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Following the emergence of two four-member equivalence classes (AlBICIDI and A2B2C2D2), 5
students were exposed to a series of phases including a baseline conditional discrimination reversal
(i.e., choosing D2 was reinforced and Dl punished given Sample Al; choosing DI was reinforced
and D2 punished given Sample A2), the delayed introduction of CD/DC transitivity/equivalence
probes, DE conditional discrimination training, a second baseline conditional discrimination reversal
(i.e., choosing C2 was reinforced given Bi, etc.), and a r-eturn to original baseline reinforcement
contingencies. Results showed that baseline and symmetry probe performances were extremely sen-
sitive to baseline modifications. In contrast, patterns on transitivity/equiivalence probes remained
predominantly consistent with the originally established equivalence classes, although there were
exceptions on some E probe relations for 2 subjects. The dissociation between baseline and symmetry
verstis transitivity/eqtuivalence patterns may have important implications because it is not easily ac-
cotinted for by current models of equivalence phenomena.
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Equivalence classes are most typically estab-
lished by training a set of interrelated con-
ditional discriminations involving arbitrarily
assigned stimuli. Untrained definitional prop-
erties of the set are then revealed by perfor-
mances on no-reinforcement probe trials.
Since Sidman and Tailby's (1982) classic anal-
ysis, the many demonstrations of basic equiv-
alence phenomena have included a number
of procedural variations designed to influ-
ence class formation and expansion (Bush,
Sidman, & de Rose, 1989; Dube, Mcllvane,
Mackay, & Stoddard, 1987; Green, Sigurdar-
dottir, & Saunders, 1991; Sidman, Kirk, &
Willson-Morris, 1985; Wulfert & Hayes,
1988). In contrast, relatively few studies have
focused on variables influencing the mainte-
nance or loss of equivalence classes over time,
especially given changes in baseline condi-
tional discriminations, which are the theoret-
ical determinants of equivalence (e.g., Sid-
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man, 1986). Further, the studies that have
been done raise some interesting questions
about the nature of stimulus equivalence.

In studies that have examined the stability
of equivalence classes over time, emergent
patterns of stimulus control were maintained
after 5 months or more without intervening
training or practice (see Spradlin, Saunders,
& Saunders, 1992). These results appear to
be congruent with those from studies that
have examined the stability of equivalence
classes in the face of reversed prerequisite re-
lations and found performances on transitiv-
ity probes unchanged (e.g., Saunders, Saun-
ders, Kirby, & Spradlin, 1988; Spradlin et al.,
1992). One interpretation of such outcomes
is that equivalence classes are highly stable
once established. However, other studies (see
Spradlin et al., 1992), including one from our
laboratory, have complicated this conclusion.

Pilgrim and Galizio (1990) trained adult
subjects on two baseline conditional discrim-
inations (Al-BI, A2-B2, Al-Cl, A2-C2; the hy-
phen implies given the former, select the lat-
ter), and after equivalence-class patterns
emerged on reflexivity, symmetry, and tran-
sitivity probes, the AC baseline was altered by
either randomizing or reversing the AC re-
inforcement contingencies. When contingen-
cies for the baseline relation were reversed
(A1-C2, A2-C1), performance on symmetry
probe trials for 3 of 4 subjects became im-
mediately consistent with the modified base-
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line (e.g., subjects chose Al given C2 and A2
given Cl). Transitivity and reflexivity probe
responding, however, remained unchanged.
Thus, the Pilgrim and Galizio data repro-
duced the persistence of originally estab-
lished transitivity patterns found by Saunders,
Saunders, Kirby, and Spradlin (1988), but be-
cause the symmetry patterns exhibited con-
currently consistently reflected altered con-
ditional relations, interpretation in terms of
the preservation of original equivalence class-
es seems incomplete. Indeed, the dissociation
of baseline, symmetry, reflexivity, and transi-
tivity probe patterns raises questions about
the functional substitutability of stimuli that
is a defining feature of stimulus equivalence,
and thus, perhaps, about the integrated na-
ture of "equivalence" as a behavioral unit.
The present study was conducted to test

the generality of the findings of Pilgrim and
Galizio (1990). Procedural variations were de-
signed to help to determine the range of con-
ditions under which dissociation between
symmetry and transitivity would be observed,
to analyze further the effects of prerequisite
baseline-relation reversals on equivalence
classes, and to address the possibility of extra-
neous sources of control in our previous pro-
cedures. In chronological order of their in-
troduction, the following systematic variations
were incorporated into the present proce-
dures.

