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Research suggests that the relational completion procedure (RCP) is 
effective for studying derived relations of same and opposite. Previously, 
procedural parameters, such as the presence or absence of a confirmatory 
response requirement, were found to have a facilitative effect on the number 
of training trials to criterion and overall arbitrary test pass rate (i.e., yield). 
These experiments report on the manipulation of additional potentially 
important parameters—the presence or absence of selection-based feedback, 
4 vs. 8 trial types and of a linked nonarbitrary and arbitrary training phase—
across both the RCP and matching-to-sample (MTS) protocols with either 3 
or 5 comparisons. During selection-based feedback, after the production 
of the confirmatory response, the sample, contextual cue, and selected 
comparison were presented along with corrective feedback. During the linked 
nonarbitrary–arbitrary phase, in the presence of the sample stimulus and the 
same and opposite contextual cues, respectively, selections of a nonarbitrary 
comparison stimulus at either end of a specified physical dimension were 
reinforced. Findings indicated a trend for improved performance with the 
inclusion of selection-based feedback and the linked nonarbitrary–arbitrary 
phase. There was a significant difference in yield between the RCP and MTS 
conditions (84% vs. 56%, respectively). The implications of the findings for 
contemporary research on derived relational responding are discussed.
Key words: derived relational responding, matching-to-sample, relational 
completion procedure, relational frames, same, opposite, adult humans

Research on derived stimulus relations has grown exponentially over the past few 
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decades (e.g., Dymond & Critchfield, 2001; Dymond, May, Munnelly, & Hoon, 2010; 
Rehfeldt, 2011). In 1991, Steele and Hayes reported the first demonstration of contextually 
controlled derived stimulus relations of sameness and opposition. Nowadays, the 
procedures described by Steele and Hayes (1991) to train and test contextually controlled 
derived stimulus relations continue to be used in numerous studies. These procedures 
involve two sequential phases. First, to study multiple stimulus relations such as same and 
opposite, it is necessary to establish contextual functions for two cues using nonarbitrary 
stimuli related along formal (i.e., physical) dimensions. In the nonarbitrary relational 
training phase, a contextual cue, a sample, and two or more comparison stimuli are 
presented on each trial. If the cue designated opposite1 is presented, choosing a 
comparison stimulus that is furthest removed from the sample along a specified physical 
dimension is reinforced. For example, given a large square as sample, choosing the 
smallest square among three or more squares of different sizes is reinforced. On other 
trials, a cue designated same is presented, and choosing the comparison that is physically 
identical to the sample is reinforced. Participants are trained in this way, across numerous 
exemplars of stimuli differing along various physical dimensions (e.g., big and small 
circles, thick and thin lines, few and many dots, etc.) until they respond appropriately, in 
the absence of further feedback, to novel sets of samples and comparisons in the presence 
of the cues.

It is important when training Same and Opposite contextual control that only 
selections of the comparison that is furthest along the specified dimension from the sample 
are reinforced. If selections of intermediate dimensions are reinforced, then it becomes 
difficult to distinguish Opposite from Different control (i.e., participants may learn to pick 
the comparison that is different from the sample, rather than opposite along the specified 
physical dimension). The extent to which one stimulus may be said to be “opposite of” 
another stimulus always involves an appeal to a formal, physical dimension obtaining 
between the two: “ . . . the relational frame of opposition typically specifies the dimension 
of relevance (e.g., ‘pretty is the opposite of ugly’ is relevant only to appearance and not to, 
say, speed), but as an arbitrarily applicable relational response, it can be applied even when 
no physical dimension of relevance has been specified” (Hayes, Fox, et al., 2001, p. 36).

Second, in the arbitrary relational training phase, the contextual cues are then 
presented with samples and comparisons that are not related to each other along any 
consistent formal dimension such as nonsense syllables or line drawings. For instance, 
participants may be presented with one of the contextual cues, followed by the sample 
stimulus “ZIF” and three comparison stimuli, “CUG,” “QAY,” and “VEK.” In the presence 
of same, choosing CUG is reinforced (i.e., same: A1-B1) while in the presence of 
Opposite, choosing VEK is reinforced (i.e., opposite: A1-B2). Training proceeds in this 
manner for all further tasks (A- C, etc.) until criterion is reached. In effect, the contextual 
functions established during the nonarbitrary phase are arbitrarily applied, and participants 
come to relational respond to arbitrary, physically dissimilar stimuli as if they were “same” 
and “opposite” to one another. 

Consider, for instance, the procedures reported by Steele and Hayes (1991), who first 
trained participants to relate same stimuli (e.g., a short line with a short line) in the 
presence of one contextual cue and opposite stimuli (e.g., a short line with a long line) in 
the presence of a second contextual cue. A third contextual cue was also employed but is 
not relevant for present purposes. Participants were then taught an extensive network of 
conditional discriminations, with each of the three contextual cues used in training. For 
illustrative purposes, consider the following two training trials: opposite: A1/B1-B2 and 
opposite: A1/C1-C2 (opposite represents the stimulus that had been established during 
nonarbitrary training and testing as the contextual cue for Opposite, and choosing the 
italicized comparison was reinforced). A later arbitrary relational test trial was as follows: 
opposite: B2/C1-C2. If participants were responding in accordance with an equivalence 

1 In line with convention, we refer to the actual contextual cues in capitals (i.e., same, opposite), and the 
relational frames in title-case (i.e., Same and Opposite).
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relation they would choose C2, because during training they had selected C2 and B2 when 
A1 was the sample. Alternatively, if the contextual cue for Opposite functioned as a 
conditional discriminative stimulus (i.e., participants ignored the sample), they would 
select C2, because choosing it had been reinforced in the presence of opposite. In fact, 
participants chose C1 indicating that the relational frame of opposition had been brought to 
bear on the task. Several studies have since replicated and extended this finding with adults 
(e.g., Dymond & Barnes, 1996; Dymond, Roche, Forsyth, Whelan, & Rhoden, 2007, 2008; 
Dymond & Whelan, 2010; Lipkens & Hayes, 2009; Roche & Barnes, 1997; Roche, Barnes- 
Holmes, Smeets, Barnes- Holmes, & McGeady, 2000; Whelan & Barnes- Holmes, 2004) 
and children (Y. Barnes- Holmes, Barnes- Holmes, & Smeets, 2004; Cassidy, Roche, & 
Hayes, 2011).

