
EQUIVALENCE CLASSES WITH REQUIREMENTS
FOR SHORT RESPONSE LATENCIES

GERSON Y. TOMANARI, MURRAY SIDMAN, ADRIANA R. RUBIO, AND WILLIAM V. DUBE
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Five adult humans were tested for emergent conditional discriminations under rapid-responding
contingencies. During four-comparison matching-to-sample baseline training (AB and AC), limited-
hold contingencies for responding to samples and comparisons were gradually restricted to the shortest
duration consistent with at least 95% accuracy and no more than 5% failures to respond. The final
limited-hold values were 0.4–0.5 s for samples and 1.2–1.3 s for comparisons; mean response latencies
were 0.15–0.28 s for samples and 0.59–0.73 s for comparisons; inter-trial intervals were 0.4 s. With these
fast-responding requirements, test blocks presented 72 probe trials interspersed among 72 baseline
trials, all without programmed differential consequences. Four equivalence test blocks (BC and CB
probes, which tested simultaneously for both symmetry and transitivity) were followed by four symmetry
(BA and CA probes) test blocks. Three subjects’ results documented emergent performances indicative
of equivalence classes despite fast-responding requirements that severely limited the time available for
mediating vocal or subvocal responses. For these three subjects, mean latencies were slightly shorter in
baseline trials than in probes, and shorter on symmetry than on equivalence probes. These differences,
however, were usually less than the differences among mean latencies on the different types of trials
within the baseline and probed performances.
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_______________________________________________________________________________

Stimulus equivalence has largely been dem-
onstrated in people with normally developed
vocal repertoires. These findings have given
rise to suggestions that there is a relation
between the ability to form equivalence classes
and language (Devany, Hayes, & Nelson,
1986), or that verbal responses may facilitate
the emergence of equivalence relations (De-
vany et al., 1986; Green, 1990; Horne & Lowe,
1996; McIlvane & Dube, 1996). Similarly,
Wilson and Milan (1995), in discussing the
longer latencies shown by their elderly subjects
in conditional-discrimination tests for equiva-
lence relations, suggested that the differences
from younger subjects might be due to ‘‘age

effects on covert mediating behavior, cognitive
processes, or declines in processing capacity’’
(p. 216).

Alternative explanations for facilitative ef-
fects of naming on equivalence relations,
however, have been based on standard princi-
ples of stimulus discrimination. For example,
naming the stimuli during a matching-to-
sample task may improve a subject’s perfor-
mance by differentiating the ongoing contin-
gencies and increasing stimulus control (McIl-
vane & Dube, 1996; K. Saunders & Spradlin,
1989; Sidman, 2000; Stromer & Dube, 1994;
Stromer & Mackay, 1996; Torgrud & Holborn,
1989). Others, however, have hypothesized
that verbal mediating responses may not only
facilitate equivalence but may be necessary for
it (Dugdale & Lowe, 1990; Horne & Lowe,
1996; for evidence of equivalence relations in
nonhumans, however, see Kastak & Schuster-
man, 2002; Kastak, Schusterman, & Kastak,
2001; R. Saunders & Green, 1996; Schuster-
man & Kastak, 1993; Schusterman, Kastak, &
Reichmuth, 1997). More extended discussions
of verbal mediation and equivalence can be
found in Stromer and Mackay (1996), and
Stromer, Mackay, and Remington (1996).

In addition, it has been reported that
comparison response latencies increase from
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directly taught baseline trials to derived
symmetry, transitivity, and equivalence probe
trials (Bentall, Dickins, & Fox, 1993; Spencer &
Chase, 1996; Wulfert & Hayes, 1988), and
when tests for emergent relations involve
increasing numbers of nodes (Bentall, Jones,
& Dickins, 1998; Fields, Adams, Verhave, &
Newman, 1990; Fields, Landon-Jimenez, Buf-
fington, & Adams, 1995; Imam, 2001; Ken-
nedy, 1991; Kennedy, Itkonen, & Lindquist,
1994; Spencer & Chase, 1996). This positive
relation between latencies and nodal number
also has suggested to some that the formation
of equivalence relations involves verbal medi-
ating behavior in the form of stimulus names
(e.g., Horne & Lowe, 1996) or problem-solving
strategies (e.g., Arntzen & Holth, 2000; Holth
& Arntzen, 2000). The hypothesis, sometimes
implicit, as in the interpretation of the
number of nodes separating stimuli in an
emergent conditional relation as ‘‘associative
distance’’ (Fields et al., 1990; Fields & Verhave,
1987), and sometimes explicit (as in, e.g.,
Bentall et al., 1993; Lowe & Horne, 1996), has
been that the larger the number of nodes, the
lengthier the mediating verbal chains (pre-
sumably subvocal) must be.

The present study investigated equivalence
relations in people who had normally de-
veloped verbal repertoires but who were tested
under conditions that limited the time avail-
able for any vocal or subvocal mediation. That
is to say, the tests for emergent conditional
discriminations included rapid-responding
contingencies. During baseline training, in-
tertrial intervals remained minimal, while the
time available for the subjects to respond to
sample and comparison stimuli was gradually
restricted to the shortest possible values
consistent with the maintenance of high
accuracies. Imam (2001, 2003) also has re-
ported a limited-hold restriction on the
duration of comparison stimuli, but did not
limit sample durations and made no attempt
to establish minimal durations. In the present
experiment, the imposition of limited-hold
contingencies on sample and comparison
stimulus durations generated the shortest
possible response latencies for accurate base-
line performances. Subsequent equivalence
tests maintained those limited-hold durations.
The experiment asked whether new perfor-
mances indicative of equivalence would
emerge even when the subjects had minimal

opportunity to engage in subvocal mediating
behavior.

METHOD

Subjects

Five subjects were recruited through per-
sonal contacts. Three females (CA, EMM, and
SU) and 2 males (ALE and PLRA) ranged in
age from 19 to 32 years. All had completed
high school; ALE, CA, and SU were under-
graduate students; EMM and PLRA were
administrative assistants.

