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Abstract

Extinction of a response in the presence of one stimulus in an equivalence class can transfer to other related stimuli, but dif-
ficulties in establishing extinction can compromise analyses. The present study evaluated the transfer of avoidance extinction
with two extinction procedures. In particular, avoidance or nonavoidance was always (Experiment 1) and never (Experiment
2) followed by point loss in the crucial extinction test phase. Both experiments began with the establishment of two equiva-
lence classes with four abstract figures in each (A1-B1-C1-D1 and A2-B2-C2-D2). Clicking a button to avoid loss of points
was trained with B1 and subsequently observed without direct training in the presence of C1 and D1. Extinction was then
conducted with one group of participants with stimuli that underwent avoidance training (direct extinction with B1 and B2)
and with another group with stimuli who did not undergo avoidance training (derived extinction with C1 and C2). Finally,
the transfer of extinction was evaluated with stimuli from both classes. In Experiment 1, 10 of 14 participants met the avoid-
ance extinction criteria, and the transfer of extinction occurred for 2 (1 in the direct and 1 in the derived extinction group).
In Experiment 2, 10 of 13 participants met the avoidance extinction criteria, and the transfer of extinction occurred for 6 (5
in the direct and 1 in the derived extinction group). Overall, the transfer of extinction occurred only with the combination
of an extinction procedure without aversive events and direct extinction.
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According to Sidman (1994), equivalence classes are estab-
lished when arbitrary conditional relations between stimuli
are trained (e.g., A-B and B-C), and new relations that were
not directly trained emerge in accordance with the prop-
erties of reflexivity (A-A, B-B, and C-C), symmetry (B-A
and C-B), transitivity (A-C), and equivalence (C-A). Once
the equivalence class is established, responses trained in the
presence of one stimulus will also occur in the presence of
other stimuli of the same class, a phenomenon well docu-
mented by the literature over the years and called “transfer
of function” (e.g., Augustson & Dougher, 1997; de Rose
et al., 1988; Dougher et al., 1994; Dymond et al., 2011;
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Garcia-Guerrero et al., 2014; Markham et al., 2002; Perez
et al., 2020). Of the responses shown to transfer in this way,
recent studies have tested whether extinction procedures
involving one stimulus in an equivalence class (Boldrin &
Debert, 2020; Dougher et al., 1994; Vervoort et al., 2014) or
other derived relations (Roche et al., 2008) lead to decreases
in frequency or the complete removal of a response in the
presence of other related stimuli.

A pioneering study by Dougher et al. (1994, Experiment
2) investigated the transfer of Pavlovian or respondently
extinguished responses (measured via skin conductance) in
equivalence classes. First, the MTS procedure was used to
establish two equivalence classes with four abstract figures
in each (Class 1: A1-B1-C1-D1 and Class 2: A2-B2-C2-D2).
Class 1 stimuli were then paired with electric shock and
showed increase in skin conductance whereas stimuli from
Class 2 were just followed by the ITI. Next, B1 was pre-
sented in the absence of electric shock during the extinction
procedure and it was verified that reduction in the skin con-
ductance occurred not only for B1 that underwent the extinc-
tion procedure but also for other stimuli from the same class
(i.e., Al, C1, and D1), results interpreted by the authors
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as a demonstration of the transfer of extinguished eliciting
responses at the single-subject level. However, something
to note when analyzing these results is that Dougher et al.
(1994) did not provide data from the extinction phase. Also,
individual subject skin conductance levels in the final tests
showed small differences compared to the levels in the con-
ditioning phase that were not analyzed statistically, as is usu-
ally the norm in between-group analyses with larger samples
(see Lonsdorf et al., 2017, 2019).

Subsequent studies have focused on the comparison
between extinction with either a stimulus that acquired its
function directly by respondent or operant conditioning
(direct extinction) or a stimulus whose function was acquired
indirectly by being related, via equivalence or other derived
relations, to the originally conditioned stimulus (derived
extinction). Direct extinction can be considered an analog
of treatments in which the patient is exposed to conditioned
stimuli directly related to the traumatic event. For exam-
ple, successive approximation to spiders with a client with
a fear of spiders may help reduce conditioned fear responses.
Derived extinction may be considered an analog of treat-
ments in which the client is exposed to stimuli that are indi-
rectly related to the traumatic or feared event. For example,
imagining or talking in therapy about the fear of spiders can
also help overcome fear and avoidance. Therefore, transla-
tional, laboratory-based analog studies of direct and derived
extinction may help with planning effective strategies to
reduce maladaptive fear and avoidance in the clinical setting
(e.g., Assaz et al., 2018; Boldrin et al., 2020; Dymond et al.,
2015, 2018; Dymond, 2019; Guinther & Dougher, 2015).

Roche et al. (2008) compared direct and derived extinc-
tion of avoidance responses in same and opposite rela-
tions. The relational training procedure was first used to
establish same (A1-SAME-B1 and A1-SAME-C1) and
opposite (A1-OPPOSITE-B2 and A1-OPPOSITE-C2)
relations between nonsense syllables and subsequent tests
evaluated new derived relations (B1-SAME-C1, C1-SAME-
B1, B2-SAME-C2, C2-SAME-B2, B1-OPPOSITE-C2,
C2-OPPOSITE-B1, C1-OPPOSITE-B2 e B2-OPPOSITE-
C1). Next, pressing the spacebar key was programmed
to cancel aversive images (e.g., mutilated bodies) in the
presence of B1 or pleasure images (e.g., balloons) in the
presence of B2 in the avoidance conditioning. As a result,
avoidance also occurred in trials with C1 (stimulus related
as same with B1 and opposite with B2) but not with C2
(stimulus related as opposite with B1 and same with B2).
The extinction procedure was then conducted with presenta-
tions of B1 and B2 for the direct extinction group and with
presentations of C1 and C2 for the derived extinction group.
The keyboard was disabled and there were no images at this
phase. Finally, B1, C1, B2, and C2 were presented in a test
phase and it was observed that the percentage of trials with
avoidance responses was lower in the derived extinction
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group compared to the direct extinction group, suggesting
that derived extinction is more effective than direct extinc-
tion to produce transfer (or transformation) of extinction.
However, when discussing their findings Roche et al. (2008)
mention that avoidance extinction was not observed for most
of the participants and they do not present data from the
extinction phase, which means that there is an analysis of the
transfer (or transformation) of extinction but without a guar-
antee that extinction was established in the extinction phase.
Even though some reduction in the frequency of responses
was observed in the test for the transfer of extinction, it is
important to describe the extinction process in the previous
phase to ensure that any observed reduction is a function
of the extinction learning procedure and not due to other,
extraneous variables.