Research on multiple stimulus relations, such as same and opposite, differs from that 
conducted on stimulus equivalence because of the preliminary training in nonarbitrary 
relational responding. There are several reasons for the inclusion of this nonarbitrary 
phase. First, research on multiple stimulus relations, which is largely conducted under the 
rubric of relational frame theory (RFT; Hayes, Barnes- Homes, & Roche, 2001), places 
considerable emphasis on nonarbitrary relational responding as a precursor to arbitrarily 
applicable relational responding (Hayes, Fox, et al., 2001). Relational responding involving 
nonarbitrary stimulus relations is common across all nonhuman animal species, as the 
literature on transposition (Reese, 1968) and identity matching/generalized reflexivity 
(e.g., Dube & McIlvane, 1992; Urcuioli, 2011) illustrates, but RFT predicts that some 
species, given the appropriate history, may engage in relational responding, where the 
relation is defined not by the physical features of the stimuli but by additional contextual 
cues. In order to model this process experimentally, RFT research on multiple stimulus 
relations first establishes nonarbitrary contextual control and then extends it to relations 
involving arbitrary stimuli. Second, establishing nonarbitrary contextual functions permits 
an investigation of relational responding involving arbitrary relations other than 
equivalence. By training contextual cues of same, opposite, different, more- than and less- 
than, and so forth, mutual and combined derived relations may be demonstrated, each of 
which cannot be accounted for using the accepted definition of stimulus equivalence (D. 
Barnes- Holmes, Hayes, Dymond, & O’Hora, 2001; Sidman, 2008).  

Dymond et al. (2007, 2008) introduced a variant of the commonly employed matching-
to-sample (MTS) procedure to train and test same and opposite relations. In the relational 
completion procedure (RCP), stimuli are presented in sequence from left to right, starting 
with the sample and followed (1 s later) by a contextual cue, a blank space, and either three 
or five comparisons. The participants’ task is to “complete the sentence” by dragging and 
dropping one of the comparisons into the blank space and confirming each selection. The 
confirmatory response requirement permitted participants to clear the selected comparison 
and resume the trial or confirm their selection and proceed to the presentation of feedback 
and the subsequent intertrial interval. Dymond and Whelan (2010) systematically 
manipulated both MTS and the RCP protocols along a number of dimensions and compared 
including the percentage of participants that passed the crucial arbitrary relational test 
(i.e., yield) and the number of trials to criterion during nonarbitrary and arbitrary training. 
Dymond and Whelan reported that participants exposed to the RCP produced a nominally 
higher yield (50% of participants in the RCP conditions and 43.75% in the MTS 
conditions). The mean number of cycles was comparable across both procedures, with a 
minor advantage found with RCP conditions employing the confirmatory response. 

Previous RCP studies incorporated a selection- based feedback element. That is, 
following the selection of the comparison stimulus (or production of the confirmatory 
response) the screen cleared, and the sample, contextual cue, and selected comparison 
were presented together, surrounded by a rectangular box, along with the feedback 
(“correct” or “wrong”) for 3 s. Selection- based feedback was included because some 
training protocols, particularly those involving multiple stimulus relations, involve the 
presentation of several higher order conditional discriminations. For example, in Dymond 
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and Whelan (2010) Conditions 5 to 8, participants were presented with either one of two 
sample stimuli, either one of two contextual cues, and five comparison stimuli. 
Participants, at least initially, had to select a comparison using trial and error, and it may 
have taken many trials before all possible response options had been explored and for 
stimulus control by the sample and contextual cue to be established. Therefore, the 
selection- based feedback was included to afford the participant additional time to observe 
the relations among the sample, contextual cue, and the comparison in the presence of 
corrective feedback. However, this parameter was not manipulated in any of the previous 
RCP studies, and its potential utility is unknown. 

The rationale for incorporating the linked nonarbitrary and arbitrary phase was as 
follows. Previous research (Hayes, Fox, et al., 2001; Steele & Hayes, 1991) has 
demonstrated that an important factor in establishing contextual control by same and 
opposite is that relational responding is reinforced along a specified physical dimension. 
In the nonarbitrary phase of experiments such as Dymond and Whelan (2010), this 
occurred by reinforcing selections of comparison stimuli that were opposite from the 
sample, along the specified physical dimension of the various stimulus sets in the presence 
of the opposite contextual cue and by reinforcing selections of comparisons that were 
physically identical to the sample in the presence of the same contextual cue. This 
training also prevents control by difference or comparative relations from emerging 
(Hayes et al., 2001). However, once the nonarbitrary training and testing phases were 
completed, same and opposite contextual control established and the arbitrary training 
and testing phases commenced, the nonarbitrary control exerted by the cues and the 
physical dimensions along with responding that had been reinforced may have weakened. 
That is, in the arbitrary relational training and testing phases, participants were trained to 
respond as if the stimuli were the same as or opposite from one another along some 
specified nonarbitrary, physical dimension. 

The transition from nonarbitrary to arbitrary relational training phases may well have 
hindered the acquisition of appropriate relational control during the arbitrary phase. 
Indeed, postexperimentally, participants often commented that they found the arbitrary 
training and testing phases difficult because they were uncertain of the dimensions along 
which, for instance, “ZID was the same as/opposite from VEK” (i.e., participants often 
tried to compare the stimuli on orthographic, physical dimensions). One possible 
explanation for the difficulty that some participants reported having in the arbitrary 
relational training phases of the previous experiments is that the derivation of pure 
arbitrary relations rarely occurs outside of formal logic (Hayes et al., 2001), and most 
participants would have little experience responding to stimuli in purely arbitrary 
relational terms. 

Research has shown that performance on tests for derived arbitrary comparative 
relations (i.e., more than–less than) with typically developing children (Y. Barnes- Holmes, 
Barnes- Holmes, Smeets, Strand, & Friman, 2004), children with autism (Gorham, Barnes- 
Holmes, Barnes- Holmes, & Berens, 2009), and adults (Vitale, Barnes- Holmes, Barnes- 
Holmes, & Campbell, 2008) improves as a result of exposure to these relations in 
nonarbitrary form. For instance, in their nonarbitrary intervention, Vitale et al. (2008, 
Experiments 3 and 4) varied the size of three different- colored coins that, during arbitrary 
relational training and testing, were identical in size. Training in one type of relation 
(nonarbitrary) facilitated accurate performance on another type of relation (arbitrary), 
although it remains to be seen whether a similar facilitative effect occurs with same and 
opposite relations. Indeed, the linked arbitrary–nonarbitrary phase proposed here is not 
technically a nonarbitrary intervention because it involves one arbitrary stimulus (i.e., A1) 
and three comparison stimuli that differ along the physical dimension of color (black- gray- 
white). Specifically, in the presence of the sample stimulus A1 and the same and 
opposite contextual cues, respectively, selections of a nonarbitrary comparison stimulus 
at either end of a specified physical dimension were reinforced. That is, given A1 and 
same, selecting a black- colored comparison was reinforced, and given A1 and opposite, 
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selecting a white- colored comparison was reinforced. The sample, A1, was then presented 
again during arbitrary relational training, and hence linked the two nonarbitrary and 
arbitrary phases.

