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The functional substitutability of stimuli in equivalence classes was examined through analyses of
the speed of college students' accurate responding. After training subjects to respond to 18 condi-
tional relations, subjects' accuracy and speed of accurate responding were compared across trial
types (baseline, symmetry, transitivity, and combined transitivity and symmetry) and nodal distance
(one- through five-node transitive and combined transitive and symmetric relations). Differences in
accuracy across nodal distance and trial type were significant only on the first tests of equivalence,
whereas differences in speed were significant even after extended testing. Response speed was in-
versely related to the number of nodes on which the tested relations were based. Significant differ-
ences in response speed were also found across trial types, except between transitivity and combined
trials. To determine the generality of these comparisons, three groups of subjects were included: An
instructed group was given an instruction that specified the interchangeability of stimuli related
through training; a queried group was queried about the basis for test-trial responding; and a stan-
dard group was neither instructed nor queried. There were no significant differences among groups.
These results suggest the use of response speed and response accuracy to measure the strength of
matching relations.

Key words: response speed, stimulus equivalence, nodal relations, matching to sample, key press,
college students

Research on stimulus equivalence has fo-
cused on the emergence of responding to re-
flexive, symmetric, and transitive relations
among stimuli. Reflexivity is demonstrated by
generalized identity matching. Symmetry is
demonstrated by sample and comparison
stimulus interchangeability. Transitivity is
demonstrated by responding to the indirect
relation between two or more stimuli through
their direct relation to a common stimulus.
For instance, a matching-to-sample (MTS)
procedure might train subjects to select B in
the presence of A and C in the presence of
B, where A, B, and C are arbitrary stimuli.
Given this training, responding would dem-
onstrate symmetry if subjects selected A in
the presence of B and B in the presence of
C. Transitivity would be demonstrated if they
selected C in the presence of A. Often sub-
jects are also tested on trials that combine
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symmetric and transitive properties (com-
bined trials). For example, subjects might se-
lect A in the presence of C, based on the BA
and CB symmetric and the AC transitive
properties.
The emergence of these performances is

often marked by a transition from inaccurate
to accurate or class-consistent test-trial re-
sponding. (For ease of exposition, the term
accuracy will refer to both correct responses
on trained match-to-sample trials and class-
consistent responses on probe trials.) After
subjects respond in accordance with the test-
ed reflexive, symmetric, transitive, and com-
bined relations, the stimuli are described as
a class of functionally substitutable, equiva-
lent stimuli.

Despite this description, potential limits to
the functional substitutability of equivalent
stimuli have been identified. For example,
when the baseline conditional discrimina-
tions of established equivalence classes were
altered in Pilgrim and Galizio's study (1990),
subjects responded in accordance with new
symmetric relations but not with new transi-
tive relations; rather, they continued to re-
spond in accordance with the transitive rela-
tions that were consistent with the originally
established equivalence classes. Thus, changes
in the relations that defined the class did not
uniformly affect the derived symmetric and
transitive relations.
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Previous research has also shown differ-
ences in response accuracy on symmetry,
transitivity, and combined trials during tests
of stimulus control (e.g., Bush, Sidman, & de
Rose, 1989). Accurate responding to symme-
try trials sometimes emerges before respond-
ing to either transitivity or combined trials
during repeated tests of matching to sample.
Moreover, differences in accuracy of respond-
ing to multinode transitivity and combined
trials have been shown to be inversely related
to nodal distance (Fields, Adams, Verhave, &
Newman, 1990). Nodes are stimuli linked by
training to at least two other stimuli (Fields
et al., 1990). For example, after AB, BC, and
CD training, AC would be a one-node (B)
transitive relation and AD would be a two-
node (B and C) transitive relation. Thus,
nodal distance refers to the number of stim-
uli that link two stimuli. As nodal distance in-
creases, accuracy of responding decreases
(Fields & Verhave, 1987). These results sug-
gest that the degree of functional substitut-
ability of equivalent stimuli is differentially
distributed across trial types and nodal dis-
tance.

Wulfert and Hayes (1988) reported anoth-
er difference between the substitutability of
stimuli related through equivalence classes.
Subjects' latencies of matching on baseline
and symmetry trials differed significantly
from their latencies on combined trials, even
though accuracy on baseline, symmetry, and
combined trials was similar. Response laten-
cies also differentiated correct test-trial re-
sponses in a study by Bentall, Dickins, and
Fox (1993). Subjects' response latencies were
shorter when they were required to match
symbols that had been directly related
through training than when they were re-
quired to match stimuli that had not been
related through training.
These analyses of response latency suggest

that our ability to predict and control re-
sponding to the relations among stimuli in
equivalence classes might be enhanced by
measures that include time as a dimension of
behavior. Measuring time can provide a more
sensitive measure of performance than accu-
racy analyses alone, because temporal differ-
ences in responding may be evident even af-
ter response accuracy has stabilized (Johnson
& Layng, 1992; Lindsley, 1960; Wulfert &
Hayes, 1988). Like other detailed measures of

variability (e.g., interresponse times, gener-
alization gradients, frequency distributions),
differences in latency of responding to stim-
uli in an equivalence class may provide a
more precise description of the relations.
The purpose of this study, therefore, was to

characterize baseline and test-trial respond-
ing through temporal analyses of responding.
Speed of responding was compared across tri-
al types (baseline, symmetry, transitivity, and
combined, cf. Wulfert & Hayes, 1988) and
nodal distance (one- through five-node tran-
sitive and combined relations, cf. Fields et al.,
1990; Fields & Verhave, 1987; Fields, Verhave,
& Fath, 1984). Speed was defined as the in-
verse of the latency to respond to the com-
parison stimuli (see Baron, 1985, for a justi-
fication of speed over latency).

