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In three experiments, 165 adult participants were trained on 12 baseline conditional discriminations
and tested for the formation of three 5-member equivalence classes (AàBàCàDàE). All experiments
included two reference groups; the abstract (ABS) group was trained with all abstract stimuli and the
picture (PIC) group with C-stimuli as meaningful pictorial stimuli but A, B, D, and E stimuli as abstract
shapes. In Experiment 1, the color of the meaningful stimuli was manipulated. In the ABS, PIC, and
black-and-white groups, 33.3%, 80%, and 93.3% formed equivalence classes, respectively. In Experiment
2, participants were exposed to a test block with and without trials that included C stimuli. For the
groups with and without C trials in the test, 93.3% and 86.7% formed equivalence classes, respectively,
compared to 20% in the ABS group. In Experiment 3, the number of meaningful pictures and their
location in stimulus classes were manipulated. One group was trained with 3 pictures (C1/B2/D3, the
3-PIC) while the other groups had 2 pictures (C1/B2 and C1/D3, the 2-PIC). In the second test block
for the ABS and PIC groups, 6.7% and 86% of the participants formed equivalence classes, respectively.
For the 3-PIC and the 2-PIC groups, 66.7% and 50% of the participants formed equivalence classes,
respectively. Results suggest that the effects of meaningful stimuli in equivalence classes (a) cannot be
attributed to the use of colorful stimuli in previous studies, (b) occur during training and are not
dependent on the presence of meaningful stimuli at test, and (c) are sensitive to stimulus location.
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Nearly 40 years ago, Sidman and Tailby
(1982) described the defining features of
equivalence class formation as reflexivity, sym-
metry, and transitivity (defined below). The
most common arrangement in research on
stimulus equivalence has been to train a cer-
tain number of conditional discriminations as
a baseline for testing emergent relations. In an
example with the minimal requirement of
three stimulus sets (A, B, & C), the baseline

conditional discriminations might consist of
AB and BC relations. In this case, during train-
ing, A stimuli serve as sample stimuli in AB tri-
als and C stimuli serve as comparisons in BC
trials, while the B stimuli serve as both sample
and comparison stimuli in AB and BC trials,
respectively. In the subsequent test for emer-
gent relations, participants are presented with
BA, CB, AC, and CA trials. In accordance with
terms adapted from mathematical set theory
(Hrbacek & Jech, 1999, pp. 29–32), matching
a B comparison to an A sample and a C
comparison to a B sample is defined as sym-
metrical responding. Matching a C compari-
son to an A sample is defined as transitive
responding, and matching an A comparison to
a C sample is termed global equivalence.
Reflexivity tests are rarely included in testing
for emergent relations; however, such test tri-
als would be AA, BB, and CC. Responding in
accordance with stimulus equivalence is com-
monly observed in human participants. Even
so, several variables have been shown to affect
the likelihood of equivalence class formation
(see Arntzen, 2012, for an overview).

One variable that influences the formation
of equivalence classes is the type of stimuli
used. For example, pronounceable nonsense
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syllable (consonant-vowel-consonant [CVC] tri-
grams; Lyddy, Barnes-Holmes, & Hampson,
2000), familiar color-form compounds
(Smeets & Barnes-Holmes, 2005), nameable
stimuli (Bentall, Dickins, & Fox, 1993), pro-
nounceable stimuli (Mandell & Sheen, 1994),
rhyming stimuli (Randell & Remington,
2006), and meaningful pictures in both chil-
dren and adults (Arntzen, 2004; Arntzen &
Lian, 2010; Arntzen & Nikolaisen, 2011;
Holth & Arntzen, 1998; O’Connor, Rafferty,
Barnes-Holmes, & Barnes-Holmes, 2009) have
been shown to substantially increase yields
(i.e., the proportion of participants who meet
criteria for equivalence class formation) on
equivalence tests.
A recent line of research has explored the

effects of including familiar color pictures as
one of the stimuli in each potential class to
model or mimic meaningfulness in a labora-
tory setting (Arntzen & Nartey, 2018; Arntzen,
Nartey, & Fields, 2014, 2015a, 2018a, 2018b;
Fields, Arntzen, Nartey, & Eilifsen, 2012;
Mensah & Arntzen, 2017; Nartey, Arntzen, &
Fields, 2014, 2015a, 2015b; Nedelcu, Fields, &
Arntzen, 2015; Travis, Fields, & Arntzen, 2014;
see also an overview in Fields & Arntzen,
2018). The common procedure in these
experiments is to train adult participants
on 12 conditional discriminations using
a linear series (LS) training structure
(AàBàCàDàE) and test for the formation
of three 5-member equivalence classes. The
experiments have addressed different research
questions, but they have in all cases included
two reference groups. In the abstract (ABS)
group, all stimuli are abstract shapes. In the
picture (PIC) group, the same abstract shapes
serve as A, B, D, and E stimuli, but the abstract
C stimuli, which occupy the middle position in
the LS structure, are replaced with meaningful
C stimuli: colorful pictures of items assumed
to be familiar to human participants. Some of
the studies have included groups that received
training with the same stimuli as the ABS
group, but also receive some form of prelimi-
nary training with the abstract C stimuli,
including simple discrimination training
(Fields et al., 2012), preliminary training with
identity or arbitrary matching in combination
with either simultaneous or delayed matching
(Arntzen et al., 2014; Arntzen, Nartey et al.,
2015), and preliminary training with meaning-
ful pictures (Arntzen & Nartey, 2018). The

main finding has been that inclusion of pic-
tures as C stimuli substantially enhances equiv-
alence class formation compared with the
performance of the ABS group. Also, prelimi-
nary training with arbitrary C stimuli enhances
equivalence class formation nearly as much as
do pictures as C stimuli.

The goal of the present study was to address
several questions that remain unanswered
regarding the effects of meaningful stimuli on
equivalence class formation. The first experi-
ment addressed a difference between the
abstract shapes and pictures used in previous
studies: The pictorial stimuli in prior experi-
ments have not only been meaningful but also
colorful in comparison to the black and white
abstract shapes. It has not been ruled out that
the enhancing effect of the pictures could be a
result of colorful stimuli being more salient
than black and white shapes, instead of due to
prior familiarity with the pictures. Thus, a com-
parison of colorful and black-and-white picture
stimuli in the C position was undertaken to
clarify the potential contribution of color to
the enhancing effect of meaningful stimuli.

