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After training conditional discriminations among selected stimuli from two perceptual classes, the
emergence of novel relations involving other members of both classes was assessed using cross-class
probes. The cross-class probes were presented using one of four different testing schedules. In the 2/9
test, nine different probes were presented in each of two test blocks. In the 6/3 test, three different
probes were presented in each of six test blocks. In the 18/1-RND test, each of the 18 cross-class probes
was presented in separate test blocks. In the 2/9 and 6/3 tests, the cross-class probes were presented in
a randomized order within test block. In the 18/1-RND test, the cross-class probes were presented in
a randomized sequence. In the 18/1-PRGM test, however, the cross-class probes were presented in
a programmed order (i.e., the values of the stimuli in each cross-class probe were changed systematically
in the succession of probe presentations). About 55% of the linked perceptual classes emerged during
the 2/9, 6/3, and 18/1-RND tests. Thus the number of different probes in a test block did not influence
the emergence of classes as long as the probes were presented in a random order. Virtually all classes
emerged during the 18/1-PRGM test. Thus at least one ordered introduction of different cross probes
resulted in the reliable emergence of linked perceptual classes. Mechanisms responsible for linked
perceptual class formation are discussed along with the relation of these classes to other complex
categories.
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_______________________________________________________________________________

A perceptual class is defined in terms both
of structure and function. Structurally, a class
consists of the contiguous stimuli that can be
arrayed along a physically or psychometrically
defined dimension. Functionally, the stimuli
act as members of a class when they all
occasion either the same response or the
mutual selection of each other in the absence
of a direct history of reinforcement (Belanich
& Fields, 2003; Fields & Reeve, 2000; Fields,
Reeve, Adams, Brown, & Verhave, 1997; Keller
& Schoenfeld, 1950; Reeve & Fields, 2001;
Wright, Cook, Rivera, Sands, & Delius, 1988).
This must occur despite the fact that some of

the stimuli in the putative class are discrimi-
nable from each other in the same (Bhatt,
Wasserman, Reynolds, & Knauss, 1988; Fields,
Matneja, Varelas, et al., 2002; Fields, Reeve,
et al., 2002) or different circumstances
(Honig & Stewart, 1988; Lea, 1984;
Wasserman, Keidinger, & Bhatt, 1988).

In addition to being related to each other,
the stimuli in a perceptual class can be, and
typically are, related to stimuli in at least one
other distinct perceptual class. When that
occurs, the stimuli in the two distinct percep-
tual classes function as members of a single
linked perceptual class (Fields & Reeve, 2001).
One example of a linked perceptual class is
the range of pictures of monkeys (one
perceptual class) and the word monkey written
in many fonts, sizes, or degrees of distortion
(another perceptual class). Another example
would be the three-dimensional images of
leopards and the variety of sounds made by
leopards. A third example would be X-rays of
malignant breast tumors and a variety of
lumps in breast tissue sensed by palpation.
These examples suggest the ubiquity of linked
perceptual classes that can be found in natural
settings.
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To date, only one empirical study has
described the formation of linked perceptual
classes. These classes were formed from pairs
of distinct perceptual classes labeled A1`, A2`,
B1`, and B2`, as illustrated in Figure 1 (Fields,
Matneja, et al., 2002). Three key stimuli were
defined for each class. One endpoint of each
perceptual class was called the anchor (Xa).
The other endpoint of each class, that most
removed from the anchor yet still judged to be
related to the anchor, was called the boundary
(Xb) stimulus. The midpoints of each class
(Xm) were perceptually equidistant from the
anchor and the boundary stimuli in that class.
The A1` and B1` classes were linked by
establishing conditional discriminations be-
tween the anchors of the classes and the
boundaries of the classes with A1aRB1a

and A1bRB1b conditional discriminations.
Likewise, the A2` and B2` classes were linked
by establishing conditional discriminations
between the anchors of the classes and the
boundaries of the classes with A2aRB2a and
A2bRB2b conditional discriminations.