In addition to analyzing response speed,
this study looked at the effects of instructions
across groups of subjects. The literature sug-
gests that instructional control may eliminate
differences in accuracy of emergent perfor-
mance (Ayllon & Azrin, 1964), and therefore
may eliminate differences in speed. Conse-
quendly, one group received an instruction
that specified the substitutability of stimuli re-
lated through training. This instruction was
designed to facilitate immediate accuracy on
tests for emergent relations and potentially
eliminate any concomitant differences in re-
sponse speed. Self-instructions have been
shown to facilitate performance in much the
same way as experimenter-provided instruc-
tions (Rosenfarb, Newland, Brannon, & How-
ey, 1992). Therefore, during each test block,
a second group of subjects was queried inter-
mittently about the basis for test-trial re-
sponding (cf. Rosenfarb et al., 1992). A third
group of subjects served as a standard MTS
group and was neither instructed nor que-
ried.

METHOD

Subjects

Twelve female college students served as
subjects. They were hired through a subject
recruitment board in the Psychology Depart-
ment at West Virginia University. Interested
students wrote their names and telephone
numbers on the announcement.

Subjects were required to sign an informed
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consent agreement that specified the fre-
quency and duration of their participation in
the experiments and the method of payment
for such participation. Daily sessions were
broken into blocks of trials separated by short
breaks, and sessions lasted between 1 and 2
hr (three to seven blocks of trials).

Subjects earned 1 point for each trial cor-
rectly completed. At the conclusion of the
subjects' participation, points were ex-
changed for money at the rate of $0.01 per
point. After each training block of trials, sub-
jects were told the total number of points
earned. During test sessions, however, sub-
jects were not told how many points they had
earned, but they were told that those points
would be exchanged for money at the con-
clusion of their participation. Subjects also
earned a bonus of $2.00 for every hour of
participation.

Apparatus
Stimuli were displayed on the screen (19

cm by 14 cm) of a Macintosh® computer. The
display consisted of five locations of white
squares (4.5 cm by 4.5 cm) on a gray field.
One location, designated for sample stimuli,
was the center of the screen. The other four
locations, designated for comparison stimuli,
were the four corners of the screen.

Response Mode
Subjects selected sample and comparison

stimuli by moving the computer's mouse to
place the cursor on a stimulus location. Then
one press of the mouse button registered the
subject's choice. There were no programmed
consequences for button presses that oc-
curred when the cursor was outside the
boundaries of a stimulus location. The com-
puter automatically recorded the comparison
choice and its latency. Latency was defined by
the interval between selecting the sample
stimulus and selecting a comparison stimulus.
The computer then calculated whether the
response was correct, and the experimenter
converted the latency to a speed score.

Stimuli
Figure 1 illustrates the stimuli (approxi-

mately 2.5 cm by 2.5 cm) that were used.
Each of the stimuli was assigned a letter and
a number. The letters designate sets of com-
parison stimuli. For example, when Bi served
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Fig. 1. The stimuli used. The letters designate sets of
comparison stimuli. The numbers designate stimulus
classes from which symmetric, transitive, and equivalence
relations may emerge.
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as a comparison stimulus, B2 and B3 also
served as comparison stimuli on that trial.
The numbers designate stimulus classes from
which symmetric, transitive, and combined
relations may emerge (e.g., teaching AlBI
may yield BlAl, and teaching AlBI and
BlCl may yield AlCI and ClAl). Subjects
were not given these letters and numbers.

Teaching Procedures
Matching to sample. Each trial began with

the presentation of a sample stimulus in the
center of the screen. Selecting the sample
stimulus resulted in the presentation of three
comparison stimuli. All other responses had
no programmed consequences. Across trials,
the locations of the comparison stimuli were
varied unsystematically in the four corners of
the screen. If reinforcement was not preclud-
ed on a trial (see Testing below), selecting
the correct comparison stimulus produced a
1-s display of the word "correct," advanced a
point counter, and initiated a 1.5-s intertrial
interval (ITI). Selecting an incorrect compar-
ison stimulus, including the blank stimulus
location, terminated the trial, darkened the
screen for 1 s, and initiated the ITI. The
point counter was not visible to the subject
while she was responding to a block of trials;
rather, the subject's earnings were displayed
on the screen at the end of each block. Re-
sponses made during the ITI reset the ITI
timer so that the next trial did not start until
1.5 s had passed without a response.

Pretraining. The subjects were initially ex-
posed to the apparatus via 26 trials of three-
choice MTS. The task involved matching up-
per case to lower case English letters. At the
start of the first trial, the experimenter asked
the subject if she had ever used a mouse. If
she had not, the experimenter demonstrated
how to move the cursor around the screen
with the mouse and click the mouse button.
Then the experimenter demonstrated how to
complete the correct sequence of responses
for a trial; that is, the experimenter first se-
lected the sample stimulus and then selected
the correct comparison stimulus. This pro-
duced the word "correct" on the screen. The
experimenter informed the subject that when
"correct" was displayed, a point counter ad-
vanced 1 point, which was equivalent to
$0.01.
On the second trial, the experimenter

Table 1

Number and type of training trials during each stage of
training.

Training Number of trials per block

stage AB BC CD DE EF FG

1. AB 48
2. BC 24 24
3. CD 12 12 24
4. DE 8 8 8 24
5. EF 6 6 6 6 24
6. FG 3 3 3 6 9 24

demonstrated an incorrect choice. The ex-
perimenter first selected the sample stimulus
and then selected an incorrect comparison
stimulus, which resulted in the darkening of
the screen. At this time, the experimenter in-
formed the subject that the screen would
turn black for 1 s following incorrect choices,
and no points would be earned for incorrect
choices.
Throughout the training, instructions were

kept to a minimum (see description of the
instructed group for an exception). If the
subject asked the experimenter a question,
the experimenter either repeated the dem-
onstration or instruction or stated that it was
up to the subject to figure out how to earn
points.
The subjects were required to complete the

remaining 24 trials with no errors. All 12 sub-
jects did so.