In the second experiment we asked about
the role of the pictorial stimuli in the test for
emergent relations. In the previous line of
research, the enhancing effects of meaningful
stimuli have been seen in the testing of emer-
gent relations. However, the meaningful C
stimuli have been included in both training
and test trials and it is not clear if the effect
depends on their presence at test or can be
attributed to their presence in training alone.
To separate the effects of meaningful stimuli
in training from their effects during testing,
we compared a PIC group that was exposed to
meaningful C stimuli during both training and
testing with a group that was exposed to mean-
ingful stimuli during training but tested with-
out C stimuli.

The third experiment examined unresolved
issues regarding the location of meaningful pic-
tures in stimulus classes. In most studies, condi-
tions with meaningful stimuli have included
one meaningful stimulus, C, in each putative
class. However, previous findings have shown
that equivalence class formation varies as a
function of the location of the meaningful pic-
tures in stimulus classes (Nartey et al., 2015b)
and the number of stimulus classes containing
meaningful stimuli (Mensah & Arntzen, 2017).
In Nartey et al. (2015b), meaningful pictures
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were included in all stimulus classes but located
in the A, B, C, D, or E position across different
groups of participants. The main finding was
that yields varied with location; specifically, pic-
tures as C stimuli were more effective than any
other location in five-member stimulus classes
established using an LS training structure.
Regarding the number of classes with meaning-
ful C stimuli, Mensah and Arntzen (2017) com-
pared the performance of four groups of
participants; in addition to the usual ABS and
PIC groups, one group had C-stimuli as pictures
in two of three putative stimulus classes, and
another group had a picture C-stimulus in only
one of the three classes. The primary finding
was that 80% and 50% of the participants in
the PIC group and the group with two C stimuli
as pictures responded in accordance with stim-
ulus equivalence, respectively, compared to
13% for the group with one picture C stimulus
and the ABS group. Together, these experi-
ments suggest that the enhancing effects of
meaningful stimuli depend on the location of
the meaningful stimuli and the number of con-
currently trained conditional discriminations
that contain a meaningful stimulus. Specifically,
when three stimulus classes were established
concurrently, at least two of them had to contain
a meaningful stimulus in order for enhance-
ment to occur. To further explore these effects,
in the present study we examined the effects of
varying the location of the meaningful stimulus
across stimulus classes (as for example as C1, B2,
and D3) and the number of stimulus classes that
contained a meaningful stimulus.
Two additional questions were asked in the

present three experiments. First, in addition
to measuring trials to mastery and yields on
equivalence tests, we included performance
on sorting tests as an additional measure to
examine if the experimental manipulations
affected this measure in a similar manner as
equivalence test performance. The second
question pertained to the possible increase in
number of correct responses from the begin-
ning to the end of testing (delayed emer-
gence). Gradual emergence of equivalence
classes, also described as delayed emergence
because it has been observed that this change
in response pattern can be abrupt, is a change
in response patterns due to repeated testing
(Sidman, 1994). Some of the papers in the
line of the research mentioned above have
reported delayed emergence. A typical finding

is that a portion of participants shows immedi-
ate emergence (pass both test halves on the
equivalence test) and another typically smaller
portion responds in accordance with equiva-
lence in the second half (Arntzen & Nartey,
2018; Arntzen et al., 2014; Arntzen, Nartey,
et al., 2015; Arntzen et al., 2018a; Nartey et al.,
2014, 2015a, 2015b) In sum, the nine papers
showed delayed emergence of equivalence
classes in 6.9%–23.1% of the participants.
Also, one article reported delayed emergence
as a function of nodes (Fields et al., 2012).
However, the results were not presented as a
function of trial types. Thus, in the present
experiments we aimed to extend knowledge of
delayed emergence by analyzing data on del-
ayed emergence separately for different trial
types (e.g., three-node transitivity vs. equiva-
lence trials) in order to extend knowledge of
delayed emergence by learning if it was con-
nected with specific types of trials and varied
as a function of number of nodes.

Experiment 1

As stated above, in the line of experiments
which has explored the effects of pictures as
C-stimuli on equivalence class formation, the
pictures have been colorful while the abstract
shapes have been black-and-white figures
(e.g., Arntzen, Nartey, et al., 2015; Fields
et al., 2012). To clarify the role of color versus
meaningfulness in previous studies, Experi-
ment 1 compared meaningful stimuli in color
with meaningful stimuli in black-and-white
while training 12 conditional discriminations
and in the subsequent test for formation
of three 5-member equivalence classes
(AàBàCàDàE). Thus, we asked if equiva-
lence class formation would vary as a function
of the color of meaningful stimuli.

Method
Participants. Forty-five undergraduate stu-

dents at the University of Ghana, Legon,
served as participants in the experiment.
Twenty-one males and 24 females aged from
15 to 28 years (M = 20.04, SD = 2.35) were rec-
ruited through personal contacts. None of the
participants had previous knowledge about
stimulus equivalence or conditional discrimi-
nation training. They were paid 50 Ghana
Cedis (an equivalent of 11 US dollars) for
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participating in the experiment. The partici-
pants could withdraw from the experiment
without any negative consequences. After
finishing the experimental session, the partici-
pants were fully debriefed. The 45 participants
were assigned randomly to three experimental
groups: Abstract (the ABS group), C as mean-
ingful pictures with color (the PIC group),
and C as meaningful pictures in black-and-
white (the PIC-as-BW group).
Apparatus and setting. Experimental ses-

sions were conducted in a small lab room mea-
suring approximately 7 m2. A 15.6-in. screen
HP ProBook 655 computer running Windows
8 equipped with a mouse and custom-made
matching-to-sample (MTS) software was used
to present stimuli and record participant
responses.
Stimuli. The stimuli used in this experiment

were abstract and meaningful pictures (see
Fig. 1). The top section of the figure shows fif-
teen black and white abstract stimuli used in
conditional discrimination training and testing
for equivalence class formation in the ABS
group. The middle section of the figure

(PIC1) shows three colorful meaningful
picture-stimuli that replaced the C-abstract
stimuli for the PIC group. The bottom
section of the figure (PIC2) shows a black-and-
white version of the meaningful picture-stimuli
in the middle section of the figure that rep-
laced the C-abstract stimuli for the PIC-as-BW
group. All the stimuli were presented on a
white background.