Setting, Apparatus, and Stimuli

Sessions were conducted in three different
laboratories: Subject EMM’s sessions at the E.
K. Shriver Center, PLRA at the Universidade
de São Paulo, and the 3 others at the
Universidade Metodista de São Paulo. All
experimental rooms were equipped with
a chair, table, Apple MacintoshH computer,
and a 14-inch color monitor with a touch-
sensitive screen (MicroTouch). Computer
software presented all experimental events
and recorded responses (Dube & Hiris,
1999). The computer measured response
latencies with an accuracy of plus-or-minus
0.008 s and reported latencies rounded to the
nearest 0.01 s.

Subjects accumulated points by performing
the experimental tasks. After sessions, points
were exchanged for money at a previously
defined rate of one cent per point. Subjects
ALE, CA, and SU were paid an extra R$3.50
per session for transportation expenses. Sub-
jects were paid in their native currencies and
the amounts paid had roughly equivalent value
within both countries. The exchange rate at
the time of the study was approximately $1 US
5 R$3.50.

Experimental stimuli were twelve Greek
letters (see Figure 1), approximately 2 cm 3
2 cm in size, drawn in black lines and
displayed on a white background. One letter
was displayed as the sample in the center of
the monitor screen. Four letters were dis-
played as comparisons, inset from the corners
of the screen so that the center of each
comparison was approximately 4.5 cm from
the center of the screen. Adjacent comparison
stimuli were approximately 2.5 cm center-to-
center vertically and 10.0 cm horizontally. For
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convenience, experimental stimuli will be
designated in this report as three sets (A, B,
and C) of four stimuli each (A1, A2, A3, A4;
B1, B2, B3, B4; C1, C2, C3, C4). Subjects were
not informed of these designations.

General Procedures

Experimental sessions were conducted
5 days per week. At the beginning of the first
session, subjects were given an information
sheet stating that the general goals of the
experiment were to study learning processes,
and that the procedures were harmless, the
approximate amount of money they would
earn per session, and the payment schedule.
After subjects read the information, they
signed a consent form.

Sessions consisted of blocks of 0-second
delayed matching-to-sample trials. Each trial
began with a sample stimulus presentation.
When the subject touched the sample, it
disappeared and four comparison stimuli were
immediately and simultaneously displayed.
When the subject touched one of the four
comparison stimuli, all four immediately dis-

appeared. Differential reinforcement for cor-
rect and incorrect choices was programmed
in some of the experimental conditions (de-
tails below). Following correct choices, the
computer beeped and a counter in the top
center of the screen advanced by one point
(in training conditions) or two points (post-
extinction blocks). A 0.4-s intertrial interval
followed. During the intertrial interval, the
monitor screen was completely white and any
touches to the screen had no effect. Incorrect
choices were followed only by the intertrial
interval.

The number of trial blocks in a session
varied, but most sessions consisted of four to
six blocks of 144 trials each. Shorter blocks of
40 trials (or 36 or 48 for Subject EMM) were
occasionally used to evaluate the subjects’ per-
formance, for example, just before a change in
the experimental conditions. There was ap-
proximately 30–60 s between blocks while the
experimenter loaded the computer file for the
next block. Within all blocks of trials, each
sample-comparison trial type for trained or
tested conditional discriminations was pre-

Fig. 1. Greek letters used as experimental stimuli. Solid arrows indicate directly trained AB and AC matching-to-
sample tasks. Dashed arrows indicate potential emergent performances.
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sented before any was repeated. Comparison
stimuli appeared equally often in each com-
parison location, and each comparison loca-
tion was correct equally often. The trial
sequence for the first block of trials in each
session was always different from the first block
in the previous session.

These general procedures were elaborated
in four experimental phases, described below.
Accuracy was evaluated at the end of every
block of trials. The accuracy criterion to
advance from one phase to the next was two
consecutive blocks with at least 95% correct
(137 correct in a 144-trial block, or 38 correct
in a 40-trial block), and no more than one
error on any type of trial (a specific sample
and correct comparison).

Phase I: AB and AC Training

Immediately before the first block of trials in
this phase, subjects read the following message
on the screen: ‘‘In this experiment, shapes will
appear on the computer screen. You can earn
points by touching them. The window at the
top of the screen shows your score. Try to get
the highest score you can. Later, you will be
paid 1 cent for each point.’’ (Subjects in Brazil
read a Portuguese translation.) By pressing
‘‘Continue’’ on the touch screen, the subject
started the first trial.

In Phase I, using the matching-to-sample
procedure described above, subjects were
taught by differential reinforcement to per-
form AB matching, that is to say, to select
comparison stimuli B1, B2, B3, and B4
conditionally upon sample stimuli A1, A2,
A3, and A4, respectively. When the accuracy
criterion was met for AB, AC training was
conducted (selecting C1, C2, C3, and C4
conditionally upon A1, A2, A3, and A4,
respectively). When the accuracy criterion
was met for AC, equal numbers of AB and
AC trials were intermixed within the same
block of trials until the accuracy criterion was
again met.

During Phase I, there was no time restriction
for responding, although response latencies
always were recorded. Sample-response laten-
cies were measured from the moment the
sample appeared to the moment it was
touched. Comparison-response latencies were
measured from the moment the four compar-
ison stimuli appeared to the moment one of
them was touched.

Phase II: Introduction of Limited-Hold
Contingencies and Gradual Reduction of
Limited-Hold Durations

In the second training phase, a limited-hold
contingency was added to the matching-to-
sample procedure. Sample and comparison
stimulus display durations were restricted, thus
establishing a limit for response latencies. If
the subject responded within the available
time, the trial continued as described above,
with differential consequences for correct and
incorrect responses. If, however, the subject
did not respond to the sample or to a compar-
ison within the time available, then the trial
was immediately ended by the removal of all
stimuli and initiation of an intertrial interval,
and scored as a failure to respond. Incomplete
trials were followed by the next trial according
to the sequence originally programmed (no
correction procedure). Figure 2 outlines the
matching-to-sample procedure with the limit-
ed-hold contingency.

