
ORIGINAL ARTICLE

Sorting: An Alternative Measure of Class Formation?

Erik Arntzen1
& Aina Norbom1

& Lanny Fields2

Published online: 18 June 2015
# Association for Behavior Analysis International 2015

Abstract In initial sorting tests, 16 participants did not assign
stimuli to experimenter-defined classes. Then, the baseline
relations for 5-member equivalence classes were trained using
matching-to-sample (MTS) trials. Follow-up MTS tests
assessed class formation. Regardless of outcome, another
sorting test assessed delayed class formation if classes had
not formed or class-maintenance if classes emerged during
the MTS test. Classes were not formed by 11 participants,
emerged on a long-delayed basis in the sorting test for 2,
emerged on a delayed basis in the first MTS test for 2 others,
and emerged immediately in the MTS test for 3 others. The
latter three participants then attempted to form new equiva-
lence classes. After baseline training, emergence was assessed
with a sorting test administered immediately thereafter, and
was followed serially with an MTS and final sorting test.
Responding in the first sorting tests demonstrated the imme-
diate emergence of the stimulus classes for these participants.
The MTS test results implied that the classes that emerged in
the sorting test were actually equivalence classes. For the two
participants who showed delayed class formation, class integ-
rity was maintained during the follow-up sorting and MTS
tests. Two other participants showed class formation in the

last and final sorting test. The remaining nine did not show
class formation. Because the sorting tests were completed
90% faster thanMTS tests, they provided a quick and reliable
alternative to MTS tests for the tracking of class formation.

Keywords Sorting . Categorization . Equivalence class
formation . College students

Introduction

An equivalence class contains a finite number of perceptually
disparate stimuli, all of which have become related to each
other and can be used in an interchangeable manner (Sidman
1994). The vast majority of all experimental studies of equiv-
alence class formation involve the training of baseline condi-
tional relations among the stimuli in a set that is followed by
testing for the emergence of untrained relations that can be
derived from the stimuli in the baseline relations.
Collectively, the untrained relations have also been called
emergent or derived relations. In addition, the production of
class-consistent responding assessed by derived-relations
probes documents the properties of reflexivity, symmetry,
and transitivity (Fields and Verhave 1987; Sidman 1994;
Sidman and Tailby 1982).

Most articles that have explored equivalence classes have
focused on the identification of variables that have influenced
the likelihood of class formation. Other articles have used
equivalence classes in combination with other behavioral pro-
cesses to build laboratory models that simulate complex forms
of human behavior such as syntax (Mackay and Fields 2009),
meaning (e.g., Arntzen et al. 2015; Fields et al. 2012; Tyndall
et al. 2004), and contextually determined symbol classifica-
tion (Bush et al. 1989; DeRosse and Fields 2010). Yet other
articles have used equivalence-based instruction to establish
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college level course content (e.g., Fields et al. 2009b; Fienup
and Critchfield 2011; Fienup et al. 2015; Pytte and Fienup
2012; Walker and Rehfeldt 2012). Most of these studies used
training and testing trials conducted in a matching-to-sample
(MTS) format (Arntzen 2004), with many fewer conducted
with trials administered in a stimulus pairing yes-no format
(Fields et al. 2009a).

In many experiments, the test trials presented to some of
the participants produced class-indicative responding upon
their first presentation, which documented the immediate
emergence of the equivalence classes. In contrast, the same
test trials presented to other participants produced class-
indicative responding only after extended testing, thereby
documenting the delayed emergence of the equivalence clas-
ses (e.g., Fields and Watanabe-Rose 2008; Holth and Arntzen
1998; Kennedy 1991).

As noted above, in most studies of equivalence class for-
mation, training and testing trials were administered in the
same format. These results might suggest that the formation
of equivalence classes requires the use of training and testing
trials that are of the same format. The results of a few recent
experiments, however, prove that that is not the case. In these
experiments, trials in different formats were used to establish
the baseline relations and test for the emergence of the derived
relations that document the formation of an equivalence class.
For example, respondent-type training was used to establish
baseline relations among the stimuli in a set, after which trials
in an MTS format showed the emergence of the derived rela-
tions that document equivalence class formation (e.g., Leader
et al. 1996). While supportive, the results of one experiment
do not definitively prove a point. One goal of the present
experiment is to determine whether similar outcomes can be
obtained with another mix of trial formats: MTS-based trials
to establish the baseline relations followed by a sorting test to
assess the emergence of equivalence classes. A positive out-
come would provide additional support for the view that the
formation of equivalence classes is relatively independent of
the trial formats used to establish baseline relations and mea-
sure the emergence of the classes (Dymond and Rehfeldt
2001; Fields et al. 2014).