Training. Subjects learned six sets of one-
to-one relations between stimuli via match-
ing-to-sample procedures (AIBI, A2B2,
A3B3; BICI, B2C2, B3C3; CIDI, C2D2,
C3D3; DIEl, D2E2, D3E3; ElFI, E2F2,
E3F3; FIGI, F2G2, F3G3). One set of three
relations was taught at a time, beginning
with AlBI, A2B2, and A3B3. Subsequent re-
lations were taught in the order listed above.
Each block of training trials consisted of 48
trials. All 48 of these trials were training tri-
als during AB training. Twenty-four training
trials and 24 baseline trials (trials with pre-
viously trained relations) were randomly in-
termixed in each subsequent training stage
(see Table 1).

Standard accuray criterion. The accuracy cri-
terion necessary to advance from one stage
of training to another was 90% or greater ac-
curacy on each of two consecutive blocks of
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trials with no more than one error on any
one relation per block.

Baseline maintenance. Because testing was
conducted under extinction conditions, sub-
jects were required to demonstrate accurate
performance on the 18 trained relations un-
der extinction conditions before testing be-
gan (baseline maintenance). The criterion
necessary to advance to testing was 90% or
greater accuracy on five consecutive blocks of
extinction trials with no more than one error
on any one trial type per block.

Before the onset of each baseline mainte-
nance block (and each test block, as de-
scribed below), the following note was dis-
played on the computer:

Today you will be given no feedback regarding
the accuracy of your responses. "Correct" will
not be displayed when you make a correct
choice, and the screen will not turn black
when you make an incorrect choice. You will
not be told how many points you've earned,
but I'll still keep track of your points and ex-
change them for money at the end of the
study.

Testing Procedures

Before the onset of testing, subjects were
assigned to one of the three groups. The first
11 subjects were matched on the basis of the
number of training blocks required to com-
plete the training and were then randomly
assigned to the groups. The last subject to fin-
ish training (KP) was assigned to the query
group to produce an equal number of sub-
jects in each group.

Instructed group. The 4 subjects in the in-
structed group were given an instruction that
prescribed accurate test-trial performance.
This instruction was adapted from a descrip-
tion of MTS performance in Fields et al.
(1984):
Here is a general strategy that may help you
to (a) decide what to choose and (b) earn as
many points as possible.

Ifyou learn that DOG = CANIS, and CANIS
= PERRO, then DOG, CANIS, and PERRO
are interchangeable: DOG, CANIS, and PER-
RO all can be matched to each other on the
computer, even though you may have never
matched DOG to PERRO or PERRO to DOG.
In the same way, if you learn that DOG = CA-
NIS, and CANIS = PERRO, and PERRO =
HUND, then DOG, CANIS, PERRO, and

HUND are interchangeable: DOG, CANIS,
PERRO, and HUND all can be matched to
each other on the computer, even though you
may have never matched DOG to PERRO or
HUND and HUND to DOG or PERRO.
The rule to remember and follow is: The

number of symbols (e.g., word, object, pic-
ture) that can be in a group of equal or inter-
changeable symbols is unlimited. Each group
of equal symbols consists of symbols related
directly by being matched to each other, or
related indirectly by both being matched to
another symbol or symbols.

Press "enter" to continue.

The computer then displayed the following
text:

Although you will not be tested with the words
DOG, CANIS, PERRO, and HUND on the
computer, the general strategy described here
can be applied to what you have already
learned.

Please write a summary of the rule on the
card provided.

Subjects were required to write a summary of
the rule that included a reference to the in-
terchangeability of stimuli related indirectly
during training. All 4 of these subjects did so.
The subjects were also asked to write a sum-
mary of the rule several times during testing.
When the combined trials appeared on the
test, "Please write a summary of the rule" was
displayed on the computer screen after the
9th, 18th, 27th, 36th, and 45th test trials of
each block. This procedure was also used
when transitive relations were tested. The
same prompt was also displayed when sym-
metric relations were tested, except that it was
displayed only three times per block, after the
6th, 12th, and 18th test trials.
The total number of times each subject

was prompted to write a summary of the rule
depended on the number of trials required
to reach criterion performance (see Stan-
dard Accuracy Criteria During Testing be-
low), but was at least 15 times during com-
bined and transitivity testing and nine times
during symmetry testing. The prompt oc-
curred after each kind of emergent perfor-
mance tested. During combined and transi-
tivity tests, the prompt occurred once after
a one-, two-, three-, four-, and five-node re-
lation in each test block. The one- through
five-node relations were varied unsystemati-
cally as the 9th, 18th, 27th, 36th, and 45th
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Table 2

Symmetric, transitive, and combined relations that may emerge after AB, BC, CD, DE, EF, and
FG training.

Number of Number
Symmetric Transitive nodes Combined of nodes

B1A2,B2A2,B3A3 AICI,A2C2,A3C3 1 CIAI,C2A2,C3A3 1
CIBI,C2B2,C3B3 AIDI,A2D2,A3D3 2 DIAl,D2A2,D3A3 2
DICI,D2C2,D3C3 AIEI,A2E2,A3E3 3 EIAI,E2A2,E3A3 3
ElDI,E2D2,E3D3 AlFI, A2F2, A3F3 4 FlAl,F2A2,F3A3 4
FlEl,F2E2,F3E3 AlGI,A2G2,A3G3 5 GlAl, G2A2, G3A3 5
GIFI, G2F2, G3F3 BIDI,B2D2,B3D3 1 DIBI,D2B2,D3B3 1

BIEI,B2E2,B3E3 2 EIBI,E2B2,E3B3 2
BIFI,B2F2,B3F3 3 FIBI,F2B2,F3B3 3
BIGI,B2G2,B3G3 4 GIBI,G2B2,G3B3 4
CIEI,C2E2,C3E3 1 EICI,E2C2,E3C3 1
CIFI, C2F2, C3F3 2 FICI,F2C2,F3C3 2
CIGI,C2G2,C3G3 3 GICI,G2C2,G3C3 3
DIFI,D2F2,D3F3 1 FIDI,F2D2,F3D3 1
DIGI,D2G2,D3G3 2 GIDI,G2D2,G3D3 2
ElGI,E2G2,E3G3 1 GlEl,G2E2,G3E3 1

Note. The letters designate sets of comparison stimuli.
metric, transitive, and combined relations may emerge.

test trials. During symmetry testing, the
prompt occurred only after trials testing
symmetry. The subjects were required to
write a summary of the rule on sequentially
numbered index cards. After completing
each card, the subjects deposited the card
into a can beside the computer. No differ-
ential reinforcement was programmed for
the content of their replies.