In the present experiments, we first sought to further investigate the facilitative effects 
of selection- based feedback, number of trial types, and a linked arbitrary and nonarbitrary 
phase between the nonarbitrary and arbitrary relational training phases on the emergence 
of derived same and opposite relations. Specifically, in Experiment 1 we examined the 
possible facilitative role of selection- based feedback in the RCP and MTS. We hypothesized 
that the inclusion of selection- based feedback would facilitate arbitrary relational test 
performance on the RCP relative to MTS, in line with Dymond and Whelan’s (2010) 
findings. We also hypothesized that linking the arbitrary and nonarbitrary phases by 
directly training a nonarbitrary relation to a member of the arbitrary relational network 
would facilitate the predicted performances emerging during the arbitrary relational test. 
This was predicted because the required relational responding in the subsequent arbitrary 
phase would then overlap further with participants’ preexperimental histories of arbitrarily 
applicable relational responding (Hayes et al., 2001). In Experiment 2, conducted solely 
with the RCP, we extended the findings of Experiment 1 by increasing the number of 
comparisons to five.

Experiment 1

method
participants. Thirty- two participants, 18 male and 14 female, aged between 18 and 

30, recruited from Swansea University and personal contacts, participated in Experiment 1 
in return for either course credit or £6. Participants were randomly assigned to one of eight 
conditions, with a total of four participants in each condition (see Table 1). 
Table 1 
Overview of Each Condition in Experiments 1 and 2 

Experiment Condition Procedure Arbitrary Relational 
Training Tasks

Selection-Based 
Feedback

1 1 MTS 4 +
2 MTS 4 −
3 RCP 4 +
4 RCP 4 −
5 MTS 8 +
6 MTS 8 −
7 RCP 8 +
8 RCP 8 −

2 9 RCP 4 +
10 RCP 4 −
11 RCP 8 +
12 RCP 8 −

Note. The symbols “+” and “–“ indicate the presence and absence of the selection-based 
feedback, respectively. See text for details.

apparatus and setting. The experiment was conducted in a small room containing a 
computer programmed in Visual Basic 6.0 that controlled all stimulus presentations and 
recorded all responses. Two stimuli from the Wingdings font were used as contextual cues 
for Same and Opposite, respectively. Stimuli used in the nonarbitrary relational training 
and testing phases were pictures of simple objects related to each other along physical 
dimensions (e.g., big and small, tall and short, many and few). Thirteen nonsense syllables 
(CUG, ZID, MEL, JOM, PAF, BEH, QAD, FIH, VIR, LEP, DAX, YEM, LER) were 
employed as sample and comparisons during arbitrary relational training and testing.  
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In Conditions 1 to 4, seven stimuli, labeled, for the purposes of clarity, using the 
alphanumerics A1, B1, B2, C1, C2, N1, and N2 (participants never saw these labels), were 
employed, while in Conditions 5 to 8, six additional stimuli (N3, X1, Y1, Y2, Y3, Y4) were 
employed.

general procedure. On arrival at the laboratory, and after participants had signed a 
consent form indicating their willingness to participate in the study, they were seated 
comfortably in front of the computer screen. All participants completed the experiment in 
one session, ranging in duration between 30 and 90 min.

During each of the eight conditions, there were five phases common to both MTS and 
the RCP. The first and second phases were nonarbitrary relational training and testing 
intended to establish contextual cues for same and opposite responding. The third phase 
was a linked arbitrary and nonarbitrary midphase. The fourth phase involved arbitrary 
relational training, during which participants were trained to relate a series of arbitrary 
stimuli in the presence of the same and opposite cues to establish a contextually controlled 
relational network. Finally, the fifth phase involved arbitrary relational testing and was used to 
probe for the emergence of combinatorially entailed relations among the arbitrary stimuli. 

conditions. Conditions 1 to 8 are shown in Table 1. For further details of the reasons 
for comparing four and eight arbitrary relational training trials, see Dymond and Whelan 
(2010, p. 52), Dymond et al. (2007, p. 257) and Dymond and Barnes (1995, pp. 177–178). 

The confirmatory response requirement identified by Dymond and Whelan (2010) was 
adopted in all conditions. The confirmatory response requirement became operational 
when two buttons labeled Finish Trial and Start Again simultaneously appeared at the 
bottom of the screen. Hovering the cursor over the Finish Trial button produced a small 
text box with the caption ‘‘click here to finish this trial,’’ and hovering over the Start Again 
button produced the caption ‘‘click here to start again.’’ Pressing the Start Again button 
removed the two confirmatory buttons and returned the selection comparison to its original 
position, and pressing the Finish Trial button produced the feedback screen for 3 s (during 
training phases only).  The selection- based feedback screen consisted of the sample, 
contextual cue and selected comparison from the preceding trial, arranged top- down, 
along with either ‘‘Correct’’ (following correct trials) or ‘‘Wrong’’ (following incorrect 
trials). See Dymond and Whelan (2010) for further details.

procedure: matching- to- sample (mts). In Condition 1, 2, 5 and 6, an MTS 
procedure was used to train and test the derived relations (see Table 1). The experiment 
began when instructions adapted from Dymond and Whelan (2010, p. 41) were presented 
on the computer screen. The adapted instructions described the confirmatory response 
requirement (i.e., “To confirm your choice, click Finish Trial. If you want to make another 
choice, click Start Again.”). 

During all nonarbitrary and arbitrary relational training and testing phases, the computer 
screen was divided into two parts: the top two thirds was blue, and the bottom one third was 
gray. The contextual cue appeared in the upper center portion of the screen and, after 1 s, the 
sample appeared directly below the cue. After a further 1 s interval, the three comparison 
stimuli appeared in the lower portion of the screen. The order of presentation of the comparison 
stimuli across the bottom of the screen was randomized across trials. The response requirements 
of the MTS procedure were as described in Dymond and Whelan (2010, pp. 41–42). 

Phase 1: Nonarbitrary relational training. Phase 1 was designed to establish 
functions of Same and Opposite for the two contextual cues. During this phase, all of the 
samples and comparisons were related to each other along physical dimensions. For 
instance, one set of comparison stimuli consisted of a small box, a medium box, and a big 
box. Given a small box as sample stimulus in the presence of the same contextual cue, 
selecting the small box among the three comparison stimuli was reinforced. In addition, 
given the opposite contextual cue, choosing the big box among the three comparisons 
was reinforced. The sample and comparisons were pictures of simple common objects, and 
order of presentation of all stimuli was randomized. When participants produced eight 
consecutively correct responses, they were immediately exposed to Phase 2.
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Phase 2: Nonarbitrary relational testing. The procedure and format used in this phase 
was identical to those in Phase 1, with two exceptions: No feedback was presented, and 
four novel nonarbitrary stimulus sets were employed. Participants were required to 
respond correctly across all eight trials in order to proceed to Phase 3; failure to do so 
resulted in re exposure to Phase 1.