A sorting test can take a number of forms (Arntzen et al.
2011; Eikeseth et al. 1997; Grimm 2011; Smeets et al. 2000).
One form involves the use of a deck of cards, each of which
contains one of the stimuli that is a member of each potential
equivalence class. The deck of cards is shuffled to “random-
ize” the ordering of the cards with respect to class membership
and structural position in a class, and then given to a partici-
pant with the instruction to Bput these stimuli into groups as
you feel like.^ The presence of all of the experimenter-defined
classes would be documented by the placement of the cards
into the number of stacks that corresponds to the number of
experimenter-defined classes, with each stack containing all of
the cards for one of the experimenter-defined classes only.

To date, a number of experiments have incorporated this
particular form of sorting test to study of equivalence class
formation (Arntzen et al. 2011; Dickins 2011; Eilifsen and
Arntzen 2009; Fields et al. 2012, 2014). Most of these exper-
iments began with the administration of a sorting test to de-
termine whether the experimenter-defined classes were pres-
ent prior to training. In all cases, class-consistent perfor-
mances were never obtained. Thereafter, baseline relations
were established using MTS training trials, and were followed
by MTS test trials to assess the emergence of the equivalence
classes. Some participants did show class formation, but
others did not. When the sorting test was re-administered at
the completion of the MTS test, the performances were con-
cordant with the MTS tests. Specifically, the participants who
showed class formation in the previously administered MTS
test stacked the cards in accordance with equivalence, whereas
most of the participants who did not show class formation in
the MTS test did not stack the stimuli in accordance with
equivalence. For the remaining few who did not show class
formation in the MTS test, class-indicative responding oc-
curred during the sorting test, which showed the delayed
emergence of the classes (Arntzen et al. 2011). Finally, the
sorting tests were completed in 10 % of the time needed to
complete the MTS test.

Although the use of sorting to study equivalence classes is
promising, a number of issues require clarification. In all of the
experiments that have used sorting, the results of the sorting
tests could not be used to document the formation of the clas-
ses for the following reason. The establishment of the baseline
relations was followed immediately by MTS-based emergent
relations tests and then the sorting test was presented. If class-
consistent responding occurred during the MTS test, it would
document the immediate emergence of the equivalence clas-
ses. Thus, class formation could not be assessed with the
sorting test because it would have already emerged in the
previously administered MTS test. Because of its placement
after both baseline-relation training and administration of the
MTS test, the sorting test could only document the mainte-
nance of the equivalence classes in a different testing format.
These limitations, however, are not an inherent property of a
sorting test. The present experiment determined whether a
sorting test could be used to measure the immediate emergence
of equivalence classes by establishing the baseline relations for
three 3-node, 5-member equivalence classes followed by the
administration of a sorting test, the results of which could
document the immediate emergence of the classes.

By its nature, a sorting test involves assessing the presence
of only a small proportion of the relations in an equivalence
class. Thus, even if the sorting performances are indicative of
equivalence classes, they do not assess the emergence of all
class-based relations. To obviate this potential interpretive
limitation, the sorting test in the present experiment was
followed by a traditional MTS test for equivalence class
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formation. The presence of class-indicative responding therein
would support the view that the results of the sorting test
reflected the immediate emergence of the equivalence classes.
Result such as these, then, would constitute a first demonstra-
tion of the use of a sorting test to document the immediate
emergence of equivalence classes. Finally, the sorting test was
also used to track the delayed emergence of stimulus classes.

Method

Participants

The participants in the present experiment were 16 individ-
uals, some of whom were university students and others who
had different occupations, who ranged in age from 20–43
years (average=28.4 years). Seven of the participants were
females and nine were males. The participants were recruited
through personal contacts at the university college. The par-
ticipants had not previously participated in similar experi-
ments and all had no explicit knowledge of stimulus
equivalence.

Upon arrival at the laboratory, all participants received a
written consent form, which they were told to read, and if they
agreed, to sign the document. Participants were informed
briefly about the experiment in which they were about to
participate through the consent form. They were notified when
recruited that the experiment could take up to four hours. After
signing the consent form, participants were asked if they had
any questions. Additionally, they were told their results would
be anonymous. Finally, they were informed that they could
withdraw from the experiment at any timewithout penalty. All
participants were debriefed after the experimental session and
they were presented with their results from the MTS and
sorting programs.

