differences suggest that presenting the training 
SDLUV�LQ�D�OLQHDU�RUGHU�DOORZV�SDUWLFLSDQWV�WR�FRYHUWO\�RUJDQL]H�DQG�DUUDQJH�WKH�VWLPXOL�LQWR�
D�XQLʈHG�OLQHDU�UHSUHVHQWDWLRQ�RU�PHQWDO�PRGHO��ZKLFK�LV�WKHQ�LQVSHFWHG�GXULQJ�WHVWLQJ�WR�
make inferences about the novel, nonadjacent stimulus pairs (e.g., Acuna, Sanes, & 
Donoghue, 2002; Sedek & von Hecker, 2004; Williams, Avery, Woolard, & Heckers, 
2012). Behavior analysts, however, eschew such mediational explanations and have instead 
sought to develop parsimonious accounts of the effects of linearity on performance during 
tests for derived comparative relations (Gorham et al., 2009; Munnelly et al., 2010; Vitale 
et al., 2008).

7R�RXU�NQRZOHGJH��WKH�SUHVHQW�VWXG\�LV�WKH�ʈUVW�WR�IRUPDOO\�FRPSDUH�WKH�SHUIRUPDQFH�
of adults on linear (Experiment 1) and non- linear (Experiment 2) arbitrary relational 
WUDLQLQJ�WDVNV�XVLQJ�D�ʈYH��PHPEHU�QHWZRUN�DQG�WKUHH�WUDLQLQJ�VFKHGXOHV��$OO��0RUH��$OO��
Less, and Less- More). Reilly et al. (2005) only reported response latencies to derived 
comparative test relations (i.e., performance accuracy was not assessed), and Whelan, 
%DUQHV��+ROPHV��DQG�'\PRQG��������ʈUVW�HVWDEOLVKHG�D�VHYHQ��PHPEHU�UHODWLRQDO�QHWZRUN�
(A–B–C–D–E–F–G) in order to examine subsequent transformation of functions. 
Therefore, the present study extends Vitale et al.’s (2008) research examining the effects 
of linearity on responses to the relational frame of comparison with adult participants, 
IURP�D�WKUHH��WR�D�ʈYH��PHPEHU�UHODWLRQDO�QHWZRUN��0RUHRYHU��WKH�FXUUHQW�ʈQGLQJV�VXJJHVW�
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that the linearity of training pairs may not be a critical factor in the ability to respond in 
accordance with the relational frame of comparison.

The comparably high, accurate test performances observed in the present 
experiments may be partially explained by the response requirements of the RCP. In 
FRPSDULVRQ�ZLWK�WKH�PDMRULW\�RI�076�SURFHGXUHV��WKH�5&3�DOORZV�SDUWLFLSDQWV�WR�ʈUVW�
FRPSOHWH�WKH�UHODWLRQ�DQG�WKHQ�HLWKHU�HYDOXDWH�LW��E\�FRQʈUPLQJ�WKHLU�VHOHFWLRQ��RU�LQLWLDWH�
a new selection (Dymond & Whelan, 2010). In a traditional MTS task, participants select 
a comparison by clicking on it in the presence of a particular contextual cue (Dymond & 
Barnes, 1995; Munnelly et al., 2010; Reilly et al., 2005). Dymond and Whelan (2010) 
compared the effectiveness of the RCP and MTS in establishing Same and Opposite 
relations and found that a greater number of participants successfully passed the 
experiment following exposure to the RCP protocol. In addition, the authors found a 
IDFLOLWDWLYH�HIIHFW�IRU�WKH�FRQʈUPDWRU\�UHVSRQVH�UHTXLUHPHQW��ZLWK�D�JUHDWHU�QXPEHU�RI�
participants completing the experiment when they were provided with the opportunity to 
HYDOXDWH�DQG�FRQʈUP�WKHLU�UHVSRQVHV�LQ�FRPSDULVRQ�WR�WKRVH�ZKR�ZHUH�QRW��+RZHYHU��WKH�
current study did not undertake such an investigation and, therefore, future research 
VKRXOG�VHHN�WR�PDQLSXODWH�WKH�SUHVHQFH�DQG�DEVHQFH�RI�WKH�FRQʈUPDWRU\�UHVSRQVH�
requirement.