Baseline training differed from the first
study, in that three conditional discrimina-
tions (Al-Cl, A2-C2, Bl-Cl, B2-C2, Al-Dl, A2-
D2) were trained to mastery prior to presen-
tation of the baseline modifications. The
structure of this training arrangement repli-
cated that of a study in which transitivity pat-
terns changed in keeping with baseline ma-
nipulation (Spradlin, Cotter, & Baxley, 1973).
Arranging for larger classes also provided the
opportunity for parametric tests of reversal ef-
fects; the earlier study involved equivalence
classes of the smallest possible size. In addi-
tion, this training format permitted a com-
parison of transitivity probes involving stimuli
separated by one versus two nodes (e.g., AB
vs. BD probes; Fields, Adams, Verhave, &
Newman, 1990; Fields, Verhave, & Fath,
1984). Performances on one- and two-node
probe tests should differ if a rejection form
of stimulus control was induced by the rever-

sal manipulation (see Carrigan & Sidman,
1992).
Also in the present study, the first baseline-

relation reversal (Al-D2, A2-DI) was ar-
ranged immediately following class emer-
gence; no other condition intervened that
might have decreased the salience of the re-
versed relation. With respect to our earlier
study, Spradlin et al. (1992) noted that the
ambiguous context of the random-reinforce-
ment condition arranged first for some sub-
jects might have disposed them to maintain
original probe patterns when reversal condi-
tions followed.
Another parameter explored in the present

study was the timing of reversal training with
respect to a subject's history of responding
on particular probe-trial types. As noted in
Pilgrim and Galizio (1990), repeated practice
of an emergent conditional discrimination
prior to reversal could influence its probabil-
ity following reversal. Indeed, there is one re-
port of 2 subjects whose responses on transi-
tivity tests involving a reversed relation were
congruent with the new baseline when the re-
versal was arranged prior to tests for emer-
gent relations (Spradlin et al., 1992). Unfor-
tunately, only probe data involving the
reversed relation were reported, making it
impossible to tell whether the subjects had
simply reversed all originally established re-
lations (as 1 of the subjects had done previ-
ously) or were demonstrating reorganized
equivalence classes. Therefore, in the present
study the relation between probe practice
and pattern modification was assessed by in-
troducing one transitivity/equivalence probe
type (CD/DC probes) for the first time after
the reversed baseline had been mastered.
Would novel probe trials be more likely than
previously presented ones to generate re-
sponses in keeping with the modified base-
line?
A further manipulation was designed to

provide an additional test for assessing the
impact of baseline reversal on equivalence-
class composition. Following the AD reversal,
subjects learned a new conditional discrimi-
nation in which the reversed comparison
stimuli served as samples (Dl-El, D2-E2).
The question of interest here involved how E
stimuli would be treated on transitivity/equiv-
alence trials. Given that E stimuli could only
become class members via their relation to D
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stimuli, and given that the original AD rela-
tions had been reversed, performances on
transitivity trials involving E stimuli could pro-
vide an independent index of the relation be-
tween D stimuli and other class members.
Would the newly emergent E relations be
controlled by the current baseline or be con-
sistent with previously established classes?

Finally, the larger equivalence classes estab-
lished in the present study allowed for both
a greater number of class challenges and for
probe-trial arrangements that could unam-
biguously distinguish between actual class re-
organization and simple disruption or rever-
sal of all relations, independent of class
membership. Specifically, a second original
baseline relation was reversed (B1-C2, B2-
CI), and probe trials (including one-, two-,
and three-node transitivity/equivalence tests)
assessed the impact of a more extensively
modified baseline on equivalence-class per-
formances.

METHOD
Su bjects
Four introductory psychology students (3

female and 1 male) and a junior high school
student (Tina, female) served as subjects.

Apparatus
Apparatus and procedures closely paral-

leled those used earlier (Pilgrim & Galizio,
1990). A modified Wisconsin General Test
Apparatus (WGTA) was used. The WGTA was
a wooden box (17 cm by 24 cm by 60 cm)
open at both ends, allowing the experimenter
and the subject access to one side of the ap-
paratus. A guillotine door bisected the appa-
ratus, and a partition prevented visual contact
between the subject and experimenter.

Experimental stimuli were abstract three-
dimensional objects mounted on cardboard
squares (5 cm by 5 cm). Stimulus presenta-
tions were arranged manually by the experi-
menter, who then raised the guillotine door
and slid a Plexiglas stimulus tray (25 cm in
length) toward the subject. A sample stimulus
in the center of the tray and two comparison
stimuli on either side were presented simul-
taneously on each trial. Each stimulus object
covered a small concave well in which tokens
could be placed. The subject responded by
displacing a comparison stimulus and remov-

ing the token underneath if one was present.
Tokens were accumulated in small cups be-
side the WGTA, and each response was re-
corded by the experimenter.

Procedure
General procedures. Each trial was initiated

when the experimenter raised the guillotine
door of the WGTA and presented the stimu-
lus tray to the subject. Subjects were instruct-
ed to pick up one of the two side objects and
were told that any tokens uncovered would
contribute to their earnings. White tokens
added 1 cent, and black tokens subtracted 1
cent (see Pilgrim & Galizio, 1990, for verba-
tim instructions). A trial terminated when the
subject replaced the stimulus object. The tray
was retracted, the guillotine door closed, and
a 15-s intertrial interval ensued.

Trials were organized in blocks of 16 dur-
ing the initial stages of training. When one
block was completed, the next began without
interruption. Session duration was 50 min,
and as many trial blocks were conducted in a
session as was possible (range, five to seven
blocks). Sessions were conducted 4 to 5 days
per week, once or twice daily, with a mini-
mum of 15 min between sessions. Subjects re-
ceived a base payment rate of $3 per session,
with an additional bonus of $1 per session
when all contracted sessions were completed.
Additional earnings were based on perfor-
mance as described above. Cash payments
were made at the end of the last session of
each week. During the first two experimental
sessions for the 4 college-student subjects,
course credit but no monetary payment was
given.

