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Not very surprisingly the world is full of 
distractions. Thus, in the present experiment 
we asked how can it be studied experimen-
tally? A long tradition within behavior analy-
sis in studying complex human behavior has 
been to employ conditional discrimination 
procedures (e.g., Arntzen, 2012; Fields, 
Arntzen, Nartey, & Eilifsen, 2012; Sidman, 
1994). In the use of such procedures the role 

of mediating behavior has been discussed and 
mediating behavior has been shown to have a 
variety of influences. Sometimes it enhances 
the acquisition of conditional discrimina-
tions and equivalence class formation, and 
especially so if the conditional discrimina-
tion procedures are arranged in a delayed  
matching-to-sample (DMTS) format. Al-
though not explicitly trained, the mediating 
behavior can be interfered with by some 
distractor task during the delay interval. The 
present experiment explores those effects on 
a within-subject basis in the context of the 
formation and maintenance of equivalence 
classes. 

Conditional discrimination proce-
dures have been the most common pro-
cedures to train prerequisites for and the 
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testing of equivalence class formation.  
Stimulus equivalence is defined as respond-
ing in accordance with the properties of 
reflexivity, symmetry, and transitivity (e.g., 
Sidman & Tailby, 1982). Three potential 
3-member classes could be trained as AB 
and BC relations arranged as a conditional 
discrimination procedure or in a matching-
to-sample format. For the first relation AB, 
the A stimuli are the samples (A1, A2, and 
A3) and the B stimuli are the comparisons 
(B1, B2, and B3). If A1 is presented, the cor-
rect comparison is B1, not B2 or B3. If A2 is 
presented, the correct comparison is B2, not 
B1 or B3. If A3 is presented, B3 is correct, 
not B1 or B2. For the next relation, BC, the 
B stimuli (B1, B2, and B3) are the sample 
and the C stimuli (C1, C2, and C3) are the 
comparisons. If B1 is presented, the correct 
comparison is C1, not C2 or C3. If B2 is 
presented, the correct comparison is C2, 
not C1 or C3. If B3 is presented, the correct 
comparison is C3, not C1 or C2. Respond-
ing in accordance with reflexivity involves 
responding to the stimuli itself, that is, for 
example, a participant in the presence of one 
of the A stimuli selects the same A (when the 
A stimuli serve both as samples and com-
parisons). Responding in accordance with 
symmetry means that when B1 is presented 
as the sample, the participant selects A1 and 
not A2 or A3; likewise for B2A2, B3A3, 
C1B1, C2B2, and C3B3 trials. Responding 
in accordance with transitivity means that 
when A1 is presented, the participant selects 
C1, and not C2 or C3; likewise for A2C2 
and A3C3 trials. A global equivalence test 
presents the C stimuli as samples and the A 
stimuli as comparisons. The participant is 
responding in accordance with equivalence 
if he or she selects A1 and not A2 or A3 in 
the presence of C; likewise for C2A2 and 
C3A3 trials. 

The above-mentioned conditional dis-
criminations have usually been assessed on tri-
als administered in a simultaneous matching 
format; on these trials, the sample and compar-
ison stimuli were presented at the same time.  

When the conditional discrimination proce-
dures are arranged as simultaneous matching, 
a sample stimulus is presented on the screen 
and a response to the sample stimulus is fol-
lowed by the presentation of the comparison 
stimuli. Both sample and comparison stimuli 
are presented on the screen until a response 
to one comparison stimulus is made. 

In contrast, however, a fewer studies have 
administered trials in a DMTS format (e.g., 
Arntzen, 2006; Barnes, Hegarty, & Smeets, 
1997; Fields et al., 1997; Healy, Barnes-
Holmes, & Smeets, 2000; Lane, Innis, Clow, 
& Critchfield, 1998; Saunders, Chaney, & 
Marquis, 2005). In DMTS, the response 
to the sample is followed by an immediate 
offset of the sample and an n-s onset of the 
comparison. The n can be 0 s and upwards 
(e.g., White, 2013). In such arrangements, 
it is possible to study variables that influence 
short-term memory or remembering (Arnt-
zen, 2006; Palmer, 1991). 

The delay between the offset of the 
sample and the onset of the comparison; for 
example delays typically ranged from 0 to 20 
s in studies that involved pigeons (Wixted, 
1989). With pigeons, the main finding with 
DMTS procedures is that correct responding 
in matching tasks decreases with increases in 
the delay (Sargisson & White, 2001; White, 
1985). 

For human participants, however, the 
findings are mixed. In some studies, the 
acquisition of arbitrary conditional discrimi-
nations under delays ranged from 0 to 15 s, 
and found that acquisition was an inverse 
function of the duration of the delay (Tor-
grud & Holborn, 1989). In contrast, Baron 
and Menich (1985) conducted a similar 
experiment and did not find a reduction in 
accuracy as a function of increasing delays. 

