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Abstract

Background/Objective: Blocking occurs when previous conditioning with one stimulus reduces, or
blocks, conditioning to a second redundant stimulus added later in training or conditioning procedures.
Previous research has suggested that blocking may occur during equivalence class formation. Although
both match-to-sample and respondent-type training have been used to establish equivalence classes,
blocking has only been studied using match to sample procedures. Previous research on blocking in
equivalence class formation did not utilize control groups, limiting the conclusions drawn from those
studies. Thus, the purpose of the present study was to compare match-to-sample and respondent-type
training for their susceptibility to blocking in three-member equivalence classes using control conditions.

Method: A total of 27 participants were exposed to match-to-sample or respondent-type training
procedures to form equivalence classes using a linear series training structure. Within each training
procedure, one group of participants was exposed to a blocking condition and one was not.

Results: Results indicated that the blocking did not occur for the 4 of 6 participants who formed
equivalence classes. Patterns of responding that would be expected if blocking occurred were seen in both
experimental and control conditions.

Conclusions: Results obtained in the current study indicate that some processes other than blocking are
involved when stimuli fail to enter equivalence classes. Future research should examine other processes
involved when stimuli fail to enter into equivalence classes after training.
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Introduction

Stimulus equivalence occurs when several untrained relations
between stimuli emerge after direct training of only some relations
between them [1]. For example, a student may be taught to select
a picture of a dog (B) when an instructor presents the (A) auditory
stimulus “dog” (A->B relation). Later, the student could be taught
to select the printed word “DOG” (C) when presented with the (B)
picture of a dog (B>C relation). After this training is complete, a
student who formed an equivalence class would be able to label the
picture of a dog (B>A), match the printed word “DOG” to the picture
of a dog (C>B), to identify the printed word “DOG” when given a
spoken name (A->C), and read the printed word “DOG” (C>A)
without direct instruction.

From a practical standpoint, the emergence of untrained
relations is important because individuals can be taught skills and
relations between stimuli without teaching each relation explicitly
[2]. Equivalence has been established with different populations
including adults, college students, children with neurodevelopmental
disorders, typically developing children, and individuals with other
psychological disorders such as anxiety and pathological gambling
[3-5]. Theoretically, the emergence of untrained relations during
equivalence class formation is important because it provides an
objective model to study complex behavioral phenomena such as
transfer of function, acquisition of symbolic reasoning, and even false
memories [6-8].

Training procedures in equivalence class formation

Stimulus equivalence has traditionally been regarded as an operant
phenomenon [9] in which match-to-sample (MTS) training is utilized
to teach initial relations between stimuli that produce the emergent
ones. In MTS training, an overt selection response is required from
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participants who are reinforced with feedback contingent on selecting
the correct comparison stimulus that matches the sample during
training sessions (i.e., selecting B, when presented with A ).Tests
for the emergence of untrained relations occur in the absence of
reinforcement after these initial relations are taught. If the participant
responds with a high level of accuracy on testing trials for emergent
relations, it is inferred that the stimuli have joined in an equivalence
class and now function interchangeably.

While the direct reinforcement used in MTS accounts for the
acquisition of the explicitly taught relations, it does not account
for the emergent relations that appear in testing phases [9,10]. This
finding limits the extent to which operant conditioning alone can
explain equivalence class formation because the emergent relations
themselves occur without any explicit reinforcement or training. In
an attempt to examine the necessary and sufficient conditions for the
emergence of untrained relations, Leader and Barnes-Holmes [11]
demonstrated a procedure that resembles respondent rather than
operant conditioning procedures called respondent-type training
(ReT) that can reliably facilitate emergent relations between stimuli
without any response requirement on the part of the participant. In
ReT, the participant only needs to observe the stimuli as they occur in
front of them. The stimuli are “paired” through contiguous temporal
arrangement with one another. Shorter delays occur within pairs of
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stimuli and longer temporal delays occur between different pairs of
stimuli [12]. For example, in training a three stimulus (A, B, and C)
equivalence class with ReT, stimulus A would appear on the screen
for 1 second. After this, the screen is cleared for half a second and
stimulus B would appear on the screen for 1 second (A->B). Lastly,
a 3 second delay occurs in which the screen goes blank before a
new trial begins with new stimuli to train a different relation in the
same way (i.e., B>C). While the training of relations between stimuli
is completed using ReT training, an MTS procedure is still used to
assess class formation [13].

