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Abstract A novel learning process that does not require stim-
ulus associations was explored in humans. The hypothesis
was that two contextual stimuli taught in separate settings,
with different stimuli, become equivalent if they accomplish
identical functions with regard to the relations between the
stimuli presented with them. The procedure consisted of : (a)
first teaching an AB conditional discrimination (e.g., match
A1 to B1 and A2 to B2) and then teaching a second-order
XAB conditional discrimination in which X1 indicated
performing the same selections as in AB and X2 indicated
selecting the alternative comparison (e.g., match A1 to B2
and A2 to B1); (b) repeating the procedure with completely
new stimuli, YHJ, in which the functions of the Y stimuli were
identical to those of X; and (c) conducting a final probe under
extinction to verify the equivalence between the X and the Y
stimuli. Three experiments were conducted to explore the pro-
cess and to rule out the influence of alternative variables. Out
of these, 13 of the 14 participants matched the stimuli to the
same contextual functions. Thus, the hypothesis was verified.
These results demonstrate that humans are able to match stim-
uli according to their functions in relation to other stimuli.
This process may be very much involved in language; for
example, understanding that words or clauses that have been
learned in separate contexts and with separate stimuli share the
same meaning. Understanding this process may help to iden-
tify learning or developmental problems, such as those shown
by persons with autism, and help to treat them.
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Introduction

Several learning processes have unique features in that dis-
criminative functions are acquired without direct links or asso-
ciations between novel stimuli and existing conditioned or dis-
criminative stimuli. A paradigmatic example is Harlow’s
(1949) learning set: He taught successive simple discrimina-
tions between two-stimuli sets to rhesus monkeys with novel
stimuli in each set and found that the monkeys learned new
discriminations faster and faster in spite of the fact that each
stimulus set contained stimuli not presented before. This basic
finding was also found in human beings with first-order
(Saunders & Spradlin, 1990, 1993) and second-order (Pérez-
González, Spradlin, & Saunders, 2000) conditional discrimi-
nations. Another paradigmatic study that shows a process with
no associations among antecedent stimuli was Vaughan’s
(1988). He demonstrated that pigeons reverse the function of
several stimuli in a set if other stimuli indirectly related to them
had reversed their function. He divided 40 slides with pictures
in two sets A1, A2, A3, A4,… and B1, B2, B3, B4,… in such
a way that the stimuli in each set did not have any common
physical resemblance that could allow a person to classify any
stimulus as a member of a set. The pigeons were presented
with a simple successive discrimination in which pecks to
slides in set A were followed by food – the positive stimuli –
and pecks to slides in set B were extinguished – the negative
stimuli (e.g., A1+, B1-, A2+, B2-, A3+, B3-). All the stimuli
were presented randomly, in different orders across sessions.
After reaching an accuracy criterion, he reversed the
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contingency by reinforcing pecks to slides that were previously
negative and extinguished pecks to slides that were previously
positive (e.g., A1-, B2+, A2-, B4+, A3-, B1+). He found that
early in training, the pigeons learned the new discriminations
gradually after reversals.With more training, however, pigeons
were able to reverse successfully in the first session when the
contingencies were changed, which indicated that when sever-
al stimuli in a set acquired a S+ function, other stimuli in the set
acquired that function without direct training. A theoretical
description of these findings is that the stimuli in each set
became equivalent because they shared the same function.

Yet another process related to the process studied by
Vaughan is stimulus equivalence, as described by Sidman in
humans (e.g., Sidman, 1994, Sidman & Tailby, 1982) (note
that Vaughan conceptualized the process he observed as a case
of stimulus equivalence). In the “many to one” protocol used
in Sidman’s stimulus equivalence (e.g., Saunders, Drake, &
Spradlin, 1999 –see also the use with pigeons in Urcuioli,

Zentall, & DeMarse, 1995), two conditional discriminations
with common comparisons are taught. For example, in condi-
tional discrimination AB, selections of comparison B1 are
reinforced in the presence of A1 and selections of comparison
B2 are reinforced in the presence of A2; in conditional dis-
crimination CB, selections of comparison B1 are reinforced in
the presence of C1 and selections of comparison B2 are rein-
forced in the presence of C2. Further probes typically show
that stimuli A1 and C1, on the one hand, and stimuli A2 and
C2, on the other, become equivalent. Thus, it was the specific
functions of both A1 and C1 to “indicate” that B1 was the
correct comparison that produced the functional equivalence
between A1 and C1. The outcome is similar to that found by
Vaughan because stimuli A and C are not presented together
before the probe. What is important is that stimuli A1 and C1,
on the one hand, and A2 and C2, on the other, become equiv-
alent because they have the same functions (see top panels of
Fig. 1). The fact that two stimuli accomplish identical

Fig. 1 Three equivalence paradigms resulting from acquiring identical
functions. The top panel describes Vaughan’s (1988) procedure, in which
two stimuli C and E become equivalent because both indicate the
reinforcement; in the reversed condition, the reinforcement was
indicated by D and F and they become equivalent as well. The middle
panel describes the many to one procedure for stimulus equivalence used
by Saunders, Drake, and Spradlin (1999); A1 and C1 become equivalent
because in its presence the selections from B1 produce the reinforcement;

the same occurs with A2 and C2 and the selection of B2. The bottom
panel is based on the procedure designed by Pérez-González and Serna
(2003); stimulus X1 and Y1 can become equivalent because they indicate
selecting the same comparison in the presence of a sample as in the
previous conditional discrimination (shown atop) in which X or Y were
not presented; X2 and Y2 can become equivalent as well because both
stimuli indicate selecting the alternative comparison with respect to that
selected when X or Y were not presented
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functions is what makes them equivalent to one another. A
theoretical explanation in terms of associative process, how-
ever, is possible in this case because it is clear that A1 was
related to C1 because A1was related to B1 and B1was related
to C1, and similarly for A2-B2-C2. (Similar cases of equiva-
lence established between stimuli that have been related to
common stimuli are stimulus equivalence obtained with pro-
cedures other than “many to one” and the studies on contex-
tual control of simple discriminations1 as described by Honey
& Watt, 1999, and Molet, Miller, & Zentall, 2011)