The emergence of a linked perceptual class
was assessed with the presentation of 18 cross-
class probes that consisted of all of the possible
combinations of the anchor, midpoint, and
boundary stimuli from the two potentially
related perceptual classes, all of which are
listed in the lower section of Figure 1. During
A` RB` probes, the anchor, midpoint, and
boundary stimuli from the A classes were
presented as samples in combination with
pairs of the anchor, midpoint, and boundary
stimuli from the B classes presented as com-
parisons. Likewise, during B` RA` probes, the
anchor, midpoint, and boundary stimuli from
the B classes were presented as samples in
combination with pairs of the anchor, mid-
point, and boundary stimuli from the A classes
as comparisons. A linked perceptual class was
said to have emerged when at least 17 of the 18
cross-class probes occasioned class-consistent
comparison selections. Thus the emergence of
a linked perceptual class was documented by
the mutual selection of the stimuli in the two
classes. Because two linked perceptual classes
could have been formed for each of the 5
subjects, a maximum of 10 linked perceptual
classes could have emerged in the experiment.
The initial presentation of the cross-class tests
evoked class-consistent comparison selections
for 7 of the possible 10 linked perceptual

classes. This study measured the formation of
linked perceptual classes with a single set of
training and testing procedures. It did not,
however, identify any variables that might
have influenced the formation of those classes.
The identification of those variables would
increase our understanding of the factors
responsible for the establishment of these
categories that appear to be ubiquitous in
natural settings,

Many studies have shown that parameters of
training and testing can influence the forma-
tion of a stimulus class. The present study
explored the effects of two testing variables on
the formation of linked perceptual classes:
probe types per test block, and programmed
introduction of probes of different types. Prior
research has shown that the likelihood of
equivalence class formation is an inverse
function of the number of different emergent
relations probes that are presented in a test
block (Adams, Fields, & Verhave, 1993a;
Buffington, Fields, & Adams, 1997; Fields,
Landon-Jimenez, Buffington, & Adams, 1995;
Fields, Reeve, Rosen, et al., 1997;). Similar
effects might be expected for linked percep-
tual class formation.

In the Fields, Matneja, et al. (2002) study,
testing involved the presentation of three
different types of cross-class probes in each of
six successive test blocks. The combination of
probe types per block and number of blocks,
however, could be manipulated systematically.
The present experiment required that 18
different types of cross-class probes be pre-
sented to document the formation of a linked
perceptual class. The formation of a linked
perceptual class could be evaluated with the
presentation of X probe types per block in X/
18 successive test blocks. The present experi-
ment studied the effects of test blocks that
contained one, three, and nine different
probe types per block.

In the Fields, Matneja, et al. (2002) study,
the different probe types used in a block were
presented in a randomized order. Prior re-
search has shown that the likelihood of
equivalence class formation is influenced by
the order of introducing the different emer-
gent relations probes (Adams et al., 1993a).
Thus ordering the presentation of the cross-
class probes might enhance the formation of
linked perceptual classes. The effect of the
ordered introduction of cross-class probes on

244 LANNY FIELDS et al.



Fig. 1. Schematic diagram of two linked perceptual classes constructed from classes consisting of stimuli at opposite
ends of two distinct stimulus domains. The relations shown at the bottom of the figure include the cross-class probes
needed to assess the emergence of conditional relations among key stimuli in each perceptual class.
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the formation of linked perceptual classes was
evaluated by a comparison of two testing
conditions. In each, one type of cross-class
probe was presented per test block in a se-
quence of 18 test blocks. In one condition, the
different probe types were presented in
a randomized sequence. In the other condi-
tion, the different probe types were presented
in an ordered and programmed sequence. If
ordering is a critical variable, then the
formation of linked perceptual classes should
be enhanced when testing is conducted in an
ordered sequence.