Phase 1: Or7ginal baseline conditional discrim-
inations and equivalence testing. Subjects were
initially taught two conditional discrimina-
tions (AIC, A2C2, BICI, B2C2). Initial trial
blocks consisted of a mixed baseline of the
four trial types (i.e., A1:ClC2, A2:ClC2, Bl:
C1C2, B2:C1C2). In a given trial block, each
trial type was presented four times in a ran-
dom sequence, with the constraints that no
sample appear on more than three trials in
succession and that no comparison stimulus
appear in the same location for more than
two trials in succession. Comparisons ap-
peared on the left and right sides equally of-
ten. Displacing the comparison stimulus des-
ignated as correct for a given trial revealed a
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white token (+1 cent), and displacing the in-
correct comparison revealed a black token
(-1 cent).
Upon reaching mastery criterion (i.e., 14

of 16 trials correct), a third conditional dis-
crimination was introduced (AlDl, A2D2).
Trial blocks were expanded to 24 trials, which
included AD trial types (A1:D1D2, A2:D1D2)
mixed with AB and BC trial types (see above).
Each trial type was presented four times in
scrambled order, with side positions balanced
within each block. When a criterion of 21 cor-

rect responses within a block of 24 trials was
reached, the reinforcement rate was reduced.
On six trials of each block, one trial per trial
type, token wells were left empty. Upon
reaching criterion (21 of 24 trials correct) at
this level, frequency of reinforcement was fur-
ther reduced to 50%; two trials per trial type
were unbaited. In each phase of reinforce-
ment-density reduction, "correct" compari-
sons on unbaited trials appeared on each side
equally often.

Stimulus-class probes were introduced
when subjects met criterion (21 of 24 cor-

rect) with 50% of the trials occurring with no
reinforcement. From this point on, every trial
block included probe trials that tested for ei-
ther symmetry or transitivity and equivalence.
Trial blocks consisted of six (for symmetry)
or eight (for transitivity/equivalence) probe
trials interspersed among 18 baseline trials
(six AC, six BC, and six AD trials) in a quasi-
random order. Two probe trials were never

programmed in succession. On symmetry tri-
al blocks, each possible symmetry arrange-

ment was tested once (Cl:AlA2, C2:A1A2,
C1:B1B2, C2:B1B2, D1:A1A2, D2:A1A2). For
transitivity/equivalence blocks, the following
arrangements were each presented once: Al:
B1B2, A2:B1B2, B1:A1A2, B2:A1A2, Bl:D1D2,
B2:D1D2, D1:B1B2, D2:B1B2. The other pos-

sible transitivity/equivalence probe types (Cl:
D1D2, C2:D1D2, D1:C1C2, and D2:C1C2)
were not presented at this time. For 2 subjects
(Neal and Tina), the emergence of transitiv-
ity/equivalence was incomplete after ten or

more trial blocks. Restricted testing was then
programmed in which the only transitivity/
equivalence probes presented were those on

which performances were most unstable.
Otherwise, the symmetry and transitivity/
equivalence trial blocks described above were

presented in a quasi-random order, with the

constraint that neither could be presented
more than twice in a row. Token wells were
never baited for the probe trials, and six of
the baseline trials (one of each trial type)
were also unbaited in any given trial block.
These conditions were in effect until sta-

bility criteria were met in either of two ways:
when five successive trial blocks showed zero
variance, or when the difference between the
percentage of correct (or class-consistent) tri-
als for the most recent three trial blocks of a
particular type (i.e., symmetry or transitivity/
equivalence) and the immediately preceding
three trial blocks of that type was less than
10% of the grand mean for the six blocks.
Thus, subjects were required to show stable
performances on baseline, symmetry, and
transitivity/equivalence trials concurrently
for a minimum of 10 total trial blocks before
conditions were changed. Changes in exper-
imental conditions were not instructed or sig-
naled in any way.

Phase 2: AD reversal. During this condition,
contingencies for the AD conditional discrim-
ination were reversed on baited AD trials. In
the presence of Sample Al, selection of Stim-
ulus Dl revealed a black token, whereas se-
lection of Stimulus D2 revealed a white token.
In the presence of Sample A2, selection of Dl
was correct (white token) and D2 was incor-
rect (black token). Contingencies for the oth-
er baseline trial types (AC and BC) remained
unchanged from the original conditions, as
were all other dimensions of trial-block ar-
rangement and composition (e.g., probe tri-
als, baseline reinforcement density, etc.). Also
as in Phase 1, all performances (i.e., baseline,
symmetry, and transitivity/equivalence) had
to meet stability criteria before the next
phase was introduced, but as of this point,
any stable pattern was sufficient; there was no
requirement that responding be consistent
with any particular class composition.

Phase 3: CD/DC probes. In Phase 3, CD and
DC equivalence trials were introduced for the
first time. Transitivity/equivalence trial blocks
still included the eight probe-trial types de-
scribed above (see Phase 1 description), but
four new trial types were added: Cl:D1D2,
C2:D1D2, Dl:C1C2, D2:C1C2). In addition to
the 12 probe trials, each transitivity/equiva-
lence trial block continued to include six un-
baited and 12 baited baseline trials. The AD
reversal and all other experimental condi-
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tions remained as they had been in Phase 2.
Testing under these conditions continued un-
til stable performances were exhibited on CD
and DC probes as well as on the other probe
and baseline trials.