Subsequent research has indicated that ReT reliably yields emergent
relations in lieu of overt responses used in MTS training [12,14].
This procedure has several advantages compared to MTS, namely
that participants do not have the opportunity to respond incorrectly
in training due to position biases in the comparison field [15].
This procedure and its subsequent success in facilitating emergent
relations has called into question what processes(s) may be involved
in the formation of equivalence classes. Several studies have also been
conducted to assess the relative effectiveness of MTS and ReT in
facilitating the emergence of untrained relations and have not shown
one method to be definitively more effective than the other [7,16,17].

Complex Control in Equivalence Class Formation. In addition
to different training procedures, the number of stimuli presented
simultaneously in training has been manipulated to examine how
this affects equivalence class formation. A complex sample consists of
more than one element (i.e., A and B) and both elements can acquire
stimulus control over responding [18]. For instance, instead of training
A>B->C, a complex stimulus consisting of AB can be conditionally
related to C (i.e., AB>C) where A, B, and C will still function
independently on subsequent emergent relations tests (i.e., C>B and
C->A). Several researchers have examined complex stimulus control
in equivalence class formation and found that the use of complex
stimuli in training can be utilized to successfully facilitate equivalence
class formation [19-21]. The use of complex stimuli in equivalence
class formation is important because time may be saved in training
if the members of the multi-element stimulus can exert control over
responding on tests for emergent relations. Essentially, training with
complex samples would reduce the number of relations that have to
be initially taught but the number of emergent relationships would
remain the same.

The blocking effect

Blocking occurs when previous conditioning with one stimulus
reduces, or blocks, conditioning to a second stimulus when the stimuli
are later presented as a compound [22]. In a traditional blocking
preparation, the relationship between two stimuli are first taught (i.e.,
A-B). Next, an additional stimulus (X) is added to the A stimulus
(i.e., AX->B). Lastly, the relationships between all three stimuli are
assessed. Blocking occurs if there is a reduced, or no response, to
the X stimulus. This relation (i.e., X>B) is “blocked” by the previous
conditioning in the first phase (A->B).The X stimulus essentially is
“redundant” and provides no additional information when combined
with the A stimulus which previously was paired with stimulus B. The
blocking effect illustrates that temporal contiguity between stimuli
is a necessary, but not sufficient condition for the development of
stimulus control over responding [9]. In the example above, the X
stimulus fails to develop a relationship with other stimuli even though
it was presented concurrently with the A stimulus several times.
Blocking has previously been demonstrated in animals such as rats,
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mollusks, and humans [23,24]. Blocking in equivalence classes would
demonstrate a situation in which complex stimulus control would not
develop over responding. That is, some otherwise expected relations
between stimuli would be blocked by previous stimulus experience.

Rehfeldt, Dixon, Hayes, and Steele [25] were the first to examine
how blocking could affect the inclusion of stimuli into equivalence
classes later. Ten undergraduate students were trained to relate stimuli
in a manner that resembled a blocking preparation. Students were
first taught an A->B relationship until they reliably matched these
stimuli to one another. A new stimulus (X) was then added with the
A stimulus and presented simultaneously in additional trials (AX->B).
Lastly, B>C was taught to the students. After this, tests for blocking
and derived relations occurred. Evidence of blocking was evaluated
by comparing scores on test trials for emergent relations when X
was a sample or a comparison. If blocking occurred, scores on trials
containing the X stimulus would be lower than other trials. Five of the
10 participants showed the formation of three 3-member equivalence
classes and subsequently showed evidence of a blocking effect.
Participants who showed the formation of equivalence classes also
had the lowest scores on tests for within-compound relations between
the stimuli that comprised the compound stimulus (i.e., given A,
select X, and vice versa). In a similar experiment, Rehfeldt, Clayton,
and Hayes [26] examined the blocking effect in equivalence classes
with five-member equivalence classes. Six participants were trained
to conditionally relate A>B, A>C, AX->B, AX->C, and C>D. Evidence
of blocking was evaluated by comparing scores on test trials for
emergent relations when X was a sample or a comparison. The results
demonstrated that only 2 participants displayed the formation of
equivalence classes; one participant showed a reliable blocking effect
while the other participant displayed the emergence of six-member
classes, indicating that for one subject the stimulus that was expected
to be blocked instead entered into the class with the other stimuli.