To determine the shortest possible response
latencies that would maintain accurate perfor-
mance in Phase II, sample and comparison
display durations were independently and
gradually reduced across blocks of trials. The
procedure included four steps:

(a) Analyze response latencies. After each block
of trials, the sample and comparison
response latencies (including both cor-
rect and incorrect responses) were ana-
lyzed separately. Frequency distributions
were constructed with 0.10-s intervals, and
cumulative percentages were calculated
separately for sample and comparison
distributions. For example, consider a hy-
pothetical block of 144 trials that in-
cluded 140 sample latencies, distributed
as 20, 30, 35, 40 and 15 occurrences in 0–
0.10 s, 0.11–0.20 s, 0.21–0.30 s, 0.31–
0.40 s, and 0.41–0.50 s intervals, respec-
tively. Cumulative percentage distribu-
tions for these intervals would be 14%,
36%, 61%, 89%, and 100%.

(b) Calculate limited-hold time. The cumulative
distribution was used to identify the
multiple of 0.10 s that was closest to the
90th percentile of latencies. This value
was used for the limited hold in the next
block of trials. In the example above, the
limited hold for the sample stimulus in
the next block would be 0.40 s.
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(c) Adjust limited-hold duration. Reductions in
the limited hold proceeded only if the
subject met the accuracy criterion. Be-
cause the goal of Phase II was to produce
the shortest response latencies possible
without either too many incorrect choices
or too many failures to respond, accuracy
scores were calculated by dividing the
number of correct responses by the sum
of correct responses, incorrect responses,
and trials with no response at all. If
accuracy fell below the criterion for one
block of trials, then the limited hold
remained the same for the next block of
trials. If the accuracy criterion was met in
the second block, then limited-hold re-
duction continued. Otherwise, its dura-
tion was increased by 0.10 s.

For Subject EMM, sample and compar-
ison limited-hold durations were manipu-
lated in series. First, the limited hold was
applied to samples until the shortest
latencies were obtained (see Step d,
below). Then, it was applied to compar-
isons while maintaining the shortest
limited hold with the sample. Finally,
before ending this condition, the limited
hold for the sample was again manipulat-
ed as described in Step d.

For all other subjects, limited-hold
manipulations alternated between samples
and comparisons over successive blocks of
trials that met the accuracy criterion. That
is to say, if the limited hold for the sample
changed, then it was held constant for
the comparison, and vice-versa.

Fig. 2. Diagram of a matching-to-sample trial with limited-hold contingencies for sample and comparison responses.
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(d) Determine the limited-hold limit. The limited-
hold manipulation process continued for
samples and comparisons until two con-
secutive attempts to reduce each of them
resulted in failure to maintain the accu-
racy criterion. At this point, blocks of
trials using the lowest values that pre-
viously had resulted in high accuracy were
repeated. When the accuracy criterion
was again reached, Phase II ended and
Phase III began. The lowest limited-hold
values determined in Phase II were used
throughout the remaining experimental
phases.

Phase III: AB and AC without
Differential Consequences

In this phase, subjects were given blocks of
AB and AC trials with the limited-hold values
determined in Phase II, but with procedural
extinction. There were no differential conse-
quences for correct and incorrect responses;
both correct and incorrect choices were
followed immediately by the intertrial interval.
Phase III began with one block under extinc-
tion. Immediately before any extinction block,
subjects were told that ‘‘points would not be
delivered at that moment, but the computer
would keep recording the responses, and
a chance to make up for the points would
follow sometime later.’’ Extinction blocks were
always immediately followed by a block with
differential reinforcement, but with two points
for each correct choice. Phase III ended when
the accuracy criterion was met for four
consecutive blocks, two with extinction and
two with two-point reinforcers.

Phase IV: Equivalence and Symmetry Tests

Phase IV continued to alternate blocks of
extinction trials immediately followed by
blocks with two-point reinforcers. In the
extinction blocks, however, 72 probe trials
substituted for 36 AB and 36 AC trials, with
a constraint of no more than three consecutive
baseline trials or three consecutive probe trials.
In one session, four equivalence-test blocks
(BC and CB probes, which tested simulta-
neously for both symmetry and transitivity)
were presented. In the following session, four
symmetry-test blocks (BA and CA probes) were
run. Each equivalence and symmetry test block
consisted of a different sequence of trials.

(a) Combined equivalence test. Equivalence
test blocks included 36 BC and 36 CB
probes, in addition to 36 AB and 36 AC
baseline trials, all with no differential
consequences. Because the BC and CB
probes tested simultaneously for both
symmetry and transitivity, these have been
called a combined test for equivalence
(Sidman & Tailby, 1982). Choices consis-
tent with conditional relations B1C1,
B2C2, B3C3, B4C4, C1B1, C2B2, C3B3,
and C4B4 would provide evidence for the
emergence of four equivalence classes
(A1B1C1, A2B2C2, A3B3C3, and A4B4C4).

(b) Symmetry test. Symmetry test blocks in-
cluded 36 BA and 36 CA probes, in
addition to 36 AB and 36 AC baseline
trials, all with procedural extinction. In
the symmetry probes, choices consistent
with conditional relations B1A1, B2A2,
B3A3, B4A4, C1A1, C2A2, C3A3, and
C4A4 would demonstrate the emergence
of symmetrical conditional discrimina-
tions consistent with equivalence classes.

Table 1 summarizes the sequence of exper-
imental phases, the numbers of sessions, and
the numbers of trials for each subject.

RESULTS

Limited-hold Reduction

Figure 3 shows the mean sample and com-
parison latencies for blocks of intermixed AB
and AC trials. The leftmost set of lines shows
Phase I, third step, with no limited-hold
contingency. Latencies decreased in Phase I
(except for Subject EMM), even though there
were no time limits for responding.

The middle set of lines in Figure 3 shows
Phase II, when the limited-hold contingency
was introduced and gradually restricted. La-
tencies decreased immediately, as compared
with those in Phase I, and continued to reduce
gradually across the blocks of trials. Initial
Phase-II latencies varied more widely across
subjects (for example, compare Subjects EMM
and SU) than did final latencies.

Table 2 includes the final sample and
comparison limited-hold values for each sub-
ject in the last block of trials for Phase II, along
with the actual mean latencies at each limited
hold. The mean latencies were considerably
shorter than the limited-hold values required.
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The rightmost set of lines in Figure 3 shows
data for Phase III, when training trials were
presented in extinction. Latencies were main-
tained as in the previous phase.

