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The current study aimed to develop a behavior-analytic model of analogical reasoning. In 
Experiments 1 and 2 subjects (adults and children) were trained and tested for the formation of 
four, three-member equivalence relations using a delayed matching-to-sample procedure. All 
subjects (Experiments 1 and 2) were exposed to tests that examined relations between equiva
lence and non-equivalence relations. For example, on an equivalence-equivalence relation test, 
the complex sampie BI/Cl and the two complex comparisons B3/C3 and B3/C4 were used, 
and on a nonequivalence-nonequivalence relation test the complex sampie Bl/C2 was pre
sented with the same two comparisons. All subjects consistently related equivalence relations 
to equivalence relations and nonequivalence relations to nonequivalence relations (e.g., picked 
B3/C3 in the presence of BI/Cl and picked B3/C4 in the presence of Bl/C2). In Experiment 3, 
the equivalence responding, the equivalence-equivalence responding, and the nonequivalence
nonequivalence responding was successfully brought under contextual control. Finally, it was 
shown that the contextual cues could function successfully as comparisons, and the complex 
sampies and comparisons could function successfully as contextual cues and sampies, respec
tively. These data extend the equivalence paradigm and contribute to a behaviour-analytic 
interpretation of analogical reasoning and complex human functioning, in general. 

When a number of related conditional 
discriminations are explicitly trained, the 
stimuli that enter into these discrimina
tions may become related to each other in 
ways that were not explicitly trained. 
Suppose, for ex am pie, that choosing the 
arbitrary stimulus B is reinforced in the 
presence of the sampie stimulus A, and 
choosing another arbitrary stimulus C is 
also reinforced in the presence of A. 
Following this explicit training, a subject 
may, in the absence of further rein force-
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ment, res pond in accordance with; (i) the 
symmetry relations, given B select A, and 
given C select A, and (ii) the combined 
symmetry and transitivity relations, given 
B select C, and given C select B. Respond
ing in accordance with symmetry and tran
sitivity, in a matching-to-sample context, is 
normally accepted as evidence that the 
three stimuli (A, B, C) participate in an 
equivalence relation (see Barnes & Holmes, 
1991; Fields, Adams, Verhave, & Newrnan, 
1990; Sidman, 1992). 

In the investigation of stimulus equiva
lence researchers have generally focused 
on the relations between simple or single
element stimuli. A number of relatively 
recent studies, however, have started to 
examine emergent performances using 
complex or multi-element stimuli (e.g., 
Markham & Dougher, 1993; Stromer & 
Stromer, 1990a, 1990b). In the first study by 
Stromer and Stromer, they trained rela-
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tions of the form AB-O and AC-E, and 
obtained evidence for emergent relations 
among all possible pairs of single stimuli 
(e.g., A-B, O-B, B-C, R-E, and O-E). In the 
second study, Stromer and Stromer trained 
the relations A-C, B-O, and AB-E, and 
again found strong evidence for emergent 
relations among all possible pairs of stim
uli (A-O, B-C, C-E, and O-E). These data 
clearly showed that it is possible to train 
human subjects in aseries of related condi
tional discriminations using compound or 
multi-element sampie stimuli, and that 
subjects often respond in systematic ways 
during non reinforced probe trials to single 
elements of the compound sampies used 
during training. 

These analyses were extended in a more 
recent study (Markharn & Oougher, 1993), 
in which subjects were trained in a number 
of related conditional discriminations 
using multi-element and single-element 
sam pies and single-element comparisons. 
For the nonreinforced test trials, the 
researchers reconfigured the individual 
elements used in training to form new 
multi-element and single-element stimuli. 
In Experiment 3, for example, five subjects 
were trained in nine AB-C relations and 
three C-O relations and were then probed 
for the emergence of equivalence (O-AB) 
and for AO-B and BO-A relations. Three 
out of five subjects demonstrated the emer
gence of all tested relations; one subject 
failed to show equivalence, but demon
strated AO-B and BO-A relations, and the 
remaining subject showed neither. 

Another recent study (Perez-Gonzalez, 
1994) that used multi-element stimuli 
adopted a somewhat different strategy to 
that employed in previous behavior
analytic studies of emergent performances. 
This study determined whether relations 
among sampie and comparison stimuli, 
that had been established in prior condi
tional discrimination training, would con
trol selection of comparisons in a new task 
(Perez-Gonzalez, 1994). The basic proce
dure was as follows. First, relations 
between particular stimuli were estab
lished by training A-B relations through 
conditional discriminations (Al-BI, A2-B2, 

and A3-B3). Second, an analogue of the 
"yes/no" response in the presence of par
ticular relations was achieved with pairs of 
sampie stimuli; the members of each pair 
of sampie stimuli had previously been 
related as sample-correct comparison or 
sample-incorrect comparison (e.g., Al-BI: 
sample-correct comparison or AI-B2: sam
ple-incorrect comparison). The analogues 
of "yes" and "no" were two novel compar
ison stimuli, Xl and X2. Ouring training, 
responses to Xl were reinforced if the two 
stimuli in the sampie had pa rtici pa ted in 
the sample-correct comparison relation 
(e.g., Al-BI), and responses to X2 were 
reinforced if the two stimuli in the sampie 
had participated in the sample-incorrect 
comparison relation (e.g., AI-B2). 

The next stage of the study then exam
ined transfer of the relational control 
described above. Relations between novel 
stimuli were trained (PI-QI, P2-Q2, and 
P3-Q3), those stimuli were then presented 
as paired sampies (e.g., PI-QI or PI-Q2), 
and Xl and X2 were presented as the com
parisons in a test (hereafter referred to as 
the PQX test). Results showed that subjects 
chose the stimulus Xl when a sampie con
tained the sample-correct comparison rela
tion from the previous training (e.g., PI
QI), whereas subjects chose X2 when a 
sampie contained the sample-incorrect 
relation (PI-Q2) from the training. In effect, 
the PQX test demonstrated that selections 
of Xl and X2 transferred from the explicit 
training with the A-B stimuli to the new 
PQ pairs of stimuli, without explicitly 
training the Xl and X2 functions ("Yes" 
and "No," respectively) for the PQ stimu
lus pairs. 

Interestingly, this approach to the study 
of learning to form and then subsequently 
respond to arbitrary relations mayaiso 
help to develop a behaviour-analytic inter
pretation of advanced reasoning abilities in 
humans (e.g., Gick & Holyoak, 1983). 
Consider, for example, the following ques
tion based on the classic proportion 
scheme (A : B: : C : ?); "apple is to orange 
as dog is to; (i) sheep, or (ii) book?" If 
apple and orange participate in an equiva
lence relation in the context "fruit," and 
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"dog" and "sheep" participate in an equiv
alence relation in the context "animals," 
then we would expect a person to pick 
"sheep" as the correct answer. In effect, the 
response would be in accordance with the 
derived equivalence relation between two 
already established separate equivalence 
relations (see Figure 1, upper section). The 
three experiments reported here attempted 
to model this form of "reasoning" behavior 
(i.e., equivalence-equivalence responding) 
in the operant laboratory using both adults 
and children. Demonstrating this complex 
type of stimulus control would; (i) extend 
the basic stimulus equivalence effect to 
include equivalence-equivalence relations, 
(ii) supplement the recent work on stimu
lus equivalence using multi-element stim
uJi, and (iii) support and extend the 
"Yes/No" analysis of responding to condi
tional relations developed by Perez
Gonzalez (1994) (see below). 

Before outlining the first experiment in 
the current study we should explain that 
our use of the term equivalence-equiva
lence responding (or relating equivalence 
relations to equivalence relations) is purely 
descriptive, and is not offerred as a new 
technical term. We take the view that 
equivalence-equivalence responding is an 
example of a relational network as defined 
by relational frame theory (e.g., Hayes, 
1991, 1994; Barnes & Holmes, 1991; Barnes, 
1994). From this perspective, equivalence 
responding, and what we call equivalence
equivalence responding, are viewed as 
instances of overarching or generalized 
operant behavior that is produced by mul
tiple-exemplar training provided, in large 
part, by the verbal community. Relational 
frame theory has been described in detail 
in many previous publications, and thus 
we will not cover old ground here. 
However, two very recent articles (Barnes 
& Roche, 1996; Hayes & Barnes, 1997) are 
perhaps the most relevant to the current 
study, and the interested reader should 
consult these to und erstand fully our ratio
nale for using the current terminology. 

Experiment 1 examined the relations 
between two separate equivalence rela
tions and between two separate nonequiv-

alence relations. Subjects were first trained 
and tested for the formation of four, three
member equivalence relations (i.e., train; 
Al~Bl, Al~Cl, A2~B2, A2~C2, 

A3~B3, A3~C3, A4~B4, A4~C4, and 
test; BIHCl, B2HC2, B3HC3, B4HC4). 
After successfully passing the equivalence 
test, subjects were tested to determine 
whether they would relate pairs of stimuli 
to other pairs of stimuli based on their par
ticipation in equivalence relations. In 
effect, subjects were presented with sam
pIes that contained two stimuli that were 
from one derived equivalence relation 
(e.g., BICl), and were given the opportu
nity to choose comparisons that contained 
two stimuli that were from a second, sepa
rate derived equivalence relation (e.g., 
B3C3). If subjects relate equivalence rela
tions to equivalence relations, this will rep
resent an important extension to the study 
reported by Perez-Gonzalez in which sub
jects responded "yes" (i.e., chose Xl) to an 
explicitly trained sample-correct compari
son relation. In the current study, subjects 
were also presented with sampies that con
tained two stimuli that participated in sepa
rate, derived equivalence relations (e.g., 
BIC2), and were given the opportunity to 
choose comparisons that contained two 
stimuli that participated in other, separate, 
derived equivalence relations (e.g., B3C4). 
If subjects relate nonequivalence relations 
to nonequivalence relations this will repre
sent a further extension to the study 
reported by Perez-Gonzalez in which sub
jects responded "no" (i.e., chose X2) to an 
explicitly trained sample-incorrect compar
ison relation. In the interests of clarity, 
Experiments 2 and 3 of the current study 
will be introduced at a later point in the 
paper. 