A process that does not require stimulus associations with
features in common with Vaughan’s process can be derived
from transfer processes found in second-order conditional dis-
criminations (see Fig. 1). In a second-order conditional dis-
crimination, the relations between samples and comparisons
are themselves conditional on the presence of an additional
stimulus (Sidman, 1986, 1994). In the simplest preparation, a
XAB conditional discrimination, selections of B1 in the pres-
ence of A1 and selections of B2 in the presence of A2 are
reinforced only if contextual stimulus X1 is present. In other
trials, contextual stimulus X2 is present and then selections of
B2 (instead of B1) in the presence of A1 and selections of B2
(instead of B1) in the presence of A2 are reinforced. Thus, the
relations between the A and B stimuli depend on the specific
X stimulus present, as determined by the learning contingen-
cies. In a study on transfer of functions of contextual stimuli in
second-order conditional discriminations with children,
Pérez-González and Serna (2003) found that the functions of
X1 and X2 could be transferred to stimuli that had not been
presented together with the X stimuli nor with the A or B
stimuli. They first taught a conditional discrimination AB
with two samples and two comparisons. Thereafter they
taught the XAB conditional discrimination as explained
above. Note that the function of X1 was to indicate selection
of the same comparison, in the presence of a given sample, as
in the AB conditional discrimination. Together, the function of
X2 was to indicate selection of the alternative comparison, in
the presence of a given sample, to the comparison taught to be
selected in the AB conditional discrimination. At this point,
the experimental question was to find out whether stimuli X1
and X2 would demonstrate their purported functions as con-
textual stimuli. To that aim, the experimenters taught a condi-
tional discrimination CD, with novel stimuli not related to any
of the previous stimuli, and probed the functions of X1 and X2
with these stimuli. All participants selected D1 in the presence
of C1 and D2 in the presence of C2 when the contextual
stimulus was X1, and they selected D2 in the presence of C1
and D1 in the presence of C2 when the contextual stimulus
was X2. Thus, they demonstrated that the specific functions of
the X1 and X2 stimuli transferred to the C and D stimuli,

which had never been presented before with A or B or with
the X stimuli. Thus, the function of X1 in selecting the same as
in the absence of the contextual stimuli (or the same as in the
simple conditional discrimination) and the function of X2 in
selecting the alternative comparison was demonstrated to
transfer to any conditional discrimination with novel stimuli.
This study was replicated and extended by Pérez-González,
Álvarez, Calleja, and Fernández (2014), Pérez-González and
Martínez (2007), and Serna and Pérez-González (2003). An
analogous outcome with the X stimuli accomplishing compar-
ison functions was found by Pérez-González (1994) and ana-
lyzed and extended by Carpentier, Smeets, and Barnes-
Holmes, (2000, 2002a, b), Junior and Costa (2003),
Junior, Costa, Gonsales, and Golfeto (2001), and
Pérez-González (2008). Of interest for the present study
is this type of transfer, which cannot be explained by
processes involving stimulus associations.

The unusual results that have been reported with second-
order conditional discriminations opened the door for theoriz-
ing about a new type of process that does not require stimulus
associations, which consists of the acquisition of stimulus
equivalence after two contextual stimuli acquire identical
functions with separated stimulus sets, in line with that initi-
ated by Vaughan but with novel and unique features. The
hypothesis was that contextual stimuli with identical functions
become functionally equivalent. The procedure and expected
outcome was the following: First, AB and XAB conditional
discriminations are taught. Note that stimulus X1 in XAB
acquires the function of “indicating” to perform the same as
in AB (e.g., select comparison B1 in the presence of A1 and
comparison B2 in the presence of A2) and X2, in a similar
way, acquires the function of “indicating” to select the alter-
native comparison with respect to AB. The procedure is then
repeatedwith a new stimulus set YHJ, in which the function of
a Y stimulus consists of indicating selecting the same as
in HJ (i.e., to select comparison J1 in the presence of
H1 and to select comparison J2 in the presence of H2),
and the function of the other Y stimulus consists of
indicating selecting the alternative comparison with re-
spect to HJ (i.e., to select comparison J2 in the presence
of H1 and to select comparison J1 in the presence of
H2). Because the function of a Y stimulus is identical
to the function of X1 and the function of the other Y
stimulus is identical to the function of X2, it could be
expected that a Y stimulus (Y1) becomes equivalent to
X1 and the other (Y2) becomes equivalent to X2. Thus,
stimuli can become equivalent because they acquire the
same function in completely different contexts with
completely new stimuli. This learning process would
be unique with respect to these features.

The present research investigated this hypothesis in three
experiments. Experiment 1 was conducted to demonstrate that
this process could exist. Experiment 2 analyzed whether the

1 This type of contextual control is different to that described below for
conditional discriminations.
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phenomenon could occur with a simpler procedure than those
used in Experiment 1. Experiment 3 analyzed the robustness
of the data by excluding the influence of some potential con-
founding variables.

Experiment 1

The goal of Experiment 1 was to investigate the func-
tional equivalence of contextual stimuli. For that, the
procedures used by Pérez-González and Serna (2003)
were replicated twice. Two stimuli were taught as con-
textual stimuli, and then probe tests were conducted to
confirm that the functions were the same as in the orig-
inal experiment; the procedures were then replicated
with a completely new set of second stimuli. Finally, a
probe was conducted to find out whether the two stim-
uli taught as contextual to the first stimulus set were
equivalent to the two stimuli of the second stimulus set.

Method

Participants

Three Spanish-speaking adults participated: two males (Nico,
22 years old, and Jose, 49 years old) and one female (Ana, 52
years old). All were acquaintances of the experimenters and
volunteered to participate; they did not receive information
related to the purpose of the study or any monetary reward.
None read or spoke German.

Stimuli and discriminations

Stimuli The stimuli were sounds, German words, and con-
trived visual forms (see Figs. 2, 3, and 4). All stimuli were
presented by a computer. The words were about 13 mm high.
The visual arbitrary forms measured about 30 × 30 mm; all
visual stimuli were black and were presented over a white
background on the screen.
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Fig. 2 Relations between AB,
XAB, CD, and XCD taught and
probed in Experiment 1. Each
panel shows the contextual
stimulus, the sample, and the
comparisons presented in a trial.
Stimuli presented in brackets
indicate that they were sounds.
Plus signs indicate the
comparison that selection
reinforced. Question marks
indicate the comparison that
selection considered correct in the
probes
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Discriminations There were simple and second-order condi-
tional discriminations. In simple conditional discriminations,
two forms alternated randomly as samples (e.g., A1 and A2)
and another two forms were the comparisons (e.g., B1 and
B2). For the AB conditional discrimination, in the presence
of A1, B1 was the correct comparison; in the presence of A2,
B2 was the correct comparison. The CD, HJ, KL, and YX
conditional discriminations were analogous to AB (as shown
in Figs. 2, 3, and 4). In second-order conditional
discriminations, two stimuli alternated randomly as

Fig. 3 Relations between HJ,
YHJ, KL, and YKL taught and
probed in Experiment 1. See
caption to Fig. 2
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? ? 

Fig. 4 Relations XYprobed in Experiment 1. See caption to Fig. 2
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contextual stimuli and samples and comparisons were as in
the simple conditional discriminations. For the XAB condi-
tional discrimination, in the presence of X1 and A1, B1 was
the correct comparison; in the presence of X1 and A2, B2 was
the correct comparison; in the presence of X2 and A1, B2 was
the correct comparison; in the presence of X2 and A2, B1 was
the correct comparison (see Fig. 2). The XCD, YHJ, and YKL
second-order conditional discriminations were analogous to
XAB (see Figs. 2 and 3).