Figure 4 shows sample and comparison
latencies analyzed as frequency distributions
within blocks of trials for two representative
subjects, ALE and SU. The top row for each
subject (‘‘Without LH’’) shows the final block
of trials in Phase I (third step), just before the
limited-hold manipulation started. The middle
row (‘‘With LH’’) shows the final block of
trials in Phase II, when the limited-hold
manipulation ended. For each subject, a com-
parison of the top and middle rows shows that
the distributions narrowed and shifted to the
left. The bottom row (‘‘With LH (Ext)’’)
shows the last block of trials in Phase III, with
procedural extinction. A comparison of the
middle and bottom rows shows that the
distributions did not change appreciably with
extinction.

Figure 4 also shows that the modes of the
distributions in Phases II and III tended to be
lower than the time available for responding

(shown by the vertical, dashed line). For
example, Subject SU’s limited-hold limit for
choosing a comparison stimulus was 1.3 s, but
latencies occurred most frequently between
0.6 s and 0.8 s. Nevertheless, attempts to
reduce the limited hold to less than 1.3 s
resulted in increases in response failures and
thus, failures to meet the accuracy criterion.

Despite the fast-responding requirements,
performance during training often was per-
fectly accurate for entire blocks of trials.
Although not instructed to do so, subjects
almost always rested their elbow on the table,
centered their hand on the computer screen,
and moved only one finger to touch the
stimuli. There were only occasional disrup-
tions for minor events such as a cough or
sneeze.

Performance Accuracy

Figure 5 shows individual subjects’ accuracy
scores on baseline and probe trials in all four
equivalence and symmetry test blocks. All
subjects maintained baseline (AB and AC

Table 1

Sequence of experimental phases for each subject, including the sequence of sessions (‘‘Ses’’)
and the total number of trials (‘‘TR’’) in each phase. Trials were presented in blocks of 36, 40, or
144. (The sequence of experimental conditions within each phase is not shown.)

Condition

Subjects

ALE CA EMM PLRA SU

Ses TR Ses TR Ses TR Ses TR Ses TR

Phase I – AB–AC Training

AB 1–3 432 1–2 576 1–4 432 1–5 1728 1–3 576
AC 576 432 360 576 432
AB–AC 576 328 432 656 432

Phase II – Limited-Hold Contingencies and Gradual Reduction of Limited-Hold Durations

AB–AC 3–22 13872 3–19 12160 4–23 9144 6–27 14328 4–19
21–22

11832

Phase III – AB and AC without Differential Consequences

AB–AC 23 40 20 80 24–25 144 28–32 760 20&23 120
AB–AC/Ext 432 288 288 1440 1008
AB–AC/2x 432 288 288 1440 1008

Phase IVa – Combined Equivalence Session

AB–AC 24 288 21 512 26–27 96 33 144 24 80
AB–AC/Ext 144 – – 144 –
BC–CB 576 576 576 576 576
AB–AC/2x 576 576 576 720 576

Phase IVb – Symmetry Session

AB–AC 25 184 22 184 28–29 96 34 144 25 40
AB–AC/Ext – – – – –
BA–CA 576 576 576 576 576
AB–AC/2x 576 576 576 576 576
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trials) accuracy scores greater than 94% in all
test blocks.

Results on equivalence and symmetry probes
include three types of trial outcomes: touching
the comparison that was consistent with the
same experimental equivalence class as the
sample, touching a comparison that was in-
consistent with equivalence, and failures to
touch a stimulus during the limited time it was

displayed. For convenience, the terms ‘‘cor-
rect’’ and ‘‘incorrect’’ will refer to responses
consistent or inconsistent, respectively, with
the experimental equivalence classes.

Only correct and incorrect selections are
included in the calculation of accuracy scores.
Data for failures to respond within the time
constraints will be included in the analyses of
response distributions presented below (and

Fig. 3. Mean response latencies to sample (filled circles) and comparison stimuli (open circles) in blocks of AB and
AC baseline trials. The leftmost isolated set of lines shows latencies from Phase I, third step, the middle set shows latencies
from Phase II, and the rightmost set shows latencies from Phase III. Roman numerals identify phase numbers. See text
for details.

Table 2

Sample and comparison limited-hold values for each subject in the last block of trials for Phase
II, along with the actual mean latencies at each limited hold.

Subject

Limited-hold values (s) Mean latencies (s)

Sample Comparisons Sample Comparisons

ALE 0.50 1.30 0.25 0.71
CA 0.50 1.30 0.25 0.71
EMM 0.40 1.20 0.28 0.59
PLRA 0.40 1.20 0.26 0.73
SU 0.50 1.30 0.15 0.67
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in Figures 7 and 8). Accuracy scores were
calculated on the basis of actual comparison
selections because the limited-hold threshold
data (above) do not support an assumption
that responding and not responding were
controlled by the same variables. Rather, the
increases in the number of no-response trials
that occurred within otherwise highly accurate

baselines when the limited-hold contingency
became too restricted indicate that nonre-
sponses were controlled by variables that
differentiate them from incorrect comparison
selections.

For equivalence probes (BC and CB trials),
accuracy scores were at least 98% and 94% for
Subjects EMM and SU, respectively. For Sub-

Fig. 4. Frequency distributions of sample and comparison response latencies in the last block of baseline trials for two
representative subjects: Without limited hold (top row of data for each subject, Phase I, third step), with limited hold
(identified by the vertical dashed lines) and differential reinforcement (middle rows, Phase II), and with limited hold
and no differential reinforcement (bottom rows, Phase III).
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ject CA, scores were slightly lower, from 85%
(first block) to 94% (third block). For Subjects
ALE and PLRA, scores varied within the range
of 63% (ALE, third block) to 74% (PLRA,
third block).

For symmetry probes (BA and CA trials), the
ranges of scores for all subjects were generally
similar to those for equivalence probes. One
difference between equivalence and symmetry

tests was a more pronounced tendency for
scores to increase across blocks in the latter.

Initial Probe Results

The first test block in which subjects were
exposed to probe trials is particularly impor-
tant for evaluating the potential for verbal
mediation in emergent performances. The

Fig. 5. Accuracy on baseline and probe trials in the four equivalence test blocks and four symmetry test blocks.
Equivalence data appear in the left column of graphs and symmetry data appear in the right column of graphs.
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initial probe block allowed little or no oppor-
tunity for verbal mediation to become elabo-
rated across trials; in the second, third, and
fourth probe blocks, it might have been
possible for subjects to have rehearsed briefly
between blocks. The remaining data, there-
fore, will come only from the first equivalence
and symmetry tests.