GENERAL METHOD 

Subjects 

One non-psychology undergraduate 
(male, aged 21), nine non-psychology grad
uates (four males and five females, aged 
between 23 and 35), one nongraduate adult 
(male, aged 24), and two children (both 
males, aged 9 and 12) participated as sub-
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Experiments 1 and 2: Relating Equivalence Relations. 
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Fig. 1. Schematic representation of the types of equivalence relations that might underlie complex reasoning abili
ties. 
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jects across the three experiments. Subject 6 
in Experiment 1 and Subject 6 in Experi
ment 2 were also used in Experiment 3, but 
they were numbered 2 and 3, respectively, 
in the third experiment (Subject 1 in 
Experiment 3 was experimentally naive). 
All subjects were recruited through per
sonal contacts. No payment was given for 
participation, but the children were given 
sweets at the end of each session, irrespec
tive of their performances. Before the 
experiment began subjects were told that 
the experiment involved working on a 
computer based task for at least one, 1 hr 
session, and were then asked if they still 
wished to continue. One person refused at 
this point to participate. All subjects were 
exposed to the experimental procedures 
individually. If a subject did not complete 
the experiment in one session, he or she 
was asked to return on a subsequent day 
(usually the fo11owing day). To ensure that 
the previously established performances 
were still intact, at the beginning of the 
next session the subject was re-exposed to 
those stages of the experiment that he or 
she had previously completed. On some 
occasions, therefore, a subject could suc
cessfully complete a particular stage in the 
experiment (see procedure sections), but 
would be reexposed to that stage for a sec
ond time. All subjects were asked not to 
discuss their participation in the experi
ment with anyone, and sessions were 
arranged so that subjects did not meet each 
other in the vicinity of the laboratory. 
When the experiment was finished each 
subject was thanked and fully debriefed. 

Apparatus and Stimuli 

An Apple Macintosh® PC with a l4-inch 
monitor, that displayed black characters on 
a white background, was used to present 
stimuli and record data during the experi
ment. Each subject was seated before the 
computer in an small experimental room. 
The stimuli were twelve nonsense syllables 
(ZID, CUG, VEK, YIM, BEH, DAX, ROG, 
PAF, MAU, JOM, KIB, FUB). Each non
sense sy11able was designated Al, BI, Cl, 
A2, B2, C2, A3, B3, C3, A4, B4, and C4. The 
alphanumeric designations are for descrip-

tive purposes only and were not shown to 
the subjects. The nonsense syllables were 
assigned randomly to their designated 
roles for each subject (e.g., ZID may have 
functioned as Al for one subject, but as A2 
for another). In Experiment 3, two addi
tional stimuli were used (these were XXX 
and 000) and were designated Ct1 and 
Ct2 (XXX and 000 were randomly 
assigned to their roles as Ct1 and Ct2 for 
each subject). 

Delayed Matching-to-Sample 

A delayed, arbitrary matching-to-sample 
procedure was used for training and test
ing. On any given trial, the sampie 
appeared in the center of the screen. When 
the subject pressed the "G" key (marked 
with a white paper dot) on the computer 
keyboard, the sampie was removed, and 
the screen remained blank for .4 seconds; 
four comparison stimuli were then pre
sen ted, one in each corner of the screen. 
The subject selected one of the comparisons 
by pressing one of four letter keys, R, C, U, 
N (each marked with a white paper dot), 
with each key corresponding to one of the 
four corners of the screen (i.e., R-top left, C
bottom left, U-top right, and N-bottom 
right; a11 other keys were disabled). When 
one of these four keys was pressed, the 
screen cleared, and during training phases 
of the experiments, responses defined as 
correct (see below) produced the word 
"CORRECT" on the monitor together with 
a 0.5 s beep. Choosing any of the other 
three comparisons produced the word 
"WRONG" and no accompanying sound 
from the computer. The locations of the 
correct and incorrect comparisons was 
counterbalanced across trials. After 2 s, the 
feedback message (Le., "Correct" or 
"Wrong") was removed from the screen 
and after a further 2 sintertrial interval a 
new trial began. During testing no feedback 
was presented, and the computer simply 
proceeded directly to the intertrial interval. 

On some tasks, sampie and comparison 
stimuli were composed of pairs of non
sense syllabI es; each pair was presented 
side-by-side separated by a 3mm space 
(e.g., CUG ZID). On these trials, a pair of 
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nonsense syllables was presented in the 
center of the screen as a sampie, and when 
the subject emitted the sample-observing 
response (Le., pressed the "G" key) the 
sam pie was removed, and .4 sec. later a 
further two pairs of stimuli were presented 
as two comparisons. One pair was pre
sented in the bottom-Ieft hand corner, and 
the other pair appeared in the bottom-right 
hand corner of the screen (the locations of 
the "correct" and "incorrect" comparisons 
were counterbalanced across trials). The 
subject selected the comparison on the left 
by pressing the "C" key and selected the 
comparison on the right by pressing the 
"N" key (i.e., a11 other keys were disabled). 
These tasks, on which pairs of nonsense 
syllables were presented as sampies and 
comparisons, occurred only during the test 
phases of an experiment (i.e., no feedback 
was presented for responding on these 
tasks). 

On yet other tasks (Experiment 3) a con
textual stimulus was presented 1 cm above 
the sampie stimulus (see Experiment 3 for 
a detailed explanation of the contextual 
stimuli). The contextual stimulus remained 
on the screen throughout each matching
to-sample trial. That is, it remained on 
screen in the presence of the sampie, dur
ing the .4 sec. sample-comparison delay, 
and in the presence of the comparison 
stimuli. When a subject selected one of the 
comparison stimuli (again, locations were 
counterbalanced across trials), the contex
tual cue and the comparisons were 
removed from the screen, and the appro
priate feedback and / or the intertrial inter
val fo11owed. 

Procedure: Experiment 1 

At the beginning of each session a sub
ject was presented with the following 
instructions displayed on the computer 
screen: 

You must look at the nonsense syllable in the 
center of the screen, press the marked center 
key, and then choose one of the four nonsense 
syllables that appear at each corner of the 
screen, by pressing one of the four marked keys 
on the keyboard (sometimes there will be only 
two choices at the bottom of the screen). 

To choose the top-Ieft syllable press the marked 
key on the top-Ieft. 

To choose the top-right syllable press the 
marked keyon the top-right. 

To choose the bottom-Ieft syllable press the 
marked key on the bottom-Ieft. 

To choose the bottom-right syllable press the 
marked key on the bottom-right. 

Sometimes the computer will give you feedback 
and sometimes it will not. 

PRESS THE SPACE-BAR TWICE TO CON
TINUE 

After the subject had read the instruc
tions, the experimenter left the room. 

Matching-To-Sample Training 

During Experiment 1 (see Figure 2), 
eight delayed matching-to-sample tasks 
were used to train the subjects in aseries of 
related conditional discriminations (i.e., Al 
as sampie, pick BI as comparison, A2-B2, 
A3-B3, A4-B4, Al-Cl, A2-C2, A3-C3, A4-
C4). The following training sequence was 
employed with three of the six subjects (1, 
2, and 3). The four A-B tasks were pre
sented in a quasi-random order in blocks 
of four trials (i.e., with the constraint that 
each of the four A-B tasks was presented 
once within each block), until a subject 
produced a minimum of eight consecu
tively correct responses. The four A-B and 
four A-C tasks were then presented in a 
quasi-random order in blocks of four trials 
(with the constraint that each of the eight 
tasks was presented once across every two 
successive four-trial blocks), until a subject 
produced a minimum of 12 consecutively 
correct responses. The subjects then pro
ceeded to the equivalence test. The same 
training sequence was used for the remain
ing three subjects (4, 5, and 6), except that 
the training commenced with the A-C 
stimulus pairs, and subsequently intro
duced the A-B pairs. 

Equivalence Testing 

During the equivalence test, eight differ
ent matching-to-sample tasks were used. 
Four of the tasks presented one of the B 
stimuli as a sampie and the four C stimuli 
as comparisons, and the other four tasks 
presented one of the C stimuli as a sampie 
and the four B stimuli as comparisons. 
These eight tasks tested the following 
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Fig. 2. Schematic representation oE the matching-to-sample tasks that were used to train and test for equivalence 
relations, and equivalence-equivalence relations. 
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equivalence relations; BI-Cl, B2-C2, B3-C3, 
B4-C4, Cl-BI, C2-B2, C3-B3, and C4-B4 (see 
Figure 2). The eight equivalence tasks were 
presented, without feedback, in a quasi
random order in a single block of 40 trials 
(i.e., each of the eight tasks was presented 
five times within the 40 trial block). H a 
subject produced at least 4 out of 5 correct 
responses on each of the eight tasks this 
performance was defined as equivalence 
responding. H, however, the subject failed 
to demonstrate equivalence, he or she was 
returned to the matching-to-sample train
ing described above. Following retraining, 
the subject was reexposed to the equiva
lence test, and if necessary retrained and 
retested until he or she produced equiva
lence responding. 