Query group. The 4 subjects in the query
group were questioned about the rationale of
their test-trial responses. "How do you know
which symbol to choose?" was displayed on
the computer screen at the same points in
the test blocks as the instructed group's
prompt for the rule.

Standard group. The 4 subjects in the stan-
dard group were not instructed or queried
about their test-trial responding.

Testing. The composition of test blocks var-
ied across the following three stages of test-
ing: (a) combined tests, (b) transitivity tests,
and (c) symmetry tests, presented in that or-
der. The number of baseline trials in each test
block was fixed at 36, two trials for each of
the 18 relations trained. In the combined test
stage, 81-trial blocks included one test trial
for each of the 45 potential combined rela-
tions (see Table 2 for a list of combined, tran-
sitivity, and symmetry trials). In the transitivity
stage, 96-trial blocks included one trial for
each of the 45 potential transitive relations

The numbers designate stimulus classes from which sym-

and 15 combined trials (one for each sample-
comparison set). Each combined trial, there-
fore, was presented once every three blocks
during transitivity testing. Finally, in the sym-
metry stage, 84-trial blocks included one trial
for each of the 18 potential symmetric rela-
tions and 15 trials each for the combined and
transitivity trials (one for each sample-com-
parison set). Each combined and transitivity
trial, therefore, was presented once every
three blocks during symmetry testing. In each
test stage, trial types were randomly inter-
mixed.

Test blocks were conducted under extinc-
tion conditions with no programmed rein-
forcement on any trial type. Before the start
of each test block, subjects were informed
about the absence of differential feedback as
described above.

Retraining. If a subject's accuracy on the
baseline trials within a test block fell below
90%, remedial training blocks with the base-
line relations were given until the subject per-
formed at or above 90% accuracy within a
block.

Standard accuracy criterion during testing.
Each stage of testing continued until the sub-
ject made accurate or class-consistent choices
on 90% or more of the trials on each of three
consecutive blocks, with no more than one
error on any one type of relation per block
(e.g., GA, CB).
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Table 3

Number of training blocks for each subject.

Number of
training

Group Subject blocks

Standard TH 16
KS 15
TV 15
SW 13

Query EM 19
HR 15
LS 13
KP 21

Instructed BG 16
RS 13
SV 18
KC 13

Note. The minimum number of training blocks re-
quired was 12.

RESULTS
Training
Two analyses were conducted to determine

whether the baseline conditional discrimina-
tion performances of the subjects were simi-
lar across groups. Group comparisons were

based on the number of training blocks re-

quired to meet the standard accuracy criteri-
on and the mean speed of correct responses
during the baseline maintenance blocks.

Accuracy. Table 3 lists the number of train-
ing blocks to reach criterion performance for
each subject. Subjects required a minimum of
12 blocks with a range between 13 and 21. A
one-way analysis of variance (ANOVA) re-

vealed no significant difference among the
groups, F(2, 9) = 0.87, p > .05. Thus, the
groups appeared to be similar on accuracy
measures prior to the experimental manipu-
lations.

Speed. All subjects met the standard accu-

racy criterion for baseline maintenance in the
minimum number of five blocks. Speed anal-
yses of correct responding were then con-

ducted for each subject for these five training
blocks. Here, as in all analyses of speed that
follow, speed data were analyzed only for
highly stable, accurate performance. Figure 2
presents the mean speed of correct responses

per subject. The query group's response
speeds were more variable across subjects
than either the standard or instructed group.
However, a 3 X 5 (Group X Block) repeated
measures ANOVA did not reveal a significant

main effect of group, F(2, 9) = 0.45, p > .05.
Thus, the groups were also similar on speed
of responding before the experimental ma-
nipulations. These data also show that for 10
of the 12 subjects, speed of correct respond-
ing tended to increase from the first to the
last baseline maintenance block.

Testing
Analyses of accuracy and speed of test per-

formance were conducted to determine dif-
ferences among groups, across trial types, and
across nodal distances. These analyses were
conducted independently for each phase of
testing (combined, transitivity, and symme-
try).

Combined testing. During the combined test-
ing stage, subjects were tested on both base-
line and combined trials. Because of the na-
ture of the training, there were five sets of
one-node (GE, FD, EC, DB, CA), four sets of
two-node (GD, FC, EB, DA), three sets of
three-node (GC, FB, EA), two sets of four-
node (GB, FA), and one set of five-node (GA)
combined relations tested. To minimize prob-
lems of unequal numbers of nodal relations
tested and the order and differential amount
of training on each baseline conditional dis-
crimination, all analyses of nodal distance
were performed using data from only those
trial types with G stimuli as samples (GE, GD,
GC, GB, GA) or A stimuli as comparisons
(CA, DA, EA, FA, GA). Consequently, there
were two sets of trials analyzed for each of the
one- through four-node relations and one set
for five-node relations. These trials represent-
ed the combined relations involving the least
trained baseline conditional discriminations
(those required for combined trial types in-
volving G stimuli as samples) and those in-
volving the most trained conditional discrim-
inations (those required for combined trial
types involving A stimuli as comparisons). In
addition, each of the first four nodal distanc-
es had one trial type related to the baseline
conditional discriminations trained first and
one trial type related to the baseline condi-
tional discriminations trained last. The five-
node relations were made up of GA trials,
which involved all the baseline conditional
discriminations.
Comparison revealed no significant differ-

ences among groups on either accuracy or
speed of correct responding, F(2, 9) = 0.89,
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Table 4

Standard group: Percentage of correct responses on com-
bined and baseline trials during combined trial testing.