Figure 6 shows a trial-by-trial analysis of
responses on probe trials for each subject’s
first equivalence and symmetry test. The
cumulative frequency of correct choices on
these probe trials is plotted against the
cumulative frequency of incorrect choices.

On the first exposure to equivalence probes,
Subject EMM made one single incorrect
choice very early in the test, followed by
correct choices for the rest of the block.
Subject SU made only three incorrect choices,
all in the first half of the block. Subject CA
began the equivalence test with a series of 17
consecutive correct choices (including at least
two presentations of each type of probe trial),
followed by sequences of correct choices
interspersed among incorrect choices. It is
on the basis of her early test performance
(only 3 incorrect choices in the first 35
comparison responses) that Subject CA’s
results are included among the positive out-

comes for equivalence. Subjects ALE and
PLRA made correct and incorrect choices
throughout the test block.

The corresponding data for the first expo-
sure to symmetry probes is similar to that for
the equivalence probes in that correct choices
were cumulatively more frequent for Subjects
EMM and SU; intermediate for CA; and less
frequent for ALE and PLRA.

The matrices in Figures 7 and 8 analyze
responses on each type of probe trial, along
with failures to respond, for the first block of
equivalence (Figure 7) and symmetry (Fig-
ure 8) tests. Each trial type was presented nine
times. The matrices show the number of times
each comparison stimulus was selected (col-
umns) on trials with each sample stimulus
(rows). The highlighted diagonal cells show
responses that were scored as correct (consis-
tent with the experimental equivalence clas-
ses). Responses in all other cells are incorrect.
Trials on which there was no response are
listed in the NR column at the right of each
matrix. These are trials in which the subject
did not respond to the sample (a rare
occurrence) or comparison within the time
limit.

Most often, Subjects CA, EMM, and SU
responded correctly and missed few opportu-

Fig. 6. Cumulative frequency of correct choices (ordinate) plotted against the cumulative frequency of incorrect
choices (abscissa) for initial blocks of equivalence (top panel) and symmetry (bottom panel) probes.
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nities to respond, whereas Subjects ALE and
PLRA made many errors and often failed to
respond. For all subjects, however, errors and/
or failures to respond appeared to be con-
trolled by particular stimuli. For example, both
in equivalence (Figure 7) and symmetry (Fig-
ure 8) tests, Subject CA failed to respond most
often when B2 and C2 were samples and was
most likely to make errors on symmetry probes
when C3 was the sample; Subject EMM most

often failed to respond when B1 and C1 were
samples; and most of Subject SU’s errors
occurred when C2 was the sample. In the
equivalence test (Figure 7), Subjects ALE and
PLRA chose comparison stimulus C4 following
samples B4 and B3, and comparison B4
following samples C4 and C3. In the symmetry
test (Figure 8), Subject PLRA chose A4
following samples B4 and B3; Subject ALE
chose A4 following samples C4 and C3, as

Fig. 7. Response matrices showing the number of responses for each type of probe trial during the first block of
equivalence tests. Rows correspond to sample stimuli and columns to comparison stimuli. Each type of probe was
presented for nine trials. Highlighted diagonal cells show choices consistent with experimental equivalence classes. The
column designated NR (No Response) shows number of trials on which the subject failed to respond to the sample or
comparisons within the limited-hold duration.
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well as B4 and B3; and Subject PLRA failed to
respond most often following samples B1 and
B2 on equivalence probes (Figure 7) and B3
on symmetry probes (Figure 8).

Table 3 shows the distribution of trials with
failures to respond in probe and baseline trials
during subjects’ first equivalence probe block.
For two subjects, EMM and PLRA, the greatest
number of response failures occurred during
the first quarter of the block and the majority
of those failures were on probe trials. Subjects
occasionally failed to respond for two consec-
utive trials (column labeled ‘‘Two Consecu-

tive’’), but consecutive response failures were
equally likely to occur at any point within the
block, with the exception of Subject EMM,
who had two such failures within the first
quarter of the trial block. No subject failed to
respond for three consecutive trials.

Latencies

Figure 9 shows sample (open circles) and
comparison response (filled circles) latencies
in the first block of equivalence and symmetry
tests. Mean latencies are shown for correct
responses in baseline trials during the equiv-

Fig. 8. Response matrices showing the number of responses for each type of probe trial during the first block of
symmetry tests. See Figure 7 caption for details.
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alence and symmetry test blocks (‘‘BL E’’ and
‘‘BL S’’, respectively), and in the equivalence
and symmetry probe trials (‘‘EQUIV’’ and
‘‘SYM’’, respectively) within those same test
blocks. Also shown are the ranges of the
latency values.

Each individual subject’s mean sample
latencies during the test blocks were virtually
identical in baseline trials, equivalence probes,
and symmetry probes. Also, mean comparison
latencies for baseline trials in equivalence and
symmetry test blocks were nearly the same.
Within those same test blocks, however, mean
comparison latencies for equivalence and
symmetry probe trials were slightly longer than
those for baseline trials. The differences
between baseline and probe latencies for
Subject EMM were 0.03 s and 0.07 s on
symmetry and equivalence tests, respectively;
0.09 s and 0.07 s for Subject CA; and 0.16 s
and 0.14 s for Subject SU.

Mean comparison latencies were slightly
longer on equivalence than on symmetry
probes for two of the subjects whose data were
consistent with equivalence relations; the
difference was 0.08 s for Subject EMM and
0.03 s for Subject CA. Subject SU’s mean
latency on symmetry probes was 0.03 s longer
than on equivalence probes. The range of
comparison latencies in baseline and probe
trials overlaps for Subjects EMM and CA, but
not for SU; symmetry and equivalence probe
latencies overlapped considerably for all three
subjects.

In summary, comparison latency differences
between baseline and probe trials were small
but consistent among the subjects whose data
were consistent with equivalence relations;

Table 3

Distribution of baseline and probe trials with failures to
respond during the first equivalence block.