Vervoort et al. (2014) also compared direct and derived
extinction, but with respondent responses (skin conductance)
and equivalence relations. A large sample and between-
group designs were also used in this study. The MTS pro-
cedure was used to establish two equivalence classes with
four abstract figures in each (Class 1: A1-B1-C1-D1 and
Class 2: A2-B2-C2-D2) in the first phase of the experiment.
Next, a respondent pairing procedure was conducted with
B1 being followed by electric shock and B2 by the ITI. As
a result, skin conductance levels increased in the presence
of B1 and also in the presence of other related stimuli (A1,
C1, and D1) as verified in subsequent tests. The extinction
procedure was then conducted with presentations of B1 and
B2 (direct extinction group) or with C1 and C2 (derived
extinction group) without being followed by electric shock.
Finally, stimuli from both Class 1 and Class 2 were pre-
sented in a test phase and it was observed a reduction of
elicited responses in the presence of B1 in the direct extinc-
tion group but not in the derived extinction group. Shock
expectancy on a 0—100 scale was also measured and showed
a greater reduction in the direct extinction group compared
with the derived extinction group when rated in the presence
of Class 1 stimuli. Different from Roche et al. (2008), these
results suggest that direct extinction is more effective than
derived extinction to produce transfer of extinction. How-
ever, the question about analyzing the transfer of extinction
without an unequivocal demonstration of extinction is raised
again when inconsistent skin conductance data provided
limited evidence of extinction in the extinction phase (see
Lonsdorf et al., 2017, 2019).

Boldrin and Debert (2020) conducted a study aiming to
evaluate the differences between the findings of Roche et al.
(2008) and Vervoort et al. (2014). Avoidance response was
trained and extinguished similarly to Roche et al. and trans-
fer investigated via equivalence similar to Vervoort et al. If
derived extinction were more effective than direct extinc-
tion, then differences between the results of Roche et al.
and Vervoort et al. would be due to differences between the
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process (i.e., operant and respondent). If direct extinction
were more effective than derived extinction, then differences
between the results would be due to differences between
the established relations (i.e., same and opposite relations
and equivalence relations). Despite the results showing that
extinguishing avoidance response was easier with C1 than
with B1 during the extinction procedure, it was not possible
to compare the direct and derived extinction groups regard-
ing the transfers of extinction because few participants in
each group met the criteria for extinction in the extinction
phase.

The failure in establishing extinction in many stud-
ies about transfer of extinction and the contrasting results
between them call attention to an issue that seems to be
understudied in the area, which is whether, in fact, there
is extinction of a response in the extinction phase that pre-
cedes the analysis of the transfer of extinction. The present
study compared direct and derived extinction of avoidance
responses in equivalence classes with two extinction proce-
dures. In each of them, extinction was carefully assessed.
In Experiment 1, avoidance extinction was conducted by
making the aversive event noneliminable; that is, both avoid-
ance and nonavoidance were followed by loss of points. In
Experiment 2, avoidance extinction was conducted by elimi-
nating the aversive event in the avoidance contingency; that
is, both avoidance and nonavoidance were followed by the
intertrial interval (ITI). Both procedures are known to be
effective in extinguishing avoidance responses (Dymond,
2019; Lattal et al., 2013).

Experiment 1

Experiment 1 aimed to compare direct and derived extinc-
tion of avoidance responses in equivalence classes. Avoid-
ance extinction was conducted by making the aversive event
noneliminable (i.e. avoidance or nonavoidance were both
followed by loss of points).

Method
Participants

Sixteen adults, 18 to 29 years old, participated in the experi-
ment. None had been previously exposed to behavior analy-
sis experiments, and they said to have no prior knowledge
about stimulus equivalence. The participation of six par-
ticipants was discontinued because they did not meet the
criteria for avoidance training (one), transfer of avoidance
function (one) or avoidance extinction (four). The study was
approved by an ethics committee on human research. The
experiment began only when the participants, after reading

the study information, agreed to participate and signed a
declaration of consent.

Setting, Equipment, and Stimuli

The experiment was conducted by remote access with the
TeamViewer software as a recommended measure to pre-
vent the spread of the coronavirus (SARS-CoV-2) during
the pandemic period when the data were collected. So, the
participant from home accessed the software developed for
the experiment on the researcher's computer and performed
the experimental tasks.

The researcher remained during the experiment in a room
with a chair, table and notebook computer (processor 2.20
GHz, 4 GB RAM, 1 TB hard drive, 15-in monitor and Win-
dows operating system). The room was clean, ventilated,
bright and free of noise. It was suggested to the participant
to stay in a room with similar conditions to the research-
er’s room and with a computer similar or better in terms of
performance. The software MTS Pro2 (Boldrin & Debert,
2022b) was used in the first phase of the experiment for
training and testing conditional relations. Another software
program, Behavior Lab (Boldrin & Debert, 2022a), was used
in the following phases which involved avoidance responses.

Twelve abstract figures from Dougher et al. (1994) were
selected for training and testing conditional relations. The
figures were randomly allocated in three sets with four fig-
ures in each and labeled with an alphanumeric notation (Set
1: Al, B1, C1, D1; Set 2: A2, B2, C2, D2; Set 3: A3, B3,
C3, D3).