Setting and Apparatus

The experiments were conducted in a 1×1.5-m cubicle locat-
ed in a quiet office that was approximately 3×4.5-m in size.
The cubicle contained a chair for the participant that faced a
desk with a computer. During the experimental sessions, the
experimenter sat outside the office in order to avoid being
asked questions about the tasks and did not interrupt the
participants.

All aspects of the experiment were administered on an HP
EliteBook laptop computer (Model 8760w) that contained an
Intel Core i5-2540M processor running at 2.6 GHz. The com-
puter screen was 36.8 cm wide by 23 cm high. Each stimulus
was presented in an area that was 5 cm high and 5 cm wide
and was solid black on a white background. The sample stim-
ulus was presented in the approximate center of the screen
with four Binvisible^ squares in the corners of the screen. On

each trial, three comparisons were presented in three of the
invisible squares in randomly determined corner locations.
Responding involved placing the cursor on any part of a stim-
ulus and clicking the mouse button. Figure 1 displays the
stimuli used as the members of classes 1, 2, and 3. Figure 2
has the same format as Fig. 1 and displays the stimuli used in
classes 4, 5, and 6.

Experimental Design

The phases of the experiment are indicated in Table 1. The
experiment began with a sorting test (PreSRT-1) to determine
whether the stimuli in experimenter-defined classes were re-
lated to each other prior to training. Thereafter, the simulta-
neous protocol was used to establish equivalence classes
(Fields et al. 1997). The protocol was used because it typically
produces relatively poor yields, and, thus, is a preparation that
is sensitive to variables that influence the likelihood of equiv-
alence class formation, such as mode of testing. First, all of the
baseline relations were established on a concurrent basis for
three 3-node, 5-member classes that had a linear series training
structure represented as A/B/C/D/E (training of baseline rela-
tions, or TBR). Thereafter, the emergence of equivalence clas-
ses was assessed by the presentation of the two test blocks
MTS-1a and MTS-1b, each of which contained baseline rela-
tions and symmetry, transitivity, and equivalence probes. All
of the trials in these test blocks were presented in an MTS
format. The MTS-1b test was then followed by a sorting test
(SRT-1).

The outcomes on these tests determined the remaining pro-
cedures administered to each participant. One outcome was
that the MTS-1a test produced mastery levels of class-
consistent responding, which indicated the immediate emer-
gence of equivalence classes 1, 2, and 3. Further, the contin-
ued occurrence of mastery-level responding in the MTS-1b
and SRT-1 tests would document the maintenance of the clas-
ses. These three performances are indicated as By/y/y^ in the
outcomes column in Table 1. Any participant who showed this
outcome then attempted to form three new equivalence classes
that consisted of stimulus sets 4, 5, and 6. This procedure
began with a sorting test with the stimuli in classes 4, 5, and
6 (PreSRT-2), which was followed by the concurrent training
of the baseline relations that were the prerequisites of equiva-
lence classes 4, 5, and 6 (TBR). Acquisition of the baseline
relations was followed immediately with the administration of
a sorting test (SRT-2) to assess the immediate emergence of
the new equivalence classes. That sorting test was then follow-
ed by two MTS tests (MTS-2a and 2b) to determine whether
the classes that emerged during the sorting test (SRT-2)
remained intact and also showed the defining properties of
an equivalence class. The procedure ended with the re-
administration of another post-class-formation sorting test
(SRT-3). If the classes did not emerge on an immediate basis
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during SRT-2, the sequence of tests conducted after SRT-2
permitted the tracking of equivalence class formation on a
long-delayed basis.

It was also possible that classes 1, 2, and 3 did not emerge
on an immediate basis during the MTS-1a test. Those perfor-
mances that did not show class-indicative responding on

654
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Fig. 2 Stimuli used as members
of potential classes 4, 5, and 6.
The columns represent the stimuli
in classes 4, 5, and 6, and the rows
(A–E) represent the members of
each particular experimenter-
defined class (e.g., A4/B4/C4/D4/
E4)

1 2 3

A

B

C

D

E

Fig. 1 Stimulus Set 1 used as
members of potential classes 1, 2,
and 3. The columns (1–3)
represent the classes and the rows
(A–E) represent the members of
the class; that is, A1/B1/C1/D1/
E1 were in the same
experimenter-defined class
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MTS-1a,MTS-1b, or SRT-1 tests are represented as Bn/n/n^ in
the outcomes column in Table 1. Those performances that
indicated the delayed emergence of the classes in the MTS-
1b test and maintenance in the subsequent SRT-1 test are rep-
resented as Bn/y/y.^ In these conditions, the SRT-1 test was
followed with a second administration of two MTS tests,
MTS-2a and MTS-2b, and a final sorting test (SRT-2), all of
which enabled the tracking of class formation on a long-
delayed basis or the maintenance of already emergent classes.