TV SW KS TH

Block Com Base Com Base Com Base Com Base

1 87 100 91 100 98 100 22 100
2 98 100 96 100 98 94 53 92
3 100 100 96 97 96 100 67 94
4 98 100 67 97
5 58 100
6 76 97
7 80 100
8 73 100
9 87 100
10 91 92
11 93 97
12 98 100

p > .05, and F(2, 9) = 1.47, p > .05, respec-

tively, or any interactions between group and
trial type. Differences were found between tri-
al types, however, with both accuracy and
speed measures.

Tables 4, 5, and 6 present the percentage
of correct responding on combined and bas-
eline trials during the combined tests. Six of
the 12 subjects required more than the min-
imum number of test blocks (three) to reach
the standard accuracy criterion. In each case

repeated blocks were necessary because com-

bination performance was below 90%, where-
as baseline performance was usually at 100%.
A two-way ANOVA revealed that these differ-
ences between baseline and combined trial
types were significant, F(1, 9) = 6.1, p < .05,
with trial type accounting for 18% of the vari-
ance (eta2 = .178).

Analyses of speed of correct responding
showed further differences between trial
types. Figure 3 shows the mean speed of cor-

rect responding during the last three blocks
of combined testing, when each subject had
met the standard accuracy criterion. All 12
subjects continued to show faster correct re-

sponding on baseline trials than on com-

bined trials. A two-way ANOVA revealed that
these differences were significant, F(1, 9) =

86.72, p < .01, and that trial type accounted
for 58% of the variance (eta2 = .58).

Subjects were also compared on responses
to combination trials of varying nodal dis-
tance for the first three trial blocks of com-

bined testing. Figure 4 presents the mean

percentage correct for each subject across

Table 5

Query group: Percentage of correct responses on com-

birned and baseline trials during combined trial testing.
HR EM LS KP

Block Com Base Com Base Com Base Com Base

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

93 100
98 100
100 100

91 100
76 100
87 92
96 100
96 100
96 94

58 97 33 94
96 94 36 91
91 100 47 91
96 /100 42 94

40 91
49 91
40 91
38 94
40 91
53 91
73 91
71 97
76 91
88 97
100 94
98 97
100 97

one through five nodes. A two-way ANOVA
was performed on percentage correct as a
function of group and nodal distance. Even
though the instructed group showed less vari-
ability across subjects, there was no significant
main effect of group, F(2, 9) = 1.54, p > .05,
and no Group X Nodal Distance interaction,
F(8, 36) = 0.72, p > .05. Most subjects, how-
ever, showed a decrease in accuracy as nodal
distance increased, and a significant main ef-
fect of nodal distance, F(4, 36) = 4.86, p <
.01, was shown. Nodal distance, however, ac-
counted for only 6% of the variance (eta2 =
.06) on accuracy measures. A trend analysis
revealed a significant linear trend, F(1, 36) =

16.55, p < .01, and no higher order trends
were significant.

Figure 5 shows the mean speed of correct
responding on the one- through five-node

Table 6

Instructed group: Percentage of correct responses on
combined and baseline trials during combined trial test-
ing.

RS BG SV KC

Block Com Base Com Base Com Base Com Base

1 96 100 100 100 80 100 91 100
2 98 100 100 100 96 100 100 100
3 100 100 100 100 98 100 100 100
4 96 100
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Fig. 3. Combined test phase: Mean speed of correct
responses on baseline and combined trials per subject
from the last three blocks of combined trial testing. The
number of trials on which the means were based ranged
from 104 to 108 (baseline) and 127 to 135 (combined).

combined trials during the last three blocks
of combined trial testing. These blocks were
selected because the overall performance
had met the standard accuracy criterion. For
most subjects, regardless of group, the mean
speed of responding decreased as nodal dis-
tance increased. A two-way ANOVA revealed
a main effect of nodal distance, F(4, 36) =
17.04, p < .01, which accounted for 18% of
the variance (eta2 = .18). There was no sig-
nificant effect of group, F(2, 9) = 1.47, p >
.05, or Group X Nodal Distance interaction,
F(8, 36) = 29, p > .05. A trend analysis re-
vealed a significant linear trend, F(1, 36) =
65.73, p < .01. The linear trend accounted

8

Is
66

In-
.

. . . . . .
.

. . . . . . ...U 12345 12a45 12345 12345
TV SW KS TH

n ___________QueyGroup

0

0

a
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R
2345 12345
EM iS
Insructed Group

12345
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t

I

12345 12345 12345 12345
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Nodal Distance

Fig. 4. Combined test phase: Mean percentage cor-
rect on combined trials per subject. Each bar for one-
through four-node relations represents 18 trials from the
first three blocks of combined testing; the bars for five-
node relations represent nine trials from the first three
blocks of combined trial testing.

for 17% of the variance (eta2 = .17). No high-
er order trends were significant.

Transitivity testing. Transitivity test blocks
were comprised of transitivity, combined, and
baseline trials. Analysis of performances dur-
ing transitivity testing was conducted to de-
termine whether differences could be attrib-
uted to the groups, trial types, and nodal
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Standard Group
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Fig. 5. Combined test phase: Mean speed of correct

responding on one- through five-node combined trials
during the last three blocks of combined trial testing.
The number of trials on which the means were based
ranged from 6 (five-node) to 18.

distance. As with the combined relations, all
analyses of nodal distance were performed
using data from only those trial types with A
stimuli as samples (AC, AD, AE, AF, AG) or

G stimuli as comparisons ( EG, DG, CG, BG,
AG).