Subject Trials Baseline Probe Two consecutive

ALE 1–36 1 4 0
37–72 3 5 0
73–108 1 0 0

109–144 0 4 1
CA 1–36 1 3 1

37–72 0 0 0
73–108 0 6 0

109–144 1 2 1
EMM 1–36 2 6 2

37–72 0 2 0
73–108 0 1 0

109–144 1 1 0
PLRA 1–36 2 7 1

37–72 3 4 1
73–108 0 8 2

109–144 1 5 0
SU 1–36 1 2 0

37–72 2 2 0
73–108 2 1 1

109–144 0 0 0

Note: ‘‘Two Consecutive’’ indicates the number of times
the subject failed to respond for two consecutive trials.

Fig. 9. Sample (open circles) and comparison (filled circles) latencies in the first block of equivalence and symmetry
tests. ‘‘BL S’’ indicates correct-choice latencies on baseline trials during the symmetry test block, and ‘‘BL E’’ in the
equivalence block. ‘‘SYM’’ indicates mean latencies on correct symmetry probe trials, and ‘‘EQUIV’’ on correct
equivalence probes. Vertical lines through each point show the range of latencies for the various trial types within
each block.
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differences between symmetry and equiva-
lence probes were small and inconsistent;
and there was considerable overlap in the
ranges of latencies on baseline, equivalence,
and symmetry trials.

DISCUSSION

After five subjects learned the baseline
matching-to-sample tasks (AB and AC), limit-
ed-hold contingencies that reduced sample
and comparison durations succeeded in estab-
lishing very fast matching performances1.
Baseline sample and comparison latencies
came to be distributed almost completely
below the limited-hold values (Figure 4).

Tests for equivalence (BC and CB; com-
bined symmetry and transitivity) and symmetry
(BA and CA) were then carried out with the
limited-hold contingencies remaining in ef-
fect. In the initial probe block, three of the five
subjects, CA, EMM, and SU, demonstrated
immediate emergence of conditional discrimi-
nations consistent with equivalence classes
(Figure 5). Although equivalence classes were
not demonstrated in all subjects, the positive
results for some subjects indicate that the
longer time intervals of the typical laboratory
procedure are not necessary conditions to
produce equivalence (although they may be
facilitative).

Covert Naming

Because of the fast-responding require-
ments, these emergent performances occurred
under conditions that severely limited the time
available for mediating vocal or subvocal
responses. Although naming and other forms
of tacting contingencies may undoubtedly
exert a facilitating role (Dugdale & Lowe,
1990; Eikeseth & Smith, 1992; Green, 1990;
Kendler, 1972; McIlvane & Dube, 1996; Stro-
mer & Mackay, 1996), the present results, for
reasons to be elaborated below, support an
interpretation that vocal or subvocal media-
tion is not necessary for equivalence.

Verbal mediation accounts have described
covert problem-solving behavior (e.g., ‘‘If A is
related to B and A is also related to C, then B
must be related to C.’’) and two types of
mediation by naming responses, common
naming and intraverbal naming (Horne &
Lowe, 1996). In common naming, it is pro-
posed that subjects learn to produce overt or
covert names that are the same for all stimuli
related to each other. For example, during
baseline training the subject might name A1,
B1, and C1 all ‘‘George’’; A2, B2, C2 all
‘‘Jerry’’; and so forth. When a sample stimulus
is presented, the subject names it, and the
stimulation produced by this naming response
is the controlling stimulus for the comparison
selection response. The proposed process is
similar for intraverbal mediation, except that
each stimulus is assigned a different name and
the stimulus–stimulus relations are mediated
by overt or covert intraverbal chains (e.g., ‘‘red
square, green triangle, blue circle, …’’).

Because common naming seems to be the
least time-consuming of the mediational ac-
counts, we will consider what would be
necessary for it to provide a reasonable expla-
nation for the behavior of CA, EMM, and SU
during their initial blocks of probe trials. The
sum of Subject CA’s average sample and
comparison latencies was 1.11 s in the first
set of equivalence-probe trials and 1.06 s
during the first set of symmetry probes. The
sums for Subject EMM were 1.12 s per trial for
equivalence probes and 1.01 s per trial for
symmetry probes, and for Subject SU they were
1.11 s for equivalence and 1.16 s for symmetry.
(These response latencies were briefer than
the limited-hold values. A puzzling finding was
the inability to maintain the subjects’ perfor-
mances with further reduction of the limited-
hold values, even though the mean latencies
were less than the possible maximum.)

According to a common naming account, the
following series of events must occur, and in the
following order: First, the subject observes the
sample stimulus and subvocally produces the
correct common name. Equivalence probe
trials presented sample stimuli that the subject
had seen before only as comparisons, in
company with three other comparisons (see R.
Saunders & Green, 1999, for a more complete
discussion of simultaneous versus successive
discriminations in conditional discriminations).
In symmetry probe trials, the subject previously

1 A real-time video clip showing the performance of one
subject in the conditions established at the end of his fast-
responding training (Phase II) (i.e., with 0.5 s and 1.3 s
as the maximum time to respond to the sample and to
one of the four comparisons, respectively) is posted online
at: http://www.behavior.org/video/Tomanari_Sidman_
VideoClip_40s.ram
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had seen those same stimuli as samples, but only
in the equivalence probes. In spite of the
unfamiliar context and function of the probe
samples, subjects did not respond more slowly
to those stimuli than to the familiar baseline
samples (Figure 9). Thus, subjects must not
only produce the name that had preceded and
controlled selection of the probe sample
stimulus when it had appeared previously as
part of a comparison array, they must do so with
no alteration of observing duration and manual
response latency relative to baseline trials.

The second common-naming event takes
place after the comparisons have appeared
(and, in this experiment, after the sample has
disappeared). Now, the stimulus properties of
the covertly produced sample response control
observing behavior that locates the one com-
parison stimulus in the current array of four
that had previously been selected conditionally
upon the name (equivalence probes), or had
previously controlled producing the name
(symmetry probes). The subject would have to
observe one to four comparisons before hitting
the one with the same name as the sample.

Third, the subject responds manually,
touching the screen at the location of the
named comparison stimulus. All three of these
events must happen within approximately
1.1 s, and the subject must be ready to do it
again immediately after the intertrial interval,
0.4 s later.

Three questions seem central to the naming
issue. First, do the results of this experiment
provide convincing evidence that subvocal
naming did not occur? No. We present no
data showing that such unobservable events
did or did not occur.