Procedure

Setting and instructions The sessions were conducted with a
portable computer. A Power Point presentation was
programed to present the figures. On each trial, the contextual
stimuli (if applied) and the sample appeared in the upper cen-
tral part of the screen. About 3 cm below them, the two com-
parisons were presented, one on the left and the other on the
right, separated by 6 cm. When the contextual stimulus was a
sound, it started just after presenting the visual stimulus. The
experimenter was seated beside the participant; thus, the par-
ticipant did not see the face of the experimenter. The experi-
menter initiated each trial by pressing the computer keyboard.
She registered the participant’s response on a form that was
out of the participant’s sight. Another experimenter or a per-
son well trained in observing responses and collecting data
registered the participant’s responses for computing reliability
(see Interobserver Agreement below). Once the experimenter
and the participant were seated, the experimenter told the par-
ticipant: “Thank you for participating in this experiment. We
are going to present some figures on the screen. Then, you
must touch over a figure. Sometimes, I will inform you about
whether your selection has been right or not. The experiment
consists of responding correctly as many times as possible.” If
the participant asked questions, the experimenter responded
by clarifying the instructions – other questions were not
answered.

Procedure overview The AB and XAB conditional discrimi-
nations were taught first. The CD conditional discrimination
was then taught and the transfer of the contextual functions of
X1 and X2 with the CD stimuli was probed, without differen-
tial reinforcement – this was the probe of the XCD conditional
discrimination (see below, Parts 1 to 4). If the XCD relations
did not emerge with a participant, then the entire procedure
was repeated with that participant. Once the XCD emergence
was verified with the three participants, the procedures with
AB, XAB, CD, and XCD were repeated. Thereafter, the HJ,
YHJ, and KL conditional discriminations were taught, and the
YKL conditional discrimination was probed. Stimuli Y1
and Y2 had identical functions to X1 and X2, respec-
tively. Finally, the crucial probe of the equivalence be-
tween X and Y stimuli was conducted with the XY

conditional discrimination probe. An overview of the
procedures and results appear in Appendix A.

General procedure During the teaching phases, every time
the participant selected the correct comparison, the experi-
menter presented approval statements such as “good,” “excel-
lent,” “perfect,” “good job,” or “you’re doing great.” Further
responses from the participants indicated that these expres-
sions worked as reinforcers within the context of this study.
If the participant selected the incorrect comparison, the exper-
imenter responded with “no.” A period of 10 s was allocated
for responding, but participants selected a comparison before
that time in all trials. During probe tests, there were non-
differential consequences for correct and incorrect responding
– after the participant responded, the next trial was presented.
The next trial started after an intertrial interval of about 5 s.

Part 1: AB teaching The abbreviated combined blocking pro-
cedure (Rodríguez-Mori & Pérez-González, 2005) was used
to teach the AB conditional discrimination in four phases. In
Phase 1 (A1B1), stimulus A1 was presented as the sample in
all trials; B1 was placed on the left and B2 was placed on the
right. On the first two trials, the experimenter indicated to the
participant that B1 was the correct comparison by saying,
“Point here” and placing her finger on B1 (this was a prompt).
After the third trial, the prompt was not presented; only the
stimuli was presented on the screen. After three consecutive
correct responses, the experiment continued on Phase 2.
Phase 2 was as Phase 1, but A2 was presented as the sample
in all trials and the correct comparison was B2. In Phase 3,
stimuli A1 and A2 alternated randomly as samples, with the
restriction that each sample was presented twice in every four
trials. Stimuli B1 and B2 were presented as in Phases 1 and 2.
No prompt was presented. After eight consecutive correct re-
sponses, the experiment continued to the next phase. Phase 4
was the same as Phase 3, except for that the left-right location
of stimuli B1 and B2 was random, with the restriction that
each comparison was located twice on each location in every
four trials.

Part 2: XAB teaching This was taught in nine Phases (see
Appendix A). Phases 1 to 4 were identical to Phases 1 to 4
of the AB teaching, with the presentation of contextual stim-
ulus X1 (i.e., a sound of glass crashing) just after presenting
the samples and the comparisons, in every trial.

Phases 5–8 were the same as Phases 1–4, except that con-
textual stimulus X2 (a train whistle sound) was presented in all
trials, instead of X1. (As explained above, B2 was correct
when X2 and A1 were presented and B1 was correct when
X2 and A2 were presented.) In Phase 9, XAB was taught. The
four combinations resulting from combining X1 and X2 with
A1 and A2 were presented randomly with the restriction that
each combination was presented once every four trials.
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Stimuli B1 and B2 appeared as comparisons at random loca-
tions as in the previous phases. After eight consecutive correct
responses, the experiment continued in Part 3.

Part 3: CD teaching This was identical to teaching AB, with
C stimuli presented as samples and D stimuli presented as
comparisons.

Part 4: XCD probe The four combinations of X and C stimuli
(X1C1, X1C2, X2C1, and X2C2) were presented randomly
every four trials. Stimuli D1 and D2 were presented as com-
parisons at random left-right locations, with the restriction that
each stimulus appeared twice in each location every four tri-
als. After 16 trials, the probe finished. The criterion for con-
sidering the emergence of the XCD relations was performing
at least 14 correct responses.

Parts 5 to 8: HJ, YHJ, and KL teaching and YKL probe These
were identical to Parts 1 to 4, respectively, but the HJ, YHJ,
and KL conditional discriminations were taught, and the YKL
conditional discrimination was probed. Contextual stimuli Y
(visual forms) were presented above the sample in every trial
of the YHJ and the YKL conditional discriminations.

Part 9: X-Yprobe Samples X1 or X2 were presented random-
ly, with the restriction that each one was presented twice in
every four trials; Y1 and Y2 were the comparisons; they were
presented randomly at left-right locations, with the restriction
that each stimulus appeared twice on the left and twice on the
right every four trials. There were no differential conse-
quences for responding. The probe finished after presenting
16 trials. The criterion for considering the emergence of the
XY relations was to select Y1 in the presence of X1 and Y2 in
the presence of X2 in at least 14 of the 16 trials or in the last
eight trials.

Response definition, data recording, interobserver agreement,
and procedural integrity A response was recorded when the
participant touched over one of the comparisons. For all trials,
an observer registered the participant’s responses for purposes
of calculating interobserver agreement as a measure of record-
ing reliability. In addition, the observer verified that the pro-
cedure was implemented according to the experimental plan.
They registered a total of 1,204 responses. The two observers
agreed on 1,203 responses; thus the interobserver agreement
was 99.92 %. The procedure was always implemented
correctly.