Phases in the Experiment The experiment included some
combination of the following phases: a sorting test, a phase
used to establish the baseline relations for the equivalence
classes with trials conducted in an MTS format, and an MTS
test for the emergence of the equivalence classes. The details
of each of these phases are described next.

Sorting Test Once a participant signed the consent form, the
first of three sorting tests was administered with a deck of
cards in which each card contained one of the stimuli in each
of the classes used in the experiment. The sorting test was
presented on the computer. It began with the presentation of
the instruction, Bput these into groups as you feel like,^ in the
presence of the stimuli presented on the screen. The stimuli
were presented as a deck of cards. Participants were informed
that to see the next stimulus in the deck, the top card had to be
moved to a different location on the screen that was close to
other related stimuli so that they formed a cluster that was
separated from other clusters that contained stimuli from dif-
ferent sets. The stimuli could be moved around using a com-
puter mouse. When the participant was finished, he or she
called the experimenter, who took a screenshot of all of the
stimuli on the screen. That information was then printed and
used to determine which stimuli were clustered together as
participant-defined classes.

Baseline Acquisition After the first sorting test, the partici-
pants were presented with theMTS-based program to train the
baseline relations. They were asked to push the start button

when ready, and after pushing Bstart,^ an instruction for the
MTS training was shown in Norwegian, which is presented as
an English translation:

A stimulus will appear in the middle of the screen. Click
on this by using the computer mouse. Three other stim-
uli will then appear. Choose one of these by using the
computer mouse. If you choose one of the stimuli we
have defined as correct, words like Bvery good,^
Bexcellent^ and so on will appear on the screen. If you
press an incorrect stimulus, the word Bwrong^ will ap-
pear 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 incorrect. However, based on what you have learned,
you can get all the tasks correct. Please do your best to
get everything right. Good Luck!

All of the baseline relations were established on a concur-
rent basis, which involved the presentation of training trials in
a training block that was repeated until all relations were ac-
quired. The experiment involved the formation of AB, BC,
CD, and DE relations for each of the three classes, which
yielded 12 relations to be learned. Thus, the training block
contained 60 trials that included five iterations of each rela-
tion. The relations in a block were presented in a randomized
sequence. The block was repeated until the baseline relations
were acquired, which was defined as responding correctly on
at least 90 % of the trials in a block. During these blocks,
programmed consequences were provided for all trials during
the acquisition of these relations. The stimuli used as pro-
grammed consequences included text such as Bgreat,^
Bgood,^ or Bexcellent,^ etc. when responses were correct,
and Bwrong^ whenever responses were incorrect, as defined
by the experimenter.

Maintenance of Baseline Relations Once the baseline rela-
tions were acquired, they were maintained in the presence of

Table 1 An Overview of Training and Testing in Phases 1 and 2

Stimulus Sets Phase 1 Possible Outcome Stimulus Sets Phase 2

1, 2, and 3 PreSRT/TBR/MTS-1a/MTS-1b/SRT-1 n/n/n or n/y/y 1, 2, and 3 MTS-2a/MTS-2b/SRT-2