Phase 4: DE training. During this phase a
new conditional discrimination was explicitly
trained: DIEl, D2E2. This was accomplished
by adding six new baseline trials (three trials
each of D1:E1E2 and D2:E1E2) into each
symmetry and transitivity/equivalence probe
block. Trial blocks now included four each
(two baited and two unbaited) ofAC, BC, and
AD trials in addition to the six DE trials, in a
quasi-random order. Thus, all trial blocks
continued to include 12 baited and six un-
baited baseline trials, as in the preceding
phases. DE trials were first introduced in the
context of symmetry trial blocks. Symmetry
trial blocks now included eight probe trials
(two trials each of ED, CA, CB, and DA). Five
DE baseline trials were presented prior to the
first ED symmetry probe.

Transitivity/equivalence probes were sepa-
rated into two block types, as of this phase.
In addition to the transitivity/equivalence
blocks already described (including AB, BA,
BD, DB, CD, and DC trial types), a new type
of probe-trial block was added that included
all of the transitivity/ equivalence probe types
involving E stimuli: AE, EA, BE, EB, CE, and
EC. Twelve transitivity/equivalence probes,
including two of each trial type, were pro-
grammed during each of the new transitivity/
equivalence trial blocks. After responding on
DE baseline trials had become stable, old and
new transitivity/equivalence trial blocks alter-
nated with symmetry trial blocks in a quasi-
random fashion. For all trial blocks, the AD
reversal remained in effect, and other base-
line relations and experimental conditions
were as originally programmed.

Phase 5: BC reversal. Four subjects were ex-
posed next to a reversal of the BC baseline
conditional discrimination. (Tina was not
studied under these conditions.) On baseline
trials in which Bi was the sample and rein-
forcement could occur, choice of Stimulus Cl
revealed a black token, whereas selection of
Stimulus C2 revealed the white token. Simi-
larly, when B2 was the sample, choice of Stim-
ulus Cl was reinforced, and selection of C2
was punished. Otherwise, conditions re-
mained as in Phase 4.

Phase 6: Return to original baseline conditions.
Three subjects were tested in this phase. Re-
inforcement contingencies for all original
baseline conditional discriminations were re-
turned to those programmed in Phase 1. All
other experimental conditions continued un-
changed from previous phases.

RESULTS
Figure 1 shows performances on baseline

trials across all conditions of the experiment.
Each data point represents the percentage of
baseline trials per block on which responses
were consistent with the contingencies pro-
grammed in Phase 1 (original). The left pan-
els for each subject show performances under
the original conditional discrimination con-
ditions (AlCI, A2C2, BICI, B2C2, AlDI,
A2D2). Acquisition was rapid in most cases,
and performances were maintained at virtu-
ally 100% accuracy throughout the original
baseline conditions. (For clarity, when more
than one data point is at 100%, points are
offset.)

Figure 1 next shows performances during
the AD reversal phase. Performances are plot-
ted as a percentage of original baseline; thus,
the rapid change from 100% to zero shown
by all subjects on AD trials reflects a rapid
adjustment to, and stable continued control
by, the reversed contingency. Other baseline
performances were generally unaffected by
the AD reversal. The open squares, seen first
in the AD reversal panels, show performance
on the newly introduced DE conditional dis-
crimination (DIEl, D2E2), and also reflect
rapid acquisition with sustained accuracy for
all subjects.
The BC reversal condition was arranged for

4 subjects, and performances were similar to
those during AD reversal, with each subject
showing a rapid decline in "original" re-
sponding on BC trials and little or no disrup-
tion on other trial types. Finally, 3 subjects
again showed rapid adjustment when re-
turned to original baseline conditions. In
summary, baseline performances were highly
sensitive to the contingencies in effect during
each phase. Accurate performances on the
initial discriminations adjusted rapidly and
specifically in keeping with each contingency
reversal.

Figure 2 shows comparable performances
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Fig. 1. Performances on the AC (open triangles), BC (filled triangles), AD (filled squares), and DE (open squares)

baseline conditional discrimination trials of every trial block. Consecutive trial blocks are represented on the hori-
zontal axis. Prior to DE training, each data point represents a percentage of six trials; AC, BC, and AD data points
represent a percentage of four trials beginning with the DE training phase. The vertical axis represents the percentage

of trials of each type on which responses were consistent with the original training contingencies.

on symmetry probes across experimental con-

ditions. Plotted on the vertical axis is the per-

centage of probes within each symmetry trial
block on which responses were consistent
with the equivalence classes that would follow
from the original conditional discriminations
(i.e., AlBICIDi, A2B2C2D2). Each data
point represents a percentage of the two trials
on which each symmetry probe type was pre-

sented within each block. Class-appropriate
symmetry patterns were shown under original
baseline conditions for all symmetry trial
types by all subjects. When the AD reversal
conditions were introduced, pattern changes
occurred only on DA symmetry probes. The
performances of 4 subjects (Heather, Neal,
Sam, and Tina) stabilized with consistently re-

versed responding (i.e., they chose A2 given

Dl and Al given D2). Pat's original pattern
of DA symmetry responding was also signifi-
cantly altered by the AD reversal, although
complete reversal was less consistently shown
than for the other subjects.
The introduction of DE training permitted

a new symmetry trial type, ED, to be assessed.
Class-appropriate symmetry responding (i.e.,
Dl given El and D2 given E2) was immedi-
ately apparent for all subjects. Other symme-

try performances, including those on DA
probes, were unaffected by the introduction
of DE trials.
The BC reversal had an immediate impact

on CB symmetry performances for each of
the 4 subjects studied. All 4 subjects showed
completely reversed patterns on CB probes,
in keeping with the baseline change, al-
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symmetry probe trials. Consecutive symmetry trial blocks are represented on the horizontal axis. The vertical axis
represents the percentage of two CA, CB, DA, or ED symmetry trials on which responses were consistent with the
equivalence classes established by the original training contingencies.