Results

The overall results are shown in Appendices A and B. The
results from the probes are shown in Table 1. The three par-
ticipants learned first the AB, XAB, and CD conditional

discriminations. Jose and Nico learned these conditional dis-
criminations in 115 and 121 trials, with most responses correct
(.98 and .95, respectively). Ana learned these in 143 trials (.78
correct). In Phase 9 of Part 2, XAB teaching, she made an
unusual number of incorrect responses, as she responded in-
correctly in all 29 first trials; then she reverted selections and
immediately reached the criterion by making eight consecu-
tive correct responses. In the XCD probe, two participants
demonstrated the emergence of the XCD conditional discrim-
ination, as they responded according to the definition of emer-
gence in all 16 trials. The third participant, Ana, responded in
accordance with that definition in nine of the 16 trials.
Therefore, the entire procedure with stimuli AB and CD was
repeated and she demonstrated the emergence of the XCD
relations in the second probe with all 16 responses according
to the definition of emergence.

After the three participants demonstrated the emergence of
the XCD relations, the whole procedure was repeated with the
three participants (see Appendix B). They responded correctly
in all but one teaching trial. They demonstrated transfer of
contextual control with stimuli X in the XCD conditional dis-
crimination for the second time. The entire procedure was then
repeated with stimuli H, J, K, L, and Y. They learned the HJ,
YHJ, and KL conditional discriminations with no errors. They
also responded correctly in all 16 trials of the YKL conditional
discrimination probe. Thus, they demonstrated transfer of
contextual control with the Y stimuli as well.

In the XY conditional discrimination probe, the three par-
ticipants matched X1 to Y1 and X2 to Y2 in all trials. Thus,
they responded according to the hypothesis in all trials.

Discussion

The goal of Experiment 1 was to investigate the functional
equivalence of contextual stimuli taught independently.
Stimuli that were initially neutral (X1 and X2) acquired spe-
cific contextual functions when taught and probed with a set
of stimuli; thereafter, additional initially neutral stimuli (Y1
and Y2), unrelated to X1 and X2, acquired identical functions
as the X stimuli. Specifically, the function acquired by X1 and

Table 1 Correct responses in 16 trials in each probe in Experiment 1.
Participant Ana received two sessions until she reached the criterion in
XCD

Probe Participant

Nico Jose Ana 1 Ana 2

Part 6: XCD Probe 16 16 9 16

Part 4: XCD Probe –repetition 16 16 16

Part 8: YKL Probe 16 16 16

Part 9: XY Probe 16 16 16
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Y1 was that of indicating the selection of the same compari-
son, in the presence of each sample, as in the absence of a
contextual stimulus; the function acquired by X2 and Y2 was
that of indicating the selection of the alternative function. The
final probe showed that all participants reliably related the
stimuli with identical functions: X1 with Y1 and X2 with
Y2. Thus, the main hypothesis of the present study was con-
firmed. The learning process involved is described here for the
first time. Moreover, this outcome cannot be explained by
associative processes.

It is worth mentioning that the stimuli that became func-
tionally equivalent were of a different sensory modality –
stimuli X were auditory and stimuli Y were visual. Once
more, the function of the stimuli seems to affect behavior more
than the stimulus modality.

Additionally, the present results replicated those demon-
strated by Pérez-González and Serna (2003) and Pérez-
González and Martínez (2007). The present study was dem-
onstrated with both visual and auditory stimuli. Thus, the pro-
cess consisting of transferring specific contextual functions
acquired additional empirical evidence.

Experiment 2

Experiment 1 demonstrated the functional equivalence be-
tween X and Y stimuli after the participants (a) have learned
these functions (in XAB and YHJ) and (b) have demonstrated
the transfer of these functions with novel stimuli, as shown in
the XCD and the YKL probes. The functional equivalence
between X and Y stimuli could have been produced by learn-
ing the functions alone or by learning the functions plus the
additional experience of demonstrating the transfer in the
probes with novel stimuli (i.e., CD and KL). This hypothesis
is supported, for example, by the fact that even though there is
no reinforcement during the probes, it has been often observed
that probing alone affects further emergence (e.g., Pérez-
González, 1994). The main goal of Experiment 2 was to find
out whether the transfer probe is necessary for the acquisition
of functional equivalence among the contextual stimuli. A
secondary goal was to replicate the phenomenon with addi-
tional participants.

Method

Participants

Three Spanish-speaking adults participated: Two males
(Camilo, 49 years old, and Julio, 22 years old) and one female
(Sara, 20 years old). They had the same characteristics as
those in Experiment 1.

Materials and procedure

The procedure was a shortened version of Experiment 1 (see
Appendix C). Specifically, conditional discriminations AB,
XAB, HJ, and YHJ were taught and the probe for the equiv-
alence among stimuli X and Y was conducted (Parts 1, 2, 5, 6,
and 9 of Experiment 1, renamed as Parts 1 to 5 in Experiment
2 – see panels AB and XAB in Fig. 2, panels HJ and YHJ in
Fig. 3 and Fig. 4).

The experimenter and the observer recorded all 580 trials.
The Interobserver Agreement was 99.48 % and the procedure
was implemented according to the experimental plan in all
trials.

Results

The three participants learned the AB, XAB, and HJ and YHJ
conditional discriminations with most responses correct
(range across participants 93–100 %) (the overall results ap-
pear in Appendix C). In the XY conditional discrimination
probe, two of the three participants responded according to
the hypothesis of functional equivalence between X1 and
Y1 and between X2 and Y2: Camilo emitted all 16 responses
correctly and Julio emitted 14 out of 16 correct responses. The
third participant, Sara, responded according to this criterion in
13 out of 16 responses (81 %). Julio’s two errors and Sara’s
three errors were in the first five trials of the probe. Therefore,
they responded correctly in all the 11 last trials.

Discussion

The participants’ performance indicates that probing the trans-
fer of functions of the contextual stimuli is not necessary for
the acquisition of the equivalence. Moreover, the results of
Experiments 1 and 2 suggest that this type of functional equiv-
alence is relatively easy to acquire, at least in adults: All six
participants demonstrated this process.

Experiment 3

The goal of Experiment 3 was to collect additional evidence of
the learning process found in Experiments 1 and 2. The same
procedure as in Experiments 1 and 2 was conducted for all
participants. The results are robust and procedures similar to
those used in the present study have been broadly replicated
across laboratories and stimuli. There exists, however, a re-
mote possibility that the acquired equivalence could have re-
sulted from participants’ idiosyncratic stimulus preferences or
relations. Thus, the participants would have selected visual
stimulus Y1 in the presence of sound X1 and visual stimulus
Y2 in the presence of sound X2 due to personal preferences.
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The possibility is remote: Using the same stimulus set with all
participants is customary in virtually all the studies published
on stimulus equivalence, the results have been replicated with
a myriad of stimuli, and no preferencewas found on the part of
the participants that could overshadow the main effect of the
manipulated variables. The first goal of Experiment 3 was
verifying that stimulus preference does not influence the
results.