7KH�LQʉXHQFH�H[HUWHG�E\�WKH�VHTXHQWLDO�SUHVHQWDWLRQ�RI�VWLPXOL�IURP�OHIW�WR�ULJKW�LQ�WKH�
current study highlights the importance of stimulus sequences in experimental tasks. As 
the RCP was developed to mimic the verbal relational processes involved in everyday 
tasks, such as reading and sentence completion, a comparison of performances on a present 
version of the task with a right- to- left version (as seen in other languages, such as Arabic) 
may help to identify the potential facilitative role of this sequence (Dymond & Whelan, 
2010). This issue warrants further empirical attention.

2XU�ʈQGLQJV�PD\�KDYH�LPSRUWDQW�LPSOLFDWLRQV�IRU�IXWXUH�VWXGLHV�VHHNLQJ�WR�H[DPLQH�
the emergence of relational reasoning abilities and transitive inference (TI) in both 
human and nonhuman populations. For example, an ordinal relation may emerge 
EHWZHHQ�VWLPXOL�$�DQG�&��H�J���$�&ȯ��ZKHUH���DQG�ȯ�UHSUHVHQW�WKH�UHLQIRUFHG�DQG�QRQ��
reinforced responses, respectively) once a relation has been established between stimuli 
$�DQG�%��$�%ȯ��DQG�EHWZHHQ�%�DQG�&��%�&ȯ��9DVFRQFHORV���������,QGHHG��QXPHURXV�
studies have found evidence for the expression of TI in young children and nonhumans 
when minimal or no instructions were provided (e.g., Bryant & Trabasso, 1971; 
/D]DUHYD��6PLUQRYD��%DJR]NDMD��=RULQD��5D\HYVN\��	�:DVVHUPDQ��������0F*RQLJOH�	�
Chalmers, 1977). One such study, conducted by McGonigle and Chalmers (1977), 
involved training squirrel monkeys on the relation between four adjacent stimulus pairs 
�$�%ȯ��%�&ȯ��&�'ȯ��DQG�'�(ȯ���IROORZHG�E\�WHVWV�LQYROYLQJ�QRQ��DGMDFHQW�VWLPXOXV�
pairs (e.g., BD). In this study, no verbal instructions were employed and the stimuli 
consisted of weighted cans consisting of different colors. In effect, McGonigle and 
&KDOPHUV�ʈUVW�WUDLQHG�WKH�VTXLUUHO�PRQNH\V�WR�DVVRFLDWH�ZHLJKW�ZLWK�FRORU��ZKLFK�OHG�WR�
successful selections of B over D in the BD pair during the critical inferential test phase 
(e.g., B was lighter than D). With respect to the current model, if all verbal instructions 
were omitted, it may be possible to examine the emergence of derived comparative 
responding in nonhumans. Nonhumans are capable of learning to respond to nonarbitrary 
relations (e.g., Harmon, Strong, & Pasnak, 1982; Reese, 1968), but evidence for derived 
relations in nonhumans is currently equivocal at best (Dymond, Roche, & Barnes- 
Holmes, 2003; Hayes, 1989). Indeed, if the current model was successful in establishing 
arbitrary comparative responding in nonhumans, it would have important implications 
for theoretical accounts of derived relations (Hayes, Fox, et al., 2001) and for the 
development of procedures for use with individuals that lack sophisticated verbal 
repertoires (Berens & Hayes, 2007).