y/y/y 4, 5, and 6 PreSRT/TBR/SRT-2/MTS-2a/MTS-2b/SRT-3

Notes. All participants started with Stimulus Sets 1, 2, and 3. Depending on the outcome, they were assigned either of two sequences: one sequence with
repeated training and testing with the same stimulus sets, or another sequence with training and testing on new stimulus sets. BTBR^=training baseline
relations; BMTS^=matching-to-sample. BPreSRT^=sorting test conducted prior to the training of baseline relations for classes 1, 2, and 3 or 4, 5, and 6.
BMTS-1a^ and BMTS-1b^ each represent half of the MTS tests for the emergence of classes 1, 2, and 3. BSRT-1^ is a sorting test used to assess the
presence or emergence of classes 1, 2, and 3. BMTS-2a^ and BMTS-2b^ each represent half of the matching-to-sample tests for the emergence of classes
4, 5, and 6. BSRT-2^ and BSRT-3^ are sorting tests used to assess the presence or emergence of classes 4, 5, and 6. Each Bn^ and By^ in the outcome
column indicates the absence or presence, respectively, of mastery level class-indicative performances in the MTS-1a, MTS-1b, and SRT-1 tests. The
first, second, and third y or n in each string indicates the possible outcome of the MTS-1a, MTS-1b, and SRT-1 tests, respectively
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reduced programmed consequences and eventually no pro-
grammed consequences. This was accomplished with re-
administration of the same training block but with the
Bthinning^ of programmed consequences from 100 to 75 %
of the trials in the block. That block was re-administered until
accuracy in a block was at least 90 % correct. Thereafter, the
cycle was repeated with only 25 % programmed conse-
quences, and eventually with 0 % programmed consequences.
When a participant responded accurately on at least 90 % of
the trials in a block with 0 % programmed consequences, the
MTS test for derived relations was presented.

MTS Test Each MTS test evaluated the emergence of the
symmetrical relations BA, CB, DC, and ED, transitive rela-
tions AC, AD, AE, BD, BE, and CE, and equivalence relations
CA, DA, EA, DB, EB, and EC. The test consisted of 300 trials,
divided into 60 baseline trials, 60 symmetry trials, 90 transitiv-
ity trials and 90 equivalence trials. Class formation was docu-
mented if at least 95 % of all trials in the test block produced
class-consistent selections. For purposes of analysis, the 300
test trials were divided into 2 test blocks, with the first contain-
ing trials 1–150 and the second containing trials 151–300.

Results

Sorting Tests Figure 3 is a screen shot of the outcome of one
sorting test by one participant. The stimuli were distributed
into four clusters that contained 3, 3, 5, and 4 stimuli, respec-
tively. The stimuli in each cluster corresponded to one
participant-defined class. For example, the cluster in the bot-
tom right contains the stimuli, D1, C3, A2, and B3. The 3-
digit string beneath each cluster is a summary representation
of the stimuli in the cluster, where the first, second and third
digits indicate the number of cards in the cluster that were
members of experimenter-defined classes 1, 2, and 3,

respectively. For example, the string designated as 321 repre-
sents a participant-defined 6-member class that contains three
stimuli from class 1, two stimuli from class 2, and one stimu-
lus from class 3. While not produced by this participant, 3-
digit strings designated as 500, 050, and 005 would represent
three participant-defined classes that corresponded to the stim-
uli in the 5-member experimenter-defined classes 1, 2, and 3,
respectively.

Sorting and Classes Prior to Training The results of the
sorting test conducted prior to any training are presented in
the PreSRT segment of Table 2. Each row in an SRT segment
contains 3-digit strings that correspond to the clusters pro-
duced by one participant. The pre-class formation-sorting test
(PreSRT) produced 67 clusters across participants. Taken as a
group, the participants produced three to seven clusters that
contained one to six stimuli per stack. Most of the stacks
contained stimuli from one to three of the experimenter-
defined classes. Assuming that each cluster of at least three
stimuli corresponds to a participant-defined class, none of
participants showed the presence of an experimenter-defined
class prior to training.

Formation of Equivalence Classes 1, 2, and 3 The upper
portion of Table 2 shows the results for participants who did
and did not show the immediate emergence of equivalence
classes 1, 2, and 3. Each row represents the data for one par-
ticipant. With respect to columns, the left, middle, and right-
most segments labelled PreSRT, SRT-1, and SRT-2, respec-
tively, summarize the results of the sorting tests conducted
prior to training (Pre-SRT), in the first sorting test conducted
after baseline acquisition (SRT-1), and the second sorting test
(SRT-2). The columns labelled MTS-1a and -1b list the accu-
racy of responding during the first and second half of the first
MTS test and assessed the emergence of derived relations.
The columns headed MTS-2a and 2b list the accuracy of

Fig. 3 Screen shot of how one of
the participants organized the
cards in the presorting test
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responding during the first and second half of the secondMTS
test and assessed the emergence of derived relations. Finally,
the TBR column contains the trials needed to acquire the
baseline relations.

Three of the participants (5203, 5207, and 5210) responded
in accordance with stimulus equivalence during the first two
MTS tests (MTS-1a and MTS-1b), thereby demonstrating the
immediate emergence of the equivalence classes 1, 2, and 3. In
the subsequently administered sorting test (SRT-1), each of the
three clusters contained cards from only one experimenter-
defined class, thereby documenting the maintenance of the
classes in different testing contexts (SRT vs. MTS).