Procedure

The researcher called the participant and provided instruc-
tions for remote access. The phone call was finished right
after the remote access was done to minimize possible inter-
ference during the execution of the experimental tasks. How-
ever, the researcher could still follow on the computer screen
how the participant was performing during the experiment.
The whole experiment was conducted in a single session
with a 90-120 min duration and was composed of five
phases as described below.

Phase 1: Training and Testing Conditional Relations Two
classes with four abstract figures in each (Class 1: Al, B1,
Cl1, D1; Class 2: A2, B2, C2, D2) were established in Phase
1. A third set (Set 3: A3, B3, C3, D3) was used only as incor-
rect comparisons to minimize the possibility of reject control
(e.g., Carrigan & Sidman, 1992). Phase 1 was composed of
three stages: (1) training conditional relations, (2) symmetry
test, and (3) transitivity and equivalence tests (see Table 1).

In each trial, a sample stimulus appeared on the top
of the screen. After a mouse click on this stimulus, three
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Table 1 Conditional Relations

Trained and Tested in Phase 1 Class 1 Class 2

Stage Sample S+ S- Sample S+ S-
Training Al Bl B2 B3 A2 B2 Bl B3
Al Cl C2 C3 A2 Cc2 Cl1 C3
Al D1 D2 D3 A2 D2 D1 D3
Symmetry Bl Al A2 A3 B2 A2 Al A3
Cl1 Al A2 A3 C2 A2 Al A3
D1 Al A2 A3 D2 A2 Al A3
Transitivity and B1 Cl1 Cc2 C3 B2 C2 Cl1 C3
equivalence Bl DI D2 D3 B2 D2 DI D3
Cl1 D1 D2 D3 C2 D2 D1 D3
C1 B1 B2 B3 C2 B2 B1 B3
D1 B1 B2 B3 D2 B2 B1 B3
Dl Cl C2 C3 D2 C2 Cl C3

Note. S+ and S- denote the “correct” and “incorrect” comparison stimuli, respectively. The positions of
stimuli on the table are not the positions (left, middle, right) where the stimuli were presented on the screen

comparison stimuli immediately appeared in each position
on the bottom of the screen (left, middle, right). The posi-
tions of the comparisons on the bottom of the screen were
randomized with the condition that each stimulus could not
appear in more than two consecutive trials in the same posi-
tion. Clicks on the comparisons were followed by a message
"correct” or "incorrect” that remained on the screen for 3 s.
The intertrial interval (ITI) was a blank screen of 2 s dura-
tion. There were no messages during the tests.

The following instructions (translated from Portuguese)
were presented at the beginning of the first stage of Phase 1
(training conditional relations):

An image will appear on the top of the computer
screen. When you click on it, three other images will
appear on the bottom of the screen. Your task is to
choose the correct image on the bottom and click on
it with the mouse in accordance with the image that
appears on the top. A message that indicates whether
you are right or wrong will appear after you make each
choice. Try to get as many right as you can.

The A1-B1, A1-Cl1, A1-D1, A2-B2, A2-C2, and A2-D2
relations were trained in this stage. When sample Al
appeared only clicks on the comparisons B1, C1, or D1
were followed by the message "correct." When sample A2
appeared only clicks on the comparisons B2, C2, or D2 were
followed by the message "correct." Any other relations were
followed by the message "incorrect." All the six trained rela-
tions were presented in blocks of six trials and the sequence
of trials in each block was randomized. The training was
completed when 83% of correct responses were obtained
in each block and for 10 consecutive blocks. The participa-
tion was discontinued if these criteria were not met after a
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maximum of 30 blocks. At the end of the training the mes-
sage "Please, call the researcher." appeared on the screen.
The participant sent a WhatsApp message to the researcher
at this point, notifying the end of the stage. Then, the remote
access was terminated for brief data analysis and selection
of the next stage in the software if the criteria were met for
training.

The second stage of Phase 1 (symmetry test) started
with the presentation of the instructions (translated from
Portuguese) “This is a new stage. Work in accordance with
what you have learned. This time, the message that indi-
cates whether you are right or wrong after each choice is
not going to appear.” on the screen. The emergence of the
B1-Al, C1-Al, D1-Al, B2-A2, C2-A2, and D2-A2 sym-
metry relations was evaluated in this stage. There were no
messages following clicks on the comparison stimuli. The
presentation in blocks of six trials, randomization, and cri-
teria to demonstrate the emergence of symmetry relations,
were the same as described in the first stage. The participa-
tion was discontinued if these criteria were not met after a
maximum of 12 blocks. At the end of the symmetry test the
message "Please, call the researcher." reappeared and every-
thing proceeded as described for the first stage.

The third stage of Phase 1 (transitivity and equivalence
tests) started with the presentation of the same instruc-
tions presented in the symmetry test. The emergence of
the transitivity (B1-C1, B1-D1, C1-D1, B2-C2, B2-D2,
and C2-D2) and equivalence (C1-B1, D1-B1, D1-Cl,
C2-B2, D2-B2, and D2-C2) relations were verified in this
stage. All the 12 tested relations were presented in blocks
of 12 trials. The randomization, criteria to demonstrate
emergence, discontinuation of participation, and interac-
tion between researcher and participant, were the same as
described for the second stage.
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Phase 2: Operant Conditioning of the Avoidance
Response An avoidance response (click on a button) was
established with B1 and not with B2. The following instruc-
tions (translated from Portuguese) were presented at the
beginning of Phase 2:

Some images will appear and point loss will occur
in the presence of some of them. You can prevent
the point loss by clicking several times on the but-
ton that will appear just below the image, whenever
you think it is necessary. If the button is not clicked
several times, then point loss will occur right after. It
is important that you pay attention and concentrate on
the screen all the time. If you are ready click on the
OK button to continue.

A point counter was initiated with 200 points and
remained at the top of the screen all the time during Phase
2. Point loss was chosen as a consequence in the avoidance
training contingency because it seems to be effective for
the establishment and transfer of avoidance responses in
equivalence classes (Gandarela et al., 2020). In addition,
point loss is considered a precise, harmless method that is
readily approved by ethics committees, compared to other
stimuli usually employed in avoidance training procedures
(e.g., Crosbie, 1998).