By this point in the testing, no differences
were found on accuracy measures among
groups, among trial types (baseline, com-

bined, and transitivity), or across nodal dis-
tances. All subjects performed at or around
100% correct on all trials. The lowest perfor-
mance was 92% correct on baseline trials for

Standard Group
A-, 0~~~~~~~~~TransitivityTll

a Lo EJ Cambined Tials

o0 0.8

LE0.6
OA

0.02
TV SW KS TH

1.2 - Query Group

11. -

o0.8
0.6

0.4

-§ 0.2

00 HR EM LS 1(1

1.2 Instrcte Group

1.0

o0.8

0.6

0.2
0.0 RS BG SV KC

Subjects

Fig. 6. Transitivity test phase: Mean speed of correct
responses on baseline, transitivity, and combined trials
per subject. The number of trials on which the means
were based ranged from 105 to 108 (baseline), 130 to
135 (transitivity), and 43 to 45 (combined).

1 subject. Therefore, the remaining analyses
were limited to speed of correct responding.

Figure 6 shows the mean speed of correct
responses on baseline, transitivity, and com-
bined trials for each subject by group. All sub-
jects performed faster on baseline trials than
on either transitivity or combined trials. Most
subjects showed similar speeds on transitivity
and combined trials. A two-way ANOVA re-
vealed a main effect of trial type, F(2, 18) =
38.78, p < .01, but no main effect of group,
F(2, 9) = 1.40, p > .05, or Group X Trial
Type interaction, F(4, 18) = 0.91, p > .05.
Trial type accounted for 36.5% of the vari-
ance. Planned comparisons revealed that dif-
ferences between baseline and transitivity tri-

1.2

1.0
a
1: 0.8

-, 0.4
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8 0.8
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Fig. 7. Transitivity test phase: Mean speed of correct
responding on one- through five-node transitivity trials.
The number of tials on which the means were based
ranged from 9 (five-node) to 18.

als as well as between baseline and combined
trials were significant at p < .01, F(1, 18) =

55.21 and 60.98, respectively. There was no

significant difference in response speed on

transitivity and combined trials, F(1, 18) =

12.04, p > .05.
Figure 7 shows the speed of correct re-

sponses on one- through five-node transitivity
trials for each group. Most subjects' mean

speed of responding decreased as nodal dis-
tance increased. A two-way ANOVA revealed
a main effect of nodal distance F(4, 36) =

34.22, p < .01. Nodal distance accounted for
17% of the variance. Trend analyses revealed

[I
Standard Group

IflrnmFEhii[ft----
01234 12345 12345 12345

TV SW KS TH

12 Query Group
1.0

0.8

0.6

0.0 12345 12345 12345 12345
HR EM IS KP

1.2 Instructed Group
1.0

0.8

0.6

0.40.2 li 1[i
1234

RS
5 12345 12345

BG SV
Nodal Distance

12345
KC

Fig. 8. Transitivity test phase: Mean speed of correct
responding on one- through five-node combined trials.
The number of trials on which the means were based
ranged from three (five-node) to six.

significant (p < .05) linear, quadratic, and cu-
bic trends, F(1, 36) = 127.94, 4.31, and 4.5,
respectively. There was no significant main ef-
fect of group, F(2, 9) = 2.22, p > .05, or
Group X Nodal Distance interaction, F(8, 36)
= .81, p > .05. These results are consistent
with that of the combined trials in the com-
bined test blocks.

Figure 8 shows the speed of correct re-
sponding on one- through five-node com-
bined trials for each group. For most subjects
in the standard and query groups, the mean
speed of responding decreased as nodal dis-
tance increased. However, the response speed
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of the subjects in the instructed group did
not vary systematically as a function of nodal
distance. Two subjects showed an increase in
response speed as nodal distance increased,
1 subject's speed decreased as nodal distance
increased, and 1 subject's speed varied. A two-
way ANOVA revealed a significant Group X
Nodal Distance interaction, F(8, 36) = 2.56,
p < .05. Simple main effect analyses revealed
a significant (p < .01) effect of nodal distance
for the query and standard groups, F(4, 36)
= 4.76 and 9.1, respectively. There was also a
significant main effect of nodal distance, F(4,
36) = 9.06, p < .01. Trend analyses revealed
significant (p < .05) linear and quartic trends
in the standard group's speeds, F(1, 36) =
24.65 and 8.30, respectively. Trend analyses
also revealed significant linear and quartic
trends in the query group's speeds, F(1, 36)
- 12.64 and 5.19, p > .05, respectively.

Symmetry testing. Symmetry test blocks were
comprised of symmetry, transitivity, com-
bined, and baseline trials. As with tests during
the transitivity stage of testing, most subjects
performed at 100% accuracy on all trial types,
so further analyses of accuracy of responding
were not conducted.

Figure 9 shows the speed of correct re-
sponding on baseline, symmetry, transitivity,
and combined trials for each group. For all
subjects, baseline and symmetry responding
were faster than transitivity and combined re-
sponding. For most subjects, baseline re-
sponding was still faster than symmetry re-
sponding. No systematic differences were
found between combined and transitivity re-
sponding. A two-way ANOVA revealed a main
effect of trial type, F(3, 27) = 43.84, p < .01,
but no significant main effect of group, F(2,
9) = 1.54, p > .05, or Group X Trial Type
interaction, F(6, 27) = 1.37, p > .05. Trial
type accounted for 31% of the variance.
Planned comparisons revealed differences
between response speed on the following:
baseline and symmetry trials, F(1, 27) = 5.17,
p < .05; baseline and transitivity trials, F(1,
27) = 83.77, p < .01; baseline and combined
trials, F(1, 27) = 81.31, p < .01; symmetry
and transitivity trials F(1, 27) = 47.30, p <
.01; and symmetry and combined trials F(1,
27) = 47.30, p < .01. There were no signifi-
cant differences between transitivity and com-
bined trials, F(1, 27) = 0.02, p > .05.