Equivalence-Equivalence Testing 

Ouring the equivalence-equivalence test, 
subjects were presented with one pair of 
nonsense syllables as a sam pie and two 
pairs of nonsense syllables as comparisons. 
These pairs of syllables were either from 
the same equivalence relations (e.g., BICl) 
or from two separate equivalence relations 
(e.g., BIC2). For the first block of 20 trials 
in the equivalence-equivalence test (see 
Figure 2) subjects were presented, in a 
quasi-random order, with four different 
matching-to-sample tasks (i.e., each task 
presented five times within a 20 trial 
block). Each task presented a different 
sampie stimulus (Le., BICI, BIC2, B2C2, 
and B2Cl), but the same two comparison 
stimuli were presented on each of the four 
tasks (Le., B3C3 and B3C4). It was pre
dicted, that following the presentation of a 
sampie stimulus that contained two equiv
alent nonsense syllables (e.g., BI and Cl), 
subjects would choose the comparison that 
contained a further two equivalent non
sense syllables (e.g., in the presence of 
BICI a subject should choose B3C3 rather 
than B3C4). In effect, subjects should relate 
one equivalence relation to a second, sepa
rate equivalence relation (Le., BI and Cl 
participate in one equivalence relation, and 
B3 and C3 participate in another equiva
lence relation). It was also predicted, that 
following the presentation of a sampie 

stimulus that contained two nonequivalent 
nonsense syllables (e.g., BI and C2), sub
jects would choose the comparison that 
also contained a further two nonequivalent 
nonsense syllables (e.g., in the presence of 
BIC2 a subject should choose B3C4 rather 
than B3C3). In effect, subjects should relate 
one nonequivalence relation to a second, 
separate nonequivalence relation (Le., BI 
and C2 participate in one nonequivalence 
relation, and B3 and C4 participate in 
another nonequivalence relation). (In the 
interests of brevity, relating equivalence 
relations to equivalence relations, and 
relating nonequivalence relations to 
nonequivalence relations will simply be 
described as equivalence-equivalence 
responding, and where appropriate the 
generic term equivalence-equivalence rela
tion/ s will also be used). 

For the second block of 20 trials in the 
equivalence-equivalence test (see Figure 2) 
subjects were presented, in a quasi-random 
order, with a further four different match
ing-to-sample tasks (i.e., each task pre
sented five times within a 20 trial block). 
Each task presented a different sampie 
stimulus (Le., BICI, B4C3, B2C2, B3C4), 
but the same two comparison stimuli were 
presented on each of the four tasks (Le., 
B4C4 and BIC2). It was predicted, that fol
lowing the presentation of a sampie stimu
lus that contained two equivalent nonsense 
syllables (e.g., BI and Cl), subjects would 
choose the comparison that contained a 
further two equivalent nonsense syllables 
(e.g., in the presence of BICI a subject 
should choose B4C4 rather than BIC2). In 
effect, subjects should relate one equiva
lence relation to a second, separate equiva
lence relation. It was also predicted, that 
following the presentation of a sampie 
stimulus that contained two nonequivalent 
nonsense syllables (e.g., B4 and C3), sub
jects would choose the comparison that 
also contained a further two nonequivalent 
nonsense syllables (e.g., in the presence of 
B4C3 a subject should choose BIC2 rather 
than B4C4). It should be noted that we 
deliberately designed the second block of 
testing tasks so that each incorrect compar
ison contained an element that was also 
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present in the sampie stimulus. We 
assumed that presenting a sampie and an 
incorrect comparison that both contained 
an element in common would genera te 
competition between responding in accor
dance with arbitrary equivalence relations 
and responding in accordance with the 
non-arbitrary relation of reflexivity, and 
thus more errors might be observed in the 
second test block relative to the first. 

Because it was uncertain whether the 
predicted performances would, in fact, be 
the most likely outcome, a nonpredicted 
stability criterion was employed for the 
equivalence-equivalence testing. That is, a 
subject' s performance was defined as 
stable when he or she selected the same, hut 
not necessarily correct, comparison stimulus 
on each of the eight tasks at least four out 
of five times across a single exposure to the 
two 20 trial blocks. In effect, a subject could 
produce a stable, but nonpredicted 
(incorrect) performance on the equiva
lence-equivalence test. If a subject did not 
produce a stable performance on the 
equivalence-equivalence test, he/she was 
reexposed to the entire experimental 
sequence for a second time (i.e., matching
to-sample training, equivalence testing, 
and equivalence-equivalence testing). It 
was decided at the beginning of the study 
that this recursive training and testing 
procedure would be continued until; (i) the 
subject successfully completed the match
ing-to-sample training and equivalence 
testing, and produced a stable (but not nec
essarily correct) performance on the equiv
alence-equivalence test, or (ii) the subject 
completed five exposures to the entire 
experimental sequence, without producing 
a stable performance on the equivalence
equivalence test. When a subject produced 
a stable performance on the equivalence
equivalence test, and suffident time was 
available, he or she was reexposed to the 
entire experimental sequence (Subjects 1 
and 4 could not complete this final require
ment). 

The reader should note that a large num
ber of matching-to-sample tasks could 
have been used at this stage to test for 
equivalence-equivalence relations. Never-

theless, we used only those tasks that were 
deemed necessary to demonstrate the pre
dicted derived relations. For example, we 
did not include any complex stimuli that 
contained two elements that had entered 
into a single conditional discrimination 
(e.g., AIBl, BICl, etc.). This strategy was 
adopted beca use unexpected and / or 
uncontrolled sources of stimulus control 
are more likely to occur as the number of 
testing tasks increases (Steele & Hayes, 
1991). Furthermore, using an exhaustive 
set of tasks may have "overworked" at 
least some of the subjects during the exper
iment, and thus increased the likelihood. of 
"failure" caused simply by fatigue and/or 
boredom. 

RESULTS AND DISCUSSION 

Figures 3 and 4 present the total number 
of training trials per exposure, the percent
age of correct responses made during each 
exposure to the equivalence test, and the 
percentage of correct responses made dur
ing each exposure to the equivalence
equivalence test. A detailed breakdown of 
the subjects' performances can be found in 
the appendix. 

Because Subject 1 was a 12 year old boy, 
his data will be described first and in the 
most detail; the reader should note, how
ever, that this subject was actually the last 
subject to be exposed to the procedures of 
Experiment 1. This subject required a total 
of 184 training trials. He then failed the 
equivalence test (i.e., 22.5% correct). After a 
further 208 training trials, he improved his 
performance on the equivalence test, but 
still failed to demonstrate clear equivalence 
responding (87.5% correct). Following 
another 60 training trials, the subject again 
failed to pass the equivalence test (92.5% 
correct), but this time he failed by only one 
response (i.e., on one block of five trials the 
subject emitted three, rather than four, cor
rect responses out of five; see appendix). 
During his fourth exposure to the experi
mental sequence, he passed the equiva
lence test (after 20 training trials). The sub
ject was then exposed to the equivalence
equivalence test, and he produced a 57.5 
percent correct performance that was also 
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defined as unstable (he did not choose the 
same comparison at least four times on 
each of the eight tasks). He was again 
exposed to equivalence training (20 trials), 
equivalence testing (95% correct), and 
equivalence-equivalence testing. On this 
final exposure to the equivalence-equiva
lence test, the subject achieved 92.5 percent 
correct and also met the stability criterion 
(he chose the "correct" comparison at least 
four times on each of the eight tasks). 

The remaining six subjects from 
Experiment 1 also completed the match
ing-to-sample training, demonstrated 
equivalence responding, and produced 
the predicted equivalence-equivalence 
responding. Subject 2 required a total of 
360 training trials, and was provided with 
five exposures to the equivalence test, and 
three exposures to the equivalence-equiva
lence test. A summary for subjects 3 to 6 is 
as folIows: Subject 3, 180 training trials, 6 
equivalence tests, and 2 equivalence-equiv
alence tests; Subject 4, 264 training trials, 4 
equivalence tests, and 2 equivalence-equiv
alence tests; Subject 5, 84 training trials, 3 
equivalence tests, and 3 equivalence-equiv
alence tests.; Subject 6, 268 training trials, 4 
equivalence tests, and 4 equivalence-equiv
alence tests (due to experimenter error, 
Subject 6 was exposed to the equivalence
equivalence test before successfully pass
ing the equivalence test). 

The reader should note that after 
Subjects' 2, 3, 5, and 6 had successfully 
passed the equivalence-equivalence test, 
they were each exposed once more to the 
matching-to-sample training, to the equiv
alence test, and to the equivalence-equiva
lence test (see final three columns, includ
ing "Train_" on their respective graphs, 
Figures 3 and 4). These additional expo
sures were conducted to determine 
whether all of the training and test perfor
mances would remain relatively stable. All 
four subjects successfully retrained and 
passed the equivalence, and equivalence
equivalence tests during these re-expo
sures. 