Four more recent studies (Arntzen, 
2006; Arntzen, Galaen, & Halvorsen, 
2007; Lian & Arntzen, 2013; Vaidya & 
Smith, 2006) studied the effects of delay 
on the formation of equivalence classes 
and symmetry, two phenomena both of 
which are more complex than the learn-
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ing of simple conditional discriminations.  
These studies showed high rates of respond-
ing in accordance with stimulus equivalence 
even in the context of long delay intervals. 

Sidman, Stoddard, Mohr, and Leicester 
(1971) opined that the solution of condi-
tional discrimination in DMTS formats, 
requires the occurrence of some behavior 
that carries forward information about the 
sample stimulus if the correct comparison 
is to be selected. This surmise is supported 
by the results of a classical experiment with 
DMTS conducted by Blough (1959). Using 
a DMTS trial format, two of four pigeons 
responded with low accuracy. The other 
two, however, maintained high levels of ac-
curacy with increasing delay. Unlike the first 
two, the latter pigeons maintained accurate 
matching performance during intervals of 
long delays by emitting sample-specific, 
stereotypical responses. The mediating be-
havior, however, was emergent and was not 
required by the experimental control. It is 
likely that it was initially irrelevant behavior 
that was adventitiously reinforced and then 
maintained. Cleaveland (1998) found simi-
lar results where birds were trained to make 
distinctive responses to four stimuli that 
were later used as sample stimuli. Likewise, 
some earlier studies with humans have shown 
similar outcomes where meditating behavior 
was required in DMTS (Parsons, Taylor, & 
Joyce, 1981; Torgrud & Holborn, 1989).

It follows from this analysis that a task that 
would disrupt the above mentioned mediat-
ing behavior should also interfere with the 
formation and/or maintenance of conditional 
discriminations and of equivalence classes. 
Such tasks will be referred to as distractors. 
For example, studies with monkeys have 
shown that correct performance decreased 
with presentation of distractors in the delay 
(Artchakov et al., 2009). In a study by DeFu-
lio (2002), five adult human participants were 
trained in three conditional discriminations; 
visual-visual discriminations, or auditory-
visual discriminations, respectively. The results 
showed that, for most participants, the accu-

racy was high even with longer delays (even up 
to 32 and 64 s). Furthermore, distractors were 
introduced in the delay between the offset of 
the sample and the onset of the comparisons: 
(1) generalized identity matching distraction 
condition, (2) sample distraction condition, 
(3) comparison distraction condition, and 
(4) reading distraction condition. The main 
finding was that for all participants, accuracy 
was reduced for at least one condition with 
distractors; the reading condition reduced the 
accuracy the most. 

Similar findings were obtained with 
equivalence class formation. In Experiment 4 
of Arntzen (2006), participants were exposed 
to three different conditions, that is, simulta-
neous, 0-s delay, and 3-s delay. With the 3-s 
delay, distractors were presented during the 
delay. The distractors presented in the delays 
were simple math tasks that involved addition 
or subtraction tasks of numbers from 1 to 10. 
Six of six participants responded in accordance 
with stimulus equivalence in the simultaneous 
and 0-s-delay conditions, while none of the 
six participants responded in accordance with 
stimulus equivalence in the 3-s-delay condi-
tion with distractor tasks.  One interpretation 
of the data is that distractors could have re-
duced the possibility of producing any mediat-
ing behavior and, hence, hindered responding 
in accordance with stimulus equivalence when 
the test was arranged in a DMTS. The find-
ings need to be replicated and especially in a 
within-subject design which introduces and 
removes distractors in test conditions.

The present study is a systematic replica-
tion of Experiment 4 in Arntzen (2006). In the 
present experiment, we determined whether 
responding in accordance with stimulus 
equivalence, in which all training and test-
ing is conducted using trials presented in a 
DMTS format, was hindered by a required 
distractor task in the delay between sample 
and comparisons under test conditions. We 
presented conditions with and without dis-
tractors during testing in a DMTS procedure. 
The effects of distracting stimuli on the 
formation of equivalence and maintenance 
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of classes were studied by running a series of 
conditions, with and without distractors, in 
an ABA and a BAB format. The prediction 
is that accuracy will be more disrupted in 
conditions with distractors.

Method

Participants
Twelve participants were recruited from 

the university college and through personal 
contacts. The participants were seven women 
and five men ranging in age from 19 to 42 
years, with an average age of 27.4 years. None 
of the participants had any knowledge about 
stimulus equivalence or had participated in 
such experiments previously. Upon arriving 
at the lab, the participants were given written 
information about the experiment, which 
included some general information about the 
experiment and the experimental situation. 
They were also told that they could withdraw 
from the experiment at any time. The partici-
pants were debriefed after the experimental 
session, and their results were explained to 
them. Finally, they could sign up on a list in 
which they had the chance to win a lottery 
for a voucher for 500 Norwegian kroner to 
use in the cantina at the university college.  