Results were mixed across the two studies that directly investigated
blocking in equivalence class formation with some participants
showing evidence of blocking and others not showing evidence of
this effect. Both studies were limited in that they did not include
a control group that did not undergo the blocking preparation.
Additionally, no study on blocking in equivalence classes examined
ReT training and if this training procedure would be susceptible to
blocking. It is important to study blocking in ReT because blocking
as a behavioral phenomenon was originally established in respondent
(i.e., Pavlovian) conditioning experiments and is widely considered
a respondent or Pavlovian phenomenon [27]. Thus, examinations of
the susceptibility of the ReT procedure to blocking would provide a
clearer understanding of the processes involved in equivalence class
formation in a more general sense. Therefore, the purpose of the
present study was to systematically replicate Rehfeldt, Dixon, Hayes,
and Steele [25] and Rehfeldt, Clayton, and Hayes [26] and examine
both MTS and ReT procedures to examine their relative susceptibility
to the blocking effect with the addition of control conditions to
gain better insight into the effects of blocking on equivalence class
formation.

Materials and Method
Participants, settings, and materials

Participants were 27 undergraduate students enrolled at a state
university in Northeast Ohio who were recruited using a sign-up sheet
outside the psychology department. Informed consent was obtained
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from all participants before the study and approval was obtained from
the universities’ Institutional Review Board (IRB). Participants were
offered extra credit for participating in the study. Extra credit was not
contingent on their performance in the study. Each participant was
assigned a unique subject number and was randomly assigned to one
of the four groups: MTS control, MTS experimental, ReT control, or
ReT experimental.

The training and testing sessions occurred in an 8.5x4.5 meter
computer lab that contained 12 computers, tables, and chairs that
was quiet and free from distractions. Each participant was tested
individually. Participants sat at the table in front of the computer
screen while the experimenter sat at a table behind them out of view.
Each experimental session ranged from 30 minutes to 1 hour for each
participant in the MTS condition depending on how quickly they
acquired the initial relations. In ReT training, conditions ranged from
20 to 30 minutes and was shorter because no response was required
from the participant in training.

Stimuli in all conditions consisted of twelve 5x5 cm abstract
symbols presented via computer using Microsoft PowerPoint®
software (Table 1). In MTS training; the participant touched the space
bar to cycle through the slides presenting the stimuli. In ReT training,
the stimuli were presented automatically with a timed presentation.
Data were recorded using paper and pencil by the experimenter for
all MTS training and testing phases. No data were recorded in ReT
training sessions as no overt participant response was required in this
condition.

Experimental design, dependent variable, and interobserver
agreement

The relative susceptibility of MTS and ReT to blocking was evaluated
by analyzing differences in percent correct on tests of emergent
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relationships that contained the redundant stimulus (X, ,). During
both MTS training and testing phases, a correct response was defined
as selecting the appropriate comparison stimulus (i.e., pointing to or
saying “left”, “center”, or “right”) in the comparison field belonging
to the same class as the sample (i.e., selecting B, when it was a
comparison and A, was the sample and not selecting comparisons
B, or B,). An incorrect response in MTS training and testing trials
was defined as the participant selecting any other stimulus in the
comparison field. In all emergent relations testing phases, there was
no feedback for responding. For this study, formation of a stimulus
equivalence class was defined as scores of 77% or higher on all tests for
emergent relations after initial training was complete.

An independent observer collected reliability data during 53%
of all MTS training sessions, 64% of all MTS testing sessions, and
41% of ReT testing sessions. The second observer did not provide
any consequences or feedback to the participants at any time and
was seated behind them so the recorded data could not influence
participants. Percentage agreement was calculated using the total
count method in which the smaller observed frequency of correct
responses during inter observer agreement sessions is divided by the
larger observed frequency of correct responses and multiplied by
100. Inter observer agreement was 100% in MTS training sessions,
99% in MTS testing sessions (range: 95%-100%), and 99% in ReT
testing sessions (range: 97% to 100%). Data were also collected on
the integrity of the experimenter’s response during MTS training (i.e.,
saying “That’s correct” or “That’s incorrect”) on 53% of MTS training
trials and was calculated at 100%.

Procedure

Respondent-Type Training: During ReT training, participants sat at
the computer workstation which displayed on-screen instructions for
the first phase of the experimental procedure. These instructions are
adapted from Leader and Barnes-Holmes [11]:

Class A B

C X

1 So <

bof a8
an X
o

Table 1: Stimulus designations for each symbol used in the study for all groups.