Phase 3: Linked arbitrary and nonarbitrary training. During this phase, the nonsense 
syllable A1 was presented as the sample stimulus, followed by one of the contextual cues 
and three individual square- shaped comparisons differing only in color (black, white, and 
grayscale [G1]). In the presence of A1 and the same contextual cue, selecting the black- 
colored comparison was reinforced (same/A1-Black). In the presence of A1 and the 
opposite contextual cue, selecting the white- colored comparison was reinforced 
(opposite/A1-White). Selecting the gray- colored comparison (G1) was never reinforced. 
Participants were required to choose the correct comparisons across six consecutive trials 
(i.e., a minimum of three correct trials with each contextual cue) before being immediately 
exposed to Phase 4. 

Phase 4: Arbitrary relational training. The aim of this phase was to establish a 
relational network in which the arbitrary stimuli B1 and C1 were the same as A1, and B2 
and C2 were opposite to A1. In Conditions 1 and 2, participants were presented with four 
training trials; in Condition 5 and 6, participants were presented with eight training trials. 
The arbitrary relational training trials are described using the following convention: the 
contextual cue is given first in capitals, followed by the sample stimulus, followed by the 
three comparison stimuli in brackets. The experimenter- designed correct comparison is in 
italics. The four training trials in Conditions 1 and 2 were as follows: same/A1 
[B1-B2-N1], same/A1 [C1-C2-N2], opposite/A1 [B1-B2-N1], opposite/A1 [C1-C2-N2]. 
The eight training trials in Conditions 5 and 6 were as follows: same/A1 [B1-B2-N1], 
same/A1 [C1-C2-N2], opposite/A1 [B1-B2-N1], opposite/A1 [C1-C2-N2], same/X1 
[Y1-B1-N3], same/X1 [Y2-C1-N3], opposite/X1 [Y3-B2-N3], opposite/X1 [Y4-C2-N3]. 
Training occurred in blocks of eight trials, and participants were required to choose the 
correct comparison stimulus across eight consecutive trials before progressing to the 
arbitrary relational testing phase. 

Phase 5: Arbitrary relational testing. The aim of this phase was to test if predicted 
derived relational responding, in accordance with the relations of Same and Opposite, 
would emerge in the absence of feedback (see Figure 1). The trial types were as follows: 
same/B1 [C1-C2-N1], same/C1 [B1-B2-N1], same/B2 [C1-C2-N1], same/C2 [B1-B2- 
N1], opposite/B1 [C1-C2-N1], opposite/C2 [B1-B2-N1], opposite/B2 [C1-C2-N1], 
and opposite/C1 [B1-B2-N1]. Responding in accordance with the predicted relational 
network required participants to (a) choose C1 given B1 as sample in the presence of 
same; (b) choose B1 given C1 as sample in the presence of same (C1 and B1 are both 
same as A1, and therefore the same as each other); (c) choose C2 given B2 as sample in the 
presence of same; (d) choose B2 given C2 as sample in the presence of same (C2 and B2 
are both opposite to A1, and therefore the same as each other); (e) choose C2 given B1 as 
sample in the presence of opposite; (f) choose B1 given C2 as sample in the presence of 
opposite (B1 is same as A1, and C2 is opposite to A1, and therefore B1 is opposite to C2); 
(g) choose C1 given B2 as sample in the presence of opposite; (h) choose B2 given C1 as 
sample in the presence of opposite (C1 is same as A1, and B2 is opposite to A1, and 
therefore B2 is opposite to C1). 

Testing occurred in a block of 16 trials, with each task presented twice per block in 
random order. Participants were required to emit a minimum of 87.5% (14 out of 16) 
correct responses in order to pass the arbitrary relational test. If participants failed to 
demonstrate the predicted performance, they were then reexposed to the entire training 
and testing sequence from Phase 1 to Phase 4 (i.e., one cycle). The predetermined 
maximum number of cycles was four. 

procedure: relational completion procedure. In Conditions 3, 4, 7 and 8, the RCP 
was used to train and test the derived relations. The experiment began with the onscreen 
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presentation of instructions identical to Dymond and Whelan (2010, p. 45), except, where 
relevant, with reference made to three, not five, comparisons.

During all nonarbitrary and arbitrary training and testing phases, the computer screen 
was divided into two areas: the top two- thirds was blue, and the lower one- third was grey. 
The sample appeared in the left upper section of the screen and, after 1 s, one of the 
contextual cues appeared in the upper center; after a further 1 s, a blank square in yellow 
color appeared in the right upper section of the screen. Then, three comparison stimuli 
appeared on the lower section of the screen. The order of presentation of the three 
comparison stimuli on the screen was randomized across trials. The response requirements 
and presentation of selection- based feedback were identical to those described in Dymond 
and Whelan (2010, pp. 45–46). 

Phase 1: Nonarbitrary relational training. Phase 1 was designed to establish 
functions of Same and Opposite for the two contextual cues. During this phase, all the 
samples and comparison stimuli were pictures of common simple objects related to each 
other along a nonarbitrary physical dimension. For instance, given a short line as sample 
stimulus and a short line, a medium line, and a long line as comparison stimuli, in the 
presence of the same contextual cue, selecting the short line was reinforced. Six stimulus 
sets were employed and presented in random order. Participants were required to produce 
eight consecutive correct responses in order to proceed to Phase 2.

Phase 2: Nonarbitrary relational testing. The procedure and format employed in this 
phase was identical to those in Phase 1, with two exceptions: No feedback was given 
following each trial, and six novel stimulus sets were used. Participants were required to 
respond correctly across all eight trials in order to pass the nonarbitrary testing and 
proceed to the next phase; failure resulted in reexposure to Phase 1. 

Phase 3: Linked arbitrary and nonarbitrary phase. In this phase, A1 was presented 
as the sample stimulus, and participants were required to select from one of three 
comparison stimuli in the presence of the same and opposite contextual cues. The three 
comparison stimuli were five individual square- shaped comparisons differing only in 
color (black, white, and grayscale [G1]). In the presence of A1 and the same contextual 
cue, selecting the black- colored comparison was reinforced (same/A1-Black). In the 
presence of A1 and the opposite contextual cue, selecting the white- colored comparison 
was reinforced (opposite/A1-White). Selecting the gray- colored comparison (G1) was 
never reinforced. Participants were required to choose the correct comparison across six 
consecutive trials before being exposed to Phase 4.