A second possibility is that the acquired equivalence did
not result from contextual functions, but rather the order in
which the stimuli were taught. Notice that X1 was introduced
first (in Parts 1–4 of the XAB teaching, Part 2 of Experiment
1) and then X2 was introduced (in Parts 5–8). The same oc-
curred with Y1 and Y2: Y1 was introduced first (in Parts 1–4
of YHJ teaching, in Part 6 of Experiment 1). Thus, X1 and Y1
could have become equivalent because they were the first
contextual stimuli presented to the participant in each part of
the experiment, rather than because of their contextual func-
tions, but because their teaching order. Similarly, X2 and Y2
could have become equivalent because they were presented
after X1 and Y1, respectively. In sum, participants could have
matched the first with the first and the second with the second.
Notice that the possible occurrence of this phenomenon does
not rule out stimulus equivalence; instead, it would indicate
that the stimuli became equivalent by order of learning rather
than by contextual functions. In any case, it was considered
important to analyze the functions responsible for equivalence
class formation.

Experiment 3, thus, replicated the procedures of
Experiments 1 and 2, but three variables were manipulated.
The goals were ruling out the influence of stimulus preference
on the outcomes, on the one hand, and clarifying the specific
stimulus function that determined equivalence, on the other.

Method

Participants

Eight Spanish-speaking adults participated. Their fictitious
names, ages, and sexes appear in Table 2. They had the same
characteristics as those in Experiments 1 and 2.

Stimuli and procedure

Stimuli These were the same as in Experiments 1 and 2, ex-
cept that the Y stimuli were modified to facilitate learning.
They are shown in Fig. 5.

Procedure The Power Point software was programmed to al-
low the participant to select the comparison with the computer
mouse and to present the consequences automatically; the
consequences were “very good” when the participant selected
the correct comparison and “bad” when the participant

selected the incorrect comparison. The remaining procedures
were as for Experiment 2. In addition, three variables were
manipulated across participants. Thus, each participant was
randomly assigned to one of the eight conditions that result
from combining the two factors of each variable detailed be-
low (see Table 2).

Variable 1: Order of presentation of Y1 and Y2 Factor 1:
Stimulus Y1 was taught first and stimulus Y2 was taught
second, in Phases 1–4 of Part 4, just as in Experiment 2.
Factor 2: Stimulus Y2 was taught first and stimulus Y1 was
presented second. Thus, Phases 5–8 of Part 4 were conducted
first and Phases 1–4 of Part 4 were conducted next. Phase 9 of
Part 4, in which Y1 and Y2 were presented quasi-randomly
across trials, was presented last to all participants, i.e., regard-
less of the Factor.

Variable 2: Stimuli assigned to Y1 and to Y2 Factor 1:
Drawing A was Y1 and Drawing B was Y2 (see Drawings
A and B in Fig. 5). Factor 2: Drawing B was now Y1 and
Drawing Awas Y2.

Variable 3: Stimuli assigned to X1 and to X2 Factor 1: Glass
crash sound as X1 and train whistle sound as X2. Factor 2:
Train whistle sound as X1 and glass crash sound as X2.

The manipulation of variables 2 and 3 resulted in different
equivalences among the X and the Y stimuli: For half partic-
ipants, Drawing A in the YHJ conditional discrimination ac-
complished the same function as the train sound in XAB; for
the other half, Drawing A accomplished the same function as
the glass crash sound in XAB. The selections of the stimuli
with the same functions were considered correct in the XY
probe. This way, a possible bias due to the use of specific
stimuli was ruled out.

Response definition, data recording, and interobserver
agreement These procedures were very similar to those in

Table 2 Correct responses in the 16 trials of the XY probe in
Experiment 3. The number that follows the participant’s name indicates
the condition that they received; in the line below that, (a) the age in years
and sex (m: male; f: female), (b) the Y stimulus presented first (Y1 or Y2),
(c) the drawing assigned to Y1 (A or B), and (d) the sound stimulus
assigned to X1 are shown

Participant and condition

Flora-1 Sara-2 Lola-3 Andrea-4 David-5 Alba-6 Mario-7 Sara-8
23-F 18-F 23-F 22-F 18-M 20-F 22-M 23-F

Y1 Y1 Y1 Y1 Y2 Y2 Y2 Y2

A A B B A A B B

[train] [glass] [train] [glass] [train] [glass] [train] [glass]

16 16 16 16 0 16 16 16
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Experiments 1 and 2. Therefore, for easy data analysis,
matching each X stimulus to the Y stimulus with the same
contextual function was considered correct. Thus, in four par-
ticipants (Conditions 5–8), a 100 % correct selection in the
XY probe would indicate stimulus equivalence with stimuli
that accomplished the same contextual functions; in these four
participants, a score of 0 % correct in the XY probe would
indicate stimulus equivalence with stimuli that were taught in
the same order (equivalence class of first and equivalence
class of second). For the remaining four participants
(Conditions 1–4), class formation would occur only if they
scored around 100 % in the XY probe and the equivalence
would have been produced either by the stimuli sharing con-
textual functions or by sharing order. In addition to the data
during discrimination teaching and probing, a post-session
informal interview was conducted with the participants in
which the experimenters asked about their respondes in the
probes. The consistency between their selection responses and
their explanations provided supplementary data for the
sources of the equivalence. Interobserver agreement was 100
% and the procedure was implemented according to the ex-
perimental plan in all trials.

Results

The overall results are shown in Appendix D. The results of
the final probe are shown in Table 2. The eight participants
learned the AB, XAB, and HJ conditional discriminations
with most responses correct (range across participants from
95–100%). In the XY conditional discrimination probe, seven
of the eight participants responded according to the hypothesis
of functional equivalence between X1 and Y1 and between
X2 and Y2 due to the stimuli sharing contextual functions:
They demonstrated all 16 responses according to this hypoth-
esis. The participant in condition 5 (Y2 first, drawing A, train
whistle sound), David, selected consistently Y2 in the pres-
ence of X1 and selected Y1 in the presence of X2. The post-

session interview revealed that hematched the two stimuli that
were taught first and the two stimuli that were taught second,
regardless of the contextual functions of the X and Y stimuli in
the XAB and the YHJ conditional discriminations.

In the post-session interview, the seven participants
who responded in accordance with the hypothesis of
class formation due to contextual functions said that
they matched the X stimulus to the Y stimulus with
the same contextual function. The participant who did
not respond in accordance with that hypothesis said that
he matched stimulus X1, presented before stimulus X2,
to stimulus Y2, presented before Y1, and that he
matched stimulus X2 to stimulus Y1, which were pre-
sented last; therefore, this participant demonstrated class
formation produced by the teaching order of the stimuli.

Discussion

Seven of the eight participants responded in the XY probe
according to the hypothesis of class formation with stimuli
that share contextual functions; that is, they matched the X
and Y stimuli according to the functions in the XAB and the
YHJ conditional discriminations. Moreover, the post-
intervention interview revealed that they matched the stimuli
according to these contextual functions. The results of the
eighth participant (from condition 5) and the post-session in-
terview with him revealed that he matched the X stimuli to the
Y stimuli according to the teaching order. A serendipitous
finding of these data is that yet another source of stimulus
equivalence could be the order of stimulus presentation.
That is, people can form equivalences between stimuli accord-
ing to the order in which they were taught. Further research is
needed to examine this hypothesis. The results of all partici-
pants in Experiment 3 replicated those obtained with three
participants from Experiment 2. They also ruled out the influ-
ence of extraneous variables related to matching stimuli ac-
cording to the properties of the stimuli.