Figure 10 shows the speed of correct re-
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Subjecb

Fig. 9. Symmetry test phase: Mean speed of correct
responses on baseline, symmetry, transitivity, and com-
bined trials per subject. The number of trials on which
the means were based ranged from 42 to 54 (symmetry,
transitivity, and combined) and from 105 to 108 (base-
line).

sponding on one- through five-node transitiv-
ity trials for each group. Although individual
subjects' speeds varied, most subjects contin-
ued to respond faster on the shorter nodal
distances than on the larger ones. Seven of
the subjects, however, responded faster on
five-node relations than on four-node rela-
tions. Statistical comparisons revealed no sig-
nificant main effect of group, F(2, 9) = 1.70,
p > .05, or Group X Nodal Distance inter-
action, F(8, 36) = 0.48, p > .05. However, a
two-way ANOVA revealed a main effect of
nodal distance, F(4, 36) = 10.00, p < .01, and
nodal distance accounted for 14% of the vari-
ance (eta2 = .14). Trend analysis revealed a
significant linear trend, F(1, 36) = 24.76, p <
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Fig. 10. Symmetry test phase: Mean speed of correct
responding on one- through five-node transitivity trials.
The number of trials on which the means were based
ranged from three (five-node) to six.

.05, and a significant quadratic trend, F( 1, 36)
= 15.21, p < .05.
Figure 11 shows the speed of correct re-

sponses on one- through five-node combined
trials for each group. Again, most subjects'
response speeds decreased as nodal distance
increased, with 2 subjects' speeds increasing
across nodal distance. Statistical comparisons
revealed a significant main effect of nodal dis-
tance, F(4, 36) = 6.59, p < .01 (eta2 = .10),
but no main effect of group, F(2, 9) = 3.17,
p > .05 (eta2 = .30), or Group X Nodal Dis-
tance interaction, F(8, 36) = 0.67, p > .05
(eta2 = .02). Trend analyses revealed a sig-

Fig. 11. Symmetry test phase: Mean speed of correct
responding on one- through five-node combined trials.
The number of trials on which the means were based
ranged from three (five-node) to six.

nificant linear trend, F(1, 36) = 19.43, p <
.05 (eta2 = .08). No higher order trends were
present. Note that although the response

speed of the instructed group did not de-
crease as a function of nodal distance on

combined trials during transitivity testing (see
Figure 8), it did during symmetry testing.

Table 7 shows subjects' mean speed of cor-

rect responding to baseline, combined, and
transitivity trials during the three phases of
testing. All subjects' speed of responding on

baseline, transitivity, and combined trials in-
creased from the combined test phase to the
symmetry test phase. Sample ANOVAs re-
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Table 7
Mean speed scores of baseline, combined, and transitivity
relations across combined, transitivity, and symmetry test
phases.

Transi-

Sub- Baseline trials Combined trials tivity trials

ject C T S C T S T S

TV 0.94
SW 0.56
KS 0.57
TH 0.87
HR 0.69
EM 0.79
LS 0.48
KP 0.35
RS 0.97
BG 0.82
SV 0.54
KC 0.46

0.95
0.53
0.75
0.87
0.83
0.94
0.56
0.44
1.04
0.82
0.64
0.63

0.98
0.62
0.92
1.02
0.84
0.83
0.75
0.57
1.17
0.93
0.69
0.72

Note. C = combined
phase, S = symmetry phase.

0.57
0.19
0.33
0.34
0.25
0.24
0.25
0.26
0.53
0.44
0.29
0.19

0.69
0.30
0.51
0.42
0.34
0.28
0.36
0.33
0.89
0.54
0.42
0.41

0.72
0.37
0.79
0.46
0.42
0.33
0.49
0.35
1.04
0.64
0.57
0.53

0.68
0.30
0.58
0.40
0.40
0.32
0.34
0.30
0.93
0.57
0.46
0.38

0.75
0.36
0.80
0.42
0.48
0.34
0.49
0.32
1.05
0.59
0.59
0.47

test phase, T = transitivity test

vealed a significant main effect of test stage
for combined relations, F(2, 18) = 49.76, p <
.01, which accounted for 30% of the variance
in speed (eta2 = .30) and for baseline rela-
tions, F(2, 18) = 21.28, p < .01, (eta2 = .14).
Thus, performance continued to change with
repeated testing in ways that were not appar-

ent from accuracy measures.

The self-reports of the query subjects and
the rule summaries of the instructed subjects
revealed that within the first two combined
test blocks all query subjects accurately de-
scribed a rule comparable to that given to the
instructed group. (Copies of these self-re-
ports are available from the second author.)

DISCUSSION
Response Speed and Equivalence

Differences in response speed were found
across trial types (baseline, symmetry, transi-
tivity, and combined) for most subjects
throughout all stages of testing, with trial type
accounting for a large portion of the variance
in speed (36% to 58%). During the first stage
of testing, all subjects had faster response
speeds on baseline trials than on combined
trials. The second stage of testing also result-
ed in all subjects continuing to respond faster
on baseline trials than on either combined or

transitivity trials. These differences continued
during the third stage of testing, with all sub-

jects responding faster on baseline trials than
on either combined or transitivity trials. In
addition, 9 of the 12 subjects responded fast-
er on baseline trials than on symmetry trials.
These latter differences, although statistically
significant, were smaller than the differences
between baseline and combined or transitiv-
ity responding. Systematic differences were
not found, however, between transitivity and
combined trials. In contrast to the difference
found when speed of responding was mea-
sured, the relation between accuracy and trial
type was apparent only during the first stage
of testing, and even then trial type accounted
for only 18% of the variance.
The differences due to trial type extend the

results from Wulfert and Hayes (1988) and
Bentall et al. (1993). Those studies found sig-
nificant differences in latency to respond to
baseline and transitivity trials but no signifi-
cant difference between response speeds (la-
tencies were reported) on baseline and sym-
metry trials. The difference between the
present results and previous results might be
due to a difference in how time was mea-
sured. Neither Wulfert and Hayes nor Bentall
et al. required subjects to make an overt re-
sponse to the sample stimulus to produce the
comparison stimuli. Rather, the comparison
stimuli were presented 2 s after the sample
stimulus. Thus, the latencies did not describe
the time between two overt responses, as did
the speed measures in this study, but instead
described the time between the presentation
of the comparison stimuli and the selection
of a comparison stimulus. We speculate that
the 2 s provided between the sample and the
comparison in these other studies washed out
the differences between baseline and sym-
metry responding. Two seconds may have
been sufficient for the subjects to respond in
unmeasured ways that prepared them to re-
spond to the comparisons when they ap-
peared.