Two of the participants (5212 and 5202) showed sub-
criterion performances in the first MTS test block (MTS-1a)
that increased to mastery in the secondMTS test block (MTS-
1b). These data demonstrated the rapid albeit delayed emer-
gence of equivalence classes 1, 2, and 3. The performances in
the subsequently administered sorting test (SRT-1) and the
second set of MTS tests (MTS-2a and MTS-2b) showed the
maintenance of these classes across testing formats.

Two other participants (5208 and 5204) responded with
low levels of class-indicative responding in the first two
MTS tests (MTS-1a and -1b). The performances in the subse-
quently administered sorting test (SRT-1) approachedmastery,
with three five-member subject-defined clusters, each of
which contained at least four of the five stimuli in an experi-
menter defined class. This was followed by a return to lower
levels of class-indicative responding in the next twoMTS tests
(MTS-2a and MTS-2b), but they were somewhat higher than
the values observed in the first two MTS tests. Finally, the last
SRT test (SRT-2) produced class-indicative responding that
documented the long-delayed emergence of equivalence clas-
ses 1, 2, and 3. Thus, the sorting test tracked the delayed
emergence of stimulus classes. Because no MTS test was pre-
sented thereafter, it was not possible to determine whether
these stimulus classes had the properties of equivalence clas-
ses. The results of prior experiments, however, support the
expectation that such a test, if it had been conducted, would
have shown criterion-level responding and the delayed emer-
gence of the equivalence classes.

Finally, nine of the participants did not show class-
indicative responding in any of the MTS or sorting tests after
the acquisition of the baseline relations. None of these partic-
ipants formed equivalence classes 1, 2, or 3.

To summarize, no experimenter-defined classes were doc-
umented before training. Three participants showed the imme-
diate emergence of equivalence classes, four showed the de-
layed emergence of the classes, and nine did not form classes.
When immediate emergence occurred, it took place in the
MTS test that immediately followed training. The delayed
emergence of these classes occurred during the MTS tests
for two participants and in the sorting tests for two other
participants.

Sorting and the Immediate Emergence of Equivalence
Classes 4, 5, and 6 After participants 5203, 5207, and 5210
formed equivalence classes 1, 2, and 3 on an immediate basis,
they were placed into a new condition designed to determine
whether a sorting test could document the immediate emer-
gence of new equivalence classes. The results of this condition
are presented in the lower portion of Table 2. It began with a
sorting test (SRT-1) conducted with the stimuli from the three
new sets (4, 5, and 6). In this test, the participants produced
three or four participant-defined classes, each of which
contained stimuli from at least two of the experimenter-
defined classes. None of the participants, however, produced
any experimenter-defined classes.

The subsequent acquisition and maintenance of the base-
line relations was followed immediately with the administra-
tion of a sorting test (SRT-2) to assess the emergence of stim-
ulus classes 4, 5, and 6. In this sorting test, all three of the
participants distributed the cards into three clusters, each of
which contained the five stimuli that belonged to one of the
experimenter-defined classes. This performance then docu-
mented the immediate emergence of three stimulus classes.

While this sorting test documented the formation of stim-
ulus classes, the classes may not have been equivalence clas-
ses because only an indeterminate subset of all of the derived
relations was presented in the sorting test (but see Bortoloti
et al. 2014; McIlvane and Dube 1990). This interpretive op-
tion was evaluated by the subsequent administration of the
MTS-2a and MTS-2b tests of derived relations, which
contained all baseline, symmetry, transitivity, and equivalence
relations from the classes. Seen in the MTS-1a and -1b col-
umns of the lower half of Table 2, mastery in the first MTS
tests documented the presence of all relations in the equiva-
lence classes, along with the maintenance of the previously
emergent classes. Most likely, then, the classes that emerged
in the sorting test were actually equivalence classes. These
results support the view that a sorting test can document
equivalence class formation.

The final sorting test (SRT-3) also resulted in the placement
of the stimuli into clusters that corresponded to those that were
members of the experimenter-defined classes. Thus, the clas-
ses were maintained regardless of test type. These results sup-
port the view that equivalence classes are relatively indepen-
dent of the testing procedures used to document their estab-
lishment and maintenance.