though Pat left the experiment during this
phase before stability criteria were reached.
Finally, when the original baseline condition-
al discriminations were reinstated for the 3
remaining subjects, symmetry responding re-

turned immediately and completely to the
patterns seen in the initial phase of the study.
In summary, symmetry performances were

highly sensitive to manipulation of the base-
line conditional discriminations from which
they emerged.

Figures 3 and 4 show performances on

transitivity/ equivalence probe trials. Figure 3
shows AB and BA, BD and DB, and CD and
DC probe-trial responding. The percentage
of four trials on which responses were consis-
tent with the originally established equiva-
lence classes (i.e., AlBlCiDi, A2B2C2D2) is

plotted for each probe type in each trial
block. As Figure 3 shows, transitivity/equiva-
lence patterns emerged gradually for all 5
subjects during the original training condi-
tions. Near-perfect class-consistent perfor-
mances on AB/BA and BD/DB probe types
were demonstrated by the end of the condi-
tion for 3 of the 5 subjects (Heather, Sam,
and Pat), but Tina and Neal continued to
show occasional inconsistencies, despite the
restricted testing noted earlier in the Method
section (data from remedial trials are not
plotted in Figure 3).

In general, there was little disruption in
transitivity/equivalence patterns when the
AD reversal phase began. Heather and Pat
continued with the same patterns shown un-

der original baseline conditions. Interesting-
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Fig. 3. Performances on AB/BA (open triangles), BD/DB (closed triangles), and CD/DC (open squares) tran-
sitivity/equivalence probe trials. Consecutive transitivity trial blocks are represented on the horizontal axis. The ver-
tical axis represents the percentage of four AB/BA, BD/DB, and CD/DC transitivity/equivalence trials on which
responses were consistent with the equivalence classes established by the original training contingencies.

ly, the performances of Neal and Tina be-
came more consistent with the original
classes than in Phase 1. Sam showed some ini-
tial disruption on both BD/DB and AB/BA
trial types, but gradually returned to respond-
ing that was predominantly consistent with
original patterns. It may be noted that al-
though AB/BA and BD/DB patterns were

equally disrupted, only BD/DB patterns
would be expected to change if new equiva-
lence classes had emerged in keeping with
the baseline relations of the AD reversal con-

dition (i.e., A1B1C1D2 and A2B2C2D1).
Thus, the disruption that did occur was not
consistent with equivalence-class reorganiza-
tion.
Midway through the AD reversal, CD/DC

probes were introduced for the first time. For
Sam and Neal, responses on the CD/DC
probes were consistent with the original
equivalence patterns shown on the other
transitivity/equivalence probes (e.g., DI was

chosen given Cl, and D2 was chosen given
C2). For Heather and Pat, a majority of the
responses on CD/DC probes were consistent
with the original classes, but more variability
was exhibited. Tina, however, showed a very
different pattern; her responses on CD/DC
probes (i.e., D2 was chosen given Cl, and Dl
was chosen given C2) were consistent with
the equivalence-class composition that would
follow from the baseline relations of the AD
reversal condition (i.e., A1BlC1D2 and
A2B2C2D1). For all subjects, responding on
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Fig. 4. Performances on AE/EA (filled circles), BE/EB (open triangles), and CE/EC (filled triangles) transitivity/
equivalence probe trials. Consecutive transitivity trial blocks are represented on the horizontal axis. The vertical axis
represents the percentage of four AE/EA, BE/EB, or CE/EC transitivity/equivalence trials on which responses were

consistent with the addition of E stimuli to the original equivalence classes.

the other transitivity/equivalence probe types
(AB/BA and BD/DB) was unchanged. This
was particularly noteworthy in the case of
Tina, because it meant that probe patterns
shown within the same trial block were incon-
sistent with each other; responses on AB/BA
and BD/DB probes were consistent with the
original equivalence classes, whereas CD/DC
patterns were not. Another interesting fea-
ture of Tina's performance occurred when
DE training began. Surprisingly, after learn-
ing the new conditional discrimination, Ti-
na's responses on CD/DC probes became
completely consistent with both the original
classes and with her responses to the other
transitivity/equivalence probes. Interestingly,
the introduction of DE training also tended
to reduce the variability in CD/DC respond-

ing for Heather and Pat, whereas Sam and
Neal continued their "original" patterns.
The BC reversal phase had no systematic

effect on responding to AB/BA, BD/DB, or

CD/DC probes for any of the 4 subjects test-
ed. The performances of Heather, Neal, and
Pat were completely consistent with the orig-
inally established equivalence classes, even