During nonarbitrary and arbitrary phases of the current study, a constructed- response 
SURWRFRO�ZDV�DGRSWHG�EDVHG�RQ�ʈQGLQJV�VXJJHVWLQJ�WKDW�WKLV�PHWKRG�RI�WUDLQLQJ�DQG�WHVWLQJ�
LV�HIIHFWLYH�LQ�JHQHUDWLQJ�LGHQWLW\�UHODWLRQV�DQG�HTXLYDOHQFH�UHODWLRQV��H�J���GH6RX]D�HW�DO���
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������'XEH�HW�DO���������6WURPHU�	�0DFND\������D������E���,W�LV�GLIʈFXOW��KRZHYHU��WR�
assess whether or not the act of constructing responses facilitated the effects of the 
evaluative component of the RCP because participants were exposed to a phase involving 
nonarbitrary relational training and testing before the constructed- response phases 
(Barnes- Holmes, Hayes, Dymond, & O’Hora, 2001). Therefore, future studies examining 
the effectiveness of the constructed- response protocol in facilitating the emergence of 
GHULYHG�UHODWLRQDO�UHVSRQGLQJ�VKRXOG�ʈUVW�H[SRVH�SDUWLFLSDQWV�RQO\�WR�WKH�FRQVWUXFWHG��
response protocol.

Across both experiments, only three participants failed to meet criterion in the 
arbitrary relational test. Of these, two participants failed to meet criterion on the 
mutually entailed relations (Experiment 1), whereas the remaining participant failed 
to meet criterion on the combinatorially entailed relations (Experiment 2). In previous 
studies on derived comparative relations, when the predicted relations fail to emerge, 
participants were exposed to exemplar training involving nonarbitrary relations. For 
instance, Vitale et al. (2008) employed a multiple- exemplar training intervention, 
ZKLFK�FRQVLVWHG�RI�FRQYHUWLQJ�WKH�GLIʈFXOW�DUELWUDU\�WULDOV�LQWR�D�QRQDUELWUDU\�IRUP��
That is, the arbitrary stimuli, which consisted of three coins, were altered so that they 
ZHUH�QR�ORQJHU�LGHQWLFDO�LQ�VL]H�DQG�WKXV�QR�ORQJHU�DUELWUDU\��9LWDOH�HW�DO��UHSRUWHG�WKDW�
the intervention produced considerable improvements in arbitrary relational test 
SHUIRUPDQFHV��VHH�DOVR�%HUHQV�	�+D\HV���������7KHUHIRUH��LW�PD\�KDYH�EHHQ�EHQHʈFLDO�
for the small proportion of participants in the current experiments who failed to meet 
the arbitrary relational test criterion to have been administered a similar nonarbitrary- 
based intervention.

A noteworthy feature of the current study was the inclusion of a “task feedback 
thermometer” during training and testing phases. The thermometer incremented following 
correct responses, and because the training criterion involved responding consecutively 
across a block of trials, it reset to 0 when an error was made. During testing phases, the 
thermometer incremented following each response (correct and incorrect) and was not 
reset if participants made an error. This additional onscreen feedback was employed 
during all phases of the experiments as a motivating operation (Michael, 1993) to increase 
engagement with the task and to make phase progression and task termination reinforcing. 
Further research should seek to determine the relative effectiveness of the task thermometer 
feedback during training and testing of multiple stimulus relations.

The alternative training and testing protocol employed in the current experiments 
may be suited to a touchscreen- based response system. For example, the use of touch- 
VHQVLWLYH�VFUHHQ�PRQLWRUV�PD\�PD[LPL]H�UHVSRQGLQJ��DV�SDUWLFLSDQWV�DUH�SUHVHQWHG�ZLWK�
IHZHU� UHVSRQVH�RSWLRQV��ZKLFK� LQ� WXUQ�PD\�KHOS�PLQLPL]H�HUURUV�� ,QFRUSRUDWLQJ�
touchscreen technology with the RCP may also be advantageous for use with applied 
populations (e.g., Dube et al., 1991). Moreover, the current procedures may be suited to 
the use of topography- based response systems in establishing different relational frames 
(e.g., Lipkens & Hayes, 2009).