.5 second delay

v

So

—»| & +

> %

3 second delay

Figure 1: Schematic representation of respondent training sessionsfor A->B relations.
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“During the first stage of this experiment you will be presented
with abstract shapes on the computer screen. Your job is to simply
pay attention to the symbols as they appear. You should pay close
attention to this first stage because it is relevant to the second stage
of the experiment. Press the space-bar when you are ready to begin”.

After this, ReT began and stimulus pairs were presented on the
screen. Presentation consisted of the first stimulus or complex
sample which was displayed for 1 second, followed by a .5 second
within-pair delay. The second stimulus was presented for 1 second
and was followed by a 3 second between-pair delay (Figure 1). This
procedure was repeated in randomized loop until all individual pairs
were presented 10 times for a total of 120 pairs in the experimental
condition and 90 pairs in the control condition.

A->B respondent-type training. In this phase the A stimulus was
presented, followed by the B stimulus in a randomized order, 10 times
each, for 30 stimulus pairings. This phase only occurred in the ReT
experimental group.

AX->B respondent-type training. In this phase a complex sample
(AX) was initially presented followed by the B stimulus for each class
(AX->B). Pairs were presented 10 times each for each class for a total
of 30 pairs. Positions of the compound stimuli were randomly rotated
between left and right but always appeared in the same location
on the computer screen. This condition occurred in both the ReT
experimental and control conditions.

B->C respondent-type training. In this phase the B stimulus for each
class was presented and then followed by the C stimulus for each class.
Each pair was presented 10 times for a total of 30 pairs. This condition
occurred in both the ReT experimental and control conditions.

Mix AX>B and B->C respondent-type training. In this phase the
AX->B and B->C relations were presented in a randomized order 15
times each for 30 trials. The positions of the stimuli in the compounds
were randomly rotated between left and right by the experimenter,
but always appeared in the same location on the computer screen.
This condition occurred in both the ReT experimental and control
conditions.

Match-to-SampleTraining. During MTS training, participants
were seated at the computer workstation which displayed on-screen
instructions for the first phase of the experimental procedure. These
instructions were as follows:

“During this stage of the experiment, your task is to find out which
of the stimuli belong together. You will be presented with one symbol
in the bottom of the screen and three more on the top of the screen.
Your job is to select the one at the top that goes with the one on the
bottom by telling the experimenter your choice by saying left, middle,
or right to indicate the left, center, or right symbol as your choice. In
some phases, you will receive feedback on your selection but in others
you will not. The experimenter is always keeping your score, whether
you get feedback or not. When you are ready to continue, please press
space”.

After this, MTS training began in the manner described above.
To start an MTS trial, the sample stimulus appeared centered on the
bottom portion of the screen and 3 comparison stimuli appeared on
the top portion evenly spaced from left to right. All presentations
of trials as well as the position of the comparison stimuli were

Int ] Psychol Behav Anal
ISSN: 2456-3501

Page 4 of 8

randomized. Contingent upon a correct response in MTS training,
the experimenter said “Thats correct” before the next trial was
presented. Incorrect responses resulted in the experimenter saying,
“That’s incorrect”. Participants were required to score 86% correct on
each of the MTS training phases to continue. If a participant failed to
achieve a score of 86%, the training began again. When a participant
failed a phase four times, he/she was eliminated from the study. Thus,
the number of minimum trials was 120 for the experimental and 90
for the control group, but the actual number of trials could be higher
due to individual differences in responding during training phases.

A->B match-to-sample training. In this phase the sample stimulus
on the bottom was an A stimulus (Ap A, or A3) and comparisons were
all three of the B stimuli (B, B,, and B,). The correct response in this
condition was selecting the class consistent B comparison stimulus
in the presence of the appropriate A stimulus (i.e., A>B,). Each of
these three relations was presented 10 times for a total of 30 trials. This
phase occurred only in the MTS experimental group.

AX->B match-to-sample training. In this phase, a complex sample
consisting of an A stimulus with the additional redundant stimulus
was presented (i.e., AX, ,) and the B stimuli (B, ,) were comparisons.
The correct response was selecting the class consistent B stimulus in
the presence of the correct complex sample (i.e., AX,>B ). This phase
occurred in both the MTS experimental and control conditions.