The B1 and B2 stimuli were successively presented in the
center of the screen for 10 seconds and a button appeared at
the bottom of the screen simultaneously with the presenta-
tion of these stimuli. The sequence of trials was randomized
with the condition that the same stimulus could not be pre-
sented in more than two consecutive trials. Less than eight
clicks on the button in the presence of B1 was first followed
by the message "-10 POINTS" in red color for 1 s and then
the subtraction of 10 points of the total amount of points,
both events occurring inside of the rectangle delimiting the
counter on the screen. Eight or more clicks on the button in
the presence of B1 canceled the point loss and message that
would occur after the 10 s of B1 presentation. There was no
point loss or message in trials with B2 stimulus no matter
whether clicks on the button occurred or not. The duration
of the ITT was 2 s.

The avoidance training was completed when two crite-
ria were satisfied: (1) eight or more clicks on the button in
four consecutive trials with B1; (2) no clicks on the button
in four consecutive trials with B2. If the criteria were not
met after 20 consecutive trials with each stimulus (B1 and
B2) then the participation was discontinued. Otherwise, the
next phase started automatically by the computer software,
without interruptions or further instructions.

Phase 3: Test for the Transfer of Avoidance Functions This
phase verified if clicks on the button would occur in the

presence of Class 1 stimuli and not in the presence of Class
2 stimuli.

The stimuli B1, C1, D1 and B2, C2, D2 were successively
presented. Four trials of each stimulus (a total of 24 trials)
were randomized with the condition that all six stimuli were
presented before the same stimulus was presented again.
There were no trials with A1 and A2 because clicks on the
button in the presence of these stimuli could be interpreted
as a result of second-order conditioning because the relations
between Al and A2 with B1 and B2 (the stimuli that par-
ticipated in the operant conditioning) were directly trained
in Phase 1. The button continued to appear on the bottom
of the screen, but the counter was removed. So, there was
no message or subtraction of points in this phase whether
or not the button was clicked. The duration of the stimuli
presentation and ITI were the same as described for Phase 2.

Two criteria were required to demonstrate the transfer
of avoidance: (1) eight or more clicks on the button in at
least three of the four trials with each Class 1 stimulus (B1,
C1, and D1); (2) no clicks on the button in at least three of
the four trials with each Class 2 stimulus (B2, C2, and D2).
If the criteria were not met then the participation was dis-
continued. Otherwise, the next phase started automatically
by the computer software, without interruptions or further
instructions.

Phase 4: Extended Direct or Derived Extinction Procedure This
phase aimed to extinguish the avoidance response with stim-
uli that underwent avoidance training in Phase 2 (B1 and B2;
direct extinction group) and with stimuli that did not undergo
avoidance training (C1 and C2; derived extinction group).

The participants were randomly allocated to the direct or
derived extinction groups immediately before the extinction
phase. The B1 and B2 stimuli were successively presented
to the direct extinction group and the stimuli C1 and C2
were successively presented to the derived extinction group.
The sequence of trials was randomized with the condition
that the same stimulus could not be presented in more than
two consecutive trials. The button continued to appear on
the bottom of the screen and the counter reappeared on the
top of the screen during the stimuli presentation. The 10
s duration of B1 or C1 presentations was always followed
by the message "-10 POINTS" in red color and subtraction
of 10 points, both events in the counter, whether or not the
button was clicked. There was no message or point loss in
trials with B2 and C2 stimuli. The duration of the stimuli
presentation and I'TI were the same as described for the pre-
vious stages.

The extinction was considered complete when the button
was not clicked for four consecutive trials with each stimu-
lus B1 and B2 (or C1 and C2) as conducted by Boldrin and
Debert (2020). If the criteria were not met after 90 con-
secutive trials with each stimulus B1 and B2 (or C1 and
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C2) then the participation was discontinued. Otherwise, the
next phase started automatically by the computer software,
without interruptions or further instructions.

Phase 5: Test for the Transfer of Extinction This phase was
the same as described for Phase 3 and verified possible
differences between direct and derived extinction groups,
resulting from the extinction procedure conducted in the
previous phase.

Results

Table 2 shows the percentage of correct responses in the
course of the trial block presentations at the first stage of
Phase 1 in which the conditional relations (AB, AC, and
AD) were trained.

The percentage of correct responses gradually increased
in the course of the trial block presentations. The number
of trial blocks to demonstrate the learning of the training
relations ranged from 12 to 23 (M = 14.7, SD = 3.2). In the
symmetry, transitivity, and equivalence tests, the percentage
of correct responses was always equal to or higher than 83%
and the criteria to demonstrate the emergence of conditional
relations were met in the first 10 trial blocks.

Figures 1 and 2 show the results of Phases 2-5 for the
direct and derived extinction groups, respectively.

In avoidance training (Phase 2), for eight of 10 partic-
ipants (P2, P3, P4, P5, P6, P7, P8, and P10) the number
of clicks on the button increased and stabilized at most by
the second trial with B1. In trials with B2, both P4 and P8
clicked on the button in one trial. The criteria to demonstrate
the establishment of the avoidance response were reached
in the first fifth trial with B1 and B2. For P1 and P9, the
number of clicks on the button fluctuated in trials with B1,
but the criteria were also reached. P1 reached the learning
criteria in the eighth trial and did not click on the button in

trials with B2. P9 reached the learning criteria in the 13th
trial and clicked on the button until the ninth trial with B2.

In the test for the transfer of avoidance function (Phase 3),
the number of clicks on the button in trials with Class 1 stimuli
(B1, C1, and D1) remained similar to the final trials of the
avoidance training for all participants. An exception occurred
in the first trial for PS5, P6, P8 who clicked less and for P2, P3,
P7 who did not click on the button. There were no clicks on the
button in trials with Class 2 stimuli (B2, C2, and D2).