Apparatus and Setting
The experimental setting was the labora-

tory at departement at the university college. 
The lab cubicle we used was a rectangular 
room of 12 m2 with a window covered by 
curtains (to reduce possible interruption 
from the outside). The participants were 
seated at a desk in front of the window. 
The experiment was run on an HP 8730w 
laptop with a 17- inch screen and an Intel 
Core 2 Duo T9800/2.93 GHz proces-
sor. To the left of the screen was a second 
screen, of 19 inches. In addition, the im-
age from the second screen was shown on 
a third screen on a desk in an adjacent 
room, so that we could ensure that the par-
ticipant responded. The experiment used 
an MTS software made by Psych Fusion 

Ltd. in collaboration with the first author.  
Another program, created by the second 
author, presented the math tasks that were 
running on the second screen.  

Stimulus Sets 
Three different sets of abstract visual 

stimuli were used (see Figure 1). The stimuli 
in each class were arbitrarily related because 
there were no physical similarities between 
the stimuli in the classes. The stimuli were 
Arabic, Cyrillic, Chinese, or Hebraic letters. 
We modified some of the stimuli, that is, 
added or deleted lines, or rotated the stimuli 
to make them more abstract.

The stimuli were presented on the moni-
tor in rectangular areas (10.5 × 3.8 cm) that 
were sensitive for the participants’ mouse-
clicking. The sample stimulus was presented 
in the middle of the screen; three comparison 
stimuli were presented randomly in the cor-
ners of the screen.

Figure 1
The three different stimulus sets and the abstract stimuli used.

Figure 1.The three different stimulus sets and the 
abstract stimuli used.
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Design
We employed ABA- and BAB-designs—A 

conditions had no distractors while B condi-
tions had distractors as multiplication and 
addition tasks (see below for details) dur-
ing testing. The two testing orders enabled 
the experiment to determine whether there 
were history effects that interacted with the 
distractor requirements. Six of the 12 par-
ticipants went through the different condi-
tions of the experiment in an ABA design. 
The first condition was without distractors 
(A), followed by a condition with distractors 
(math tasks) during the test (B) and, finally, 
a condition without math tasks (A). The last 
6 participants were exposed to the conditions 
in a reversed order, BAB.  

All 12 participants were first presented 
Stimulus Set 1 independent of the condition 
they started with. Stimulus Set 2 was always 
presented in the second condition. Finally, 
they were presented with Stimulus Set 3 in 
the third condition (see Figure 1).

Procedure
For each participant, the experimental 

sessions were run in one day and lasted ap-
proximately 3 hrs. The participants had to 
read the written information and were seated 
in front of the computer. The experimenter 
informed the participants that they should 
turn toward the other screen when the first 
screen turned white to do the math tasks and 
say the task and results aloud. The partici-
pants were told that they should continue 
with tasks on the main screen after they had 
finished the math tasks. They were also in-
formed that the experimenter was going to be 
in the room during parts of the experimental 
session to remind the participants to do the 
math tasks (if they did not start working 
on them). Finally, the participants were 
instructed to read the following instructions 
presented in Norwegian on the screen:

A stimulus will appear in the middle of the screen. 
Click on this by using the computer mouse. Three 
other stimuli will then appear. Choose one of 

these by using the computer mouse. If you choose 
the stimulus we have defined as correct, words like 
very good, excellent, and so on will appear on the 
screen. If you press a wrong stimulus, the word 
wrong will appear on the screen. At the bottom of 
the screen, the number of correct responses you 
have made will be counted. During some stages 
of the experiment, the computer will not tell you 
if your choices are correct or wrong. Furthermore, 
the tasks will be presented on the screen on your 
left-hand side. Please read the tasks and say the 
answers aloud. Then, write down the answer on 
the number pad and touch the Enter key. Based 
on what you have learned, you should be able to 
do all the tasks correctly. Please do your best to 
get everything right. Good luck!

Each trial started with the presentation 
of a sample stimulus. A click on the sample 
stimulus was followed by the presentation 
of three comparison stimuli after a 6-s de-
lay. The comparisons appeared in three of 
four positions randomly. During the delay 
the screen was white. If the participant re-
sponded correctly, such words as super, very 
good, awesome, and so forth, were presented 
on the screen. If the participant responded 
incorrectly, the word wrong appeared on 
the screen. The text stimuli appeared on the 
screen for 500 ms and were followed by a 
500-ms intertrial interval. After each trial, 
the mouse cursor was reset to a fixed position 
above the sample stimulus.