Second, did the fast-responding contingen-
cies leave enough time for subjects to produce
covert verbal behavior? Possibly. We have no
data relevant to this question, and thus we can
neither confirm nor rule out the occurrence of
covert naming. Well-rehearsed subjects might
be able to name familiar stimuli at a rate of
approximately one per second while perform-
ing a conditional-discrimination task. Future
research might begin to approach this ques-
tion by repeating the limited-hold training
described in the present paper with an added
requirement for overt sample naming. In the
present experiment, however, there was cer-
tainly not enough time for more elaborate
behavior such as problem solving and, with

one possible exception, probably not enough
time for intraverbal chains.

The possible exception was Subject EMM
who failed to respond to the comparison
stimuli within the limited-hold duration on 2
baseline trials and 6 probe trials within the first
36 trials of her first probe block. These failures
produced eight gaps of 1.6 s each, the
maximum comparison display duration plus
the ITI that followed. (Because Subject EMM
twice failed to respond on two consecutive
trials, she may have experienced one or two
longer gaps. If, on the second trial of the pair,
she had touched the sample but otherwise
ignored it, the resulting gap would be 3.5 s,
two maximum comparison display durations
plus 2 intertrial intervals plus one sample
latency of approximately 0.3 s.) EMM was the
only subject with a positive outcome on the
equivalence tests who failed to respond early in
testing on a sufficient number of trials (eight)
to allow use of the extra time to engage in
a covert intraverbal mediational chain for each
of the eight emergent relations that were
tested. The possibility that Subject EMM did
this cannot be ruled out, although it seems
a remote possibility. Figure 7 shows that most
of her response failures occurred during trials
with samples B1, C1, or C2, and there were no
failures at all on trials with samples B2, B4, C3,
or C4. Thus, if Subject EMM had used the
extra time during response failures to engage
in covert verbal behavior, and if that behavior
were related to the emergent relations tested
on probe trials, then at least some of that
behavior had to be unrelated to the sample
stimulus for the current trial. Table 3 shows
that the two other subjects with positive
equivalence outcomes, CA and SU, did not
have a sufficient number of response failures
early in testing to allow even the remote
possibility that they might have used the extra
time for covert intraverbal mediation related
to the eight emergent relations.

The third and most critical question for
a common-naming account is: Did the fast-
responding contingencies leave enough time
for stimulation produced by any covert verbal
naming to control the comparison selection
responses? The answer to this question also is
not clear. It seems to depend on whether the
covert name was generated early enough in
the trial to exert conditional stimulus control.
If naming behavior occurred late in the trial,
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concurrently with the comparison selection,
then any covert stimulation it produced could
not enter into control of the comparison
selection response. Thus, a covert naming
account seems to require that the sum of
three values is not greater than 1.1 s: the
covert sample naming response latency, covert
naming response duration, and the latency
(conditional reaction time) for observing the
comparison array and making the comparison
selection response.

We were unable to find data in the literature
directly relevant to covert sample naming. ERP
data in Experiment 1 of Dehaene et al. (2001,
suggested by an anonymous reviewer) are
consistent with an interpretation that adult
subjects instructed to ‘‘name [printed words]
in their head’’ (p. 752) were able to do so in
a passive viewing task with a presentation rate
of 0.5 s. Perhaps more relevant, Shatzman and
Schiller (2004) reported latencies to the onset
of overt naming responses for pictures of high-
frequency words with no homonyms. These
latencies reached an asymptote of approxi-
mately 0.58 s with repeated presentations.
Subjects in both the Dehaene et al. and
Shatzman and Schiller studies were not en-
gaged in behavior other than naming the
stimuli. It seems reasonable to speculate that
a context with additional behavioral demands,
such as the present experiment’s four-choice
matching-to-sample task, would produce re-
sponse latencies at least as long as these. By
estimating conservatively that any sample-
naming latencies in the present experiment
were not shorter than those of Shatzman and
Schiller, and, for the sake of argument,
estimating a covert naming response duration
of zero, the time available for observing
behavior and the manual response to the
comparison stimulus is approximately 0.52 s
(1.1 s minus 0.58 s).

At this point the discussion becomes more
difficult. On what basis does one evaluate
conditional reaction times to unobservable
stimuli? For example, Experiment 2 of De-
haene et al. (2001), conducted with subjects
different from those in Experiment 1, pre-
sented a semantic conditional reaction time
task. Printed words were displayed and subjects
pressed a left vs. right hand-held button
depending on whether the word was equiva-
lent to a natural or manufactured object.
Conditional reaction times were approximate-

ly 0.62 s. Relative to the Dehaene et al.
procedure, the matching-to-sample task in
the present experiment had the additional
complexity of a four-stimulus comparison
array with stimuli that changed from trial to
trial and a manual response location that
varied from trial to trial among the four
comparison positions. As in the naming
discussion above, it seems reasonable to
conclude that the additional demands of the
present experiment would result in reaction
times at least as long as those of Dehaene et
al.’s Experiment 2.

Because the Dehaene et al. (2001) reaction
time of 0.62 s is greater than the 0.52 s
available in the present experiment, one might
conclude that there was not enough time for
covert names to exert conditional stimulus
control. However, proponents of naming
accounts seem likely to argue that the control-
ling stimulus in the Dehaene et al. study was
not the printed word, but rather a covert
naming response to the printed word and thus
the reaction times in that experiment included
the time for the covert naming. In fact, we are
unable to provide any benchmark for condi-
tional reaction times in adult humans for
which unobservable covert behavior can be
unambiguously discounted. Response laten-
cies and reaction times become meaningless
if the event that initiates the response cannot
be observed or measured.

Finally, a common-naming account of the
present results would have to assert that it was
not necessary to name the comparisons co-
vertly. There was certainly not enough time for
comparison naming responses to exert condi-
tional stimulus control over the manual
comparison selections. Because three of the
stimuli would have names associated with
equivalence classes different from that of the
sample, subjects would have to name more
than one comparison on most trials before
producing the name that could serve as
a conditional stimulus for a correct response.