Procedure. Baseline training employed an
LS training structure in which all baseline rela-
tions were trained concurrently. Specifically,
AB, BC, CD, and DE baseline trials were pres-
ented mixed in one training block without
replacement.

Instruction. At the beginning of the experi-
ment, the following instruction in English was
presented to the participant on the computer
screen:

In a moment a stimulus will appear in
the middle of the screen. Click on this
by using the computer mouse. Three
stimuli will then appear in the three
corners of the screen. Choose one of
them by clicking on it with the mouse.
If you choose the stimulus we have
defined as correct, words like “very
good”, “excellent” and so on will appear
on the screen. If you press a wrong stim-
ulus, the word “wrong” will appear on
the screen. At the bottom of the screen,
the number of correct responses you
have made will be counted. During
some stages of the experiment, the
computer will NOT tell you if your
choices are correct or wrong. However,
based on what you have learned so far,
you can get all of the tasks correct.
Please do your best to get everything
right. Thank you and good luck!

No further instructions were given before or
after the experiment started.

Trial structure and contingencies. Each trial
started with presentation of a sample stimulus
in the center of the computer screen. Clicking
on the stimulus with the mouse was followed
by the presentation of three comparison stim-
uli displayed in three of the four corners of
the computer screen. The location of the
three comparison stimuli on the screen was
assigned randomly. The selection of the

Fig. 1. The stimuli used in training conditional dis-
crimination and testing for formation of equivalence clas-
ses. The top section shows the 15 abstract stimuli. The
middle and bottom section show the colored and black-
and-white meaningful pictures that replace the C-abstract
stimuli in the respective picture groups. Stimuli A, B, C, D,
and E and A, B, PIC1 as C, D, and E are used in all three
experiments as the reference groups (ABS and PIC).
Stimuli A, B, PIC2 as C, D, and E are used in Experiment
1. In Experiment 3, stimulus B2 was swapped with stimulus
PIC12 and D3 was swapped with PIC13.
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correct comparison stimulus was followed by
the presentation of words such as correct, very
good, super, or excellent. The selection of an
incorrect comparison stimulus was followed by
the presentation of the word wrong. The dura-
tion of the programmed consequences was
1,000 ms followed by an intertrial interval of

500 ms. The mouse cursor was reset to the
center of the screen prior to the presentation
of a new sample stimulus.

Acquisition and maintenance of baseline rela-
tions. Table 1 presents an overview of baseline
training. Baseline training was conducted
in blocks of 60 trials including all the

Table 1

Sequence of training and testing

Experimental Phases Trial Types
% Program

Consequences
Number of

Trials

Acquisition of baseline relations (All
trial types presented randomly)

1. Concurrent trials A1B1, A2B2, A3B3, B1C1, B2C2, B3C3,
C1D1, C2D2, C3D3, D1E1, D2E2,
D3E3

100 60

2. Mixed trials (trials presented
randomly)

A1B1, A2B2, A3B3, B1C1, B2C2, B3C3,
C1D1, C2D2, C3D3, D1E1, D2E2,
D3E3

75 60

3. Mixed trials (trials presented
randomly)

A1B1, A2B2, A3B3, B1C1, B2C2, B3C3,
C1D1, C2D2, C3D3, D1E1, D2E2,
D3E3

50 60

4. Mixed trials (trials presented
randomly)

A1B1, A2B2, A3B3, B1C1, B2C2, B3C3,
C1D1, C2D2, C3D3, D1E1, D2E2,
D3E3

0 60

Test 1 for emergent relations (trials
presented randomly intermixed)

Baseline trials A1B1, A2B2, A3B3, B1C1, B2C2, B3C3,
C1D1, C2D2, C3D3, D1E1, D2E2,
D3E3

0 36

Symmetry trials B1A1, B2A2, B3A3, C1B1, C2B2, C3B3,
D1C1, D2C2, D3C3, E1D1, E2D2,
E3D3

0 36

Transitivity A1C1, A2C2, A3C3, A1D1, B1D1,
A2D2, B2D2, A3D3, B3D3, A1E1,
B1E1, C1E1, A2E2, B2E2, C2E2,
A3E3, B3E3, C3E3

0 54

Equivalence C1A1, D1A1, E1A1, C2A2, D2A2,
E2A2, C3A3, D3A3, E3A3, D1B1,
E1B1, D2B2, E2B2, D3B3, E3B3,
E1C1, E2C2, E3C3

0 54

Test 2 for emergent relations (trials
presented randomly intermixed)

Baseline trials A1B1, A2B2, A3B3, B1C1, B2C2, B3C3,
C1D1, C2D2, C3D3, D1E1, D2E2,
D3E3

0 36

Symmetry trials B1A1, B2A2, B3A3, C1B1, C2B2, C3B3,
D1C1, D2C2, D3C3, E1D1, E2D2,
E3D3

0 36

Transitivity A1C1, A2C2, A3C3, A1D1, B1D1,
A2D2, B2D2, A3D3, B3D3, A1E1,
B1E1, C1E1, A2E2, B2E2, C2E2,
A3E3, B3E3, C3E3

0 54

Equivalence C1A1, D1A1, E1A1, C2A2, D2A2,
E2A2, C3A3, D3A3, E3A3, D1B1,
E1B1, D2B2, E2B2, D3B3, E3B3,
E1C1, E2C2, E3C3