 The order of training is shown in Table 
1. The distractors were not included in the 
establishment of the baseline relations. Be-
cause we wanted to analyze how distractors 
could influence equivalence class formation, 
a many-to-one (MTO; training AC and BC 
relations) training structure arranged trials 
to be presented on a serialized basis, which 
has shown to be a very effective procedure to 
produce such classes (e.g., Arntzen, 2012). 
Thus, first we trained AC trials and then 
we trained BC trials. Training in a mixed 
condition with AC and BC trials followed 
this. In the first block, the trial types were 
A1C1C2C3, A2C1C2C3, and A3C1C2C3 
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(the sample is the first letter and number in 
each string followed by the three compari-
sons; the sample is in bold and the correct 
comparison is in each string is underlined). 
Each trial type was presented three times. 
Participants needed to have all trials correct 
before moving to the next block. In the next 
block, BC relations were trained. The trial 
types were B1C1C2C3, B2C1C2C3, and 
B3C1C2C3. Each trial type was presented 
three times, and all trials needed to be correct 

for the participant to move to the next phase. 
In the next condition, all trial types were 
presented in mixed order. Hence, the 
trial types were as follows: A1C1C2C3, 
A2C1C2C3, A3C1C2C3, B1C1C2C3, 
B2C1C2C3, and A3C1C2C3. Each trial 
type was presented three times, and the 
participants needed to have all trials cor-
rect to move to the next phase. For all 
the preceding phases, the probability of 
programmed consequences was 100%.  

 

 

 
Table 1 
 
Overview of the Procedure 
 

Condition Trial types Probability for 
a programmed 
consequence 
(percentage) 

Criterion 

Serialized 
training 

A1C1C2C3, A2C1C2C3, A3C1C2C3 100 9 of 9 
correct 

Serialized 
training 

B1C1C2C3, B2C1C2C3, B3C1C2C3 100 9 of 9 
correct 

Mixed training A1C1C2C3, A2C1C2C3, A3C1C2C3, 
B1C1C2C3, B2C1C2C3, B3C1C2C3 

100 18 of 18 
correct 

Mixed training A1C1C2C3, A2C1C2C3, A3C1C2C3, 
B1C1C2C3, B2C1C2C3, B3C1C2C3 

75 18 of 18 
correct 

Mixed training A1C1C2C3, A2C1C2C3, A3C1C2C3, 
B1C1C2C3, B2C1C2C3, B3C1C2C3 

50 18 of 18 
correct 

Mixed training A1C1C2C3, A2C1C2C3, A3C1C2C3, 
B1C1C2C3, B2C1C2C3, B3C1C2C3 

25 18 of 18 
correct 

Mixed training A1C1C2C3, A2C1C2C3, A3C1C2C3, 
B1C1C2C3, B2C1C2C3, B3C1C2C3 

0 18 of 18 
correct 

Mixed testing: 
DT, SYM, and 
EQ 

A1C1C2C3, A2C1C2C3, A3C1C2C3, 
B1C1C2C3, B2C1C2C3, B1C1C2C3 (DT) 
C1A1A2A3, C2A1A2A3, C3A1A2A3, 
C1B1B2B3, C2B1B2B3, C3B1B2B3 (SYM) 
A1B1B2B3, A2B1B2B3, A3B1B2B3, 
B1A1A2A3, B2A1A2A3, B3A1A2A3 (EQ) 

0  

 
Note. The table shows the different conditions and trial types, in addition to the probability 
for programmed consequence and the mastery criterion for each condition. In the test 
block, 54 trials (18 DT trials, 18 SYM trials, and 18 EQ trials) were presented intermixed. 
DT = directly trained; SYM = symmetry; EQ = equivalence. 

Note. The table shows the different conditions and trial types, in addition to the probability for 
programmed consequence and the mastery criterion for each condition. In the test block, 54 trials 
(18 DT trials, 18 SYM trials, and 18 EQ trials) were presented intermixed. DT = directly trained; 
SYM = symmetry; EQ = equivalence.

Table 1
Overview of the Procedure
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In the next phase, the probability of pro-
grammed consequences was thinned to 75%, 
50%, 25%, and, finally, 0%. The mastery 
criterion for all mixed phases was 100% cor-
rect responding in blocks of 18 trials, with 3 
trials of each trial type. The last training phase 
was followed by a test phase with 54 trials. 

The test block contained the directly 
trained trials: A1C1C2C3, A2C1C2C3, 
A3C1C2C3, B1C1C2C3, B2C1C2C3, 
along with tests for the emergence of sym-
metrical relations (C1A1A2A3, C2A1A2A3, 
C3A1A2A3, C1B1B2B3, C2B1B2B3, and 
C3B1B2B3) and those for the emergence 
of the equivalence relations (A1B1B2B3, 
A2B1B2B3, A3B1B2B3, B1A1A2A3, 
B2A1A2A3, and B3A1A2A3). All trials were 
randomly mixed in one test block. 