In the extended direct or derived extinction procedure
(Phase 4), the curves showed a fluctuating pattern in which
clicks on the button with B1 and B2 successively increased
and decreased in the course of the trials. The oscillating pattern
continued to occur until the clicks eventually stopped occur-
ring on the last four trials when the extinction criteria were
met. The number of trials to reach the extinction criteria ranged
from nine to 26 (M = 18.6, SD = 6.5) in the direct extinction
group and from 14 to 24 (M = 18.3, SD = 4.2) in the derived
extinction groups, except for P8 who reached the criteria in
the 40th trial. Therefore, there were no notable differences
between the groups in the extinction procedure phase.

In the test for the transfer of extinction (Phase 5), in the
direct extinction group, only P1 stopped clicking on the
button in trials with all Class 1 stimuli (B1, C1, and D1).
P2 stopped clicking on the button in trials with B1 but con-
tinued to click in trials with C1 and D1, and the three other
participants (P3, P4, and P5) continued to click in trials
with all Class 1 stimuli. The results were similar in the
derived extinction group. P6 stopped clicking on the button
in trials with all Class 1 stimuli, P7 continued to click in
trials with C1 and D1, and three others (P8, P9, and P10)
continued to click in trials with all Class 1 stimuli. In trials
with Class 2 stimuli, P3 clicked on the button in one trial
with B2 and P10 in two trials with C2. Therefore, complete
transfer of extinction was observed only for one participant
in both direct and derived extinction groups.

Table 2 Percentage of Correct
Responses in the Training (AB,

Trial blocks

AC, and AD) Conducted in Participant 1 2 3 4

the First Stage of Phase 1 in

Experiment 1 P1 83 100 100 67
P2 50 67 100 *
P3 8 67 83 67
P4 33 50 50 67
P5 17 0 50 67
P6 17 67 83 *
P7 33 50 50 83
P8 0 0 67 67
P9 17 50 50 50
P10 50 33 67 33

100 *
67 100 *
83

83

sk

100 *

67 50 83 *

50 33 50 33 17 33 50 67 67 100 *

* The percentage of correct responses remained equal to or higher than the required criteria (i.e., 83%)
from the trial marked with an asterisk
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Fig.1 Number of Button Clicks for Each Stimulus in Each Trial Block of Phases 25 in the Direct Extinction Group in Experiment 1

Discussion

Experiment 1 aimed to compare direct and derived
extinction of avoidance responses in equivalence classes.
Results showed that avoidance response stopped occur-
ring in trials with B1 (direct extinction) or C1 (derived
extinction) in the extinction procedure phase, but returned

to occur in trials with these same stimuli and continued
to occur with other Class 1 stimuli (C1 and D1 for the
direct extinction group; B1 and D1 for the derived extinc-
tion group) during the test for the transfer of extinction.
Therefore, the criteria for extinction were met, but the
transfer of extinction was not observed in the subsequent
phase. One possible explanation is that some unexpected
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antecedent stimulus such as the point counter (or the
removal of it in particular) controlled responding during
the tests, enhancing the transfer of function in Phase 3
but also contributing to the return of responding in the
test for the transfer of extinction in Phase 5, even though
the response stopped occurring during the extinction
procedure in Phase 4. However, when a pilot study was
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conducted showing the counter in all phases, transfer of
function was not observed and it was not possible to move
to the next phases where the extinction and transfer of
extinction would be analyzed.

An alternative option that was considered is to change
the extinction procedure and check whether the extinction
would be maintained in the test for the transfer of extinction
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even with the removal of the counter in this phase. Boldrin
and Debert (2020) conducted extinction by eliminating the
aversive event. Avoidance or nonavoidance was just followed
by the ITI. Although extinction was observed for a few par-
ticipants in the extinction phase, it was maintained in the
test for the transfer of extinction. Experiment 2 evaluated
extinction procedure by eliminating the aversive event as
employed by Boldrin and Debert (2020).

Experiment 2

Avoidance extinction by making the aversive event non-
eliminable employed in Experiment 1 (i.e., avoidance or
nonavoidance both followed by loss of points) was changed
to avoidance extinction by eliminating the aversive event in
Experiment 2 (i.e., avoidance or nonavoidance followed by
the ITI).

Method
Participants

Sixteen adults, 18-35 years old, participated in the experi-
ment. The participation of six participants was discontinued
because they did not reach the criteria for the emergence
of conditional relations (one), transfer of function (two) or
avoidance extinction (three). The criteria for inclusion/exclu-
sion in the study and ethical responsibilities were the same
as described in Experiment 1.

Setting, Equipment, and Stimuli

The setting, equipment, and stimuli were the same as
described in Experiment 1.

Procedure

The phases were the same as those described for Experi-
ment 1, except that, for Phase 4 (Extended Direct or Derived
Extinction Procedure), the trials with B1 presentation were
never followed by a message indicating point loss or sub-
traction of points in the counter, whether or not the button
was clicked.

Results

Table 3 shows the percentage of correct responses in the
course of the trial block presentations at the first stage of
Phase 1 in which the conditional relations (AB, AC, and
AD) were trained.

The percentage of correct responses gradually increased
in the course of the trial block presentations. The number

of trial blocks to demonstrate the learning of the training
relations ranged from 14 to 33 (M = 20.1, SD = 6.6). In the
symmetry, transitivity, and equivalence tests, the percent-
age of correct responses was equal to or higher than 83%,
and the criteria to demonstrate the emergence of conditional
relations were met in the first 10 trial blocks. One exception
was P1 who met the criteria after 11 trial blocks because the
percentage of correct trials in the first block of the symmetry
test was 67%, which is less than the required criteria.

Figures 3 and 4 show the results of Phases 2-5 for the
direct and derived extinction groups, respectively.