[Glass Crash] 

Stimulus A1 

Stimulus B1 

Zauber

Maul

Stimuli X 

[Train Whistle]

Stimulus A2

Stimulus B2

Daumen

Abreise

Drawing A

Stimulus H1 

Stimulus J1  

Stimuli Y 

Drawing B

Stimulus H2 

Stimulus J2 

Fig. 5 Stimuli used in
Experiment 3, as they were
presented in the XY probe.
Stimuli presented in brackets
indicate that they were sounds.
For half of the participants,
selections of Y1 in the presence of
X1 and selections of Y2 in the
presence of X2 were considered
correct. For the other half,
selections of Y2 in the presence of
X1 and selections of Y1 in the
presence of X2 were considered
correct
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General discussion

A total of 13 of the 14 participants who participated in
Experiments 1–3 demonstrated matching of stimuli with iden-
tical contextual functions. Thus, the initial hypothesis of the
present study was confirmed. Results demonstrate a learning
process of stimulus equivalence by means of stimuli sharing
contextual functions. The process was demonstrated with two
procedures. The one used in Experiment 1 consisted of teach-
ing specific functions for contextual stimuli (in XAB) and
probing the transfer of these functions to novel stimuli (in
XCD) – following the same procedure with the Y stimuli.
The procedure used in Experiments 2 and 3 consisted of teach-
ing only the functions, with no transfer probes. Thus, all the
results considered, the phenomenon was robust. Moreover,
the remaining participant (the one in condition 5 of
Experiment 3) also demonstrated class formation according
to teaching order. Thus, all participants formed equivalences.

The stimulus equivalence process was observed with trans-
fer probes of contextual stimuli X and Y in Experiment 1, as
well as in the absence of these probes, in Experiments 2 and 3.
Few differences were observed regarding the emergence of
the XY functional equivalence probe. These results indicated
that the transfer probes are not necessary. It is unknown, how-
ever, whether conducting the transfer probes could have an
effect on the acquisition of equivalence. In fact, all participants
who received the transfer probes in Experiment 1 responded
with 16 out of 16 correct in the XYprobe; in contrast, two of
the three participants who did not receive the probes in
Experiment 2 made some errors in the XY probe. These dif-
ferences are consistent with the hypothesis that it may be very
likely that the transfer probe could strengthen functional stim-
ulus equivalence formation. Future research is needed to ad-
dress this question.

The process observed has unique features, different from
the features observed in Vaughan’s (1988) and stimulus equiv-
alence preparations. In fact, X and Y stimuli used in the pres-
ent study became equivalent because of their functions in
relation to the other stimuli: Stimulus X1 had in XAB the
function of signaling to select the same comparison in the
presence of each sample as in AB, identical to the function
of stimulus Y1 in YCD and CD. Moreover, stimulus X2 in
XAB and stimulus Y2 inYCD had the function of signaling to
select the alternative comparison. Thus, the function was re-
lated to signaling the same or different responding in the pres-
ence of the remaining stimuli. This feature is unique and con-
trasts with the functions in Vaughan’s and stimulus equiva-
lence preparations: First, stimuli became equivalent in
Vaughan’s procedure because all the stimuli in a class signaled
reinforcement (e.g., they were followed by the reinforcer with-
in a session). Second, stimuli become equivalent in stimulus
equivalence preparations (e.g., Saunders et al. 1999), because
they were correlated with a third stimulus in a conditional

discrimination (e.g., A1 becomes of the same class as C1
because the presentation of A1 and the selection of B1 leads
to the reinforcer and the same happens with the presentation
and C1 and the selection of B1). Moreover, the three observed
processes are variants of a unique general process consisting
of the stimuli that share a specific function forming functional
stimulus equivalence. In other words, all three are processes of
a general process that results in functional equivalence classes.

All the procedures that result in functional stimulus equiv-
alence establish a partition among the stimuli. The stimuli in
each stimulus set belong to the same class and they belong to a
different class from the stimuli in other set. In Vaughan’s pro-
cedure, the 40 slides were divided into two sets; responses to
20 slides were either reinforced or extinguished altogether and
the alternative consequence occurred with the other 20 slides;
the partition established two sets with 20 slides each. The
stimuli in a set were equivalent and they were not equivalent
to any stimuli in the other set. In stimulus equivalence that
results from teaching conditional discriminations with three
samples and three comparisons, for example, stimuli A1,
B1, and C1 belong to a set, A2, B2, and C2 belong to a second
one, and A3, B3, and C3 belong to the third one. A1, B1, and
C1 are equivalent stimuli and they are not equivalent to the
remaining stimuli A2, A3, B2, B3, C2, and C3 (the same
happens with A2, B2, and C2, that belong to another set or
class, and A3, B3, C3, that belong to still another set or class).
In the present study, procedures established a partition among
the X and Y stimuli: X1 and Y1 in a set, and X2 and Y2 in the
other set. This feature is common to the three procedures
discussed here. The procedures in the present study also re-
sulted in an important uniqueness regarding partitioning:
Whereas a partition was established among the X and Y stim-
uli, the remaining stimuli were excluded from this partition –
no stimuli (such as A, B, H, or J in Experiments 2 or 3, or even
these stimuli and stimuli C, D, K, and L in Experiment 1)
belonged to the same class as the X or Y stimuli (see Pérez-
González & Serna, 2003).

A further analysis in terms of stimulus equivalence reveals
the complexity of relations between all the stimuli in the study.
The AB conditional discrimination could have established a
partition among the A and B stimuli; although it was not tested
(among other reasons, because symmetry is not necessary for
the emergence of the XCD or the YKL relations shown in
Experiment 1), it can be argued that that partition resulted in
two separate classes (A1-B1 and A2-B2). The CD conditional
discrimination shown in Experiment 3 could have established
a partition among the C and D stimuli in two classes (C1-D1
and C2-D2) for the same reason. The A and B stimuli, on the
one hand, and the C and D stimuli, on the other, were not
related to one another; therefore, it is unlikely that any A or
B stimulus belongs to the same class as any of the C or D
stimuli (see a discussion on this topic in Pérez-González &
Serna, 2003). Therefore, in Experiment 3 of the present study,
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three partitions among the stimuli could have been
established, each one involving different stimuli, and forming
six separate, independent classes. Even more, in Experiment
1, five partitions among the stimuli could have been
established, and ten independent classes could have been
formed. The specific probes to verify this hypothesis, howev-
er, were not conducted in the scope of the present research.
Further studies should be designed to answer this question.