In all the B conditions, during the 
administration of the test blocks, the dis-
tractors were presented during the delays 
for each test trial — after the offset of the 
sample stimulus. All of the math tasks 
involve the presentation of numbers were 
between 41 and 50. An example of the 
tasks is 50–47 = _____. The participants 
answered by using a numeric keyboard that 
was placed in front of the secondary screen 
and by saying the answer out loud. This 
program automatically generated addition 
and subtraction tasks. Fifty-four different 
math tasks were employed for each B condi-
tion. One math task was presented in each 
delay in the B conditions. The presentation 
of the math tasks was signaled by the screen 
turning from black to white; subsequently, 
the addition or subtraction math tasks were 
presented in the upper right corner. The 
numbers were printed in 72-point Lucida 
Console font. The application started with 
a response to the sample stimulus during 
the test in the MTS program. Thus, a math 
task was presented as the sample stimulus 
disappeared from the main screen and re-
mained on the second screen until an answer 
was given. If the participant touched one 
of the comparison stimuli or did not fill 
in any numbers, the task was terminated.  

The participant was not informed as to 
whether his or her response was correct.

Behavior Recorded 
Clicking on a stimulus was defined as the 

target response. The criterion for responding 
in accordance with stimulus equivalence 
was 17 of 18 correct responses each for the 
directly trained (baseline), symmetry, and 
equivalence trials. The MTS software record-
ed every sample and comparison response 
made by the participants and also the time 
from the presentation of the stimulus to the 
response. The types of math tasks presented, 
the length of the interval from the presenta-
tion until the participant responded, and the 
answers were recorded automatically.

Results

Figure 2 shows number of participants 
who responded in accordance with stimulus 
equivalence in the ABA and BAB sequence, 
respectively. For the participants in the ABA 
sequence, in the first A condition, without 
distractors, all six participants responded in 
accordance with stimulus equivalence.  In the 
next condition, with distractors (B), only two 
of the six participants responded in accor-
dance with stimulus equivalence.  Finally, in 
the last A condition, without distractors, five 
of the six participants once again responded 
in accordance with stimulus equivalence. 

For the participants in the BAB sequence, 
in the first B condition with distractors, 
none of the six participants responded in 
accordance with stimulus equivalence. In 
the condition without distractors (A), five 
of six participants responded in accordance 
with stimulus equivalence, while two of 
six responded in accordance with stimulus 
equivalence in the second B condition with 
distractors.

Details of responding for each participant 
in the ABA sequence are shown in upper 
panel of Table 2 All of the participants an-
swered the math tasks, except P3078 who 
did not answered one math task, and the 
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participants had overall between 80% and 
98% correct answers. The median time the 
participants were engaged in the math task 
varied between 5.5 s and 13.7 s. P3078 
responded in accordance with stimulus 
equivalence in all three conditions. P3076 
responded in accordance with stimulus 
equivalence in both conditions without 
distractors. Furthermore, in the condition 
with distractors he responded correctly on 
the symmetry and equivalence trials but not 
on the directly trained trials. For these par-
ticipants, the distractor task did not interfere 
with equivalence-based performances or did 
so on a selective basis.   

Participants 3071, 3075, and 3073 re-
sponded in accordance with stimulus equiva-
lence on both conditions without distractors. 

In the condition with the distractors, they 
responded correctly on directly trained and 
symmetry trials but not on equivalence 
trials. For these participants, the distractor 
task did interfere with equivalence-based 
performances. 

P3072 responded in accordance with 
stimulus equivalence in the first condition 
without distractors, and responded correctly 
on directly trained and symmetry trials in 
the second condition without distractors. 
In the condition with distractors, he did not 
respond in accordance with stimulus equiva-
lence, although he responded correctly on 
directly trained and symmetry trials. 

Details of responding for each participant 
in the BAB sequence are shown in the lower 
panel of Table 2. All participants answered 
the math tasks and responded between 76% 
and 96% correct. The median time the 
participants were engaged in the math task 
varied between 5.9 s and 10.3 s in the first B 
condition and 5.2 s and 7.4 s in the second 
B condition. P3135 responded correctly 
on the directly trained trials but not on the 
symmetry and equivalence trials, while in the 
A condition (without distractors) the partici-
pant responded in accordance with stimulus 
equivalence, with 16 correct of 18 baseline 
trials, and in accordance with symmetry and 
equivalence trials. P3142 did not respond 
in accordance with stimulus equivalence 
but with symmetry in the first B condition 
(distractors). In condition A (no distractors) 
and the second B condition (distractors), 
he responded in accordance with stimulus 
equivalence. Participants 3141, 3143, and 
3139 did not respond in accordance with 
stimulus equivalence in the first B condi-
tion (distractors) but did so in condition 
A (no distractors); and P3141 responded 
in accordance with stimulus equivalence in 
the second B condition while P3143 and 
P3139 did not. P3138 did not respond in 
accordance with stimulus equivalence in any 
of the conditions. However, the participant 
responded in correctly on 17 of 18 of the 
equivalence trials.