B->C match-to-sample training. In this phase the sample stimulus
on the bottom was the B stimulus (B, ,). Comparisons were all three
of the C stimuli (C, ,). The correct response was selecting the class
consistent C stimulus in the presence of the B stimulus (i.e., B,>C,).
Each of these three relations was presented 10 times for a total of 30
trials. This phase occurred in both the MTS experimental and control
conditions.

Mix AX>B and B->C match-to-sample training. This phase
consisted of the presentation of 30 mixed trials of AX->B and B>C
relations. The positions of the stimuli in the compound were randomly
rotated between left and right, but always appeared in the same area
of the screen. The correct response was to select the class consistent
comparison described above (i.e., AX,>B,). This phase occurred in
both the MTS experimental and control conditions. Table 2 illustrates
the relations taught and tested in this study.

Condition MTS ReT
Experimental | A>B, AX>B, B>C, Mix | A>B, AX>B, B>C, Mix
Control AX>B, B>C, Mix AX>B, B>C, Mix

Table 2: Trained relations in both training procedures across conditions.

Tests for Emergent Relations and Blocking. After completion
of all training relations, tests for emergent relations and blocking
occurred for all participants in all groups. Before the testing phase,
the following directions were displayed on the screen:

“In this stage you must look at the symbol at the bottom of the
screen, and then choose one of the symbols or group of symbols at
the top that it goes with. You are to tell the experimenter your choice
by saying left, middle, or right to indicate the left, center, or right
symbol as your choice. You will not be presented with any feedback
for correct or incorrect answers in this portion of the experiment, but
the experimenter is still recording your score. Press the space-bar to
continue”.
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After this, each participant was presented with the same procedure
described in MTS training but with for emergent relations for all
classes of stimuli three times, resulting in a total of 63 testing trials
(Figure 2). No feedback for responding was presented in this phase of
the experiment. After participants finished tests for emergent relations
their participation concluded and they were debriefed, offered the
opportunity to ask questions of the experimenter, and were dismissed.

Results and Discussion

Of the 15 participants who began in one of the MTS conditions,
14 completed the initial conditional discrimination training before
moving on to emergent relations and blocking tests. In total, 4 of the
14 participants (28%) who completed MTS training demonstrated
the formation of equivalence classes: 2 in the experimental condition
and 2 in the control condition. Table 3 shows the number of trials
participants who formed equivalence classes took to complete
conditional discrimination training for each phase in the MTS
condition. In the ReT training condition, 2 out of 12 participants
showed the emergence of equivalence classes, both of whom were in
the ReT experimental condition. No participants in the ReT control
condition displayed emergence of full equivalence classes.

The presence of blocking was evaluated by examining the differences
between test trials that contained the redundant stimulus (X) which
was programmed to be blocked and test trials that did not contain
the X stimulus for the 6 participants who showed the formation of
equivalence classes. In the MTS experimental condition, Participant
103 displayed the formation of three 3-member equivalence classes
and scores consistent with the blocking effect (M= 91.67 on non-X
trials compared to M= 25.92 on trials containing the X stimulus).
Conversely, Participant 102 underwent the same preparation, but
scores were not consistent with a blocking effect (M= 97.22 on non-X
trials compared to M= 92.59 on trials containing the X stimulus).
Instead, Participant 102 displayed the formation of three 4-member
equivalence classes that included the X stimulus. In the MTS control

A|l—» | B

Al X

B ——»| C

Mix AX-B, B-C
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group which did not contain the blocking preparation, Participant
204 displayed the emergence of three 3-member equivalence classes
and displayed responses that would be typical of the blocking effect
(M= 94.45 on non-X trials compared to M= 59.26 on trials containing
the X stimulus) even though no such preparation occurred in this
condition. Participant 201 (who underwent the same preparation)
did not display this effect (M= 91.67 on non-X trials compared to M=
96.30 on trials containing the X stimulus), with scores indicating the
emergence of three 4-member equivalence classes including the X
stimulus (Figure 3).

In the ReT condition, two participants showed the emergence of
full equivalence classes, both of whom were in the ReT experimental
group that contained the programmed blocking preparation. Both
participants displayed no evidence of blocking despite exposed to
conditions that were expected to result in blocking. Participant 302
demonstrated scores indicating the emergence of four 3-member
equivalence classes (M= 97.22 on non-X trials compared to M=
92.59 on trials containing the X stimulus). Similarly, Participant 305
displayed the emergence of three 4-member equivalence classes by
scoring perfectly on all tests (M= 100.00 on non-X trials and M=
100.00 on trials containing the X stimulus). No participants showed
the emergence of all three 3-member equivalence classes in the
ReT control group. In sum, both the participants who displayed the
emergence of equivalence classes in ReT did not display evidence
of the blocking effect despite undergoing a preparation designed to
program this effect (Figure 4).