with two baseline conditional discriminations
reversed simultaneously. Sam occasionally
made responses that were not "original," but
her CD/DC patterns, which would also be ex-

pected to change if new classes had emerged
(i.e., AlB2CID2 and A2BIC2DI), remained
completely consistent with the originally es-

tablished classes.
Finally, when the original baseline discrim-

inations were reinstated for Heather, Neal,
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and Tina, transitivity/equivalence perfor-
mances were not altered in any way. To sum-
marize Figure 3, original transitivity/equiva-
lence patterns were predominant even when
AD baseline performances were set in oppo-
sition, and even with the delayed introduc-
tion of CD/DC probes. Although 1 subject
initially showed a new CD/DC pattern, per-
formances became as in original baseline for
all 5 subjects when a new conditional discrim-
ination was trained, and they remained this
way (except on one probe type for 1 subject)
despite the reversal of a second baseline re-
lation. Because original patterns were still
predominant, a return to original conditions
had no discernible impact.

Figure 4 shows performances on AE/EA,
BE/EB, and CE/EC probes by trial block.
Each data point in Figure 4 represents the
percentage of four trials on which responses
were consistent with the addition of E stimuli
to the original equivalence classes
(AlBICIDlEl, A2B2C2D2E2). For Sam and
Pat, responses on E probes were predomi-
nantly consistent with the original classes dur-
ing both the AD and BC reversal phases.
Neal's results were similar, in that the major-
ity of his responses were original for all three
probe types, although his pattern was more
variable. It may be noted that when variability
was present for Neal and Sam, it was fre-
quently inconsistent with the composition of
equivalence classes that would be predicted
from the baseline (i.e., AlBICID2E2 and
A2B2C2DIE1 for AD reversal; AlB2ClD2E2
and A2B1C2D1E1 for AD plus BC reversal),
and Neal's performance had stabilized with
more than 90% of his responses consistent
with original classes by the end of the BC re-
versal phase.
The other 2 subjects, however, reacted

somewhat differently. During the reversal
phases, Heather consistently made original
responses on BE/EB and CE/EC probes but
not on AE/EA probes, and completely origi-
nal patterns were shown when those baseline
discriminations were reinstated. Tina consis-
tently responded on AE/EA probes with the
original pattern but not on BE/EB or CE/EC
probes, and this pattern was not affected by
the return to baseline conditions. It may be
interesting that Tina, who showed the most
"new" responding on E probes, had also
shown new patterns on CD/DC equivalence

probes when they were introduced, perhaps
indicating a greater impact of the AD reversal
manipulation. However, not all E relations
were new, which would have been expected
given reorganized classes. Although Tina's
performances on probes introduced postre-
versal seemed to be more sensitive to the
baseline contingencies in effect than those of
the other subjects, the lack of impact by the
return to original baseline conditions reflects
the same sort of dissociation between probe
and baseline relations shown by the other
subjects.

DISCUSSION
Following training with the original con-

ditional discriminations in the present study,
two four-member equivalence classes
emerged, as defined by performances on
symmetry and transitivity/equivalence
probes. The trained conditional discrimina-
tions were iminediately sensitive to changes
in reinforcement contingencies. Responding
on symmetry probe trials also appeared to be
sensitive to changes in prerequisite baseline
relations. In contrast, performances on the
probes for transitivity/equivalence relations
among original class members (i.e., AB/BA,
BD/DB, and CD/DC probes) were much less
sensitive to changes in the baseline condition-
al discriminations from which they had orig-
inally emerged, and provided little evidence
of new equivalence relations as a function of
new baseline conditional discriminations.

This set of findings closely parallels those
of our earlier study (Pilgrim & Galizio, 1990)
and permits several conclusions. First, it is
clear that the stability of transitivity patterns
reported previously was not due to exposure
to a random reinforcement condition, as sug-
gested by Spradlin et al. (1992). Subjects in
the present experiment showed the same sta-
bility when a contingency reversal immediate-
ly followed the original baseline condition.
Second, the stability of transitivity patterns
and the dissociation between symmetry and
transitivity were not a result of the particular
training arrangement used or the size of the
classes that were established. Where our 1990
study generated two three-member classes
with a single-sample multiple-comparison
training arrangement (i.e., AB and AC base-
line relations; Saunders, Wachter, & Spradlin,
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1988), the present study began with four-
member classes generated by a single-sample
multiple-comparison (i.e., AC and AD base-
line relations) and multiple-sample sin-
gle-comparison (i.e., AC and BC relations)
training combination. Third, the effects of
baseline contingency manipulations de-
scribed previously were not limited to one
baseline-relation reversal. Even with the ma-
jority of original baseline relations (i.e., four
of the six originally established) reversed si-
multaneously, transitivity patterns remained
generally unchanged, whereas symmetry pat-
terns mirrored baseline performances. Net-
work models of equivalence, such as that pro-
posed by Spradlin et al. (1992), predict an
increased probability of class reorganization
as the number of baseline reversals increase.
In the present case, however, if DE training
established new stimulus relations in keeping
with the original classes, the BC reversal
would have marked a change in 50% of the
class prerequisites, short of the majority that
may be necessary to result in class modifica-
tion according to Spradlin et al. (1992).
The present data also indicate that practice