ABA

A B A

0

2

4

6

BAB

B A B

0

2

4

6

Conditions

Figure 2. The upper-panel showing the number of particpants responding in accordance to 
stimulus equivalence in the ABA sequence, while the lower-panel showing the number of 
participants responding in accordance with stimulus equivalence in the BAB sequence.
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Figure 2. The upper-panel showing the number 
of particpants responding in accordance to 
stimulus equivalence in the ABA sequence, 
while the lower-panel showing the number of 
participants responding in accordance with 
stimulus equivalence in the BAB sequence.

Erik Arntzen  and Aleksander Vie



159

If one takes into consideration the re-
sults from the current experiment, there 
did not appear to be any systematic differ-
ences in responding occasioned by directly 
trained, symmetry, and equivalence trials.  
This can be an indication that the math task 
disturbed all the relations to the same degree 
in DMTS procedures.

Discussion

The main results from the present experi-
ment showed a very high accuracy without 
distractors (A-conditions) while the inclu-
sion of distractors (B-conditions) reduced 
responding that was in accordance with 
stimulus equivalence. These results with the 
inclusion of distractors replicated the find-
ings of Experiment 4 in Arntzen (2006). We 
are assuming that accuracy of responding in 
accordance with equivalence on trials pre-
sented in a DMTS format is attributable to 

mediating behaviors that “carry” forward the 
sample stimulus so they are “present” when 
the comparison stimuli are introduced, and 
thus occasion class indicative responding. It 
follows that the distractor task results in a 
breakdown in the test performances because 
the latter interferes with the evocation of the 
class controlling response produced mediat-
ing stimuli. In general, one form of stimulus 
control (those in the distractor task) over-
shadows another form of stimulus control 
that are cues which occasion class indicative 
comparison selection (the response product 
of the mediating behavior in combination 
with the comparison stimuli).

For the ABA group, all participants 
showed the emergence of all derived relations 
in the first A condition, which documented 
the formation of equivalence classes. These 
tests were conducted with no distractors 
during the delay interval that separated 
the sample offset and comparison onset.  

Note. The number of training trials and the correct number of responses for each trial type (directly 
trained trials, symmetry, and equivalence) are shown for the conditions without distractors (A) and with 
distractors (B), respectively. The numbers in bold indicate that the number of trials is in accordance 
with the experimenter defined definitions. The number of trials presented for each trial type was 18 
and total number of test trials was 54.  P# = Participant number, TT= Training Trials; DT = Directly 
Trained, SYM = Symmetry probes; EQ = Equivalence probes; SE = total correct in the MIXED test; 
ECF = Equivalence Class Formation; Y =Yes; N = No; %AMT = Percent Accuracy of Math Tasks; 
MMT = Median seconds on Math Tasks.

Table 2
Results on Responding During Training and Testing in the ABA and BAB conditions
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Note, The number of training trials and the correct number of responses for each trial type (directly trained trials, symmetry, and equivalence) 
are shown for the conditions without distractors (A) and without distractors (B), respectively. The numbers in bold indicate that the number of 
trials is in accordance with the experimenter defined definitions. The number of trials presented for each trial type was 18 and total number of 
test trials was 54.  P# = Participant number, TT= Training Trials; DT = Directly Trained, SYM = Symmetry probes; EQ = Equivalence probes; SE = 
total correct in the MIXED test; ECF = Equivalence Class Formation; Y =Yes; N = No; %AMT = Percent Accuracy of Math Tasks; MMT = Median 
seconds on Math Tasks. 

ABA      
  No distractors (A)  Distractors (B)  No distractors (A) 
P# TT DT SYM EQ SE  ECF TT DT SYM EQ SE  ECF %AMT MMT TT DT SYM EQ SE ECF    
3078  117  18  18  18  54  Y      117 17  18  18  53  Y  98    5.7 153 18  18  18  54  Y     
3076  252  18  18  18  54  Y      135 14 17  18  49  N  80  10.9 144 18  18  18  54  Y     
3071  162  18  18  18  54  Y      126 17  18  15 50  N  83    8.6 126 18  18  18  54  Y     
3075  225  18  18  18  54  Y      234 18  18  15 51  N  94  13.7 126 18  18  18  54  Y     
3073  207  18  18  18  54  Y      171 18  17  13 48  N  93    7.3 162 18  18  18  54  Y     
3072  180  18  18  18  54  Y      198 15 16  14 45  N  96    7.6 171 17  18  15 50 N     
                                                 