Analyses of the speed of accurate respond-
ing also revealed that for most subjects re-
sponse speed was inversely related to the
number of nodes on which the tested rela-
tions depended. Nodal distance accounted
for 14% to 18% of the variance. For example,
during combined testing all subjects respond-
ed faster to one-node than to five-node com-
bined relations, and data from half of the
subjects indicated an inverse relation. During
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transitivity testing, all but 2 of the subjects
again responded faster on one-node than on
five-node combined relations, and all subjects
responded faster on one-node than on five-
node transitive relations. Six subjects' data
showed an inverse relation on transitivity tri-
als as well. During symmetry testing, 9 sub-
jects responded faster on one-node than on
five-node combined and transitive relations.
These speed data contrast with the accuracy
data, in which the relation between accuracy
and nodal distance was apparent only during
the first phase of testing, and nodal distance
accounted for only 6% of the variance.
Thereafter, all subjects responded accurately
to all combined and transitivity trials regard-
less of nodal distance.
These results support Fields et al.'s (1984)

prediction that there is an inverse relation be-
tween nodal distance and measures of re-
sponse strength (accuracy and speed). The
data also replicate the effects of nodal dis-
tance found by Fields et al. (1990) and ex-
tend those effects with analyses of response
speed. Further, the current results show the
effects of nodal distance with three-, four-,
and five-node relations.

Instructions and Equivalence
There were no significant differences

among the accuracy or speed of the different
groups' test-trial responding. Thus, neither
the experimenter-provided instructions nor
the content of the query group's self-reports
significantly reduced the need for repeated
testing or eliminated the effects of nodal dis-
tance.

Despite the lack of effect with instructions
and queries, this study illustrates a method
for asking subjects to describe their MTS per-
formance. This was accomplished by query-
ing the subjects throughout the test blocks,
rather than waiting until after the experiment
was finished (Hayes & Hayes, 1989; Wearden,
1988). Although this method of obtaining
self-reports is promising, there was one draw-
back. Querying the subjects during testing
may have decreased the strength of the sub-
jects' MTS performance: The test-trial re-
sponding of query subjects was consistently
(although not significantly) slower and less
accurate than the responding of the standard
subjects. Thus, the query may have prompted
a response that competed with fast, accurate

test-trial responding (Critchfield & Perone,
1990).

Conclusions
Although stimuli have been traditionally

viewed as equivalent after accurate test-trial
performance is demonstrated, the analyses of
trial type and response speed conducted in
this experiment suggest that stimuli in an
equivalence class can be categorized further
by speed of responding. Long after the ac-
curacy data suggested that the stimuli in the
equivalence classes were functionally substi-
tutable, speed data indicated that subjects
were responding differently to the stimuli.
Describing these differences through the
measurement of response speed may be use-
ful at a number of levels of analysis.
Such data show that responding to the

stimuli within a given equivalence class in-
volves considerable variability. This finding is
important because it provides a more thor-
ough understanding of the substitutability of
stimuli in an equivalence class than do accu-
racy measures alone. According to Fields, Ad-
ams, Verhave, and Newman (1993), accurate
performances on emergent relations tests are
sufficient to demonstrate class membership,
but they are weak measures of substitutability
because emergent relations tests can be
passed even if the stimuli in a class are not
equally related. They suggest using tests for
transfer as a measure of substitutability. The
current results support Fields et al. (1993) by
suggesting that the more similar the speed of
accurate responding on baseline, symmetry,
transitivity, and combined trials, the more
substitutable the stimuli. It follows from this
view that the stimuli in a class may not be
equally substitutable, even after traditional
measures of equivalence class formation have
been obtained.

Responses that vary in speed may also show
variation in other measures of response
strength. For example, perhaps MTS perfor-
mances that have the quickest speeds will be
maintained longer under conditions of ex-
tinction or will occur more readily under con-
ditions of stress or distraction than will slower
MTS performances. Such differences in
strength, if found, would be fundamental to
the precision with which the relations among
stimuli and responding could be predicted
and controlled.
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If better measures of substitutability and
strength help us to predict and control the
kinds of relations involved in equivalence
classes like those tested in the current study,
they may also help us to apply equivalence to
understanding verbal behavior (e.g., Hall &
Chase, 1991; Hayes & Hayes, 1992; Sidman,
1986). Verbal behavior can involve relations
among stimuli that are even more extended
than the five-node relations tested in the cur-
rent experiment. Fluent verbal behavior re-
quires quick and accurate responding to a va-
riety of questions, comments, and demands
from other individuals as well as to events and
objects that are observed. Given the results
reported here, measuring both the accuracy
and speed of verbal behavior seems more
likely to lead to precise prediction and con-
trol of these complex relations.
The results of this study indicate that the

speed of accurate responding may provide a
more fine-grained analysis of subjects' learn-
ing. These results are important for a number
of reasons. They suggest methods of data col-
lection that might identify variables that af-
fect MTS performance. The results support
the view that the substitutability of stimuli
should not be defined by the accuracy of
match-to-sample performance alone and sug-
gest measuring speed to provide additional
information on the relations among stimuli
in a class. Finally, the results have applied im-
plications. Training that emphasizes both
speed and accuracy may lead to more pre-
dictable performance under conditions of re-
tention and application (Johnson & Layng,
1992).
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