In the avoidance training (Phase 2), for 6 of 10 partici-
pants (P1, P2, P3, P4, P7, and P10) the number of clicks
on the button increased and stabilized at most by the third
trial with B1. In trials with B2, clicks occurred until the
second trial for P1, P4, and P7. The criteria to demonstrate
the establishment of the avoidance response were reached
at most by the eighth trial with B1 and B2. For P5, P6, P8,
and P9, the number of clicks on the button fluctuated across
the trials with B1 and B2, which means that more trials were
necessary to reach the avoidance learning criteria (11-20
trials). Because P5 and P6 were responding indiscriminately
(i-e., clicking in the presence of both B1 and B2 stimulus)
until the 10th trial, training was interrupted and the part of
the instructions “point loss will only occur in the presence
of some images” was repeated for these participants before
the next trials.

In the test for the transfer of avoidance function (Phase
3), the number of clicks on the button in trials with Class 1
stimuli (B1, C1, and D1) remained similar to the final trials
of the avoidance training. In trials with Class 2 stimuli (B2,
C2, and D2), P6 and P9 clicked on the button in one trial
with C2, P1 clicked in one trial with B2 and in one trial with
D2, P5 and P8 clicked in one trial with C2 and one trial with
D2. Some participants clicked less (P1) or did not click (P2,
P5, and P8) on the button at the beginning of the test when
the first Class 1 stimulus was presented, as already observed
in Experiment 1.

In the extended direct or derived extinction procedure
(Phase 4), the curves showed a pattern in which clicks on
the button occurred mostly in trials with B1 (or C1) and
rarely in trials with B2 (or C2), different from the fluc-
tuating pattern observed in Experiment 1. The number
of trials to reach the extinction criteria ranged from 4 to
22 (M =9, SD = 8.7) in the direct extinction group and
from 4 to 18 (M = 9.8, SD = 6.6) in the derived extinc-
tion group, except for P5 who reached the criteria in the
88th trial. Therefore, there were no notable differences
between the groups in the extinction procedure phase.

In the test for the transfer of extinction (Phase 5), in
the direct extinction group, all five participants stopped
to click on the button in trials with all Class 1 stimuli (B1,
Cl1, and D1) and did not click on the button in trials with
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Table 3 Percentage of Correct Responses in the Training (AB, AC, and AD) Conducted in the First Stage of Phase 1 in Experiment 2

Trial blocks

Participant 1 2 3 4 5 6 7 8 9 10 11

13 14 15 16 17 18 19 20 21 22 23 24 25

P1 50 83 17 50 50 33 50 50 67 33 50 33
P2 33 33 33 50 50 67 33 67 67 67 50 83
P3 50 67 33 67 67 67 67 83 *

P4 33 33 33 33 50 50 67 67 83 *

P5 33 33 50 67 100*

P6 50 67 17 33 50 50 17 17 50 67 50 50
P7 33 50 83 83 83 83 100 67 100 *

P8 33 83 83 67 83 *

P9 33 50 33 50 33 67 67 83 *

P10 0 67 33 67 50 67 83 *

50 50 50 50 67 67 67
50 67 67 83 *

100 *

33 50 33 17 50 33 50 67 33 67 67 100 *

*The percentage of correct responses remained equal to or higher than the required criteria (i.e., 83%) from the trial marked with an asterisk

Class 2 stimuli (B2, C2, and D2). Therefore, transfer of
extinction was observed for all participants in the direct
extinction group. In the derived extinction group, only
P6 stopped clicking on the button in trials with all Class
1 stimuli. P7, P8, and P9 stopped clicking on the button
in trials with C1 but continued to click in trials with B1
and D1, and P10 clicked on the button only in trials with
B1. In trials with Class 2 stimuli, P7 clicked on the but-
ton in three trials with B2 and D2, and P8 clicked in two
trials also with B2 and D2. Therefore, complete transfer
of extinction was observed only for one participant in the
derived extinction group.

Discussion

Avoidance extinction by making the aversive event nonelimi-
nable employed in Experiment 1 was replaced by eliminat-
ing the aversive event in Experiment 2. Results showed that
avoidance response stopped occurring in trials with B1 (direct
extinction) or C1 (derived extinction) during the extinction
procedure, and transfer was observed for the direct extinction
group (i.e., avoidance also stopped occurring in the presence
of C1 and D1) but not for the derived extinction group (i.e.,
avoidance continued occurring in the presence of B1 and D1)
in the test for the transfer of extinction.

Extinction was maintained in the test for the transfer of extinc-
tion despite the removal of the point counter in this phase. Even
in the derived extinction group who kept clicking on the button
in trials with B1 and D1 in the test for the transfer of extinction,
clicks in trials with C1 were not observed, showing that the effects
of the extinction in fact remained on the tests. However, the fact
that some participants (P1, P3, P4, P7, and P9) quickly reached
the extinction criteria (i.e., four and five trials were necessary) sug-
gests that the counter, or the replacement of it in this case, could
still have exerted some influence over the avoidance responding.
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So, future studies should attempt to identify possible antecedent
stimulus control that changes from phase to phase, which could
explain the kind of pattern observed in the extinction phase.

General Discussion

The present study aimed to compare direct and derived
extinction of avoidance responses in equivalence classes.
Two experiments were conducted with different extinction
procedures. Experiment 1 employed an extinction procedure
in which avoidance or nonavoidance was always followed
by point loss. All 16 participants who started participation
in the experiment showed the formation of the equivalence
classes, 15 of 16 established the avoidance response, and 14
of 15 showed the transfer of avoidance function. Ten of 14
participants also met the criteria for avoidance extinction in
the extinction phase, but avoidance responses returned to
occur in the test for the transfer of extinction which could not
be analyzed. Experiment 2 replaced the extinction procedure
employed in Experiment 1 with a procedure in which avoid-
ance or nonavoidance was just followed by the ITI (i.e., there
is no point loss). All 16 participants who started participa-
tion in the experiment showed the formation of the equiva-
lence classes, 15 of 16 established the avoidance response,
13 of 15 showed the transfer of avoidance function, and 10
of 13 also met the criteria for avoidance extinction in the
extinction phase. Finally, the transfer of extinction could be
analyzed and occurred for all five participants in the direct
extinction group and for only one of five participants in the
derived extinction group.