BAB                                                
  Distractors (B)  No distractors (A)  Distractors (B) 
P# TT DT SYM EQ SE  ECF %AMT MMT TT DT SYM EQ SE  ECF     TT DT SYM EQ SE ECF %AMT  MMT 
3135  189  18  15  14  47  N  93    5.9 171 18  18  18  54  Y      144 16 17  17  50 N  89  6.2 
3142  207  16 18  14  48  N  76    7.6 144 18 18  18  54  Y      117 18 18  18 54  Y  80  7.2 
3141  234  16 15  16  47  N  89    9.8 153 17  18  18 53  Y      153 18  18  18 54  Y  83  7.4 
3143  189  16 16  12  44  N  94    7.3 162 18 18  18  54  Y      207 17 17  15 49 N  96  5.2 
3139  423  14 10  14  38  N  96  10.3 180 18 18  17  53  Y      162 17 10  12 39 N  94  6.8 
3138  261  15 16  15  46  N  N/A  N/A 504 16  15  17  48  N      153 14  14  16  44 N  N/A  N/A 
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Immediately thereafter, the test was re-
peated with distractors during the de-
lay interval and class indicative perfor-
mances were substantially disrupted.  
These findings could mean that the classes 
had been undone. Alternatively, the classes 
were intact during the B condition but 
the distractor task exerted predominant 
control of behavior and overshadowed the 
class based stimulus control topographies. 
These interpretations were separated by a 
consideration of the data obtained in the 
last condition during which the emergent 
relations tests did not include the distractor 
task. Under this condition, class indicative 
performances immediately reemerged and 
with no intervening retraining. This result 
supports the view that the classes remained 
intact during the test trials that contained 
the distractors. The distractor task, then, did 
not compromise the integrity of the classes; 
rather, it suppressed the expression of class 
indicative behavior or the control by class 
based stimulus control topographies. To sum-
marize, two discrimination tasks interacted 
where one was predominant in one condition 
(Condition A) and was overshadowed by an-
other when two were present on a concurrent 
basis (Condition B). 

The results obtained with the BAB group 
were consistent with the analysis presented 
above. The initial test in the B condition con-
tained the distractor task, and no participants 
showed the emergence of class indicative 
performances. These data could indicate that 
classes had not formed due the presence of 
the distractor task, or that the classes had 
formed but class indicative stimulus control 
topographies were not expressed because of 
being overshadowed by the control exerted 
by the distractor task; “attention to math 
rather than to class membership”. The subse-
quent B condition consisted of tests that did 
not contain distractor tasks, and almost all of 
the participants showed the presence of the 
equivalence classes. These results suggest that 
the classes had formed after training, were 
present during the initial test with distrac-

tors, but the distractor task just overshad-
owed class based control of responding. It 
also suggests that the distractor task did not 
prevent the formation of the classes after the 
establishment of the baseline relations.

Re-exposure to the test with the distrac-
tors resulted in the maintenance of class 
control for a few of the participants. This 
could indicate a relative increase in the 
strength of the class based stimulus control 
topographies for some of the participants 
in the group. Assuming the validity of this 
analysis, the variables that influence the rela-
tive strength of class based and distractor task 
stimulus control topographies are yet to be 
determined.

For some participants, classes formed or 
were maintained classes even when the dis-
tractor task was present in the delay intervals. 
How might this occur? One possibility is that 
a participants ‘multitasked’, by working on 
the distractor task in one or a few very short 
time packets, and repeated the naming of the 
sample stimuli in other rapidly alternating 
time packet, which enabled the solution of 
the conditional discriminations with a delay. 
This possibility could be evaluated by study-
ing correlations between problem solution 
and MTS test performances, and between a 
moment-to-moment tracking of both task.

Such a decrement in class indicative re-
sponding, however, is not always found with 
adult participants; rather, some have reported 
no decrement with increases in the DMTS 
delay interval (Baron, Menich, & Perone, 
1983; DeFulio, 2002). The differences in 
outcomes may be driven by the use of dif-
ferent problem-solving strategies in the delay 
intervals on various experiments. Thus, it is 
important to consider that participants can 
use different problem-solving strategies in 
DMTS experiments, for example, repeating a 
made-up name for the sample stimulus until 
the comparisons are presented and a choice 
is made. It could be that if a participant uses 
the same strategy in DMTS, it will have 
some similarities with the repetitive sample-
specific behavior seen in Blough (1959).  
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One can argue that if such mediating be-
havior occurs, this could facilitate matching 
accuracy in DMTS procedures with humans. 
By presenting distractors in the delay, as 
in the present experiment, such repetitive 
mediating behavior might not be possible.