Similar to the process observed by Vaughan (1988), in the
present study, equivalence was formed between stimuli that
never appeared together or that did not appear with common
stimuli. With regard to learning mechanisms, stimulus equiv-
alence may result initially from associative processes, because
the stimuli that becomemembers of a class have been present-
ed together (e.g., in the case of symmetry) or with a third
stimulus (e.g., A1 is presented with B1 and B1with C1, which
results in the A1-C1 relation) (see arguments on this theoret-
ical account by Minster, Elliffe, & Muthukumaraswamy,
2011; Tonneau, 2001; Tonneau, Arreola, & Martínez, 2006;
Tonneau & González, 2004). However, results from the pres-
ent study cannot be explained solely through stimulus associ-
ations because the X and Y stimuli were not paired or present-
ed with a common stimulus.

For the reasons just outlined, and because the stimuli that
become equivalent were not presented with the same temporal
pattern, classic conditioning was not involved in this learning
process. Instead, the observed outcome is better explained as
being the result of a complex type of operant conditioning.

Another interesting question is whether the learning pro-
cess shown here could be due to an associative process. As
explained above, stimulus-stimulus relations are not involved.
Other types of associative processes described consist of
stimulus-reinforcer associations (e.g., Rescorla, 1992;
Zentall, Wasserman, & Urcuioli, 2014). Specific stimulus-
outcome relations cannot explain class formation with the X
and Y stimuli either. If fact, all the stimuli were equally related
to reinforcement (see Fig. 1). Even more, all the X and Y
stimuli were equally related to the remaining stimuli (as ex-
plained above). Therefore, it seems that the present results
cannot be accounted for by some learning theories and may
present a challenge to them. What is, then, the nature of the
learning process? As described above, what made X1 and Y1
functionally equivalent, on the one hand, and X2 and Y2, on
the other, was that they “indicated” doing the same as in their
absence, or selecting the alternative comparison, respectively.
This type of learning is derived from the complex relations
taught among the stimuli in two conditional discriminations
(e.g., AB and XAB). If some associative process is to be
invocated, this should include that the relations established
in teaching were between stimuli and the relations themselves
established among other stimuli. The process has similarities
to the process described by Pérez-González (1994): Persons
learned to select X1 or X2 in the presence of a simple relation

that has been previously taught (e.g., select X1 in the presence
of previously related A1 and B1 stimuli); they then learned an
identical simple relation, but with another stimuli (e.g., relate
P1 and Q1); finally, in probes without reinforcement, they
selected X1 or X2 according to the relations established be-
tween the new stimuli (e.g., they selected X1 in the presence
of P2 and Q2). Stimulus-stimulus associations or stimulus-
reinforcer associations cannot explain these data; instead, re-
lations between stimuli (e.g., X1) and relations (equivalent or
not equivalent) can. The learning process observed in the
present study seems more complex than that observed in the
Pérez-González study. In summary, the learning process ob-
served in the present study cannot be explained by associative
processes unless the relations themselves are taken as an as-
sociative element.

The results of Experiment 3 suggest that even though the
probability of matching according to the order after the pro-
cedures used in the present study is low (it occurred in only 12
% of the participants) it is worth considering. Therefore, fur-
ther studies should take this process into account for properly
designing the teaching procedure when the research goal is to
study only one of the two types of transfer demonstrated here.

The transfer of control processes described by Pérez-
González and Serna (2003) has been replicated once more.
In this case, it has been replicated with auditory and visual
stimuli. This fact demonstrates that the type of transfer is
cross-modal. In other words, the sensory modality of the stim-
uli plays a secondary role as transfer occurs with stimuli of the
same modality as with stimuli of a different modality.

The procedure used in the present study involved providing
the participants with some basic instructions and the use of an
errorless procedure, which in fact made it possible for the
participants to learn with very few errors. Although we mini-
mized the instructions and tried to avoid participant
verbalizations, it is very likely that the verbally sophisticated
adults could use some kind covert behavior. Moreover, the
errorless procedure could affect the final performance. In fact,
the correlations between errors in learning and incorrect re-
sponses in the emergence probes (e.g., participant Ana in
Experiment 1) suggest that errorless teaching can facilitate
emergence. An argument contrary to this assumption is that
the errorless procedure was not used to teach the initial con-
textually controlled conditional discriminations (e.g., XAB) in
previous studies (e.g., Pérez-González & Martínez, 2007;
Pérez-González & Serna, 2003). Moreover, it was not used
to teach the simple conditional discriminations nor the contex-
tually controlled conditional discriminations in Serna &
Pérez-González (2003). Thus, it is very likely that prompts
are not necessary for, and therefore did not affect, the learning
outcomes observed in the present study. The role of the in-
structions is more complex, because adults very likely make
assumptions about the task. It is possible, however, that young
children do not verbalize so much. Yet, they can show
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this type of transfer. Therefore, further studies with children
will be very useful in clarifying this question.

An alternative explanation to the one relative to the role of
language in the present data is that the learning processes are
involved in the acquisition of language. Thus, the stimulus
equivalence process described in the present study may be
involved in many verbal processes. For example, the study
suggests that if a person learns the function (meaning) of a
word in a non-native language, that person could realize that
the two words are equivalent. The equivalence can expand the
repertoire of that person, because other functions (meaning or
specific utilities of theword) in the native language can transfer
to the word learned in the non-native language. For that reason,
the procedures described in the present study can be applied in
education, including teaching people with verbal learning dif-
ficulties, such as people with autism and Asperger syndrome.
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Appendices

Appendix A

Trials with prompt, trials to criterion, and correct responses
and trials presented to each participant in the first session (or
sessions in the case of Ana) of Experiment 1

Phase and relation Prompt Criterion Participant and session

Nico
1

Jose
1

Ana
1

Ana
2

Part 1: AB Teaching

1. A1-B1 2 3 5/5 5/5 5/5 5/5

2. A2-B2 2 3 5/5 5/5 5/5 5/5

3. A1-B1 & A2-B2 0 8 8/8 8/9 8/8 8/8

4. A1-B1 & A2-B2
- Random

0 8 8/9 8/8 8/8 8/8

Part 2: XAB Teaching

1. X1A1-B1 2 3 5/5 5/5 5/5 5/5

2. X1A2-B2 2 3 5/5 5/5 5/5 5/5

3. X1A1-B1 &
X1A2-B2

0 8 8/8 11/15 8/8 8/8

4. X1A1-B1 &
X1A2-B2 -
Random

0 8 8/8 8/8 8/8 8/8

5. X2A1-B2 2 3 5/5 5/5 5/7 5/5

6. X2A2-B1 2 3 5/5 5/5 5/5 5/5

7. X2A1-B2 &
X2A2-B1

0 8 9/10 8/8 8/8 8/8

8. X2A1-B2 &
X2A2B1 -
Random

0 8 8/8 8/9 8/8 8/8

9. X1A1-B1,
X1A2-B2,
X2A1-B2, &
X2A2-B1

0 8 8/8 8/8 8/37 8/8

Part 5: CD Teaching

1. C1-D1 2 3 5/5 5/5 5/5 5/5

2. C2-D2 2 3 5/5 5/5 5/5 5/5

3. C1-D1 & C2-D2 0 8 8/8 8/8 8/8 8/8

4. C1-D1 & C2-D2
- Random

0 8 8/8 8/8 8/8 8/8

Part 6: XCD Probe

1. X1C1-D1,
X1C2-D2,
X2C1-D2 &
X2C2-D1

0 - 16/16 16/16 9/16 16/16

Appendix B

Correct responses and trials presented to each participant in
the last session of Experiment 1