0 54

Note. For the training phases, there are five trials of each relation per block, and for each set of the emergent relations
test, there are three trials of each relation per block.
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baseline relations (AB/BC/CD/DE). The trials
presented in this block were A1/B1B2B3, A2/
B1B2B3, A3/B1B2B3, B1/C1C2C3, B2/C1C2C3,
B3/C1C2C3, C1/D1D2D3, C2/D1D2D3, C3/
D1D2D3, D1/E1E2E3, D2/E1E2E3, and D3/
E1E2E3, each appearing five times (the
letter-number combination before the slash rep-
resents the sample, and the letter-number combi-
nations after the slash represent the
comparisons, with the correct comparison
underlined). A mastery criterion of at least
90% correct comparison selection was
required for the training of each relation. Par-
ticipants therefore had to respond correctly in
at least 54 out of the 60 trials required in the
block. Performances below the 90% criterion
led to a repetition of the block. Programmed
consequences in this phase were delivered in
100% of all trials. Once the 90% criterion was
achieved, participants proceeded to the
maintenance phase, in which baseline train-
ing continued with reduced programmed con-
sequences. The percentage of trials in a block
that produced programmed consequences in
the maintenance phase was reduced to 75%,
50%, and 0% in that order. A mastery crite-
rion of at least 90% correct comparison selec-
tion in a trial block was required to progress
to the next level of programmed consequence
delivery. The trials that produced programmed
consequences for each of the levels of
programmed consequences were randomized
in each block.
Emergent relations test blocks. The last block

with no programmed consequences was followed
by two test blocks for emergent relations that
contained 180 trials each. Each test block con-
sisted of 36 baseline, 36 symmetry, 54 transitivity,
and 54 equivalence trials. The 180 trials in each
test block were presented without programmed
consequences. Equivalence class formation was
defined as at least 90% experimenter-defined
correct responding on all types of relations—
baseline, symmetry, 1-node transitivity, 1-node
equivalence, 2-node transitivity, 2-node equiv-
alence, 3-node transitivity, and 3-node
equivalence—in Test Blocks 1 and 2. Immedi-
ate emergence was defined as at least 90%
correct responding in Test Block 1, while del-
ayed emergence was defined as responding
below 90% in Test Block 1 and at least 90%
correct responding in Test Block 2. Further-
more, when looking at delayed emergence as
a function of number of nodes, the criterion

was that the responding at least 90% correct
was achieved by the 1-node probes before the
2-node probes and 1-node probes and 2-node
probes before 3-node probes.

Sorting test. Upon completion of the MTS-
based test, participants were given plastic lami-
nated cards with the same stimuli printed on
the cards as they had been exposed to in MTS
training and testing. Participants were
instructed to put the cards into groups and
their performances were recorded. The pur-
pose of the sorting test was to provide an addi-
tional measure of class formation after MTS-
based training and testing.

Results
Baseline acquisition. As shown in Figure 2,

the PIC and the PIC-as-BW groups completed
fewer training trials relative to the ABS group,
F(2, 42) = 3.96, p = .03. Participants in these
groups required a mean of 600, 600, and
728 trials, respectively, before the test for
emergent relations.

Equivalence class formation. Figure 3 shows
the percentage of participants who formed
equivalence classes in the immediate (Test
Block 1) and delayed tests (Test Block 2) for
emergent relations and sorted the cards
according to the experimenter-defined classes.
In the ABS group, 13.33% and 33.33% of the

Fig. 2. Mean number of trials needed to acquire base-
line relations for participants in each of the experimenter
groups in Experiment 1. Error bars show standard error of
the mean. ABS = All stimuli are abstract, PIC = C stimuli
are colored pictures, and PIC-as-BW = C stimuli are black-
and-white pictures.
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participants formed classes in Test Blocks
1 and 2, respectively. In the PIC group, 66.7%
and 80% of the participants formed classes in
Test Blocks 1 and 2, respectively, and in the
PIC-as-BW group, 66.67% and 93.33% of the
participants formed classes in Test Blocks
1 and 2, respectively. Fisher’s Exact Tests
showed that in Test Block 2, class formation
yields were significantly higher for PIC relative
to ABS, p = .025, 95% CI [0.03, 0.61], and PIC-
as-BW relative to ABS, p = .002, 95% CI [0.00,
0.3], but not for PIC relative to PIC-as-BW,
p = .60, 95% CI [0.02, 2.22]. On the sorting
task, 46.67%, 86.67%, and 93.33% of the par-
ticipants in the ABS, the PIC, and the PIC-as-
BW groups, respectively, sorted the cards
according to the experimenter-defined classes.
Fisher’s Exact Tests showed that performance
consistent with experimenter-defined classes
was significantly higher for PIC compared to
ABS, p = .021, 95% CI [0.02, 0.56] and perfor-
mance for PIC-as-BW relative to ABS, p = .005,
95% CI [0.0, 0.4]. Furthermore, a Fisher’s
Exact Test showed no significant difference in
experimenter-defined class formation, and

PIC compared to PIC-as-BW, p = 1.0, 95% CI
[0.03, 4.47].

Delayed emergence. Figure 4 shows a more
detailed analysis of the performance of partici-
pants who did not respond in accordance with
equivalence in Test Block 1 but formed equiv-
alence classes in Test Block 2. Twenty of the
total 45 participants responded with equiva-
lence in both test blocks. In addition, nine
participants (three participants in the ABS
group, two participants in the PIC group, and
four participants the BW-as-PIC group did not
show immediate equivalence class formation
in Test Block 1, but responded in accordance
with stimulus equivalence in Test Block 2 (del-
ayed emergence). As shown in Figure 4, the
number of participants showing delayed emer-
gence was lowest (two of nine) for symmetry
relations and highest (eight of nine) for
3-node equivalence relations. Figure 4 shows
that three of the participants show a response
pattern that is in accordance with criterion of
showing delayed emergence as function of
number of nodes.

Discussion
We asked if the combination of color and

content of the stimuli used as meaningful pic-
tures in previous studies could have affected
the results due to the salience of color stimuli.
However, both conditions (colorful pictures
and black-and-white pictures), replicated the
earlier enhancing effect of familiar pictures
on equivalence class formation. This finding
suggests that enhanced discriminability is not
dependent on the color but rather on the con-
tent of the stimuli relative to abstract shapes.
For practical purposes, when arranging and
conducting a procedure which is going to be
effective in producing equivalence class forma-
tion, it is helpful for stimuli in one stimulus set
to be meaningful but not necessarily in color.