In humans, such mediating behavior 
could be naming the stimuli; it is important 
to notice that we are talking about naming as 
name-giving to the stimuli that is more like 
tacting and different from the term “nam-
ing” (listener behavior, tact, and echoic) as 
used by Horne and Lowe (1996). We prefer 
to use the term naming as in giving names 
to stimuli because that has been a consistent 
way to use the term in the equivalence lit-
erature. It could be argued that for match-
ing accuracy to be improved by mediating 
behavior the name-giving behavior must 
be sample specific, and, thus, having differ-
ent mediating behavior or names for each 
sample. In MTO with 3 classes, as in the 
present experiment, there are six different 
mediating behaviors developing in training, 
one for each of A1, A2, and A3 and one for 
each of B1, B2, and B3. In the test probes 
for equivalence (AB and BA), the mediating 
behavior cannot predict which comparison 
to choose and likewise for the symmetry tests 
(CA and CB) since the C has never been a 
sample before. Mediating naming behavior, 
however, can be either homogenous (com-
mon) or heterogeneous naming. Stromer 
and Mackay (1996) argued that naming of 
stimuli in conditional discrimination experi-
ments facilitates the outcome on equivalence 
tests. They argued for the importance of 
homogeneous naming—the name will then 
be common for both sample and comparison 
stimuli. This prediction has been supported 
by other experiments (e.g., Dugdale & Lowe, 
1990; Eikeseth & Smith, 1992). As Sid-
man, Stoddard, Mohr, and Leicester (1971) 
mentioned, “The input must generate some 
process that ‘carries’ the sample after it disap-
pears. Naming is the usual bridge between 
sample and delayed choice” (p. 134). We 
support the notion about the importance 

of studying verbal behavior during delays 
in DMTS and suggest that further research 
should focus on talk-aloud procedures (e.g., 
Lane & Critchfield, 1996). Such types of data 
would be a nice contrast to the data from the 
present experiments. 

One limitation of the present study is 
related to the time the participants were 
involved with the distracting tasks; the me-
dian time used with the distractor or math 
tasks varied from 2 to 5.2 s. It could be 
argued that more is going on here—that the 
math tasks were not under direct stimulus 
control. Furthermore, the results from the 
BAB sequence showed a decrease in the time 
used on math tasks from the first to second 
B condition for five of the six participants. 
Donahoe and Palmer (1994) argued that a 
decrease in reaction time may indicate a shift 
in direct stimulus control. This is probably 
the case if a high number of the same math 
tasks are presented. The program that pre-
sented the distractors was programmed to 
auto-generate the math tasks that involved 
the numbers 1 through 10, which constitute 
up to 145 combinations over 54 trials. To 
reduce the probability that the same task will 
be presented more than once, it is possible to 
increase the number of combinations. This 
will make it more difficult for the participant 
to engage in different forms of behavior 
before the onset of the comparisons. 

In sum, the present study gives an 
example on how distractors influence re-
sponding during delays in DMTS can be 
studied. The main findings from the present 
experiment show that when distractors were 
introduced in the delay between the offset 
of the sample and the onset of the compari-
sons, the equivalence yields were reduced for 
individual participants. Based on the find-
ings from the present experiment further 
research could focus on a number of areas. 
First, in research of short-term memory, the 
sample stimulus should not lose control but 
does so when the distractor task presented 
in the delay is unrelated to the sample 
stimulus (Peterson & Peterson, 1959).  

Distractors in DTMS
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Hence, distractors within the same sensory 
modality have been shown to disrupt more 
than distractors from a different sensory 
modality (Artchakov et al., 2009). Since we 
have employed tasks within the same modal-
ity — visual; it might be interesting to study 
responding in accordance with stimulus 
equivalence as a function of distractors with-
in a different modality than the stimuli used 
to form equivalence classes, and to use tasks 
for which there is lesser probability that the 
participants had some experience with them. 
Second, in the present experiment, baseline 
relations in the B-conditions (testing with 
distractors) were for some of the participants 
less than the experimenter-defined criteria. 
Thus, an experimental arrangement could 
be to introduce a condition with distractors 
only for the direct trained trials or baseline 
trials before the test blocks. We could study 
how the introduction of distractors influ-
ences responding on these trials. Hence, 
such an experiment could increase control 
of the effect of distractors before the test is 
implemented. Finally, an experiment could 
be arranged to study if the introduction of 
distractors decreases the sensitivity of the 
test contingencies. To test if sensitivity to 
the test contingencies is reduced due to 
the introduction of distractors, one could 
introduce distractors after the participants 
have been exposed to several symmetry and 
equivalence trials.
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