Figure 1. Schematic diagram of the trained (solid) and tested (dashed) relational network in all 
experiments. The letters “S” and “O” indicate Same and Opposite stimulus relations, respectively. 
See text for details.
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Phase 4: Arbitrary relational training. During this phase, the sample and comparison 
stimuli were identical to those used during the MTS procedure. The four training trials in 
Conditions 3 and 4 were as follows: same/A1 [B1-B2-N1], same/A1 [C1-C2-N2], 
opposite/A1 [B1-B2-N1], opposite/A1 [C1-C2-N2]. In addition to these four training 
trials, Conditions 7 and 8 also presented the following trials: same/X1 [Y1-B1-N3], 
same/X1 [Y2-C1-N3], opposite/X1 [Y3-B2-N3], opposite/X1 [Y4-C2-N3]. Training 
occurred in blocks of eight trials, and participants were required to choose the correct 
comparison stimulus across eight consecutive trials before being exposed to the next 
phase. 

Phase 5: Arbitrary relational testing. The aim of this phase was to test whether 
combinatorially entailed relational responding in accordance with the relations of Same 
and Opposite emerged. No feedback was given during this phase, and the trial types 
presented were as follows: same/B1 [C1-C2-N1], same/C1 [B1-B2-N1], same/B2 
[C1-C2-N1], same/C2 [B1-B2- N1], opposite/B1 [C1-C2-N1], opposite/C2 [B1-B2-N1], 
opposite/B2 [C1-C2-N1], and opposite/C1 [B1-B2-N1]. Testing occurred in a block of 
16 trials, with each task presented twice per block in a random order. Participants were 
required to emit a minimum of 87.5% (14 out of 16) correct responses in order to pass the 
arbitrary relational test. If participants failed to demonstrate the predicted performance, 
they were reexposed to the entire training and testing sequence from Phase 1 to 4 (i.e., one 
cycle). The predetermined maximum number of cycles was four. 

results and discussion
In all conditions, the dependent measures were the number of participants who passed 

the arbitrary relational test (i.e., yield), the number of trials to criterion, and the number of 
training and testing cycles required. Figure 2 displays the percentage yield and the mean 
number of cycles in all conditions. 

conditions 1 to 4. In Conditions 1 and 2 (MTS), the overall yield was 50%. There 
were yields of 50% in both conditions with (Condition 1) and without selection- based 
feedback (Condition 2; see Figure 2). Those participants who passed required two (P7), 
three (P2, P6) or four cycles (P3) before passing the arbitrary relational test (see Table 2). 
The mean number of cycles required by participants who passed was three.

In Conditions 3 and 4 (RCP), the yields were 100% with selection- based feedback 
(Condition 3), 75% without selection- based feedback (Condition 4), and the overall yield 
was 87.5%. This suggests that the RCP was, to an extent, more effective than the MTS in 
percentage yield. Among those participants who passed, they required one (P9, P10, P11), 
two (P14), three (P12), or four cycles (P15, P16) to pass the arbitrary relational test (see 
Table 2). The mean number of cycles required by participants who passed was 2.29. 

The overall mean number of cycles for the MTS condition with selection- based 
feedback was 3.75 cycles, while the overall mean number of cycles for the MTS condition 
without selection- based feedback was 3.0 cycles. Overall, both conditions required an 
average of 3.37 cycles. Participants in the RCP conditions with and without selection- 
based feedback required 1.5 and 3.5 cycles, respectively. Overall, participants required an 
average of 2.5 cycles during the RCP conditions.

condition 5 to 8. In Conditions 5 and 6 (MTS), there were yields of 50% and 75%, 
respectively, with and without selection- based feedback, and the overall yield of 62.5%. 
Participants who passed required either one (P21) or three cycles (P17, P18, P22, P24) 
before meeting the criterion on the arbitrary relational test (see Table 3). The mean number 
of cycles required by those who passed the MTS conditions was 2.6.

In Conditions 7 and 8 (RCP), yields were 75% in both conditions with and without 
selection- based feedback, and the overall yield was 75%. Among those participants who 
passed, one (P30), two (P25, P27, P29, P32) or four cycles (P26) were required to pass the 
arbitrary relational test (see Table 3). The mean number of cycles required by participants 
who passed was 2.17.  
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Table 2 
Individual Data in Conditions 1 to 4 (Experiment 1)

% Correct Arbitrary Testing  
(& Arbitrary Training Trials to Criterion)

Condition Participant Task
Cycle

Status
1 2 3 4

1 P1 MTS 43.75 (22) 37.5 (8) 37.5 (8) 50 (8) Fail
P2 MTS 75 (34) 62.5 (8) 93.75 (18) Pass
P3 MTS 43.75 (26) 50 (13) 62.5 (8) 93.75 (14) Pass
P4 MTS 68.75 (66) 68.75 (13) 43.75 (8) 56.25 (17) Fail

2 P5 MTS 43.75 (33) 25 (13) 25 (8) 25 (8) Fail
P6 MTS 56.25 (12) 50 (8) 93.75 (8) Pass
P7 MTS 75 (12) 87.5 (8) Pass
P8 MTS 50 (24) 25 (11) 62.5 (8) 68.75 (8) Fail

3 P9 RCP 93.75 (20) Pass
P10 RCP 93.75 (18) Pass
P11 RCP 100 (13) Pass
P12 RCP 62.50 (18) 81.25 (10) 93.75 (8) Pass

4 P13 RCP 75 (30) 75 (8) 75 (8) 75 (9) Fail
P14 RCP 68.75 (50) 87.5 (8) Pass
P15 RCP 50 (16) 43.75 (14) 56.25 (8) 87.5 (8) Pass
P16 RCP 37.5 (38) 75 (8) 68.75 (8) 93.75 (8) Pass

The overall mean number of cycles for the MTS conditions with and without selection- 
based feedback was 2.75 cycles for both conditions. Participants in the RCP conditions 
with and without selection- based feedback required 3.0 and 2.25 cycles, respectively. 
Overall, participants required an average of 2.63 cycles during the RCP conditions. 

Figure 2. The percentage yield and mean number of training and testing cycles in Conditions 1 to 
4 and Conditions 5 to 8 in Experiment 1. The panels on the left-hand side for each condition group 
show data from the conditions with selection-based feedback, and the panels on the right-hand 
side for each condition group show data from the conditions without selection-based feedback, 
respectively. See Table 1 and text for details.
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Table 3
Individual Data in Conditions 5 to 8 (Experiment 1)

% Correct Arbitrary Testing  
(& Arbitrary Training Trials to Criterion)

Condition Participant Task
Cycle

Status
1 2 3 4

5 P17 MTS 56.25 (73) 37.5 (16) 93.75 (8) Pass
P18 MTS 56.25 (108) 50 (10) 87.5 (8) Pass
P19 MTS 50 (101) 62.5 (30) 37.5 (8) 68.75 (13) Fail
P20 MTS 56.25 (29) 68.75 (12) 62.5 (8) 62.5 (8) Fail

6 P21 MTS 100 (90) Pass
P22 MTS 37.5 (140) 81.25 (8) 100 (8) Pass
P23 MTS 81.25 (100) 0 (8) 0 (8) 0 (8) Fail
P24 MTS 56.25 (28) 56.25 (10) 87.5 (19) Pass