Experiment 2

Studies on the relatedness of stimuli in
equivalence classes have used meaningful pic-
tures during MTS training, but not included
meaningful pictures in MTS emergent rela-
tions testing (Bortoloti & de Rose, 2009, 2012;
Bortoloti, Rodrigues, Cortez, Pimentel, & de
Rose, 2013; de Almeida & de Rose, 2015).
These studies have generally used a training
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structure in which the trained relations are
BA, AC, and CD (B AàCàD). The B, C,
and D stimuli are abstract shapes, while the A
stimuli are pictures of faces showing emotions
(happiness, anger, and neutrality). The test
includes BD and DB trials, so the pictures of
faces (A stimuli) are not presented in test tri-
als. By contrast, studies on equivalence class
formation as a function of meaningful pictures
have used meaningful pictures during both
MTS training and emergent relations testing
(e.g., Arntzen, Nartey et al., 2015). In these
experiments, all trial types have been included
in the test blocks for emergent relations and
obtained yields have been 0–20% for the ABS
groups and 70–80% for the PIC groups
(e.g., Arntzen, Nartey et al., 2015; Mensah &
Arntzen, 2017). It is possible that the high
yields are due to the inclusion of meaningful
pictures in some test trials (i.e., all trials with C
stimuli). Thus, Experiment 2 explored the
effect of including or excluding trials with
meaningful C stimuli in testing for the forma-
tion of three 5-member equivalence classes
(AàBàCàDàE).

Method
Participants. The experiment included

15 male and 30 female undergraduate stu-
dents aged from 17 to 29 years (M = 22.02;
SD = 2.70) who were recruited in the same
manner and given the same information as in
Experiment 1.

The participants were assigned randomly to
three experimental groups: ABS and PIC as in
Experiment 1, and the Wo-PIC group, which
received the same training as the PIC group
but received the test for emergent relations
without C trials.

Procedure. Apparatus, setting, relations
trained, and training procedures were the
same as in Experiment 1. The ABS group
received training with the A, B, C, D, and E
sets of stimuli shown in Figure 1, and C stimuli
were replaced with the PIC1 stimuli for the
PIC and Wo-PIC groups; the PIC2 stimuli were
not used in this experiment. The testing pro-
cedure differed from Experiment 1 only in
that the Wo-PIC group had no test trials with
the C stimuli (i.e., no AC, BC, CD, or EC) in
the emergent relations test. Therefore, for this
group, each of the emergent relations test
blocks consisted of 18 baseline, 18 symmetry,
36 transitivity, and 36 equivalence trials total-
ing 108 test trials.

Results
Baseline acquisition. As shown in Figure 5,

the mean number of trials to baseline mastery
was 900, 660, and 780 for the ABS, the PIC,
and the Wo-PIC groups, respectively; the dif-
ference between groups was not significant, F
(2,42) = 1.98, p = .15.

Equivalence class formation. Figure 6 shows
the percentage of participants who formed
equivalence classes in the first and second test

Groups P# Test Block 1 Test Block 2

BL SYM 1N-
TR

1N-
EQ

2N-
TR

2N-
EQ

3N-
TR

3N-
EQ

BL SYM 1N-
TR

1N-
EQ

2N-
TR

2N-
EQ

3N-
TR

3N-
EQ

ABS

18011

18036

18037

PIC
18005

18039

BW-as-

PIC

18003

18014

18018

18038

Fig. 4. The figure shows all participants across different groups in Experiment 1 who did not respond in accordance
with stimulus equivalence in Test Block 1. The filled squares show the relations in which participants responded in accor-
dance with experimenter-defined criterion, while the open squares show the relations in which participants did not
respond in accordance with experimenter-defined criterion. ABS = All stimuli are abstract, PIC = C stimuli are colored
pictures, and BW-as-PIC = C stimuli are black-and-white pictures.
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blocks and sorted the cards according to the
experimenter-defined classes. In the ABS
group, 6.67% and 20% of the participants

showed equivalence class formation in Test
Blocks 1 and 2, respectively, as did 60% and
93.3% of the participants in the PIC group,
respectively, and 60% and 93.3% of partici-
pants in the Wo-PIC group. Fisher’s Exact
Tests showed that in Test Block 2, class forma-
tion yields were significantly higher for both
PIC relative to ABS and Wo-PIC relative to
ABS, p = .00, 95% CI [0.0, 0.18) but not for
PIC relative to Wo-PIC, p = 1, 95% [0.04,
20,23]. For the sorting task, 46.67%, 93.33%,
and 93.33% of the participants in the ABS, the
PIC, and the Wo-PIC groups, respectively,
sorted the cards according to the
experimenter-defined classes. Fisher’s Exact
Tests showed that experimenter-defined class
formation performance was significantly
higher for both PIC compared to ABS and
Wo-PIC compared to ABS, p = .014, 95% CI
[0.0, 0.53]. Furthermore, a Fisher’s Exact Test
showed no significant difference in
experimenter-defined class formation perfor-
mance for PIC relative to Wo-PIC, p = 1.0,
95% CI [0.04, 20.23].

Delayed emergence. As shown in Figure 6,
42.22% of the participants showed equivalence
class formation in both test blocks. None of
the participants responded in accordance with
equivalence in Test Block 1 but not in second
test block. Eleven participants (two partici-
pants in the ABS group, five participants in
the PIC group, and three participants in the
Wo-PIC group who did not form equivalence
classes in the immediate test for emergent
relations, formed classes in the second test
block (see Fig. 7). Three out of four partici-
pants in the Wo-PIC group did not respond
according the experimenter-defined criterion
in baseline trials. The number of participants
showing delayed emergence was lowest (2 of
10) for symmetry relations and highest (9 of
10) for 3-node equivalence relations. One par-
ticipant, P17005, only responded correctly on
baseline trials in the first test block. P17019
and P17033 showed delayed emergence of
equivalence classes as a function of number of
nodes.

Discussion
Experiment 2 extended previous findings by

examining the effects of eliminating meaning-
ful pictures from the MTS emergent relations
test after including them in the MTS training.