The data from Experiment 1 clearly 
showed that a range of subjects, including 
a 12 year old boy, could successfully relate 
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Fig. 3. Percentage of correct responses across succes
sive exposures to the training and testing stages of 
Experiment 1 for Subjects 1 to 3. Eq indicates a stan
dard equivalence test, and Eq-Eq indicates those tests 
that examined equivalence-equivalence relations. 

equivalence relations to other, separate 
equivalence relations (e.g., B3C3 was 
matched to BICl) and non-equivalence 
relations to other, separate non-equiva
lence relations (e.g., B3C4 was matched to 
BIC2) in the absence of explicit reinforce
ment. One issue that arises from Exper
iment 1, however, relates to the fact that 
subjects were required to pass the standard 
equivalence test before being exposed to 
the equivalence-equivalence test. It is 
unclear, therefore, to what extent passing 
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Fig. 4. Percentage of correct responses across succes
sive exposures to the training and testing stages of 
Experiment 1 for Subjects 4 to 6. Eq indicates a stan
dard equivalence test, and Eq-Eq indicates those tests 
that examined equivalence-equivalence relations. 

the standard equivalence test contributed 
towards a subject' s performance on the 
equivalence-equivalence test. It may be, for 
example, that successful exposure to the 
equivalence test facilitates passing the 
equivalence-equivalence test, in the same 
way that testing for equivalence appears to 
faciliate passing a transfer of functions test 
(Wulfert & Hayes, 1988; Barnes, Browne, 
Smeets, & Roche, 1995). Experiment 2 
addressed this issue. Six naive subjects 
were trained and tested using the same 

procedures employed in Experiment 1, but 
were exposed to the equivalence-equiva
lence test (until they produced a stable per
formance) befare being exposed to the stan
dard equivalence test. 

EXPERIMENT 2 

METHOD 

Pracedure: Experiment 2 

The procedures of Experiment 2 were 
the same as those employed in Experiment 
1, except that subjects were exposed to the 
equivalence-equivalence test before being 
exposed immediately, and without further 
training, to the standard equivalence test. 
Subjects were required to produce a stable 
but not necessarily correct performance on 
the equivalence-equivalence test (i.e., 
choose the same comparison at least four 
times out of five), before proceeding to the 
standard equivalence test. 

RESULTS AND DISCUSSION 

Figures 5 and 6 present the total number 
of training trials per exposure, the percent
age of correct responses made during each 
exposure to the equivalence test, and the 
percentage of correct responses made dur
ing each exposure to the equivalence
equivalence test (see appendix for a 
detailed breakdown). 

Because Subject 1 was a 9 year old boy, 
his data will be described first and in the 
most detail; again the reader should note 
that this subject was actually the last sub
ject to be exposed to the procedures of 
Experiment 2. On his first exposure to the 
conditional discrimination training, Subject 
1 required a total of 136 trials. During his 
subsequent exposure to the equivalence
equivalence test he produced an unstable 
performance (i.e., he did not emit the same 
four, or five, responses on each of the eight 
tasks). Furthermore, only 45 percent of his 
responses on this test were correct. During 
his second exposure a further 60 training 
trials were required, and although the per
formance was still unstable the number of 
correct responses improved slightly to 55 
percent. On his third exposure he required 
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a further 40 training trials, and his perfor
mance on the equivalence-equivalence test 
improved again to 67.5 percent correct, but 
remained unstable. Only 20 training trials 
were required during his fourth exposure, 
but the number of correct responses 
decreased to 52.5 percent, and the perfor
mance was still unstable. On the fifth expo
sure the subject required 36 training trials, 
and the number of correct responses 
improved to 77.5 percent, but once again 
the performance was unstable. Twenty 
four training trials were required during 
the sixth exposure, and the subject then 
produced 100% correct responding on the 
equivalence-equivalence test (by defini
tion, the performance was also stable). He 
was then exposed to the standard equiva
lence test, without further training, and 
emitted 100% correct responding. 

The remaining five subjects from 
Experiment 2 also completed the match
ing-to-sample training, produced stable 
equivalence-equivalence responding, and 
immediately demonstrated standard 
equivalence responding (i.e., they passed 
the standard equivalence test on the first 
exposure). Subject 2 required a total of 348 
training trials, and was provided with five 
exposures to the equivalence-equivalence 
test, and one exposure to the equivalence 
test. A summary for subjects 3 to 6 is as fol
lows: Subject 3, 428 training trials, 4 equiv
alence-equivalence tests, and 1 equivalence 
test; Subject 4, 144 training trials, 3 equiva
lence-equivalence tests, and 1 equivalence 
test; Subject 5, 248 training trials, 3 equiva
lence-equivalence tests, and 1 equivalence 
test; Subject 6, 140 training trials (approxi
mately), 2 equivalence-equivalence tests, 
and 1 equivalence test The reader should 
note, that during Subject 6' s first exposure 
to the training there was a general power 
failure in the laboratory, and thus an exact 
record of the number of training trials was 
lost. Nevertheless, the experimenter esti
mated the number of trials completed 
before the power failure to be in the region 
of 100, and this figure was added to the 20 
trials that the subject needed to complete 
the training during the next exposure (i.e., 
approximately 120 training trials were 

required before the subject was exposed to 
the equivalence-equivalence test). 

The data from Experiment 2 showed that 
a new group of subjects, induding a 9 year 
old boy, successfully related equivalence 
relations to other, separate equivalence 
relations and related nonequivalence rela
tions to other, separate nonequivalence 
relations befare being exposed to a standard 
equivalence test. In effect, passing the stan
dard equivalence test was not a necessary 
prerequisite for passing the equivalence
equivalence test. 
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that examined equivalence-equivalence relations. 
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Fig. 6. Percentage of correct responses across succes
sive exposures to the training and testing stages of 
Experiment 2 for Subjects 4 to 6. Eq indicates a stan
dard equivalence test, and Eq-Eq indicates those tests 
that examined equivalence-equivalence relations. Due 
to a general power failure in the laboratory, the first 
set of training trials completed by Subject 6 had to be 
estimated (see text for details). 

EXPERIMENT 3 

Experiments 1 and 2 demonstrated that 
both adult and younger subjects may 
res pond in accordance with equivalence
equivalence relations in the absence of 
explicit reinforcement. One reason for 
investigating this pattern of behavior was 
to provide the necessary data to support a 
behavior-analytic interpretation of human 
reasoning abilities. Experiment 3 attempted 

to extend the scope of the current behavior 
analysis of reasoning to include the role of 
context. For illustrative purposes, recall the 
example given earlier (Figure 1, top panel), 
based on the classic proportion scheme (A : 
B: : C : ?); "apple is to orange as dog is to; 
(i) sheep, or (ii) book?" As outlined before, 
if apple and orange participate in the 
equivalence relation "fruit," and "dog" 
and "sheep" participate in the equivalence 
relation, "animals," then we would expect 
a person to pick "sheep" as the correct 
answer. However, "dog" and "sheep" par
ticipate in an equivalence relation only in 
certain contexts (e.g., within the context of 
"animals"). If the context for the second 
part of the proportion scheme were to 
change, for example, to "things you don't 
eat," then "dog" and "sheep" would be 
nonequivalent (at least for most Irish peo
pIe) and "dog" and "book" would partici
pate in the new equivalence relation (i.e., 
''book'' is the correct answer; see Figure 1, 
bottom panel). This type of contextual con
trol over human reasoning was examined 
in Experiment 3, using the relational 
framing model developed in the two 
previous experiments. 

Experiments 1 and 2 both trained and 
tested for equivalence, and equivalence
equivalence relations without establishing 
explicit contextual control over these rela
tions. A number of equivalence studies 
have shown, however, that it is possible to 
control the stimuli that participate in 
equivalence relations by presenting a con
textual stimulus during training and test
ing (e.g., Bush, Sidman, & deRose, 1989; 
Wulfert & Hayes, 1988; Wulfert, 
Greenway, & Dougher, 1994). For example, 
if a subject was trained in four conditional 
discriminations in the presence of two con
textual stimuli (Le., Contextual stimulus 1; 
Al-BI, Al-Cl, A2-B2, A2-C2: Contextual 
stimulus 2; Al-BI, AI-C2, A2-B2, A2-CI), it 
is likely that four contextually controlled 
equivalence relations would emerge (i.e., 
Contextual stimulus 1, Al-BI-Cl, A2-B2-
C2 : Contextual stimulus 2, AI-BI-C2; A2-
B2-CI). The primary aim of Experiment 3 
was to demonstrate this form of contextual 
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control over equivalence-equivalence rela
tions. 

Subjects were trained and tested for the 
formation of eight contextually controlled 
equivalence relations (i.e., Context 1, AI
BI-Cl, A2-B2-C2, A3-B3-C3, A4-B4-C4: 
Context 2; Al-BI-Cl, A2-B2-C2, A3-B3-C4, 
A4-B4-C3). In effect, the relations remained 
the same as in Experiments 1 and 2, except 
that in the presence of Context 2, C3 and 
C4 "swapped" equivalence relations. If 
contextual control was established over the 
equivalence-equivalence relations, subjects 
should choose, for example, B3C3 when 
presented with the sampie BICI in the 
presence of Context 1, but should choose 
B3C4 when presented with the same sam
pIe in the presence of Context 2. 