Phase and relation Participant

Nico Jose Ana

Part 1: AB Teaching

1. A1-B1 5/5 5/5 5/5

2. A2-B2 5/5 5/5 5/5

3. A1-B1 & A2-B2 8/8 8/8 8/8

4. A1-B1 & A2-B2 - Random 8/8 8/8 8/8

Part 2: XAB Teaching

1. X1A1-B1 5/5 5/5 5/5

2. X1A2-B2 5/5 5/5 5/5

3. X1A1-B1 & X1A2-B2 8/8 8/8 8/8

4. X1A1-B1 & X1A2-B2 - Random 8/8 8/8 8/8

5. X2A1-B2 5/5 5/5 5/5

6. X2A2-B1 5/5 5/5 5/5

7. X2A1-B2 & X2A2-B1 8/8 8/8 8/8

8. X2A1-B2 & X2A2-B1 - Random 8/8 8/8 8/8

9. X1A1-B1, X1A2-B2, X2A1-B2, &X2A2-B1 8/8 8/8 8/9

Part 3: CD Teaching

1. C1-D1 5/5 5/5 5/5

2. C2-D2 5/5 5/5 5/5

3. C1-D1 & C2-D2 8/8 8/8 8/8

4. C1-D1 & C2-D2 - Random 8/8 8/8 8/8

Part 4: XCD Probe

1. X1C1-D1, X1C2-D2, X2C1-D2, &X2C2-D1 16/16 16/16 16/16

Part 5: HJ Teaching

1. H1-J1 5/5 5/5 5/5

2. H2-J2 5/5 5/5 5/5

3. H1-J1 & H2-J2 8/8 8/8 8/8
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4. H1-J1 & H2-J2 - Random 8/8 8/8 8/8

Part 6: YHJ Teaching

1. Y1H1-J1 5/5 5/5 5/5

2. Y1H2-J2 5/5 5/5 5/5

3. Y1H1-J1 & Y1H2-J2 8/8 8/8 8/8

4. Y1H1-J1 & Y1H2-J2 - Random 8/8 8/8 8/8

5. Y2H1-J2 5/5 5/5 5/5

6. Y2H2-J1 5/5 5/5 5/5

7. Y2H1-J2 & Y2H2-J1 8/8 8/8 8/8

8. Y2H1-J2 & Y2H2-J1 - Random 8/8 8/8 8/8

9. Y1H1-J1, Y1H2-J2, Y2H-J2, & Y2H2-J1 8/8 8/8 8/8

Part 7: KLTeaching

1. K1-L1 5/5 5/5 5/5

2. K2-L2 5/5 5/5 5/5

3. K1-L1 & K2-L2 8/8 8/8 8/8

4. K1-L1 & K2-L2 - Random 8/8 8/8 8/8

Part 8: YKL Probe

1. Y1K1-L1, Y1K2-L2, Y2K1-L2, & Y2K2-L1 16/16 16/16 16/16

Part 9: XY Probe

1. X1-Y1 & X2-Y2 16/16 16/16 16/16

Appendix C

Correct responses and trials presented to each participant in
Experiment 2

Phase and relation Participant

Camilo Julio Sara

Part 1: AB Teaching

1. A1-B1 5/5 5/5 5/5

2. A2-B2 5/5 5/5 5/5

3. A1-B1 & A2-B2 8/8 12/16 9/12

4. A1-B1 & A2-B2 - Random 8/8 8/8 9/10

Part 2: XAB Teaching

1. X1A1-B1 5/5 5/5 5/5

2. X1A2-B2 5/5 5/5 5/5

3. X1A1-B1 & X1A2-B2 8/8 8/8 9/10

4. X1A1-B1 & X1A2-B2 - Random 8/8 8/8 8/8

5. X2A1-B2 5/5 5/5 5/5

6. X2A2-B1 5/5 5/5 5/5

7. X2A1-B2 & X2A2-B1 8/8 10/12 8/8

8. X2A1-B2 & X2A2-B1 - Random 8/8 21/29 8/8

9.X1A1-B1,X1A2-B2,X2A1-B2,&X2A2-B1 8/8 8/8 8/8

Part 3: HJ Teaching

1. H1-J1 5/5 5/5 5/5

2. H2-J2 5/5 5/5 5/5

3. H1-J1 & H2-J2 8/8 8/8 8/8

4. H1-J1 & H2-J2 - Random 8/8 8/8 8/8

Part 4: YHJ Teaching

1. Y1H1-J1 5/5 5/5 5/5

2. Y1H2-J2 5/5 5/5 5/5

3. Y1H1-J1 & Y1H2-J2 8/8 8/8 8/8

4. Y1H1-J1 & Y1H2-J2 - Random 8/8 8/8 8/8

5. Y2H1-J2 5/5 5/5 5/5

6. Y2H2-J1 5/5 5/5 5/5

7. Y2H1-J2 & Y2H2-J1 8/8 8/8 8/8

8. Y2H1-J2 & Y2H2-J1 - Random 8/8 8/8 8/8

Part 5: YHJ Teaching

1. Y1H1-J1, Y1H2-J2, Y2H1-J2, & Y2H2-J1 8/8 8/8 8/8

Part 6: XY Probe

1. X1-Y1 & X2-Y2 16/16 14/16 13/16

Appendix D

Correct responses and trials presented to each participant in
Experiment 3. The number that follows the participant’s name
indicates the condition they received; in the next line (a) the
age in years and sex (m: male; f: female), (b) the Y stimulus
presented first (Y1 or Y2), (c) the drawing assigned to Y1 (A
or B), and (d) the sound stimulus assigned to X1 are shown

Participant and condition

Flora-1 Sara-2 Lola-3 Andrea-4 David-5 Alba-6 Mario-7 Sara-8
23-F 18-F 23-F 22-F 18-M 20-F 22-M 23-F
Y1 Y1 Y1 Y1 Y2 Y2 Y2 Y2
A A B B A A B B

Phase and relation [train] [glass] [train] [glass] [train] [glass] [train] [glass]

Part 1: AB Teaching

1. A1-B1 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5

2. A2-B2 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5

3. A1-B1 & A2-B2 8/8 15/16 8/8 12/20 8/8 23/32 8/8 8/8

4. A1-B1 &A2-B2 - Random 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8
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