Fig. 5. Mean number of trials needed to acquire base-
line relations for participants in each of the experimenter
groups in Experiment 2. Error bars show standard error of
the mean. ABS = All stimuli are abstract, PIC = C stimuli
are pictures and included in both training and testing,
Wo-PIC = C trials are excluded during testing.
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Fig. 6. The percentage of participants who showed
class formation in immediate and delayed emergence rela-
tions tests, and postclass formation sorting test in Experi-
ment 2. Each cluster of bars represents yields for a specific
group, with the leftmost bar showing data for the first test
block, the middle bar showing data for the second test
block, and rightmost bar showing yields on the postclass
formation sorting test. ABS = All stimuli are abstract,
PIC = C stimuli are pictures and included in both training
and testing, Wo-PIC = C related relations are excluded
during testing.
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Results showed no significant difference
between class formation yields for participants
with or without meaningful pictures included
in the MTS emergent relations test. Thus, we
argue that it is the training of baseline rela-
tions with meaningful pictures that enhances
discriminability during the establishment of
necessary conditional discriminations and not
the mere presence of meaningful pictures in
the testing of emergent relations. As an alter-
native interpretation to the discriminability of
meaningful pictures, it is possible that mean-
ingful stimuli enhance mediation behavior.
Mediating behavior has been suggested as
important to fill the gap between sample offset
and comparison onset in delayed matching-to-
sample procedures (e.g., Arntzen, 2006;
Arntzen et al., 2014). Other studies have
shown how verbal behavior may influence the
formation of equivalence classes (e.g.,
Jennings & Miguel, 2017). Further experi-
ments including talk-aloud procedures might
be helpful for clarifying the role of mediating
behavior induced by meaningful pictures
(Vie & Arntzen, 2017).
Experimental sessions within stimulus equiv-

alence research can be quite lengthy. The
results from Experiment 2 show that when
training a high number of conditional discrim-
inations (in this case, 12 conditional discrimi-
nations including meaningful pictures as C
stimuli), the number of trials in a test block

can be reduced by excluding all trials with C
stimuli, thereby reducing the duration of the
experimental sessions.

Experiment 3

Previous research suggests that meaningful
pictures presented as the C set in a five-
member class have a greater effect on equiva-
lence yields compared to pictures as the A-, B-,
D-, or E-set (Nartey et al., 2015b), and that
presenting a pictorial C stimulus in all concur-
rently taught stimulus classes is more effective
than presenting fewer (Mensah & Arntzen,
2017). To extend these findings, in Experi-
ment 3 we studied the effects of including a
picture in each class but in different sets. As
before, we trained 12 conditional discrimina-
tions and tested for three 5-member equiva-
lence classes (AàBàCàDàE), and we
included groups in which the location of the
meaningful stimulus varied across classes and
either two or three classes contained a mean-
ingful stimulus.

Method
Participants. The participants were 75 under-

graduate students (46 males and 29 females)
recruited through personal contacts from the
University of Ghana, Legon. Their ages ranged
from 16 to 29 years (M = 20.12, SD = 2.37).

Groups P# Test Block 1 Test Block 2

BL SYM 1N-
TR

1N-
EQ

2N-
TR

2N-
EQ

3N-
TR

3N-
EQ

BL SYM 1N-
TR

1N-
EQ

2N-
TR

2N-
EQ

3N-
TR

3N-
EQ

ABS
17010

17019

PIC

17005

17017

17033

17034

17043

Wo-

PIC

17015

17018

17025

17035

Fig. 7. The figure shows all participants in Experiment 2 who did not respond in accordance with stimulus equiva-
lence in Test Block 1. The filled squares show the relations in which participants responded in accordance with
experimenter-defined criterion, while the open squares show the relations in which participants did not respond in
accordance with experimenter-defined criterion. ABS = All stimuli are abstract, PIC = C stimuli are pictures and included
in both training and testing, Wo-PIC = C trials are excluded during testing.
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The 75 participants were assigned randomly
to five experimental groups: Abstract (the ABS
group), C1, C2, and C3 stimuli as pictures
(the PIC group), C1, B2, and D3 stimuli as pic-
tures (the 3-PIC), and two groups with pic-
tures as C1 and B2 or D3 stimuli (the 2-PIC
groups).
Procedure. Apparatus, setting, stimuli, rela-

tions trained, and training procedures were
the same as in Experiment 1. As before, the
ABS group received training with the A, B, C,
D, and E sets shown in Figure 1, and the PIC
group received training with C1 instead of C
stimuli. For the 3-PIC group, PIC11, PIC12,
and PIC13 stimuli replaced C1, B2, and D3,
and in the two 2-PIC groups, PIC11 and PIC12
stimuli replaced C1 and B2, and C1 and D3,
respectively. The PIC2 stimuli were not used in
this experiment.

Results
Baseline acquisition. Figure 8 shows the

mean number of trials needed to acquire base-
line relations in each experimental group. Par-
ticipants required a mean number of 700, 588,
669, and 574 trials to acquire baseline rela-
tions in the ABS, the PIC, the 3-PIC, and the
2-PIC groups (the data for the two 2-PIC
groups C1 and B2 or D3 as pictures have been
averaged because they did not differ and both
included one picture in addition to C1). A
one-way ANOVA showed no significant

difference between the experimental groups, F
(3, 56) = 1.62, p = .33.

Equivalence class formation. Figure 9 shows
the percentage of participants who responded
in accordance with equivalence in Test Block

Fig. 8. Mean number of trials needed to acquire baseline relations for participants in each of the experimenter
groups in Experiment 3. Error bars show standard error of the mean. ABS = All stimuli are abstract, PIC = All three C
stimuli are pictures, 3-PIC = C1, B2, and D3 stimuli are pictures, 2-PIC = C1 and B2 or D3 stimuli are pictures.
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Fig. 9. The percentage of participants who showed
class formation in Test Block 1, Test Block 2, and postclass
formation sorting test in Experiment 3. Each cluster of
bars represents yields for a specific group, with the left-
most bar showing data for the first test block, the middle
bar showing data for the second test block, and rightmost
bar showing yields on the postclass formation sorting test.
ABS = All stimuli are abstract, PIC = C stimuli are pictures,
3-PIC = C1, B2, and D3 stimuli are pictures, 2-PIC = C1
and B2 or D3 stimuli are pictures.
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1 (immediate emergence) and Test Block
2 (delayed emergence) and sorted the cards
according to the experimenter-defined classes.
For the ABS group, 6.7% of the participants
responded in accordance with equivalence in
both the first and second test blocks. In the
PIC group, 73.3% and 86.7% of the partici-
pants responded in accordance with equiva-
lence in the first and second test blocks,
respectively. For the remaining groups, these
respective yields were 40% and 66.7% in the
3-PIC group, 26.7% and 50% in the two 2-PIC
groups. In Test Block 2, the Fisher’s Exact
Tests showed that class formation yields were
significantly higher for PIC compared to ABS,
p = .0001, 95% CI [6.66, 938.6], 3-PIC com-
pared to ABS, p = .0017, 95% [2.93, 298.8],
and 2-PIC compared to ABS, p = .0071, 95%
[1.68, 148.5]. The results also show that class
formation yields were significantly higher for
PIC compared to C1/B2-as-PIC and C1/D3,
p = .02, 95% CI [1.34, 31.70]. The Fisher’s
Exact Tests also showed no significant differ-
ence in class formation yields for PIC and
3-PIC, p = .39, 95% CI [0.46, 18.27] and 3-PIC
and 2-PIC, p = .35, 95% CI [0.59, 6.89]. For
the sorting task, the number of participants
who sorted according to experimenter-defined
classes corresponds with the performance in
Test Block 2.
Delayed emergence. As shown in Figure 10,