A subsidiary aim of Experiment 3 was to 
extend the analysis of contextually con
trolled equivalence-equivalence relations. 
In the introduction, we described a study 
by Markham and Oougher (1993) that 
examined a number derived relations that 
emerge when subjects are trained on a 
matching-to-sample task using compound 
or multi-element stimuli. The findings from 
this study raised an interesting possibility 
concerning the role of contextual control 
over equivalence responding (Markham & 
Oougher 1993, p. 540-541). Specifically, 
these researchers suggested that using 
compound sampies may have caused ele
ments from these sampies to function as 
contextual stimuli. For example, when sub
jects were trained in the following rela
tions; A1BI-CI, A2B2-C3, and A3BI-C2, it 
is possible that Aland A2 might have 
functioned as contextual stimuli for the 
conditional functions of BI, or perhaps BI 
might have functioned as a contextual 
stimulus for the conditional functions of 
the A stimuli. More importantly, for pre
sent purposes, however, is the fact that 
these researchers also showed that both 
elements from the A and B sampies could 
function independently as comparisons 
during test trials. In effect, their da ta sug
gested that a contextual stimulus might 
also function successfully as a comparison 
stimulus (see Wulfert et al., 1994, for a sim
Har suggestion). With this idea in mind, the 

subsidiary aim of Experiment 3 (in the cur
rent study) was to determine whether con
textually controlled equivalence-equiva
lence responding would be maintained if 
the sampies were presented as contextual 
stimuli, the comparisons were presented as 
sampies, and the contextual stimuli were 
presented as comparisons. For example, 
would subjects choose Ct1 when presented 
with the sam pie B3C3 in the presence of 
BICI, but choose Ct2 when presented with 
the sampie B3C4 in the presence of BICI? 
As an aside, although this performance 
could be described in terms of the contex
tual stimuli functioning as separable ele
ments of a complex sampie, we will con
tinue to use the relational frame concept of 
contextual stimuli (see Dymond & Barnes, 
1995, for evidence to support the use of 
relational frame terminology over that of 
separable stimulus compounds). 

METHOD 

Procedure: Experiment 3 

As outlined previously, three subjects 
participated in Experiment 3; Subject 1 was 
experimentally naive, whereas Subjects 2 
and 3 had successfully completed Experi
ments 2 and 3 respectively. The procedure 
for Experiment 3 was similar to Experi
ments 1 and 2, with the following excep
tions (the reader should note that the 
instructions used in the previous two 
Experiments were also used in Experiment 
3, although they made no reference to the 
presentation of the contextual stimuli). 

Matching-To-Sample Training 

Ouring Experiment 3, sixteen delayed 
matching-to-sample tasks were used to 
train the subjects in aseries of related con
ditional discriminations in the presence 
of two contextual stimuli; Ct1; Al-BI, A2-
B2, A3-B3, A4-B4, Al-Cl, A2-C2, A3-C3, 
A4-C4, and Ct2; Al-BI, A2-B2, A3-B3, A4-
B4, Al-Cl, A2-C2, A3-C4, A4-C3 (XXX and 
000 were randomly assigned to their 
roles as Ct1 and Ct2 respectively). In 
the presence of Ct1 the same conditional 
discriminations were trained as in Experi
ments 1 and 2; in the presence of Ct2, how-
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ever, one of the conditional discriminations 
was reversed, in that subjects were trained 
to choose C4 when presented with the A3 
sampIe and to choose C3 when presented 
with the A4 sampIe (see underlined 
numerics above and Figure 7). 

The eight A-B tasks (i.e., four in the pres
ence CU and four in the presence of Ct2) 
were presented in a quasi-random order in 
blocks of eight trials, with the constraint 
that each of the eight tasks was presented 
once within each block, until a subject pro
duced a minimum of eight consecutively 
correct responses. Subsequently, the eight 
A-C tasks (i.e., four in the presence CU and 
four in the presence of Ct2) were presented 
in a quasi-random order in blocks of eight 
trials, with the constraint that each of the 
eight tasks was presented once within each 
block, until a subject produced a minimum 
of eight consecutively correct responses. 
Finally, all sixteen A-B and A-C tasks were 
presented in a quasi-random order in 
blocks of 16 trials, with the constraint that 
each of the sixteen tasks was presented 
once within each sixteen trial block, until a 
subject produced a minimum of 16 consec
utively correct responses. Subjects then 
proceeded to the equivalence tests. 

Equivalence Test with Contextual Stimuli 

The equivalence test with contextual 
stimuli employed sixteen different match
ing-to-sample tasks (see Figure 7). Eight of 
the tasks presented the contextual stimu
lus, CU, and the remaining eight presented 
contextual stimulus, Ct2. In the presence of 
CU, the following eight equivalence rela
tions were tested; BI-CI, B2-C2, B3-C3, B4-
C4, Cl-BI, C2-B2, C3-B3, and C4-B4. In the 
presence of Ct2, the remaining eight equiv
alence relations were tested; BI-CI, B2-C2, 
B3-C4, B4-C3, Cl-BI, C2-B2, C3-B4, and 
C4-B3 (see Figure 7). During the first 40 tri
als of this test, the eight B-C tasks (four in 
the presence of CU, and four in the pres
ence of Ct2) were presented, without feed
back, in a quasi-random order (Le., each of 
the eight tasks was presented five times in 
a single block of 40 trials). The second 
block of 40 test trials presented the eight C
B tasks (four in the presence of CU, and 

four in the presence of Ct2), without feed
back, in a quasi-random order (i.e., each of 
the eight tasks was presented five times in 
a single block of 40 trials). If a subject pro
duced at least 4 out of 5 correct responses 
on each of the sixteen tasks, this perfor
mance was defined as contextually con
trolled equivalence responding. 

Equivalence-Equivalence Test with Contextual 
Stimuli 

Subjects were exposed immediately to 
the equivalence-equivalence test, whether 
or not they had demonstrated contextually 
controlled equivalence responding. In the 
presence of the contextual stimuli, subjects 
were presented with one pair of nonsense 
syllables as a sampIe and two pairs of non
sense syllables as comparisons (see Figure 
8). These pairs of syllables were from either 
the same equivalence relation (e.g., BICI) 
or from two separate equivalence relations 
(e.g., BIC2). During the equivalence-equiv
alence test subjects were presented, in a 
quasi-random order, with eight matching
to-sample tasks without feedback (i.e., each 
task presented five times within a 40 trial 
block). (Because the introduction of contex
tual stimuli doubled the number of testing 
tasks required to examine the predicted 
derived relations, the tasks from the sec
ond block of equivalence-equivalence test 
trials used in the previous experiments 
were not used in Experiment 3). 

Each task presented either Ct1 or Ct2 
with one of four different sampIe stimuli 
(i.e., BICI, BlC2, B2C2, and B2CI), and the 
same two comparison stimuli (Le., B3C3 
and B3C4). It was predicted that following 
the presentation of a sampIe stimulus that, 
in the presence 01 the contextual stimulus, con
tained two equivalent nonsense syllabIes, 
subjects would choose the comparison that 
contained a further two equivalent non
sense syllables (e.g., in the presence of CU 
and given the sampIe BICI, subjects 
should choose B3C3 rather than B3C4, but 
in the presence of Ct2, and the same sam
pIe, subjects should choose B3C4 rather 
than B3C3). It was also predicted that fol
lowing the presentation of a sampIe stimu
lus that, in the presence 01 the contextual stim-
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EXPERIMENT 3: CONTEXTUAL CONTROL (PART 1) 
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Fig. 7. Schematic representation of the training and testing tasks used in Experiment 3 to establish contextual con
trol over four, three-member equivalence relations. The relations that differed from Experiments 1 and 2 are sur
rounded by broken lines. 
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ulus, contained two nonequivalent non
sense syllabies, subjects would choose the 
comparison that contained a further two 
nonequivalent nonsense syllables (e.g., in 
the presence of CH and given the sampie 
BIC2, subjecs should choose B3C4 rather 
than B3C3, but in the presence of Ct2, and 
the same sampie, subjects should choose 
B3C3 rather than B3C4). If a subject pro
duced at least 4 out of 5 correct responses 
on each of the eight tasks, this performance 
was defined as contextually controlled 
equivalence-equivalence responding. 

As in Experiments 1 and 2, it was uncer
ta in whether the predicted performances 
would, in fact, be the most likely outcome, 
and so a nonpredicted stability criterion 
was employed for the contextually con
trolled equivalence-equivalence test. In 
effect, it was agreed prior to the experi
ment that a subject's performance would 
be defined as stable when he or she 
selected the same, but not necessarily correct, 
comparison stimulus on each of the eight 
tasks at least four out of five times across a 
single exposure to one 40 trial block. 
Furthermore, it was agreed that if a subject 
did not produce a stable performance on 
the contextually controlled equivalence
equivalence test, they were to be reexposed 
to the entire experimental sequence for a 
second time (Le., matching-to-sample 
training, equivalence testing with contex
tual stimuli, and equivalence-equivalence 
testing with contextual stimuli). It was also 
agreed that this recursive training and test
ing procedure was to be continued until; (i) 
the subject successfully completed the 
matching-to-sample training and the con
textually controlled equivalence testing, 
and produced a stable (but not necessarily 
correct) performance on the equivalence
equivalence test in the presence of the con
textual stimuli, or (ii) the subject completed 
a total of five exposures to the entire exper
imental sequence, without producing a sta
ble performance on the contextually con
trolled equivalence-equivalence test. 
Finally, it was agreed that when either of 
these two criteria were met, the subject was 
to be exposed immediately to the Con
textual-Stimuli-as-Com parisons-Test. 