on particular transitivity/equivalence probes
prior to reversal is not necessary in order to
obtain original class-consistent patterns on
those probes following reversal. In general,
delayed probe introduction resulted in per-
formances that were either completely con-
sistent with the well-practiced probe patterns
or became consistent with continued testing,
as had original transitivity/equivalence pat-
terns (see also Sidman, 1992). Although
short-lived, Tina's CD/DC exception may be
of some importance because this was the first
instance from our laboratory in which a tran-
sitive or equivalence relation was completely
in keeping with a modified baseline and the
first time that inconsistencies across different
transitivity/equivalence relations were ob-
tained. Further exploration of the relation
between probe practice and the timing of bas-
eline reversals would provide interesting fol-
low-up to the present study. CD/DC probes
were not presented prior to the reversal, but
other relations from the equivalence classes
had been tested, including the two-node BD/
DB tests that should theoretically require
CD/DC relations. Delayed introduction of
probes for relations unrelated to any that

must have emerged prior to reversal would
be an important comparison.

Certain features of the present data are
also relevant to the argument that the re-
ported symmetry-transitivity dissociation was
due to Type R stimulus-stimulus relations
(see Carrigan & Sidman, 1992). The Type R
analysis emphasizes that on a match-to-sam-
ple task, subjects may either select a particu-
lar comparison when presented with a sample
(a Type S or select relation) or they may learn
to reject a particular comparison stimulus (a
Type R or reject relation). The two types of
stimulus control would be indistinguishable
on symmetry and even-node transitivity or
equivalence probe trials, but they would yield
differing patterns on odd-node transitivity or
equivalence tests. If Type R relations had
been generated by the AD reversal of the
present study, for example, transitivity/equiv-
alence patterns would be expected to "tog-
gle" back and forth from original to "reor-
ganized" as a function of the number of
nodes, or training stages, necessary to pro-
duce the relation (Carrigan & Sidman, 1992;
Johnson & Sidman, 1993). However, the data
revealed no consistent differences in the pat-
terns on one-node (AB/BA) and two-node
(BD/DB) transitivity/equivalence trials, ei-
ther before or after reversals. Thus, it seems
unlikely that stimulus control shifted com-
pletely from Type S to Type R at any point in
the study. However, as Carrigan and Sidman
point out, reversal of baseline conditional dis-
criminations may result in a mixture of Type
S and Type R relations. By their reasoning,
tests across the two types of stimulus control
would be invalid indicators of transitivity/
equivalence, and resulting performances
would be either unstable or a simple contin-
uation of previously practiced patterns. Inter-
estingly, neither of these predictions hold for
the present data. Individual patterns were
generally quite stable, and as discussed earli-
er, previous practice was not necessary in or-
der for probe patterns to be consistent with
the original equivalence classes. The patterns
shown across subjects were also remarkably
consistent for performances that should the-
oretically be undetermined by factors rele-
vant to equivalence. Although the Type R
analysis does not seem to offer a straightfor-
ward a priori account, the present results can-
not rule out the possibility that a complex
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mixture of Type R and Type S relations was
learned by these subjects (cf. Carrigan & Sid-
man, 1992; McIlvane et al., 1987). Study of
this problem using more than two compari-
son stimuli would provide a further test of the
extent to which Type R relations may have
played a role. In contrast to the current strat-
egy of testing predictions of the Type R hy-
pothesis, employing three or more compari-
son stimuli should help to decrease the
probability of such relations by virtue of the
greater number of rejection, relative to selec-
tion, relations that would be required (see
Sidman, 1987).
The present replication of baseline and

symmetry pattern dissociation from transitiv-
ity/equivalence performances remains puz-
zling in light of current equivalence theory
(see Pilgrim & Galizio, 1990, for further dis-
cussion). Even given that the training histo-
ries of these subjects make both original and
reorganized equivalence classes possible, the
consistency of original transitivity relations
and new symmetry patterns across experi-
ments, across subjects, and across the various
probe types of each relation does not seem
to fit the "up-for-grabs" hypothesis suggested
by Spradlin et al. (1992) or the unpredictable
nature of invalid probe arrangements sug-
gested by Carrigan and Sidman (1992). And
although it may be conceptually possible for
contextual control over original versus reor-
ganized relations to emerge even in the ab-
sence of explicit training, such an "explana-
tion" seems a bit empty in the absence of
specifying what such contextual stimuli might
consist of, particularly given the level of com-
plexity that would be necessary to account for
the patterns of control shown here (see Pil-
grim & Galizio, 1990). Indeed, given the pres-
ent methods, the only combination of stim-
ulus elements that might account for original
versus reorganized patterns would necessarily
include and perhaps even be isomorphic with
probe-trial composition. In such a case,
speaking of contextual control seems to offer
very little beyond restatement of the fact that
transitivity/equivalence patterns remained in
their original state while symmetry perfor-
mances varied with the baseline discrimina-
tions. Similarly, a nodal-distance account of
these data, in which the relations most di-
rectly tied to reversed baselines are most
strongly affected, would have somewhat lim-

ited explanatory usefulness given that the ef-
fect of reversal is limited to symmetry rela-
tions. Why relations might emerge over the
same nodal distances but not be affected by
reversals also needs to be addressed.
The results of transitivity/equivalence

probes involving E stimuli represent perhaps
the newest findings from the present work.
One possibility suggested by the E probe data
is that stimulus relations that could only have
emerged after baseline-relation reversal may
have been somewhat more sensitive to on-
going baseline composition than relations
that could have emerged prior to baseline
manipulations. Of the 15 sets of emergent E
relations (AE/EA, BE/EB, and CE/EC rela-
tions for each of 5 subjects), performances
on three were consistent with the modified
baseline of the AD reversal condition (BE/
EB and CE/EC relations for the youngest
subject, Tina; AE/EA relations for Heather).
Although a second baseline reversal had no
further impact on E probe patterns, Heather
did show a switch to patterns consistent with
original classes when baseline relations were
returned to original.