Previous investigations about transfer of extinction were
conducted with data absent in the extinction phase (Dougher
et al., 1994; Roche et al., 2008), irregular with no indica-
tive of extinction (Vervoort et al., 2014), and insufficient
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for the analysis of the transfer of extinction (Boldrin &
Debert, 2020). In Experiment 2, 10 of 14 participants met
the avoidance extinction criteria in trials with B1 (or C1) in
the extinction phase and the extinction effects remained in
the subsequent phase that evaluated the transfer of extinc-
tion. Therefore, the present study extends previous find-
ings by applying an extinction procedure, avoidance or

nonavoidance never followed by point loss, that showed to
be effective in satisfying the stipulated criteria for extinction
and also for the analysis of the transfer of extinction. It is
important to note that Phase 4 can be considered an extended
extinction procedure because the test contingencies in Phase
3, avoidance or nonavoidance followed by the ITI, are func-
tionally similar to extinction. Feedback or maintenance of
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the conditioning contingencies for one or more stimuli dur-
ing the tests could be considered in future studies as a way
of minimizing the effects of a test situation conducted in
extinction (e.g., Dymond et al., 2007, 201 1; Garcia-Guerrero
et al., 2014; Luciano et al., 2013; Roche et al., 2008; Val-
verde et al., 2009).
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It is also worth noting that all investigations about transfer
of extinction so far have been conducted with discrete-trial
procedures (e.g., Boldrin & Debert, 2020; Dougher et al.,
1994; Roche et al., 2008; Vervoort et al., 2014). Discrete-
trial procedures are characterized by the restriction of
responding to isolated observation periods by removing the
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subject of the apparatus or removing/disabling the operan-
dum, during intertrial intervals (Perone, 1991). In a typi-
cal experiment with rats in an operant chamber, a lever is
inserted during the trials and removed during the intertrial
intervals. With humans performing a computer task, ele-
ments of the task are presented during the trials and disap-
pear (usually with the presentation of a blank screen) during
the intertrial intervals. The percentage of trials on which
the response occurs is the main measure taken for analysis.
For example, in the present study, avoidance extinction was
defined as 0% of trials with clicks on the button for four con-
secutive trials with B1 and B2 (or C1 and C2). Values other
than these criteria would mean nothing but the establishment
or not of extinction, which is a binary analysis of extinction.
As an alternative, free-operant procedures are characterized
by allowing responding at any time during the experimental
session, without restrictions produced by the apparatus or
experimenter (Ferster, 1953). A typical free-operant arrange-
ment would be a rat inside a Skinner box with free access to
the lever or a pigeon inside a small chamber with free access
to the response key. In this arrangement, rate of responses
could be registered continuously, allowing the researcher to
examine changes in behavior moment-to-moment over time.
Therefore, the description and accuracy of extinction could
be improved even more by replacing the discrete-trial pro-
cedure with the free-operant procedure, which would make
it possible to visualize the learning process and even typical
characteristics of the acquisition and extinction curves that
cannot be identified from the measures with discrete-trial
procedures.

The findings from Experiment 2 also make it possible to
start an analysis of the differences between the results from
Roche et al. (2008) and Vervort et al. (2014), which could
not be done by Boldrin and Debert (2020) due to difficul-
ties in establishing extinction in the extinction phase. Roche
et al. (2008) found that derived extinction is more effec-
tive than direct extinction in producing transfer of extinc-
tion of avoidance responses with stimuli related as same
and opposite. Vervoort et al. (2014) on the other hand found
that direct extinction is more effective than derived extinc-
tion of respondent responses (skin conductance) to produce
transfer of extinction with stimuli related as equivalent. As
noted by Boldrin and Debert (2020), the studies conducted
by Roche et al. (2008) and Vervoort et al. (2014) differed in
the established relations (i.e., same/opposite relations and
equivalence relations) and in the behavioral process (i.e.,
operant and respondent conditioning), which could explain
the differences between the results from these two studies.
Compared to Vervoort et al. (2014), the present study is
identical in the established relations (equivalence), different
in the process (operant and not respondent), and the results
are the same (direct extinction more effective). Compared
to Roche et al. (2008), the present study is identical in the

process (operant), different in the established relations
(equivalence and not same and opposite), and the results
are different (direct extinction more effective than derived
extinction). Therefore, comparisons of findings from the
present study (Experiment 2) with both Roche et al. (2008)
and Vervoort et al. (2014) suggest that the effectiveness
of the extinction condition (direct or derived) may change
with the established relations and not necessarily with the
process involved: Direct extinction was more effective with
equivalence relations and derived extinction with same
and opposite relations, regardless of whether the process is
operant or respondent. Future studies should evaluate direct
and derived extinction of respondent responses in same and
opposite relations. Considering the four possible combina-
tions between the two established relations (equivalence
and same and opposite) and the two behavioral processes
(respondent and operant), same and opposite relations and
respondent is the only one that has not been evaluated so
far. One can predict that if the effectiveness of the extinction
condition (direct and derived) changes with the established
relations and not with the process then the result would be
derived extinction more effective than direct extinction, the
same as observed by Roche et al. (2008) and different from
Vervoort et al. (2014) and the present study. Future studies
should also investigate from the perspective of the relational
frame theory (Hayes et al., 2001) in particular, why the type
of relation could have an impact on the transfer of extinction.
For example, equivalence and sameness can both be consid-
ered frames of coordination, but the procedure for establish-
ing each one is different. Equivalence relations are usually
trained and tested through the traditional MTS procedure
without explicit contextual cues, whereas training and test-
ing sameness relations involve the establishment of contex-
tual cues (Crel and Cfunc) at earlier stages of the procedure.
Contextual cues have already been shown to influence other
phenomena such as the IRAP effect (see Barnes-Holmes
et al., 2020) and this could also be the case for the transfer
of extinction.