7 P25 RCP 73.33 (76) 93.33 (17) Pass
P26 RCP 50 (67) 18.75 (12) 81.25 (8) 100 (8) Pass
P27 RCP 43.75 (69) 87.5 (33) Pass
P28 RCP 43.75 (30) 50 (13) 37.5 (8) 31.25 (8) Fail

8 P29 RCP 47.05 (60) 88.25 (15) Pass
P30 RCP 87.5 (68) Pass
P31 RCP 12.5 (35) 31.25 (11) 50 (8) 37.5 (8) Fail
P32 RCP 50 (29) 93.75 (8) Pass

The findings of Experiment 1 showed that, in terms of yield, there appeared to be an 
advantage for the RCP (81% of participants passed) over MTS (56% of participants 
passed). The mean number of training cycles required for the RCP was 2.56 (SD = 1.26) 
and for the MTS was 3.38 (SD = 0.72). The mean number of arbitrary training trials 
required was 56.19 (SD = 27.14) in the RCP and 81.50 (SD = 41.57) in MTS.

Experiment 2
In Experiment 2, we sought to extend the findings of Experiment 1 by comparing 

performance on four and eight arbitrary relational training trials with five, not three, 
comparisons on every trial (see Table 1). Such procedures are similar to those employed by 
Dymond and Whelan (2010; Conditions 5–8).

method
participants. Sixteen participants, aged between 18 and 30, recruited from Swansea 

University, participated in Experiment 2 in return for either course credit or £6. Participants 
were randomly assigned to one of four conditions, with a total of four participants in each 
condition (see Table 1).

conditions. Conditions 9 to 12 were as follows (see Table 1): 9 (RCP with four 
arbitrary relational training tasks and selection-based feedback); 10 (RCP with four 
arbitrary relational training tasks and without selection-based feedback); 11 (RCP with 
eight arbitrary relational training tasks and selection-based feedback); and 12 (RCP with 
eight arbitrary relational training tasks and without selection-based feedback).

procedure. The procedure of Experiment 2 was identical to that of Experiment 1, 
except for the following important differences (see Table 1). First, only the RCP conditions 
were run. Second, five comparisons were employed, with and without selection- based 
feedback (similar to Dymond & Whelan, 2010, Condition 7). 

Phases 1 and 2 were identical to Experiment 1 (except for the additional comparison 
stimuli). During Phase 3 (linked arbitrary and nonarbitrary) training, A1, Black, White, 
G1, G2, and G3 were used. In this phase, A1 was presented as the sample stimulus, and 
participants were required to select from one of five comparison stimuli in the presence of 
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the same and opposite contextual cues. The five comparison stimuli were five individual 
square- shaped comparisons differing only in color (black, white, and differentially shaded 
grayscale stimuli [G1, G2, & G3]). In the presence of A1 and the same contextual cue, 
selecting the black- colored comparison was reinforced (same/A1-Black). In the presence 
of A1 and the opposite contextual cue, selecting the white- colored comparison was 
reinforced (opposite/A1-White). Selecting the gray- colored comparisons (G1, G2, G3) 
was never reinforced. As before, participants were required to choose the correct 
comparison across six consecutive trials before progressing.

During Phase 4 (arbitrary relational training), the four training trials in Conditions 9 
and 10 were as follows: same/A1 [B1-B2-N1-N2-N3], same/A1 [C1-C2-N1-N2-N3], 
opposite/A1 [B1-B2-N1-N2-N3], and opposite/A1 [C1-C2-N1-N2-N3]. In Conditions 
11 and 12, the eight training trials were as follows: same/A1 [B1-B2-N1-N2-N3], same/
A1 [C1-C2-N1-N2-N3], opposite/A1 [B1-B2-N1-N2-N3], opposite/A1 [C1-C2-N1-
N2-N3], same/X1 [Y1-B1-B2-N1-N3], same/X1 [Y2-C1-C2-N3-N4], opposite/X1 
[Y3-B1-B2-N3-N4], and opposite/X1 [Y4-C1-C2-N3-N4].

In Phase 5 (arbitrary relational testing), the following eight arbitrary relational testing 
tasks were presented in all conditions: same/B1 [C1-C2-N1-N2-N3], same/C1 [B1-B2-
N1-N2-N3], same/B2 [C1-C2-N1-N2-N3], same/C2 [B1-B2-N1-N2-N3], opposite/B1 
[C1-C2-N1-N2-N3], opposite/C2 [B1-B2-N1-N2-N3], opposite/B2 [C1-C2-N1-N2-N3], 
and opposite/C1 [B1-B2-N1-N2-N3].

results and discussion
conditions 9 to 12. In Experiment 2, Conditions 9 and 10, there were yields of 100% 

and 50%, respectively, with and without selection- based feedback (see Figure 3). 
Participants who passed required one (P35, P39, P40), two (P36), three (P33), or four 
cycles (P34, P37, P38) before meeting the criterion on the arbitrary relational test (see 
Table 4). The mean number of cycles required by those who passed was two (see Figure 3). 

In Conditions 11 and 12, yields were 100% in both conditions with and without 
selection- based feedback (see Figure 3). Among those participants who passed, one (P42), 
two (P41, P43, P44, P45, P48), three (P46) or four cycles (P47) were required to pass the 
arbitrary relational test (see Table 4). The mean number of cycles required by participants 
who passed was three (see Figure 3).  
Table 4
Individual Data in Conditions 9 to 12 (Experiment 2)

% Correct Arbitrary Testing (& Arbitrary Training Trials to Criterion)

Condition Participant Task
Cycle

Status
1 2 3 4

9 P33 4 50 (17) 81 (12) 100 (8) Pass
P34 4 53 (63) 47 (8) 53 (8) 100 (8) Pass
P35 4 88 (14) Pass
P36 4 81 (16) 100 (18) Pass

10 P37 4 35 (90) 47 (8) 35 (8) 35 (8) Fail
P38 4 50 (16) 31 (12) 37 (11) 37 (11) Fail
P39 4 88 (26) Pass
P40 4 88 (26) Pass

11 P41 8 69 (53) 100 (8) Pass
P42 8 88 (68) Pass
P43 8 63 (46) 88 (8) Pass
P44 8 50 (54) 88 (16) Pass

12 P45 8 69 (76) 94 (11) Pass
P46 8 56 (109) 25 (62) 88 (34) Pass
P47 8 19 (102) 38 (8) 38 (8) 94 (10) Pass
P48 8 38 (58) 88 (19) Pass
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The overall mean number of cycles for the conditions with and without selection- 
based feedback was 2.62 cycles for both conditions. Participants in the conditions with 
four and eight arbitrary relational training tasks required 2.5 and 2.25 cycles, respectively.