36% of the participants responded in accor-
dance with stimulus equivalence in both test

blocks. Eleven participants, two participants in
the PIC group, four participants in the 3-PIC
group, three participants in the 2-PIC group
with C1 and B2 as pictures, and two partici-
pants in the 2-PIC group with C1 and D3 as
pictures who did not respond in accordance
with stimulus equivalence in Test Block 1 did
so in Test Block 2. One participant, P19004,
did not respond correctly in baseline trials
and one participant, P19012, only responded
correctly on baseline trials in Test Block
1. The number of participants showing del-
ayed emergence was lowest (2 of 10) for sym-
metry relations and highest (10 of 11) for
3-node transitivity relations. P19031, P19071,
and P19081 showed delayed emergence of
either both types of 3-node relations or one
3-node relation. The other five participants
(P19004, P19007, P19016, P19012, P19025,
P19048, and P19049) showed delayed emer-
gence of both low and high nodal number.
Two participants, P19031 and P19081, showed
delayed emergence of equivalence classes as a
function of number of nodes.

Discussion
In the previous line of research using five

sets of stimuli, A, B, C, D, and E, the meaning-
ful pictorial stimuli have always been pres-
ented in the same set (e.g., Arntzen & Nartey,
2018), specifically as set-C samples and com-
parisons (C1, C2, C3). According to Fields

Groups P# Test Block 1 Test Block 2 

  BL SYM 1N- 
TR 

1N- 
EQ 

2N- 
TR 

2N- 
EQ 

3N- 
TR 

3N- 
EQ 

BL SYM 1N- 
TR 

1N- 
EQ 

2N- 
TR 

2N- 
EQ 

3N- 
TR 

3N- 
EQ 

PIC 
19031                 

19071                 

3-PIC 

(C1/B2/D3) 

19004                 

19048                 

19058                 

19081                 

2-PIC 

(C1/B2) 

19007                 

19012                 

19016                 

2-PIC 

(C1/D3) 

19025                 

19049                 

Fig. 10. All participants in Experiment 3 who did not respond in accordance with stimulus equivalence in Test Block
1. The filled squares show the relations in which participants responded in accordance with experimenter-defined crite-
rion, while the open squares show the relations in which participants did not respond in accordance with experimenter-
defined criterion. ABS = All stimuli are abstract, PIC = C stimuli are pictures, 3-PIC = C1, B2, and D3 stimuli are pictures,
and 2-PIC = C1 and B2 or D3 stimuli are pictures.

Erik Arntzen and Justice Mensah12



et al. (2012) and Travis et al. (2014), the class-
enhancing effect of the meaningful stimuli
can be attributed to their being members of
an already existing equivalence class before
the experiment. Therefore, the meaningful
stimuli can function as discriminative stimuli
for class formation in a set of abstract stimuli.
Fields et al. (2012) suggested that the forma-
tion of an equivalence class consisting of four
abstract stimuli and a meaningful stimulus
indicates an expansion of a preestablished
class of which the meaningful stimulus is
already part, rather than a “new” equivalence
class of five members.
The results showed that when the meaning-

ful pictures were all C-set stimuli (samples and
comparisons), the yields in the first test block
were more than 30% higher than when the
three meaningful pictures were part of differ-
ent sets (C1/B2/D3), but the difference was
smaller in the second test block (see the dis-
cussion on delayed emergence below). When
all three meaningful pictures are presented as
C stimuli in a five-member class using an LS
training structure, they are trained to three B
and three D stimuli. Both B and D stimuli are
nodes that serve both as samples and compari-
sons in different trial types. When the three
meaningful pictures were presented in differ-
ent sets to the 3-PIC group, two of them were
also trained to singles (a stimulus trained to
one other stimulus only); that is, B2 was
trained to A2, which served only as a sample,
and D3 was trained to E3, which only served as
a comparison. Further research with a larger
number of stimulus sets is needed to deter-
mine if the smaller yields in this group are
related to the meaningful stimuli being mem-
bers of different stimulus sets per se, or if they
are related to some of the meaningful stimuli
being trained to singles.
The low yields of equivalence class forma-

tion for the two 2-PIC groups compared to the
group with pictorial stimuli in three classes
can be attributed to the absence of a meaning-
ful stimulus in one of their experimental
classes.

General Discussion

Across all three experiments, the inclusion
of a meaningful stimulus in a group of abstract
stimuli produced equivalence yields that were
significantly higher than when the group of

stimuli contained only abstract stimuli. Also,
for participants who did not form equivalence
classes, the proportion of probe trials that
were consistent with experimenter-defined
classes was higher for all picture groups com-
pared to the abstract group in all three experi-
ments. These findings replicate those
previously reported by Arntzen et al. (2014);
Arntzen, Nartey et al. (2015); Fields et al.
(2012); Mensah & Arntzen (2017); and Nartey
et al. (2015a, 2015b). We did not find any dif-
ferences in yields when comparing colorful
pictorial stimuli and black-and-white pictorial
stimuli (Experiment 1) or the inclusion and
exclusion of test trials including meaningful
pictures as C stimuli (Experiment 2). Further-
more, Experiment 3 showed that when the
meaningful pictures were located in different
stimulus sets (not as C stimuli only), the yields
were little reduced compared to when the
meaningful pictures served as stimuli in the C
set. However, yields were reduced substantially
when only two comparisons in different sets
were meaningful pictures, replicating previous
findings (Mensah & Arntzen, 2017).