A question that remains is why in Experiment 1 the avoid-
ance response stopped occurring in trials with B1 (or C1) in
the extinction phase, but returned on trials with these same
stimuli and continued to occur with other Class 1 stimuli,
during the test for the transfer of extinction. One way to look
at this phenomenon is renewal (Bouton & Bolles, 1979), in
which a response that was trained (or tested) in a first envi-
ronment and extinguished in a second environment, recurs
when returned to the first environment. For example, Bouton
and Bolles (1979) conducted a procedure with rats in which
a noise conditional stimulus (CS) was paired with an electric
shock unconditioned stimulus (US) in one context (activities
box), producing as a result conditioned suppression. Next,
the rats were placed in a second context (Skinner box) and
exposed to a series of extinction trials in which the CS was
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presented without the US until a complete loss of condi-
tioned suppression. Finally, when the rats were returned
to the first context where the respondent pairing originally
took place, suppression renewed to a level comparable to
that observed before extinction. Bouton and Bolles (1979)
also demonstrated renewed suppression in a third context
different from the contexts where both respondent pairing
and extinction were conducted, an arrangement that remem-
bers the training, extinction, and test contexts implemented
in Experiment 1. For example, extinction and test phases
in Experiment 1 differed by the presence or absence of a
point counter, loss of points and additional Class 1 stimuli,
which could explain the renewal of the avoidance response
as observed in Bouton and Bolles (1979). Similar results
were observed by Luciano et al. (2013) who evaluated,
using stimuli from one equivalence class, whether respond-
ent extinction in one context would lead to the alteration
of avoidance behavior in a different context. Respondent
pairing and extinction procedures were conducted with Al
and B1 stimuli in a first context (i.e., white circle on the
screen). Avoidance training also with A1 and B1, and both
test for the transfer of function and test for the transfer of
extinction with other stimuli from the same class (D1 and
F1), were conducted in a second context (i.e., green circle
on the screen). Even though the respondent extinction was
guaranteed with Al and B1 in the first context, avoidance
responses remained occurring in the presence of Al, B1, and
other stimuli from the same class in tests conducted later in
the second context. Future investigations could address the
question of renewal raised in the present study, for exam-
ple, by using backgrounds or circles with different colors to
emphasize the differences between the contexts of training,
tests and extinction. Emphasizing contexts and directly com-
paring extinction procedures with and without loss of points
could help to understand why the renewal of the avoidance
response occurred in Experiment 1 but not in Experiment 2.

Regarding the transfer of avoidance function results,
a pilot study was conducted with a procedure similar to
Gandarela et al. (2020), who evaluated the effectiveness
of loss of points in the transfer of avoidance responses in
equivalence classes. However, transfer of function was not
observed and it was not possible to move to the next phase
in which the extinction and transfer of extinction would
be analyzed. It was hypothesized that discriminations
related to the change of phase might not be occurring and
to improve them, the message indicating the loss of points
that was presented in the center of the screen in Gandarela
et al. (2020) was moved inside the rectangle delimiting the
counter on the screen. So, both consequences, message and
point loss, occurred inside the counter. Also, the point coun-
ter that remained on the screen all the time in Gandarela
et al. (2020) was not shown in the test phases in the present
study. These procedural modifications may have facilitated
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the occurrence of discriminations related to the change of
phase and enhanced transfer of function as hypothesized, but
at the same time may have contributed to the return of the
avoidance observed in the test for the transfer of extinction
in Experiment 1 and establishment of extinction observed
in the extinction procedure in Experiment 2. Another differ-
ence between Gandarela et al. (2020) and the present study
is that participants in Gandarela et al. (2020) executed the
experimental tasks on a computer located in the laboratory
room whereas in the present study, as a measure to pre-
vent the spread of the coronavirus (SARS-CoV-2) during
the pandemic period, participants from home accessed the
researcher's computer using a software for remote access
and performed the experimental tasks (e.g., Cameron et al.,
2022). This difference, remote versus in-person data collec-
tion, could explain the difficulties in producing transfer of
avoidance function comparing the pilot study and Gandarela
et al. (2020). A third difference between the present study
and Gandarela et al. (2020) is the absence in the present
study of a respondent pairing phase (B1 paired with loss
of points and B2 just followed by the ITI) before the avoid-
ance training, which could have compromised the transfer
of avoidance function. Future studies should attempt to rep-
licate Gandarela et al. (2020) with in-person data collection
and also assess to what extent the absence of a respondent
pairing phase, even though the avoidance response is well
established in the avoidance training, can affect performance
in the test for transfer of avoidance function.

Although the instructions presented in the avoidance
training phase do not explicitly state that participants should
avoid point loss, the fact that some participants showed dis-
criminated responding (i.e., clicking in the presence of B1
and not B2) right from the second trial of the avoidance
training suggests that avoidance response could have been
controlled by the instructions. In this case, it would be more
appropriate to consider the avoidance response that was
established as instructed avoidance (e.g., Galizio, 1979).
Future studies could use minimal instructions if the objec-
tive is to reduce the influence of instructional control over
responding (e.g., Dymond et al., 2008).

In conclusion, the present study extends the literature by
improving the description and accuracy of the extinction
procedure prior to the analysis of the transfer of extinction in
the direct and derived conditions. Comparisons between the
results of the present study and results from previous investi-
gations (Roche et al., 2008; Vervoort et al., 2014) suggest that
direct extinction may be more effective with equivalence rela-
tions and derived extinction with same and opposite relations.
This is indicative that the effectiveness of direct and derived
extinction in the transfer of extinction may be affected by dif-
ferent variables. Maybe there is not a most effective procedure,
but a procedure that is most effective given a set of condi-
tions. It is too early to say. Investigations conducted so far have
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experimental control limitations that may have compromised
the results such as, for example, the already mentioned difficul-
ties in establishing extinction before the analysis of the transfer
of extinction. The studies also differ on more than one variable
(i.e., there is no experimental continuity), making it difficult
to perform conclusive comparisons between them. Therefore,
a research agenda that includes continuity between investiga-
tions and improved experimental control is required to know
more about the basic processes involved in direct and derived
extinction, and then inform clinicians about which is the most
effective procedure or even which is the most recommended
procedure for each case.
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