Combined results from Experiments 1 and 2: Effect of task format. Selection- based 
feedback. Results comparing the presence and absence of selection- based feedback were 
obtained by collapsing across tasks for arbitrary relational training trials (M = 65.29, 
SD = 36.21 and M = 73.92, SD = 44.41, for RCP and MTS, respectively), training and 
testing cycles (M = 2.67, SD = 1.17 and M = 2.88, SD = 1.16, respectively) and yield (79.2% 
and 70.8% pass rate, respectively). 

Linked nonarbitrary and arbitrary phase. The total number of trials in the linked 
nonarbitrary and arbitrary Phase 3 was analyzed (see Table 5). The mean number of trials 
was 25.13 (SD = 8.41) across all MTS conditions and was 19.09 (SD = 9.11) across all RCP 
conditions.  

Nonarbitrary training. For the number of trials to criterion in Phase 1 nonarbitrary 
relational training phase (i.e., to eight consecutively correct response), the mean was 16.38 
(SD = 6.96) across all MTS conditions and 23.59 (SD = 15.77) across all RCP conditions.

Arbitrary relational training. For the effect of procedure (MTS or RCP) on the number 
of trials required in the arbitrary relational training, the mean number of trials was 81.50 
(SD = 41.57) across all MTS conditions and 63.66 (SD = 39.98) across all RCP conditions. 

Number of comparison stimuli. For the RCP conditions only, the mean number of 
training trials was lower when three comparisons were employed (M = 56.19, SD = 27.14) 
vs. five comparisons (M = 71.12, SD = 47.80). The mean number of cycles was marginally 
lower for three versus five comparisons (M = 2.56, SD = 1.26 vs. M = 2.37, SD = 1.15), as 
was the yield (81.2% vs. 87.5%, respectively).  

Number of arbitrary relational training trial types. For both MTS and the RCP, both 
the mean number of cycles required for four versus eight arbitrary relational training trial 
types (M = 2.83, SD = 1.27; M = 2.71, SD = 1.00, respectively) and the yield (70.8% vs. 
79.2%) were remarkably similar. 

Effect of task format on yield. In the RCP conditions there was a yield of 84.4%, while in 
the MTS conditions there was a yield of 56.2%; a significant difference (χ2 = 4.50, p = 0.034).

Figure 3. The percentage yield and mean number of training and testing cycles in Conditions 9 
to 12 in Experiment 2 (RCP). Selection-based feedback was employed in Conditions 9 and 11, 
respectively. See Table 1 and text for details.
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general discussion
In Experiment 1, we hypothesized that selection- based feedback would facilitate 

arbitrary relational same and opposite test performance on the RCP relative to MTS. 
Findings from Conditions 1 to 4 demonstrated a marginal advantage in mean number of 
training and testing cycles for selection- based feedback in the RCP over MTS, with the 
RCP conditions requiring generally fewer cycles than MTS conditions. In Conditions 5 to 
8, the effect of selection- based feedback did not differ between MTS conditions, and was 
somewhat the reverse to what was expected in the RCP conditions. Overall, RCP 
participants required fewer cycles than MTS participants. In terms of yield, 84% of RCP 
participants and 56% of MTS participants, respectively, passed the arbitrary relational test 
within four exposures, while significantly fewer arbitrary training trials were required in 
all RCP conditions, relative to MTS conditions, in Experiment 1. 

In Experiment 2, findings did not reveal a difference in mean number of cycles 
between RCP conditions with and without selection- based feedback and four or eight 
arbitrary relational training tasks, when five comparison stimuli were presented. Across 
both experiments, while the number of nonarbitrary and arbitrary relational training trials 
did not differ between RCP and MTS, significant differences were found in the overall 
yield per task, with greater numbers of participants passing the RCP compared to MTS. 
Participants in Experiment 2 required more training trials than participants in 
Experiment 1, which was likely due to the addition of the extra comparison stimuli. 
Overall, the findings of the present study demonstrated a significant performance 
advantage in the proportion of participants successfully passing the arbitrary relational test 
with the RCP compared with MTS (84% vs. 56% yield, respectively). This trend is 
consistent with, and in large parts greater than, the findings of Dymond and Whelan (2010, 
p. 49), who reported that participants exposed to their four RCP conditions produced a 
nominally higher yield than those exposed to four MTS conditions (50% vs. 43.75%, 
respectively).  Moreover, Dymond and Whelan’s findings provide a comparison against 
which the present findings may be analyzed, since that study did not include the linked 
nonarbitrary–arbitrary training phase.

To our knowledge, this is the first investigation of the role of selection- based feedback 
in acquiring and deriving stimulus relations. Previous research on multiple stimulus 
relations, such as same, opposite, more than and less than, as well as the vast literature on 
stimulus equivalence, has tended to present the words correct and wrong, often 
accompanied by ascending and descending tones following correct and incorrect 
selections, respectively (e.g., Whelan & Barnes- Holmes, 2004). While such feedback 
procedures have been highly effective, our findings indicate that displaying the sample, 
contextual cue and selected comparison from the previous trial along with “correct” or 
“wrong” prior to the ITI may further facilitate outcomes. There are several possible 
explanations for the facilitative effect of this relatively simple manipulation. First, 
following correct responses, the feedback may become discriminative for a combined 
textual and self- echoic response (Skinner, 1957). For example, on reading the feedback, 
“CUG same ZID: Correct,” participants may emit a self- echoic response and, subsequently, 
engage in common intraverbal naming of the correct sample- cue- comparison string 
(Dugdale & Lowe, 1990). This form of verbally mediated responding (Horne & Lowe, 
1996) may have facilitated performance on the same trial type and diminished any control 
exerted by other, incorrect stimuli (e.g., “CUG opposite ZID”). Second, the effects of the 
confirmatory response requirement, which allowed participants to evaluate or report on 
their responses prior to obtaining feedback, may have interacted with those of the 
selection- based feedback to facilitate predicted responding. That is, the act of evaluating 
and confirming each response may have been enhanced by the subsequent presentation of 
the selection- based feedback, which on correct trials reinforced combined evaluative and 
confirmatory relational skills specific to the RCP. Of course, while this explanation must 
remain speculative, it is in fact possible to determine the precise role(s) played by 
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Table 5
Individual Data in all Conditions of Both Experiments

Number of Trials to Criterion in  
Linked Nonarbitrary and Arbitrary Phase (Phase 3)