Contextual-Stimuli-as-Comparisons-Test 

This test was the same as the equiva
lence-equivalence test with contextual 
stimuli, except that the stimuli in each of 
the eight tasks were reconfigured in the 
following way; the sampies were pre
sen ted as contextual stimuli, the compar
isons were presented as sam pies, and the 
contextual stimuli were presented as com
parisons (see Figure 8). For example, it was 
predicted that subjects would choose CH 
when presented with the sam pie B3C3 in 
the presence of BICl, but choose Ct2 when 
presented with the sam pie B3C4 in the 
presence of BICI (i.e., responding in accor
dance with equivalence-equivalence rela
tions). Similarly, it was predicted that sub
jects would choose CH when presented 
with the sampie BI C2 in the presence of 
B3C4, but choose Context 2 when presented 
with the sampie BIC2 in the presence of 
B3C3 (Le., responding in accordance with 
nonequivalence-nonequivalence relations). 

As indicated above, the eight tasks were 
presented five times each, in a quasi-ran
dom order, in 40 trial blocks without feed
back. It was again uncertain whether the 
predicted performances would be the most 
likely outcome, and so the nonpredicted 
stability criterion was also employed for 
the contextual-stimuli-as-comparisons-test 
(Le., choose the same, but not necessarily 
correct, comparison on each task at least 
four out of five times across a single expo
sure to one 40 trial block). It was agreed 
prior to the experiment, that if a subject did 
not produce a stable performance on the 
contextual-stimuli-as-comparisons-test, he 
or she would be re-exposed to the entire 
experimental sequence for a second time 
(Le., matching-to-sample training, equiva
lence testing with contextual stimuli, 
equivalence-equivalence testing with con
textual stimuli, and testing with contex
tual-stimuli-as-comparisons). It was also 
agreed that this recursive training and test
ing procedure would be continued until; (i) 
the subject successfully completed the 
matching-to-sample training and the con
textually controlled equivalence testing, 
and produced a stable (but not necessarily 
correct) performance on the equivalence-



74 DERMOT BARNES et al. 

EXPERIMENT 3: CONTEXTUAL CONTROL (PART 2) 

Relatlng Equlvalence Relations to Equivalence Relations and Nonequlvalence Relations to 
Nonequivalence Relations in the Presence of Contextual Stimuli (Test) 

CT1 CT1 CT1 er1 
81Cl 

81\ 
82C2 82C1 

/ / ~ 
83C3 83C4 83C3 83C4 83C3 83C4 83C3 83C4 

CT2 CT2 CT2 CT2 
81C1 81C2 82C2 82Cl 

~ / ~ / 
83C3 83C4 83C3 B3C4 B3C3 B3C4 B3C3 83C4 

Reconfiguring the Stimuli: Contextual Stimuli as Comparisons (Test) 

81C1 81Cl 81C2 81C2 

83C3 83C4 83C3 83C4 

/ ~ ~ / 
CTl CT2 erl CT2 CT1 CT2 CT1 CT2 

82C2 82C2 B2C1 B2Cl 

83C3 83C4 83C3 83C4 

/ ~ ~ / 
CTl CT2 CTl CT2 CT1 CT2 CTl CT2 

Fig. 8. Schematic representation of the tasks used in Experiment 3 to test for contextual control over equivalence
equivalence responding (upper panel) and to test for the maintenance of contextual control when the stimuli in the 
testing tasks were reconfigured (lower panel). 
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equivalence test in the presence of the con
textual stimuli, and produced a stable (but 
not necessarily correct) performance on the 
con textual-s tim uli -as-com parisons-tes t, or 
(ii) the subjeet completed five exposures to 
the entire experimental sequence, without 
producing a stable performance on the 
contextually controlled equivalence-equiv
alence test and/ or without producing a 
stable performance on the contextual-stim
uli-as-comparisons-test. 

RESUL TS AND DISCUSSION 

Figure 9 presents the total number of 
training trials per exposure, the percentage 
of correct responses made during each 
exposure to the contextually controlled 
equivalence test, to the contextually con
trolled equivalence-equivalence test, and to 
the contextual-stimuli-as-comparisons-test 
(see appendix for a detailed breakdown of 
each subjeet's performance). 

The da ta for the experimentally naive 
subject (Subjeet 1), will be described first 
and in the most detail. On his first expo
sure, this subject required a total of 192 
training trials. He then failed the contextu
ally controlled equivalence test (27.5 per
cent correct), and produced an unstable 
performance on the contextually controlled 
equivalence-equivalence test (47.5 percent 
correct). After a further 88 training trials, 
he again failed the contextually controlled 
equivalence test although his performance 
improved substantially (87.5 percent cor
reet), and he produced another unstable 
(but somewhat improved) performance on 
the contextually controlled equivalence
equivalence test (77.5 percent correet). The 
subject was retrained (32 training trials), 
and was successfully retested for contextu
ally controlled equivalence responding 
(100 percent correct), and for contextually 
controlled equivalence-equivalence 
responding (100 percent correet). He was 
then reexposed to the contextual-stimuli
as- comparisons-test, and he produced a 
stable and 97.5 percent correct perfor
mance. 

The remaining two subjects from 
Experiment 3 also completed the match
ing-to-sample training, demonstrated 

Subject 1 

100 r:::::;r:::::::7.':': 

:::8<:'7.' 

o~~~~~~~i~I~I~~~I~I~~~(~~~~~?~:::~:~~ 
Eq Eq-Eq Eq Eq-Eq Eq Eq-Eq CtlCp 

Subject 2 

Eq Eq-Eq Eq Eq-Eq Eq Eq·Eq CtlCp 

Subject 3 

100 

~.::.::::.:: .. :: 0;-;-:0;0:.:.:.:: ... :.:.:.:.: sr ~::::::::::::~:::: .... :: r:::::::::: 
.::::.::.::: •. :::.::~:::.~: .:.:.:.:.: ..... ::::::::: 

75 

15 
c 

. :' e .. 
jill I :.~ .. :.~ .• !.~: •. ~: •• : .•. ~: .• :.. • •....••. 

:::::;:: : . 
O~~~~~~~--~~~~~U-~~ 

Eq Eq-Eq Eq Eq-Eq CtlCp 

Successive Training and Testing Exposures 

Fig. 9. Percentage of correct responses across succes
sive exposures to the training and testing stages of 
Experiment 3 for Subjects 1 to 3. Eq indicates a test for 
contextually controlled equivalence responding, Eq
Eq indicates a test for contextually controlled equiva
lence-equivalence responding, and Ct/Cp indicates a 
test for contextually controlled equivalence-equiva
lence responding when the contextual cues were pre
sented as comparisons. 

contextually controlled equivalence 
responding, contextually controlled equiv
alence-equivalence responding, and pro
duced the predicted responses when the 
contextual stimuli were used as compar
isons. Subject 2 required a total of 136 
training trials, and was provided with 
three exposures to the equivalence test, 
three exposures to the equivalence-equiva
lence test, and one exposure to the final 
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test with contextual stimuli used as com
parisons. Subject 3 required a total of 160 
training trials, two exposures to the 
equivalence test, two exposures to the 
equivalence-equivalence test, and one 
exposure to the test with contextual stimuli 
as comparisons. 

The data from Experiment 3 clearly 
showed that it was possible to demonstrate 
contextual control over equivalence 
relations and equivalence-equivalence rela
tions, and that subjects' contextually con
trolled equivalence-equivalence responding 
can be maintained when the sampIes are 
presented as contextual stimuli, the com
parisons are presented as sampIes, and the 
contextual stimuli are presented as com
parisons. One experimentally naive (non
graduate) subject, and two non-naive 
(graduate) subjects demonstrated these 
behavioral effects. 

GENERAL DISCUSSION 

The data from Experiment 1 showed that 
a range of subjects, including a 12 year old 
boy, could successfully relate equivalence 
relations to other, separate equivalence 
relations and could relate nonequivalence 
relations to other, separate nonequivalence 
relations, in the absence of explicit rein
forcement. In Experiment 2, the same pro
cedures were employed as in Experiment 
1, except that exposure to the equivalence
equivalence test came before exposure to 
the standard equivalence test. The results 
allowed us to conclude that exposure to 
the standard equivalence test was not a 
prerequisite for passing the equivalence
equivalence test. In Experiment 3, the data 
clearly showed that it was possible to 
demonstrate contextual control over 
equivalence relations and equivalence
equivalence relations. Furthermore, it was 
found that subjects' contextually controlled 
equivalence-equivalence responding was 
maintained when the sampIes were 
presented as contextual stimuli, the 
comparisons were presented as sam pIes, 
and the contextual stimuli were presented 
as comparisons. 