Acquisition of Baseline Relations The baseline relations for
classes 1, 2, and 3 were acquired in 260–1080 trials across
participants (see TBR column in the upper half of Table 2).
After training, the three participants who showed the immedi-
ate emergence of the classes (5203, 5207, and 5210) took an
average of 327 trials to acquire the baseline relations, whereas
the remaining 13 participants acquired the baseline relations in
an average of 711 trials. Thus, the speed of acquiring the
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baseline relations was significantly faster for the participants
who formed equivalence classes on an immediate basis than
for those who did not (t(14)=2.65, p=0.019). In addition, a
one-way Pearson r test found that immediate emergence of the
equivalence class was inversely correlated with baseline ac-
quisition speed (r(16)=.492, p=0.025). Indeed, baseline ac-
quisition speed accounted for 24 % of the variance (r2) in the
immediate emergence of equivalence classes 1, 2, and 3. The
baseline relations for classes 4, 5, and 6 were acquired after an
average of 400 trials. While more than 327 trials were needed
to learn the baseline relations for classes 1, 2, and 3, the dif-
ference was not significant.

Discussion

Replication of Prior Experiments Prior experiments have
shown a very high concordance between the formation of
equivalence classes measured using MTS-formatted derived-
relations tests and the maintenance of those classes measured
with post-class-formation sorting tests (Arntzen et al. 2014;
Fields et al. 2014; Nartey et al. 2014; Nedelcu et al. 2015;
Travis et al. 2014). When classes were formed, post-class
formation sorting tests showed class maintenance; when clas-
ses did not form, the post-class-formation sorting tests also
showed the absence of experimenter defined categorization
of the stimuli. The same concordance was found in the present
experiment for those who did and did not form equivalence
classes 1, 2, and 3.

Furthermore, the results replicated the finding that a rather
low number of participants respond in accordance with stim-
ulus equivalence when trained baseline relations are arranged
in the linear-series training structure using a simultaneous
training and testing protocol (see Arntzen, 2012 for an over-
view). These low yields occurred during the administration of
test blocks that involved the random presentation of all base-
line relations along with probes to assess the emergence of
symmetrical, transitive, and equivalence relations. In contrast,
when the simple-to-complex protocol has been used, and all of
the probes have been presented serially and in a programmed
order, yields are very high (Adams et al. 1993). Thus, it ap-
pears that the low yields obtained when using the simulta-
neous protocol can be attributed to the concurrent presentation
of all derived-relations probes in a given test block.

Sorting and the Immediate Emergence of Equivalence
Classes As just mentioned (Arntzen et al. 2014; Fields et al.
2014), sorting tests demonstrated the maintenance of equiva-
lence classes. The sorting tests in previous experiments, how-
ever, could not document the emergence of equivalence clas-
ses because they were not administered right after the training
of baseline relations. This matter was addressed in the present
experiment by the administration of a sorting test right after

the establishment of the baseline relations for classes 4, 5, and
6; all three of the participants responded in a manner that
showed the immediate emergence of stimulus classes 4, 5,
and 6. This outcome is the first demonstration of the immedi-
ate emergence of stimulus classes by use of a sorting test
instead of a derived-relations test conducted in an MTS for-
mat. Were these classes, however, actually equivalence
classes?

That matter was addressed in the present experiment by
considering the results of the MTS tests that were adminis-
tered after the sorting test. The MTS tests assessed the prop-
erties of symmetry, transitivity, and the combined properties
of symmetry and transitivity among the stimuli in the nomi-
nally defined 3-node, 5-member classes, and produced 95–
100 % class-consistent responding. By implication, then, the
classes documented by the outcomes of the sorting tests ap-
pear to have the definitional properties of equivalence classes.

The generality of this finding can also be extended by rep-
lication with more participants, classes that have different
sizes and nodal structures, training conducted using proce-
dures like those described by the simple-to-complex and
complex-to-simple protocols (Adams et al. 1993), and sorting
tests conducted in a number of formats, modes of administra-
tion, and in the context of a wide range of instructions
(Arntzen et al. 2011; Eikeseth et al. 1997; Grimm 2011;
Smeets et al. 2000).

As noted above, the tracking of equivalence class forma-
tion with a sorting test was successful for participants who had
previously formed other equivalence classes. Whether sorting
can be used to confirm equivalence class formation for partic-
ipants who have not shown prior equivalence class formation
can be determined with additional research.