METHOD

Participants

Participants were 34 undergraduate students
enrolled in an advanced experimental psy-
chology course at Queens College/CUNY.
They reported no familiarity with the research
area and had not participated in prior experi-
ments in the laboratory. Upon completion of
the experiment, students received course
credit from their instructors. The experiment
lasted 3 to 4 hr per student depending on
performance, and was divided into two ses-
sions conducted on different days within a 1-
week period. Volunteers were randomly as-
signed to four groups of N 5 12, although
unequal groups resulted from some subjects
failing to return for the second laboratory visit.
It is important to note, however, that attrition
occurred prior to any experimental manipula-
tion. Thus subject mortality could not be
attributed to the experimental manipulations,
and it is unlikely that mortality was responsible
for differences in outcomes across groups.

Apparatus and Stimuli

The experiment was conducted on an IBMH-
compatible computer that displayed all stimuli
on a color monitor. Responses consisted of
touching specific keys on a standard keyboard.
The experiment was controlled by custom
software that programmed all stimulus presen-
tations and recorded all keyboard responses.

All stimuli were presented in colored
squares without a contrasting border (2.5 by
2.5 cm) on the computer monitor. Stimuli
from six domains were used in the experi-
ment. Preliminary training was conducted with
stimuli in four domains: female–male, abstract

pictures, truck–car, and banded-elevation sat-
ellite images of areas of North Korea and
Germany. These domains were referred to as
W, X, Y, and Z, respectively. The main part of
the experiment was conducted with stimuli
from two domains, Tree and Cat images in the
A domain and banded-elevation satellite
images of areas of Haiti and California in the
B domain. The endpoints of each domain were
the images illustrated in Figure 2. Although
presented as black and white images in
Figure 2, the stimuli in all domains were
presented as multicolored RGB 24-bit images.

Stimuli that varied systematically between
the endpoints of each domain were created
with a commercially available morphing
software program (Figuracion, 1998). The
intermediate stimuli, which were called var-
iants, were produced by superimposing the
endpoint stimuli of a domain and changing
the relative salience of each. Thus the variants
were arrayed along a dimension between the
endpoint stimuli of a domain. The software
assigned values 000 and 500 to the endpoint
stimuli on the satellite-based domain and
generated 498 variants between these end-
points. The unit values assigned to the variants
varied from 001 to 499 units and indicated
relative position along the morphed dimen-
sion generated by the software. The variants
used in various parts of the experiment were
the morphed images with unit values of 030,
070, 100, 130, 170, 210, 250, 280, 310, 340, 370,
390, 430, and 470.

The software assigned unit values 00 and
50 to the endpoint stimuli on the TreeCat
domain and generated 49 variants between
these endpoints. The numerical values as-
signed to the variants varied from 01 through
49 and indicated relative position along the
morphed dimension generated by the soft-
ware. The variants used in various parts of the
experiment were the morphed images with
unit values of 03, 06, 09, 12, 15, 18, 21, 25, 28,
31, 34, 37, 40, 43, and 47.