Finally, it may be possible to adapt the current protocol to examine the facilitative 
effects of a relational training and testing intervention that relied solely on experimenter- 
delivered verbal instructions. For instance, if participants were exposed to an extensive 
history of exemplar training across multiple stimulus sets, in which they were explicitly 
informed of the relative value of each stimulus, it may be possible to examine the 
emergence of derived comparative responding with the presentation of untrained, novel 
stimulus combinations at testing. Indeed, previous studies have found such interventions to 
be effective in generating symmetrical and comparative responding in both typically 
developing children and children with autism, when these repertoires were found to be 
GHʈFLHQW��H�J���%DUQHV��+ROPHV��%DUQHV��+ROPHV��5RFKH��	�6PHHWV������D������E��%HUHQV�	�
Hayes, 2007; Gorham et al., 2009). Thus, future research should seek to examine the 
effectiveness of the RCP in establishing derived comparative responding with such 
populations.
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appendix a
instructions for phase 1a: nonarbitrary relational training

Thank you for agreeing to participate in this study. You will be presented with a series 
of images on the top half of the screen from left to right. Then you will be presented with 2 
images on the bottom of the screen. Your task is to observe the images that appear from left 
to right and place one of these images from the bottom in the blank, yellow square. To 
select the image on the bottom, click on it once, and to place it in the blank square, click on 
WKLV�RQFH��7R�FRQʈUP�\RXU�FKRLFH��FOLFN�Ȇ)LQLVK�7ULDO�ȇ�,I�\RX�ZLVK�WR�PDNH�DQRWKHU�FKRLFH��
then click “Start Again.” Sometimes you will receive feedback on your choices, but at 
other times you will not. Your aim is to get as many tasks correct as possible. It is always 
possible to get a task correct, even if you are not given feedback. If you have any questions, 
please ask the experimenter. Please press the OK button below to begin the experiment!

appendix b
instructions for phase 2a: Constructed- response nonarbitrary 
relational training

7KH�ʈUVW�SKDVH�RI�WKH�H[SHULPHQW�LV�QRZ�ʈQLVKHG��<RX�ZLOO�QRZ�EH�SUHVHQWHG�ZLWK�WZR�
blank yellow squares in the top left- and right- hand sides of the screen and one image in 
the center top of the screen. Then you will be presented with two images on the bottom of 
the screen. Your task is to drag and drop one image at a time from the bottom of the screen 
into the blank yellow squares. You must drag and drop an image into the left- hand blank 
yellow square and then drag and drop the next image into the right- hand yellow square. To 
select the image on the bottom, click on it once, and to place it in the blank square, click on 
WKLV�RQFH��7R�FRQʈUP�\RXU�FKRLFH��FOLFN�Ȇ)LQLVK�7ULDO�ȇ�,I�\RX�ZLVK�WR�PDNH�DQRWKHU�FKRLFH��
then click “Start Again.” Sometimes you will receive feedback on your choices, but at 
other times you will not. Your aim is to get as many tasks correct as possible. It is always 
possible to get a task correct, even if you are not given feedback. If you have any questions, 
please ask the experimenter. Please press the OK button below to continue!

appendix C
instructions for phase 3: Constructed- response arbitrary relational 
training

7KH�VHFRQG�SKDVH�RI�WKH�H[SHULPHQW�LV�QRZ�ʈQLVKHG��<RX�ZLOO�DJDLQ�EH�SUHVHQWHG�ZLWK�
two blank yellow squares in the top left- and right- hand sides of the screen and one image 
in the center top of the screen. Then you will be presented with two images on the bottom 
of the screen. Your task is to drag and drop one image at a time from the bottom of the 
screen into the blank yellow squares. You must drag and drop an image into the left- hand 
blank yellow square and then drag and drop the next image into the right- hand yellow 
square. To select the image on the bottom, click on it once, and to place it in the blank 
VTXDUH��FOLFN�RQ�WKLV�RQFH��7R�FRQʈUP�\RXU�FKRLFH��FOLFN�Ȇ)LQLVK�7ULDO�ȇ�,I�\RX�ZLVK�WR�
make another choice, then click “Start Again.” Sometimes you will receive feedback on 
your choices, but at other times you will not. Your aim is to get as many tasks correct as 
possible. It is always possible to get a task correct, even if you are not given feedback. If 
you have any questions, please ask the experimenter. Please press the OK button below to 
continue!