It is important to note that: (i) all three 
experiments employed a pre-determined 

stability criterion during the equivalence
equivalence testing (i.e., stable but not nec
essarily correct), and (ii) all experimental 
subjects throughout the study showed 
equivalence-equivalence responding. It is 
very likely, therefore, that the predicted 
performances were largely derived from 
the trained relations and not from the addi
tional feedback provided by repeated 
training and testing that is often employed 
in equivalence research (see Barnes & 
Keenan, 1993, p.63). 

The fact that two children (a 12 year old 
in Experiment 1, and a 9 year old 
Experiment 2) demonstrated equivalence
equivalence responding indicates that this 
form of complex stimulus control does not 
necessarily require an extended educa
tional training typically acquired during 
second and third level schooling. This find
ing suggests, therefore, that equivalence
equivalence responding is not a by-prod
uct of advanced logicalor mathematical 
reasoning; in fact, it might be argued that 
equivalence-equivalence responding, as an 
instance of relational framing, constitutes a 
functional-analytic interpretation of some 
types of reasoning abilities (see Hayes, 
1994). Given this possibility, a future direc
tion for studies of equivalence-equivalence 
responding might be to conduct a cross
sectional, developmental study with chil
dren of different ages. Such a study would 
allow us to determine whether preschool
ers are capable of equivalence-equivalence 
responding, and if not, exactly when this 
performance emerges in the behavior of 
the developing child. Furthermore, 
because no children were employed in 
Experiment 3 of the current study, a future 
experiment might attempt to demonstrate 
contextual control over equivalence-equiv
alence responding in children of various 
ages. 

Future research might also examine the 
verbal utterances made by subjects as they 
interact with the training and testing tasks. 
This could be achieved using a think aloud 
procedure and protocol analysis (Hayes, 
1986). Of course, these data would not 
explain the equivalence-equivalence 
responding (Barnes, 1989; Hayes & 
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Brownstein, 1986), but they may provide 
some important clues for tracking down 
the behavioral histories responsible for 
such performances. For example, the sub
jects' verbal utterances may have func
tioned as "prompts" for responding, and 
thus it might be useful to ask what vari
ables were responsible for these utterances, 
and how they came to "prompt" or control 
subjects' responding. Perhaps some of the 
utterances could be analyzed as tacts 
(Skinner, 1957) evoked by the experimental 
stimuli combined with intra verbals 
(Skinner, 1957) evoked by the instructions. 
A history of autoclitic (Skinner, 1957) 
behavior may have then caused the tacts 
and intraverbals to acquire their "prompt
ing" or controlling properties over the sub
jects' matching-to-sample performances. In 
conducting this work, however, we would 
need to distinguish between tacts, intra ver
bals, and autoclitics that have been explic
itly reinforced, and those that are derived 
in some sense. In fact, Skinner (1957) him
self coined the phrase autoclitic frame to 
describe autoclitics that combine already 
established behavioral units into novel 
utterances. In short, we believe the distinc
tion between derived and non-derived 
relational responding to be an important 
one, and making this distinction clear will 
be a critical step towards a complete func
tional analysis of human language. 

In Experiments 1 and 2, the equivalence
equivalence test was presented in two 
blocks of 20 trials. The first block presented 
sampies that contained stimuli from the 
equivalence relations numbered 1 and 2 
and comparisons that contained stimuli 
from equivalence relations numbered 3 
and 4 (e.g., B1C1 as sampie with B3C3 and 
B3C4 as the "correct" and "incorrect" com
parisons, respectively). In effect, none of 
the individual elements in the sampie stim
uli were present in either the "correct" or 
"incorrect" comparison stimuli (see Figure 
2). In contrast, the second block of test tri
als presented sampies and "incorrect" 
comparisons that both contained an ele
ment in common (e.g., BlC1 as sampie 
with B4C4 and BlC2 as the "correct" and 
"incorrect" comparisons, respectively). 

When first designing the current experi
ments, we thought that the second block of 
equivalence-equivalence test trials might 
produce a greater number of errors than 
the first block. Our reasoning was as fol
lows. Insofar as reflexivity is a defining 
feature of equivalence responding, then 
presenting a sampie and an incorrect com
parison that both contain an element in 
common might genera te competition 
between responding in accordance with 
arbitrary equivalence relations and 
responding in accordance with the non
arbitrary relation of reflexivity. In the 
event, however, the subjects' final perfor
mances on the second block of the equiva
lence-equivalence test were similar to their 
performances on the first block (see 
appendix). This finding therefore supports 
the conclusion that subjects were selecting 
a comparison that was arbitrarily equiva
lent to the sampie, rather than physically 
similar to the sam pie stimulus. Perhaps 
future studies might utilise this strategy 
(i.e., presenting complex sampies and com
parisons with elements in common) to fur
ther analyze responding in accordance 
with the arbitrary relations of symmetry 
and transitivity, and the non-arbitrary rela
tion of reflexivity (see Hayes, 1991, p. 32; 
Saunders & Green, 1992, p. 236; Sidman, 
1994, p. 167). 

Although the final performances of the 
subjects on the first and second blocks of 
the equivalence-equivalence test did not 
differ, it is interesting that during their first 
exposure to the equivalence-equivalence 
test, Subjects 1 and 2 (Experiment 1) both 
failed to pass the first test block, but suc
cessfully passed the second (see appendix 
for performance breakdown). These 
"acquisition data" could be taken to indi
cate that the tasks used in the second block 
of equivalence-equivalence test trials pro
vided, in so me undefined way, a more 
effective context for equivalence respond
ing than the first block. These data (from 
Subjects 1 and 2) appear, therefore, to con
tradict our original expectations. Never
theless, it is important to note that the 
improvement in the second block may 
have resulted from a simple order effect, 
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and thus future researchers would be weH 
advised to counterbalance the order of pre
sentation of the "first" and "second" blocks 
of the equivalence-equivalence test. 

The subjects in Experiment 3 all pra
duced the predicted patterns of responding 
when the contextual stimuli were pre
sen ted as comparisons. These patterns 
appeared to be consistent with the contex
tual contral that had previously been 
demonstrated over the equivalence and 
equivalence-equivalence relations. For 
example, when subjects were presented 
with B1C1 as a contextual stimulus and 
B3C3 as a sampie, aH three subjects reliably 
picked CH. In effect, the subjects appeared 
to respond to the previously established 
contextual functions by choosing CH as a 
comparison, because previously in the pres
ence 01 Ctl, the two elements of the new 
contextual stimulus (BICI) were from the 
same equivalence dass, and the two ele
ments from the new sampie stimulus 
(B3C3) were from the same dass. Thus, 
when subjects chose CH it was still func
tioning as a contextual stimulus, for the 
equivalence-equivalence relation between 
B1C1 and B3C3, but was also functioning 
simultaneously as a comparison within the 
matching-to-sample task. Interestingly, a 
number of researchers have suggested that 
contextual stimuli may enter into the 
matching-to-sample task itself (Markharn 
& Dougher, 1993; Sidman, 1994, p. 514-528; 
Stromer & Mackay, 1992; Stromer, 
McIlvane, & Serna, 1993; Stromer & Stro
mer, 1990a, 1990b; see Barnes, 1994, for a 
discussion of how the respondent-type 
functions of sampie and comparison stim
uli may function as contextual cu es for 
equivalence responding). The current data 
support this idea, and moreover they indi
cate considerable flexibility in the types of 
emergent performances that can emerge 
given apprapriate testing conditions. 
Perhaps, future research in this area might 
attempt to discover whether there is a spe
cific limit to the ways in which equivalence 
testing tasks can be reconfigured before 
previously established derived relational 
responding fails to transfer to the reconfig
ured tasks. 

The procedures used in this study were 
reasonably effective in obtaining the pre
dicted performances, but some improve
ments might be made. For example, in 
Experiment 1 only Subject 5 successfully 
passed the standard equivalence test on his 
first exposure (although Subjects 4 and 6 
both failed by only two 2 incorrect 
responses). Interestingly, recent research 
has found that training and testing for 
symmetry relations before training and 
testing for more complex relations (e.g., 
combined symmetry and transitivity) 
appears to facilitate accurate responding in 
accordance with equivalence relations 
(Fields, Adams, Newman, & Verhave, 
1992). Within the context of the current 
study, therefore, the failure by most sub
jects to pass the equivalence test on their 
first exposure may be related to the fact 
that they were not tested for symmetry 
responding before being tested for the for
mation of equivalence relations. Further
more, it is possible that passing the equiva
lence-equivalence test also might have 
been facilitated in Experiment 1, if subjects 
had previously been tested for symmetry 
relations. Future research could certainly 
examine this issue. 