Still, the predominant pattern shown on E
probes suggested that E stimuli had become
part of the original and unmodified equiva-
lence classes (i.e., AlBICIDlEl and
A2B2C2D2E2). Even the subjects described
above showed patterns consistent with origi-
nal classes on one (Tina; AE/EA relations) or
two (Heather; BE/EB and CE/EC relations)
sets of E transitivity/equivalence probes. For
the remaining 3 subjects, the occasional re-
sponses that were inconsistent with original
classes gave little evidence of class reorgani-
zation. Given present training and testing
procedures, distinguishing probe patterns
should follow from original versus reorgan-
ized classes and for Type R versus Type S stim-
ulus control in each of the reversal conditions
(AD only, and AD plus BC reversals). Never-
theless, with the single exception of Heath-
er's AE/EA responding, E transitivity/equiv-
alence patterns were stable across conditions,
and in all but the three exceptions described
earlier, patterns were predominantly in keep-
ing with original classes. These results seem
to be particularly notable, given that DE re-
lations were trained only after reversed AD
relations had stabilized and that E transitivi-
ty/equivalence relations emerged in the con-
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text of reversed baseline and symmetry re-
sponding. In effect, patterns on D tran-
sitivity/equivalence probes, which had re-
mained original, were more predictive of E
probe performances than were baseline or
symmetry patterns.
With respect to all transitivity/equivalence

performances, a seemingly powerful history
effect is evident, in which stimulus functions
appear to be particularly resistant to change
once they have been established. In contrast,
emergent symmetric relations were quite sen-
sitive to the same environmental manipula-
tions that failed to change transitivity or
equivalence responding. It may be possible to
argue, perhaps in keeping with some of Sid-
man's (1992) recent writings, that equiva-
lence was still the fundamental process here
and that reversals served to break down or
somehow alter the relations. How and why re-
versals should influence equivalence proper-
ties differentially, however, has yet to be ex-
plained satisfactorily. Thus, the present
findings raise questions about the nature of
equivalence as an underlying, fundamental,
and integrated process. A methodological im-
plication of the independence of symmetry
and transitivity patterns is that caution must
be exercised in interpreting any one probe
performance (i.e., the equivalence probe) as
simultaneously indicative of multiple proper-
ties, in lieu of independent tests. At a con-
ceptual level and in contrast with prevailing
analyses, this same independence signals cau-
tion in interpreting different probe perfor-
mances in terms of a single integrated unit
(i.e., equivalence).
The demonstrated stability of transitive

performances even in the presence of re-
versed baseline and symmetry responding
may also be interesting to consider with re-
spect to the flexibility of verbal relations. This
behavioral primacy effect may suggest that
first "impressions," particularly emergent
ones, do indeed "die hard," and unlearning
seems once again to be more involved than
initial acquisition. If equivalence perfor-
mances are related to language phenomena,
the present findings may represent a possible
correlate of instances in which behavior un-
der the discriminative control of verbal stim-
uli (e.g., rule-governed behavior) appears to
be insensitive to contingencies.
The discrepancy between baseline contin-

gencies and transitivity/equivalence perfor-
mances is interesting to consider in relation
to other analyses that have shown that equiv-
alence patterns can be notably lacking even
after explicit conditional discrimination train-
ing (e.g., D'Amato, Salmon, Loukas, & Tom-
ie, 1985; Devany, Hayes, & Nelson, 1986;
Hayes, 1991; Sidman et al., 1982), as well as
work that has shown strong evidence of equiv-
alence patterns in the absence of explicit con-
ditional discrimination training (e.g., Harri-
son & Green, 1990; Sigurdardottir, Green, &
Saunders, 1990). Collectively, these sorts of
findings suggest that equivalence is not a sim-
ple by-product of the four-term discriminated
operant. This seems to be clear with respect
to the maintenance of equivalence patterns
in the present study, and implications for ini-
tial emergence may also be considered. Irre-
versible behavioral phenomena certainly ex-
ist, but experimental reasoning often dictates
a continued search for sources of control
when the manipulation of an assumed con-
trolling variable has only limited effects on
the behavior in question.
As a final note, it is important to recognize

the possibility that the present results may be
limited to normal adult subjects, related per-
haps to the demand characteristics associated
with psychology experiments for this popu-
lation. Indeed, the baseline training se-
quence of this study was identical to that used
by Spradlin et al. (1973), who found that re-
versal of all prerequisite relations did alter
transitive patterns in retarded individuals.
Worth noting from the present study is that
the subject who showed the greatest changes
in transitivity patterns following baseline re-
versals was also the only non-college student
(14-year-old Tina). In a follow-up paper, we
present data on the effects of reversing base-
line relations with normal children.
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