Meaningful Stimuli
Fields and Arntzen (2018) mentioned differ-

ent properties that are characteristic for mean-
ingful stimuli—hedonic valence, denotative
(definitional) and connotative (evaluative) fea-
tures. As pointed out in the introduction, dif-
ferent experiments have shown how
meaningful stimuli that acquired stimulus con-
trol functions (discriminative and conditional
stimuli) can influence equivalence class forma-
tion. This enhancing effect is also, as discussed
in Experiment 3, found when meaningful
stimuli serve as members of other stimulus
classes. Taken together, the present three
experiments clarified some unresolved issues
regarding the effect of including meaningful
stimuli in stimulus sets with abstract shapes.
Fields and Arntzen called for experiments to
clarify if the enhancement of class formation
is related to a combination of hedonic, deno-
tative and connotative properties and the
acquired stimulus control functions.

Sorting
Data on the sorting tests for the ABS and

the PIC groups in the three experiments in
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the present study replicate findings in previous
studies with LS (Arntzen, Granmo, & Fields,
2017; Arntzen, Norbom, & Fields, 2015b;
Fields, Arntzen, & Moksness, 2014) and MTO
(Rustad Bevolden & Arntzen, 2018) training
structures. Specifically, all participants who
formed equivalence classes in the MTS-based
emergent relation test sorted the cards
according with experimenter-defined classes.
Furthermore, some participants who failed to
form classes in the MTS-based emergent rela-
tions test sorted the cards according to
experimenter-defined classes.
When we compare the sorting results from

the three experiments in the present study for
different experimental groups other than the
reference groups (the ABS and the PIC
groups) with previous research mentioned
above, the number of participants who sorted
correctly was higher for the PIC-as-BW group
(Experiment 1) and was the same for the Wo-
PIC group (Experiment 2) as the PIC groups.
Furthermore, correct sorting for the C1/B2/
D3-as-PIC, the C1/B2-as-PIC and the
C1/D3-as-PIC groups decreased in a graded
manner compared to the performance for the
PIC group (Experiment 3). These results sug-
gest that the number of pictures as C stimuli
in the classes and the location of pictures in
different stimulus sets influence sorting perfor-
mance while the color of the pictures and tests
without C trials do not. In other words, there
is a high correlation between MTS perfor-
mance and performance on sorting tests and
both are influenced by the same variables.
There are several practical aspects to the

use of sorting tests. First, it takes much less
time to do the sorting test than a full MTS test
(Arntzen et al., 2017), and second, sorting
tests are easy to administer (Arntzen, Norbom
et al., 2015). Third, sorting tests are useful in
settings with large numbers of people
(Varelas & Fields, 2017). Finally, sorting tests
can be used with small children (Barron,
Leslie, & Smyth, 2018).

Delayed Emergence of Equivalence Classes
Equivalence class formation is demonstrated

when all test trials for emergent relations are
in accordance with the experimenter-defi-
ned classes. However, many reports within
the literature on stimulus equivalence have
shown an increase in responding according to

experimenter-defined classes as a function of
repeated test trials or continued testing
(e.g., Arntzen & Holth, 2000; Doughty,
Leake, & Stoudemire, 2014; Fields, Adams,
Verhave, & Newman, 1990; Holth & Arntzen,
1998; Imam & Blanche, 2013; Kato, de Rose, &
Faleiros, 2008; Sidman, Kirk, & Willson-Mor-
ris, 1985).

Some researchers have claimed that delayed
emergence does not occur often (Dube &
McIlvane, 1996) while others suggest it is a rel-
atively common finding (Pilgrim, 2015). In
the present study, delayed emergence was
observed for some participants in all groups,
including the ABS group (Experiments 1 &
2). The analysis showed that a total of 31 out
of 165 participants across three experiments
showed delayed emergence and seven of these
participants showed a pattern of delayed emer-
gence as a function of number of nodes. This
finding is consistent with previous findings
showing that number of nodes could influ-
ence delayed emergence of equivalence clas-
ses (e.g., Fields et al., 1990; Kennedy, 1991;
Moss-Lourenco & Fields, 2011). Twenty-three
out of the 30 participants showed a mixed pat-
tern of delayed emergence and not as func-
tion of number of nodes. Furthermore, the
analysis of separate trial types extends previous
findings and shows that it could be differences
in performance on transitivity versus equiva-
lence on 1-node, 2-node, and 3-node trials.

In the present experiments, baseline trials
without programmed consequences were
interspersed in the test. It is possible that the
presentation of baseline trials in a test block
plays a role in delayed emergence of equiva-
lence classes. For example, Sidman (1994)
emphasized how the consistent sample–
comparison relations are established in the
conditional discrimination and that this consis-
tency from many other relations should enable
performance according with experimenter-
defined classes during testing, and therefore
lead to delayed emergence. Based on this
argument, delayed emergence should be stud-
ied as function of testing for equivalence with
and without baseline trials in test blocks. The
prediction is that without the consistent
sample–comparison relations in the test, the
number of participants showing delayed emer-
gence should be low.

A related mechanism for delayed emer-
gence is put forward by Fields and colleagues
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(Fields & Moss, 2007; Moss-Lourenco & Fields,
2011). They argue that delayed emergence of
equivalence classes may occur because the
between-class discriminations during training
are not fully established, even if the mastery
criterion before testing is met. Experimentally,
this suggestion could be tested by including an
extended phase with direct training of
between-set discrimination trials and examine
if cases of delayed emergence are reduced.

Summary and Implications
Taken together, all three experiments repli-

cate and extend previous research on the
enhancing effect on equivalence class forma-
tion of including meaningful pictures in a
stimulus set with abstract shapes. The results
of the experiments clarify important variables
that are responsible for this enhancing effect.
Some of main implications of the three experi-
ments are: (1) when training and testing for
three potential classes, the enhancing effect of
equivalence class formation is optimized with
a meaningful picture in all three classes as
nodes but not necessarily located as the mid-
dle node in each class. It is not clear what the
effect would be with pictures located in some
classes as nodes and as singles in other classes.
(2) Experiments arranged to show the emer-
gence of large equivalence classes can be quite
time consuming. The results showing the high
correspondence of performance on sorting
tests and MTS test, and the finding that trials
including meaningful stimuli in test trials are
not necessary to enhance the formation of
equivalence classes as long as meaningful stim-
uli are included in baseline conditional dis-
criminations, could be significant in applied
settings. Both the use of sorting tests as a mea-
surement for partitioning of classes and reduc-
ing the number of test trials in the MTS tests
will reduce time spent in an experiment.
(3) The mechanism of delayed emergence of
equivalence could be studied by manipulating
training and testing arrangements.
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