Given the discussion above, is it more reason-
able to conclude that extremely rapid covert
naming behavior exerted stimulus control on
each trial in an extended series of associative
mediational chains, or is it more reasonable to
describe any such activity as collateral behavior
that may have accompanied comparison selec-
tions? For a behavioral analysis, we think that
the latter interpretation is the more reasonable
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one: Exposure to the contingencies of re-
inforcement is a sufficient explanation both
for the subjects’ behavior of selecting compar-
isons conditionally upon samples, and for any
overt or covert verbal behavior that may have
accompanied selection responses.

It must be emphasized that the subjects had
never seen the probe trials before these tests.
They experienced eight new trial types—eight
new conditional-discrimination ‘‘problems’’—
nine times each in their first equivalence test
block, and eight more new trial types in their
first symmetry test. Even if reinforcement had
been programmed during the tests, would the
rapid rate of trial presentations have permitted
the subjects to learn those new conditional
discriminations at all? It certainly would be
safe to predict that they could not have
learned them so quickly, that is to say, within
the first test block. Particularly in the equiva-
lence probes (CB and BC trials), the rapidity
of the trial presentations, along with the
absence of programmed differential conse-
quences, would perhaps have prevented and
would certainly have delayed the development
of naming and/or fully detailed vocalization of
the baseline and derived stimulus relations
that otherwise might have facilitated learning
(and perhaps did facilitate learning early in
baseline development).

Response Latencies

Although there was no difference in re-
sponse latencies to sample stimuli on baseline
and probe trials, mean comparison latencies
on probe trials were slightly longer than those
for baseline trials (Figure 9). Might this
difference reflect subvocal mediation in these
unfamiliar trial types? Previous analyses of
emergent performances have shown that mean
latencies tend to be longer on probe trials
than on baseline trials, increasing with nodal
number or with the complexity of the derived
relations (Bentall et al., 1993; Dymond &
Rehfeldt, 2001; Imam, 2001; O’Hora, Roche,
Barnes-Holmes, & Smeets, 2002; Spencer &
Chase, 1996; Wulfert & Hayes, 1988). The
present findings are in accord with these
reports.

The differences obtained here between
baseline and probe latencies were, however,
quite small: for Subject CA, 0.09 s and 0.07 s
on the first symmetry and equivalence tests,
respectively; for Subject EMM, 0.03 s and

0.07 s; and for Subject SU, 0.16 s and 0.14 s.
In the equivalence probes, especially, these
differences seem too small to account for the
initial development of any effective subvocal
mediation, and perhaps even for any fully
developed mediation. In most of the other
reported studies, too, the latency differences
were small. In those studies that converted
latency to speed, the reciprocal of latency (for
example, Imam, 2001, 2003; Spencer & Chase,
1996), that conversion exaggerated small
latency differences, particularly when the
latencies being compared fell below 1.5 s
(speed accelerates more and more rapidly as
latency decreases, as shown in Figure 10).

The presumed elimination of vocal media-
tion as a necessary component of the emer-
gent performances that define equivalence
relations raises questions about the signifi-
cance of the small latency increases that seem
to occur as derived relations require more and
more complex histories. One alternative ac-
count, which does not postulate vocal media-
tion, is that the latency differences reflect
different degrees of relatedness among the
members of an equivalence class (for example,
Fields et al., 1995), and/or that latencies
measure the degree of substitutability of
stimuli in an equivalence class (Fields et al.,
1990; Spencer & Chase, 1996).

The suggestion that equivalence classes can
contain elements that are unequally related or
differentially substitutable (Fields, 1993) calls
into question the logical status of the class
concept itself. If presumed class members
could be differentially related, what would be
the utility of the class concept, whether
equivalence or any other type of classes? The
concept of classes cannot be thrown away so
casually; it provides the pathway through
which a contingency-oriented science of be-
havior can account for the innumerable
observations that our behavior often is con-
trolled by physically dissimilar events we have
never actually experienced. When differential
latencies, or even differences in substitutability
are observed, it therefore becomes relevant to
question the origin of such differences. Several
considerations are pertinent.

First, the members of any class need not
share—and probably never do share—all of
their features in common. Class membership
requires only that they share whatever charac-
teristic defines the class. Elements in any class
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can be expected to be members of other
classes as well, with the prevailing membership
at any particular time being controlled by
contextual features (see Sidman, 1994, for
a lengthier discussion of the contextual
control of equivalence relations). Whenever
known members of an equivalence class seem
to be differentially substitutable, control by
seemingly irrelevant contextual features is to
be suspected (e.g., Stikeleather & Sidman,
1990). In this same direction, with respect to
latency differences, Imam (2003) has pre-
sented data indicating the possibility that class
membership may be established on the basis of
response speeds.

Irrelevant differences among class members
may also be artifactual, in the sense that they
arise from uncontrolled features of the experi-
ment. For example, Imam (2001, 2003, 2006)
reported that increasing the number of nodes
failed to bring about latency increases (in this
instance, speed decreases) when the number of
presentations of baseline trial types was carefully
equalized. Although he did observe decreases in
speed as the complexity of the tested relations
increased (that is to say, from baseline to
symmetry to transitivity), he also pointed out
that those comparisons did not equate the
number of trials in each tested relation.

Also to be considered is the number and
types of discriminations required. As the

complexity, and/or the number of nodes and
prerequisite conditional discriminations for
tested relations increases, a subject will have
to learn and remember more successive
discriminations among sample stimuli and
simultaneous discriminations among compar-
isons (R. Saunders & Green, 1999). Even with
the relatively small-sized classes (three mem-
bers) in the present experiment, the analysis
of error frequencies and failures to respond
(Figures 7 and 8) indicated clearly that the
subjects had problems with specific stimulus
discriminations. With each additional node
multiplying the number of required discrimi-
nations, more and more discrimination fail-
ures, and possibly accompanying latency in-
creases, are to be expected.

Furthermore, not only were mean latency
differences in the present study small, but they
usually were less than the differences between
the mean latencies on the different types of
trials that made up the baseline, symmetry
probes, and equivalence probes (Figure 9
summarizes the latency ranges). The present
findings suggest, therefore, that latencies may
be a fragile measure to distinguish baseline
trials from equivalence and symmetry probes.
Differences among latencies averaged
across different individual types of trials must
be carefully examined in relation to the
variability within those individual trial-type
latencies.
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