Conclusions

The current study addresses past research limitations on blocking
in equivalence class formation by utilizing control conditions while
subsequently expanding the literature by investigating blocking in
ReT trained equivalence classes. On the surface, results in the MTS
conditions were consistent with Rehfeldt, Clayton, and Hayes [26] in
that some participants showed evidence of a strong blocking effect

Figure 2: Trained (left) and emergent (right) relations in the current study using the linear training structure. Trained relations are in solid

lines while derived relations tested for are in dotted lines.

Group Participant A-B AX-B B-C Mix Total
MTS 0102 1 1 1 1 4
Experimental 0103 4 1 2 1 9
MTS 0201 - 3 2 2 7
Control 0204 - 2 1 1 4

Table 3: Trials to criterion during training for MTS groups.
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while the other did not. However, the ability to compare the presence
of blocking between experimental and control conditions proved to
be important in shedding additional light on the blocking phenomena
in equivalence class formation. One participant in each of the MTS
control and MTS experimental condition scored in a manner that
was inconsistent with expectations based on their experimental
preparation. Results in the ReT condition were also inconsistent at
best with the demonstration of blocking despite programming for
such an effect. Two participants trained with ReT training showed
the emergence of full equivalence classes in the ReT experimental
condition. Rather than demonstrating a blocking effect, these two
participants subsequently displayed the inclusion of the redundant
stimulus into equivalence classes despite being in the experimental
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Standard Relations Blocking Relations
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o
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group which contained the blocking preparation. Of note, Participant
305 scored perfectly on all tests of emergent relations including those
on which the redundant stimulus was included.

The results of this study do not support the blocking effect as
a singular explanation for the inclusion or exclusion of stimuli
into equivalence classes. Across both MTS and ReT experimental
conditions, the majority (3 out of 4) participants failed to demonstrate
a blocking effect and instead showed inclusion of the redundant
stimulus into 4-member stimulus equivalence classes despite
undergoing the blocking preparation. In the MTS control condition,
one participant also displayed scores indicating a blocking effect
despite not undergoing an experimental preparation to program for

MTS Experimental Participant 103

Standard Relations Blocking Relations

100 -

80 4

60

40 -

20 - I

0 5 |

B-A C-B A-C C-A B-X C-X X-C

MTSE Control Participant 204
Standard Relations

100}
80 -
60 4
40 -

Plot Area
20 A

Blocking Felations

[l

A-C C-a B-X CX X-C

o 4
B-A C-

Figure 3: Scores on tests for emergent relations for standard trials and trials containing the redundant stimulus including in the blocking preparation
for participants in the MTS experimental (top) and MTS control conditions (bottom).
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Figure 4: Scores on tests for emergent relations for standard trials and trials containing the redundant stimulus including in the blocking preparation

for participants in the ReT experimental condition.

Int ] Psychol Behav Anal
ISSN: 2456-3501

IJPBA, an open access journal
Volume 6. 2020. 169


https://doi.org/10.15344/2455-3867/2020/169

Citation: Brown K, Clayton M (2020) Analysis of the Blocking Effect in Equivalence Classes Established by Match-to-Sample and Respondent-Type Training. Int

] Psychol Behav Anal 6: 169. doi: https://doi.org/10.15344/2455-3867/2020/169

this effect. Although no participants in the ReT control condition
formed classes, the fact that those in the ReT experimental condition
showed the redundant stimulus in equivalence classes indicates that
blocking did not occur. These results are also consistent with recent
failures to replicate the blocking effect in traditional preparations with
humans that have been reported in the literature [28].

Future research should examine the other processes involved
in determining the inclusion/exclusion of stimuli into stimulus
equivalence classes beyond blocking alone. Individual differences
in attending to the stimuli could provide a simple explanation for
differences in scores. Differential attending to redundant stimuli
involved in blocking experiments has been documented in the
literature [29]. In the MTS control condition, it could have been
the case that participants simply attended to A stimulus rather than
the X stimulus when they were presented in a complex sample. This
responding pattern would still have resulted in correct responses in
MTS training despite not attending to the X stimulus. However, the
failure to attend to both stimuli would have been demonstrated in
low scores on tests with the individual X stimulus. The opposite could
have been the case in the MTS experimental condition. It is possible
this individual simply attended to the X stimulus that was added after
initial A>B training in the AX->B condition even though it essentially
did not add any additional information. An interesting extension of
the current research would be to require an observing response on
the part of the participants during initial ReT training [30]. Requiring
participants to engage in such a response during training could
function to increase attention to the task and subsequently affect
scores on emergent relation tests.