An interesting feature of the current 
study emerges when one compares the 
data from Experiment 1 with that of 
Experiment 2. Consider the following. 
Subjects in Experiment 2, having passed 
the equivalence-equivalence test, immedi
ately passed the standard equivalence test 
(i.e., on their first exposure). This contrasts 
with Experiment 1, in which five of the six 
subjects failed the equivalence-equivalence 
test on their first exposures, although they 
had successfully passed the standard 
equivalence test. Why did the equivalence
equivalence test appear to genera te the 
equivalence relations and the equivalence
equivalence relations, but the standard 
equivalence test generate only the equiva
lence relations? One possible reason may 
be the different formats used in the equiva
lence and equivalence-equivalence tests; 
the equivalence-equivalence test presented 
compound stimuli and only two compar
isons, whereas the baseline training and 
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standard test used four comparisons and 
single nonsense syllabies. Thus, when the 
equivalence-equivalence test was first 
introduced, this change in format may 
have initially disrupted a transfer of the 
previously established equivalence 
responding to the new equivalence-equiva
lence test. This failure (due to a novel for
mat) would have been less likely in 
Experiment 2 (when shifting from the 
equivalence-equivalence test to the equiva
lence test) because subjects had already 
been exposed to the standard format dur
ing the baseline conditional discrimination 
training. A future study might therefore 
attempt to replicate Experiment 1, but also 
provide the subjects with apretraining his
tory in which they are exposed to the for
mat used in the equivalence-equivalence 
test (i.e., a compound sampie, and two 
compound comparisons). If subjects 
exposed to such apretraining history pass 
the equivalence-equivalence test immedi
ately after passing the standard equiva
lence test, this would indicate, contrary to 
the present findings, that responding in 
accordance with standard equivalence rela
tions normally provides a sufficient basis 
for responding in accordance with equiva
lence-equivalence relations. 

Analogical reasoning and cognition 

In the introduction we suggested that 
the study of equivalence-equivalence rela
tions may represent an appropriate start
ing point for a behaviour-analytic interpre
tation of analogical reasoning. In spite of 
the fact that cognitive psychologists have 
examined analogical reasoning from a vari
ety of perspectives, it has been argued that 
the research fails to explicate the underly
ing causes of analogical reasoning (Ortony, 
Reynolds, & Arter, 1978). Cognitive 
psychologists have defined analogical 
reasoning, for example, as a transfer of 
relational knowledge from one domain to 
another. This process is divided into 
several components, the most common 
ones being: accessing the source, mapping 
between the base and the target domain, 
and the production of more general 
schemata. Thus, analogical reasoning is 

defined in terms such as: "accessing" and 
"mapping" which in themselves lack elear 
definition (Ortony, et al., 1978). In addition 
many cognitive theories of analogical rea
soning are task-based and are not part of a 
larger theory. The data from the present 
study, however, indicate that it should be 
possible to analyze analogical reasoning 
using the behavior-analytic framework of 
relational frame theory, and that this anal
ysis may be used to inelude other factors 
such as contextual control over analogical 
reasoning (i.e., contextual control over 
equivalence and equivalence-equivalence 
responding). 

The current study mayaiso have impli
cations for a theoretical analysis of impor
tant aspects of cognition such as language 
and intelligence. Although "Differential 
psychologies have long recognised the 
elose relation between analogical reasoning 
and intelligence" (Sternberg, 1977, p. 353), 
traditional definitions of intelligence have 
lacked an understanding of the flexibility 
and development of the underlying 
behavioural processes involved in perfor
mances typically categorized as intelligent. 
Recently, however, Hayes (1994) has 
argued that it should be possible to train 
equivalence and other relational activities 
as operant behavior, and the subsequent 
improvement in relational responding 
should lead to improved abilities in areas 
of cognition, such as language and intelli
gence. This strategy avoids the typical 
approach to language and intelligence 
taken by cognitive psychology which has 
tended to emphasize "content" by the 
training of specific words and/or the 
acquisition of specific concepts applicable 
in the real world. While these are impor
tant, the theoretical implications of the 
relational frame approach suggest that the 
flexibility and development of the underly
ing behavioral processes are equally 
important. For example, consider a elass
room setting where games could be 
designed to improve the flexibility of a 
child's relational responding. Questions 
could be asked such as: "If x is the same as 
y, and y is the same as z, do I like z if I like 
x?" Or for younger children, the games 
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could be simplified to include questions 
such as: "If the teddy-bear is called Fluffy 
please bring Fluffy over here." In addition, 
an examination of analogical reasoning, 
using relational frame theory, could help 
provide a functional-analytic definition of 
intelligence in terms of the degree of com
petence shown in complex testing tasks. In 
any case, the current research clearly indi
cates that behavior analysis can provide a 
unique and productive approach to an area 
of human behavior that is typically viewed 
as the sole concem of cognitive psychology. 
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Number of test tiials on which responses were consistent with the trained relations in 
Experiment 1. 

lQlJIV Al»JCE RElATIONS QJIV ALENCE-Q11V ALENCE RElATIONS 

SuhN Train- Expo- BICI B2C2 B3C3 B4C4 CIBI C2B2 C3B3 C4B4 BICI BIC2 B2C2 B2CI BICI B4C3 B2C2 B3C4 

SI 

S2 

S3 

ina sure# 

trials 

184 

208 2 

60 3 

20 

20 

132 

168 

20 

20 

20 

68 

24 

20 

28 

20 

20 

4 

5 

2 

3 

4 

5 

54 172 

2 

3 

4 

5 

6 

1 

2 

3 

4 

S5 

36 

20 

36 

44 

20 

20 

56 ISO 

36 

32 

20 

2 

3 

2 

3 

4 

2 0 2 0 0 3 

4 5 

5 5 

5 5 

5 5 

5 3 

5 5 

5 5 

5 5 

5 5 

3 

4 

5 

5 

5 

3 
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5 

5 

5 

5 

5 

5 

5 

5 

5 

2 

5 

5 

5 

5 

4 

4 

5 

5 

5 

5 

5 

2 

5 

4 

4 

5 4 5 3 4 5 

5 5 5 4 3 5 

5 4 5 

545 

o 4 

5 5 5 

555 

555 

555 

2 3 

005 

5 

5 

2 

5 

5 

5 

5 

5 

5 

5 5 

4 5 

o 0 

5 5 

5 5 

5 5 

5 5 

o 

o 
2 3 4 0 0 4 

555 

5 5 5 

5 5 5 

345 

5 5 5 

4 5 5 

555 

5 5 5 

555 

5 5 5 

4 5 5 

5 5 5 

5 4 5 

5 5 5 

5 

5 

5 

5 

5 

5 

5 

4 

5 

5 

4 

5 

5 

5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

B3C3 B3C4 B3C3 B3C4 B4C4 BIC2 B4C4 BIC2 

2 0 0 5 5 5 5 

544 

5 4 5 

5 

5 

5 5 

5 5 

5 5 

5 5 

5 

5 

4 

5 

5 

5 

5 

2 

5 

5 

5 

3 4 

5 5 

5 

5 5 

5 5 

3 0 

5 

5 5 

5 5 

455 5 4 

3 5 5 5 

5 5 4 5 

5 555 

5 5 4 5 

5 5 5 5 

5 

5 5 5 

555 

5 5 5 

5 5 5 

5 

5 

5 

5 

5 

5 

3 

5 

5 

3 

5 

2 

5 

5 

1 

5 

5 

5 

o 0 

5 5 2 

5 5 5 

5 5 5 

5 

5 

5 
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Number of test trials on which responses were consistent with the trained relations in 
Experiment 2. 

BQJ.J1VALENCE-IQ.UIV ALENCE RElATIONS IQ.UIV ALENCE RElATIONS 

Sub# Train- Fxpo- BICI BIC2 B2C2 B2CI BICI B4C3 B2C2 83C4 BICI B2C2 83C3 B4C4 CIBI C2B2 C383 C484 

ing sure# 83C3 83C4 83C3 83C4 B4C4 BIC2 B4C4 BIC2 

SI 

trials 

136 

60 

40 

20 

36 

24 

S2 248 

24 

36 

20 

20 

S3 276 

96 

20 

36 

S4 88 

36 

20 

S5 164 

56 

28 

S6 120 
(approx) 

20 

2 

3 

4 

5 

6 

2 

3 

4 

5 

2 

3 

4 

1 

2 

3 

2 

3 

2 

4 

2 

5 

5 

5 

3 

4 

5 

5 

5 

o 

2 

4 

5 

2 

5 

5 

o 

5 

4 

5 

5 

2 0 3 2 

4 1 5 3 

5 3 2 5 

2 

2 

3 

5 

2 

o 3 

5 544 

5 5 

4 

o 5 

5 5 

5 3 

5 5 

3 2 

2 3 

5 4 

4 5 

o 4 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

555 

3 0 0 

5 3 

555 

555 

555 

222 

2 

3 5 5 

555 

555 

555 

554 

233 

555 

555 

555 

555 

4 

2 4 

3 4 

5 

4 2 

5 5 

o 0 

4 

5 4 

5 5 

5 5 

1 

4 3 

5 3 

5 4 

o 0 

5 5 

5 4 

5 

5 4 

5 5 

5 5 

5 5 

5 

5 

5 

5 

5 

5 

5555555 

s S S 5 5 S S 

5 S 5 555 S 

5 4 5 5 5 5 5 

5 5 4 5 4 S 5 

5 5 5 5 5 5 5 
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APPENDIX 3 

Number of test trials on which equiva
lence and equivalence-equivalence 
responses were consistent with the trained 
relations in Experiment 3. 
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APPENDIX 4 

Number of test trials on which responses 
on the Contexh.ial-Stimuli-as-Compari
sons-Test were consistent with the trained 
relations in Experiment 3. 

S1 

S2 

S3 

CONTEXTUAL CUE AS COMPARISON 

B1Cl B1Cl B1C2 B1C2 82C2 82C2 B2Cl B2Cl 

83C3 83C4 83C3 83C4 83C3 83C4 83C3 83C4 

cu 02 01 Ct1 01 02 Ct2 01 

55555545 

55555555 

55555555 