Finally, an additional experiment can be conducted to eval-
uate whether a stimulus class documented by a sorting test has
other properties of an equivalence class, such as function
transfer. For example, many experiments have shown that a
response trained to one member of an equivalence class gen-
eralizes completely to all of the remaining members of that
class and not to the members of other equivalence classes
(Augustson and Dougher 1997; Augustson et al. 2000;
Belanich and Fields 2003; Fields and Garruto 2009). Thus,
after documenting the emergence of a class using a sorting
test, would a response trained to one class member generalize
to the other members of the same class but not to the members
of other classes? If so, the class defined by the outcome of a
sorting test would be manifesting another property of an
equivalence class. Thus, such an outcome would further
strengthen the view that a sorting test can document the for-
mation of equivalence classes.

Sorting and Delayed Emergence of Equivalence
Classes In addition to tracking the immediate emergence of
equivalence classes, the results obtained with two participants
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(5204 and 5208) showed, for the first time, that sorting tests
also tracked the delayed emergence of classes. The sorting
tests, however, were intermingled with MTS-based tests.
Thus, it is possible that the outcomes of the sorting tests could
have been influenced by the intervening MTS tests and/or the
sheer number of tests used to track class formation.

When the outcomes of the MTS and sorting tests were
compared, for some participants, the results of the sorting tests
showed the delayed emergence of the classes whereas those of
the MTS tests did not. Thus, it is possible that the sorting test
was more sensitive to the delayed emergence of the classes
than the traditional MTS tests. Additional research will be
needed to evaluate this possibility.

Economy of Sorting Tests A sorting test is very easy to ad-
minister and to negotiate by a participant. Of equal or perhaps
more import, the sorting test was completed in 1.5 to 2 min on
average, whereas the MTS test was completed in an average
of 30 min. Thus, the time needed to establish equivalence
classes in applied and basic settings could be substantially
reduced by tracking the emergence of the classes with sorting
tests instead ofMTS tests.When a sorting test is administered,
a participant is presented with a randomly shuffled deck of
cards that contains one card for each stimulus in a class of N
members. Assuming that the participant then assigns the top
card in the deck to a stack that corresponds to a potential class,
the participant is presented with N-1 relations for a given
class: the stimulus in a stack plus the stimulus at the top of
the deck. In contrast, for a class of N stimuli, the typical de-
rived relations test involves the monitoring of the emergence
of (N2 – N) relations in a potential class: N-1 baseline rela-
tions, N-1 symmetry probes, and (N2 -2 N -1) transitive and/or
equivalence relations (Fields and Verhave 1987). Thus, a
sorting test involves the assessment of class formation using
many fewer probes than the number used during a typical
derived relations test.

Further, because the sorting test involves the presentation
of a randomly shuffled deck, the probes that are being evalu-
ated have to be randomly selected for a given participant and
across participants. In contrast, a typical derived relations test
assesses the emergence of all symmetry relations, transitive
relations, and equivalence relations. Thus, one could question
the reliability of a sorting test as a measure of equivalence
class formation. That issue, however, does not appear to be
critical because the outcomes of theMTS tests conducted after
the sorting tests showed the presence of all derived relations.
Indeed, these results raise a question regarding the necessary
number and types of probes that are needed to document the
emergence of an equivalence class. Additional research will
be needed to obtain an answer to that question.

Trial Format and Class Formation As noted in the intro-
duction, most studies of equivalence class formation have

used the same type of trial format to establish the baseline
relations to assess the emergence of the derived relations that
confirmed class formation. Leader et al. (1996), however,
showed equivalence class formation by establishing the base-
line relations with respondent-type stimulus pairings and test-
ing for class formation using MTS trials. Thus, the formation
of equivalence classes does not depend on the use of trials
presented in the same format for training and testing.

The present experiment also showed the formation of
equivalence classes by using training and testing conducted
in different trial formats; the baseline relations were
established using trials administered in an MTS format,
whereas class formation was assessed using trials presented
in a sorting format. The positive results obtained in the present
experiment, then, provide further support for the view that
similarities or differences in the conditions of training and
testing do not constrain the definition of equivalence classes
(Fields et al. 2012, 2014; Smeets et al. 2000).

Summary This experiment represents the first demonstration
of the use of a sorting test to document equivalence class
formation. This finding reduces any procedural constraints
that have to be considered when defining equivalence classes.
Sorting tests were completed 10 times faster than a typical
MTS-based test for class formation. Thus, the use of sorting
tests should significantly reduce the time needed to establish
equivalence classes in applied and basic research settings. The
sorting test tracked class formation by sampling a subset of
emergent relations. Thus, documenting all emergent relations
may not be needed to show equivalence class formation.
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