The ReT training utilized in this study is not the only type in the
literature on training emergent relations. In the current study, the ReT
preparation was similar to trace conditioning procedures in that the
two stimuli to be related were presented after short delays and never
appeared together [31]. A similar, but not identical procedure to the
ReT procedure used in the behavioral literature is called the stimulus
pairing observation procedure and has received empirical support
for facilitating emergent relations [32-34]. This procedure is more
similar to delay conditioning in which the two stimuli are presented
simultaneously rather than after a temporal delay [35]. Future research
should examine if different preparations based on respondent
procedures are differentially affect equivalence class formation.

Another point for future research was noted anecdotally during
experimental sessions. As discussed, both participants in the ReT
condition who formed all three classes also showed the inclusion
of the redundant stimulus and the subsequent formation of four
3-member equivalence classes. In post-experimental debriefings,
both participants who displayed the emergence of full equivalence
classes in ReT indicated that they formulated names for each of
the stimuli that appeared on the screen. Although anecdotal, these
indications may provide some support of Horne and Lowe’s [36]
naming hypothesis, which identifies naming as the basic unit of
verbal behavior and suggests that naming stimuli in initial training
may facilitate equivalence class formation [37]. Previous research
has demonstrated that providing verbally labeled response options
(i.e., equivalent versus non-equivalent) to participant during initial
training has resulted in higher class formation than those who were
not provided such options [38]. Future research could examine this
effect by requiring participants in some conditions to formulate labels
for the abstract stimuli before progressing through ReT training of
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equivalence classes and compare scores to individuals who are not
made to apply such labels to the stimuli. This information may help
researchers gain a more complete understanding of the sufficient and
necessary conditions for equivalence class formation trained with
MTS and ReT procedures.

Limitations

Two limitations of the current study should be addressed in future
research. First, the current study utilized a linear series (A>B->C)
training model, which typically produces lower scores on emergent
relation trials than other training procedures [39,40]. Only 6 out of
27 participants (22%) overall between both conditions displayed
emergence of all classes relations and formations of three 3-member
equivalence classes. For comparison, 7 out of 16 participants (44%)
in the original stimulus equivalence studies on blocking displayed
the emergence of equivalence classes. Future research into blocking
may benefit from the use of training procedures that have been
demonstrated to facilitate emergent relations more reliably such as
one to many (OTM) and many to one (MTO) training preparations,
both of which are more effective than linear series training [41].

Secondly, in keeping consistent with the previous research on
blocking in class formation the current study utilized a mixed training
condition following B>C training in all four groups. This phase
may have served to weaken or dilute the blocking effect in the two
experimental groups. This training was more recent and included
direct reinforcement on AX->B relations in the MTS experimental
condition and may have weakened the control exerted by the A
stimulus alone. This would have made it more likely that AX would
function as a compound rather than A on its own (i.e., AX instead
of A). Typical animal research on blocking does not contain similar
phases after initial phases occur. Future research should examine
the effects of eliminating this extra phase to examine if evidence of
blocking may become more consistent as a result.

While the current study was basic, it has applied implications.
As mentioned, stimulus equivalence has been applied as a
technology in educational and clinical settings with individuals with
neurodevelopmental disabilities and other psychological conditions.
Previous research has demonstrated that equivalence classes can
readily be formed utilizing complex samples. Blocking and other
variables that affect class formation would present a situation in which
equivalence procedures would fail to produce otherwise expected
emergent relations. The data in this study from two participants
showed that the ReT training procedure yielded lower equivalence
class formation rates than MTS, but when they did emerge, all
stimuli were included in 3 four-member equivalence classes. Future
research should examine the relationship between different types of
equivalence class training and their susceptibility to conditions that
could disrupt class formation. It may be the case that classes formed
with different training procedures are more resistant to the influence
of other variables. This information could contribute to developing
instructional procedures that yield emergent relations that are more
robust and beneficial to the learner.
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