Condition Participant Task Cycle
1 2 3 4

Experiment 1
1 P1 MTS 7 13 6 6

P2 MTS 8 6 6
P3 MTS 11 6 6 6
P4 MTS 14 9 13 12

2 P5 MTS 7 6 6 6
P6 MTS 7 7 6
P7 MTS 11 6
P8 MTS 7 7 6 8

3 P9 RCP 8
P10 RCP 8
P11 RCP 9
P12 RCP 12 7 6

4 P13 RCP 21 6 6 6
P14 RCP 7 6
P15 RCP 8 6 6 7
P16 RCP 8 6 6 6

5 P17 MTS 8 6 6
P18 MTS 17 6 6
P19 MTS 6 6 6 6
P20 MTS 9 6 6 6

6 P21 MTS 8
P22 MTS 9 7 7
P23 MTS 7 8 6 6
P24 MTS 13 6 6

7 P25 RCP 10 6
P26 RCP 7 6 6 6
P27 RCP 7 6
P28 RCP 7 6 6 6

8 P29 RCP 7 6
P30 RCP 8
P31 RCP 9 9 6 6
P32 RCP 10 8

Experiment 2
9 P33 RCP 7 6 6

P34 RCP 7 6 6 10
P35 RCP 6
P36 RCP 6 6

10 P37 RCP 7 7 6 9
P38 RCP 7 9 6 6
P39 RCP 6
P40 RCP 19

11 P41 RCP 13 6
P42 RCP 9
P43 RCP 11 7
P44 RCP 8 6

12 P45 RCP 11 7
P46 RCP 11 6 6
P47 RCP 17 7 7 9
P48 RCP 10 9
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selection- based feedback by presenting either consistent or inconsistent feedback following 
responses (e.g., Healy, Barnes- Holmes, & Smeets, 2000). For instance, following a same/
A1 [B1-B2-N1] training trial, consistent selection- based feedback would consist of “A1 
same B1: Correct,” while inconsistent selection- based feedback would consist of “A1 
same B1: Wrong.” Using similar procedures, Healy et al. (2000) were able to demonstrate 
consequential control over deriving stimulus equivalence relations (see also Doughty, 
Kastner, & Bismark, 2011; Hayes et al., 2001). This issue, as it pertains to selection- based 
feedback employed in the RCP, warrants further empirical attention.

In RFT- based studies of this kind, the often- extensive nonarbitrary relational training 
and testing involved, as well as in transitioning from nonarbitrary to arbitrary relational 
phases, has been criticized (e.g., Horne & Lowe, 1997, p. 283). Indeed, addressing such 
criticisms partly motivated the development of the RCP, and the current data, combined 
with those of Dymond and Whelan (2010), suggest that it has considerable utility as an 
alternative to MTS for training and testing same and opposite relations. The present 
findings on the role of the linked nonarbitrary–arbitrary training phase are particularly 
relevant to the somewhat quixotic assertion that RFT- based studies could in fact employ 
the real words “same” and “opposite” from the outset with arbitrary tasks and eliminate 
the often-extended nonarbitrary training and testing phases (e.g., Saunders, 1996). The 
reason contextual functions are established for abstract cues using nonarbitrary 
relational training and testing is to provide a quantifiable experimental history with the 
contextual cues that is under direct experimenter control. Were the real words “same” 
and “opposite” used as cues, for instance, then there is no way of controlling for differing 
individual histories with regards to these terms. Instead, the relational histories are 
established intraexperimentally, first with nonarbitrary stimuli and then applied to 
arbitrary stimuli.

In the present study, Phase 3 was a linked nonarbitrary and arbitrary training phase, in 
which the arbitrary sample stimulus (A1) was followed by either the same or opposite 
contextual cues and then by comparison stimuli that differed only in shade (ranging from 
black to white). In the presence of A1 and the same contextual cue, selecting the black- 
colored comparison was reinforced, whereas in the presence of A1 and the opposite 
contextual cue, selecting the white- colored comparison was reinforced. Given that derived 
relations are arbitrarily applicable—but are rarely arbitrarily applied in practice (see 
Hayes, 1994, pp. 24–25)—this type of task has more ecological validity than either purely 
nonarbitrary or purely arbitrary relating. That is, verbally able participants rarely relate to 
stimuli according to purely arbitrary, or indeed purely nonarbitrary, properties. Rather, 
arbitrary relations are determined to some degree by the nonarbitrary relations that obtain 
among some of the stimuli that participate in the network. For example, the words black 
and white are arbitrary, but are opposite to each other on the basis of their relationship with 
the nonarbitrary property of shade. More complex forms of arbitrary and nonarbitrary 
responding, such as analogy have been demonstrated (e.g., Stewart, Barnes- Holmes, 
Roche, & Smeets, 2002) and are found in real- world analogies, such as “apple is to orange 
as dog is to sheep.” The arbitrary equivalence relation between the words apple and orange 
is based on the nonarbitrary relation between actual apples and actual oranges and the 
arbitrary equivalence relation between the words dog and sheep is based on the nonarbitrary 
relation of similarity between actual dogs and actual sheep. The present procedures may 
provide another useful ways of modeling relational phenomena such as these.

The inclusion of integrated arbitrary and nonarbitrary training has been employed 
successfully previously to facilitate derived relational responding (Y. Barnes- Holmes, 
Barnes- Holmes, Smeets, Strand, & Friman, 2004; Gorham et al., 2009; Vitale et al., 2008). 
In Y. Barnes- Holmes, Barnes- Holmes, Smeets, Strand, and Friman (2004), three 4- to 6- 
year- old children were exposed to a task that trained and tested responding in accordance 
with the relations of More- than and Less- than. On each trial, the relative value of three 
equally sized coins was described to the participants and the derived relations were tested. 
All participants initially failed the test for derived relations, although for one participant a 
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nonarbitrary training phase, which consisted of placing differential amounts of candy 
corresponding to the coin’s value on top of the coins, improved performance on the test for 
derived relations. Vitale et al. (2008, Experiment 3) showed that an intervention involving 
nonarbitrary properties (differently sized coins) could aid performance on some types of 
nonarbitrary task for adults. The inclusion of a linked arbitrary and nonarbitrary phase may 
improve performance because it has been often shown (e.g., Wason, 1966) that even 
verbally sophisticated adults have difficultly deriving relations from purely arbitrary 
baseline relations. As Vitale et al. (2008) showed, trials that involve both nonarbitrary and 
arbitrary relations can cause difficulty for adults, whereas young children could 
successfully derive purely nonarbitrary transitive relations among stimuli (Gorham et al., 
2008). 

In conclusion, the present findings add to those of Dymond and Whelan (2010), 
indicating that the RCP is effective in training and testing same and opposite relations 
when a linked nonarbitrary-to-arbitrary phase and selection- based feedback are included. 
An important advantage of the RCP over existing MTS- based procedures is that it may 
potentially be used to train and test any stimulus relations. Indeed, a recent study by 
Munnelly, Freegard, and Dymond (in press) found favorable results for the RCP with 
derived comparative (more than/less than) relations and touchscreen responses. It is 
important that future research continues to undertake further analyses of the determinants 
of all forms of derived relational responding on the RCP, including research with less 
verbally sophisticated participants, such as young children or individuals with 
developmental disabilities. 
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