The stimuli at one end of a domain were
assigned lower unit values and will be referred
to collectively as Class 1 stimuli. The stimuli at
the other end of a domain were assigned
higher unit values and will be referred to
collectively as Class 2 stimuli. Classes 1 and 2
also will be referred to as the Low and High
classes respectively. Preliminary training in-
volved the use of stimuli in the W through Z
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Fig. 2. The stimuli that were the endpoints of all domains used in the experiment. Domains W, X, Y, and Z were used in
preliminary training. The endpoints of Domain W were clear images of a male and a female face. The endpoints of Domain X
were clear images of two abstract pictures. The endpoints of Domain Y were clear images of a truck and a car. The endpoints
of Domain Z were clear images of banded-elevation satellite images of areas of North Korea and Germany. The stimuli in
Domains A and B were used in the experiment proper. The endpoints of Domain A were clear images of a tree and a cat. The
endpoints of Domain B were clear images of banded-elevation satellite images of areas of Haiti and California.
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domains. The anchors, midpoints, and bound-
aries of two classes in each domain and the
‘‘neither’’ stimulus (see below) in each do-
main were those determined by Fields,
Matneja, et al. (2002). First, the endpoints
and 14 variants mentioned above were printed
on 2.5 by 2.5 cm pieces of paper. The end-
points of a domain were referred to as the
anchor stimuli (a) of Classes 1 and 2 and were
designated X1a and X2a, respectively. One
anchor stimulus was placed on a table, and
a laboratory assistant selected the variant most
distant from the anchor in the morphed
dimension that was viewed as being related to
that anchor stimulus. The same procedure was
repeated with the other anchor stimulus. The
variants that were selected were referred to as
the boundary (b) stimuli of each class and
were designated X1b and X2b for Classes 1 and
2, respectively. The anchor and boundary
stimuli from one class then were placed on
the table and the assistant selected the variant
that was perceptually equidistant from the
anchor and boundary for that class. The same
procedure was repeated with the other anchor
stimulus. The stimuli that were selected were
referred to as the midpoints (m) and were
designated as X1m and X2m for Classes 1 and
2, respectively. Finally, the boundary stimuli
for the two classes were placed on the table
and the laboratory assistant selected the
variant that was perceptually equidistant from
the boundaries of the respective classes. This
stimulus was referred to as the neither stimulus
(n) for the domain and was designated as Xn.
It was called the neither stimulus because it
was not a member of either Class 1 or Class 2.

The stimuli were sorted in this manner by
four laboratory assistants. There was little
variation in the values determined by each
laboratory assistant for each variant. The
specific variants designated as midpoint and
boundary stimuli for both classes in the W
through Z domains and the neither stimuli in
these domains were determined by averaging
the values obtained from the sorts conducted
by the laboratory assistants. Figure 3 shows the
anchor, midpoint, and boundary stimuli for
Classes 1 and 2 for Domains W through Z,
along with the neither stimulus in each of
those domains. Figure 3 also shows some
representative stimuli from domains A and B.
These stimuli, however, were not necessarily
the midpoints, boundaries, and neither stim-

uli. The stimulus values assigned as the mid-
point, boundary, and neither stimuli in these
domains were based on the performances of
individual subjects as described in Phase 3,
below. Note that the terms ‘‘midpoint’’ and
‘‘boundary’’ are used here in two different
ways. In the context of the W, X, Y, and Z
domains, the stimulus values denoted by the
terms were experimenter-defined, and were
the same for all subjects. In the context of the
A and B domains, the stimulus values denoted
by the terms were determined by the perfor-
mances of individual subjects.

Procedure

Trial format and responses within a trial. All
trials used a matching-to-sample format
(Cumming & Berryman, 1965). A trial began
when ‘‘Press ENTER’’ appeared on the screen.
Pressing the enter key cleared the screen and
displayed a sample stimulus at the top center
of the monitor. Pressing the space bar dis-
played two comparison stimuli at the bottom
left and right corners while the sample
remained on the screen. During trials in which
the third comparison was programmed, the
words ‘‘If NEITHER press 4’’ appeared be-
tween the two other comparisons.

During a trial, the left or right comparison
was selected by pressing the 1 or 2 key,
respectively. Pressing the 4 key was the re-
sponse that selected the neither comparison,
when available. A comparison selection
cleared the screen and immediately displayed
a feedback message centered on the screen.
When informative feedback was scheduled,
a ‘‘RIGHT’’ or ‘‘WRONG’’ message appeared,
depending on the accuracy of the comparison
selection. The message remained on the
screen until the R (for RIGHT) or W (for
WRONG) key, respectively, was pressed.
During some training and all testing trials,
uninformative feedback was scheduled follow-
ing a comparison selection. This consisted of
a dashed line surrounding the letter E
(- - E - -) that signaled the end of a trial. This
cue remained on the screen until the partic-
ipant pressed the E key, which was used as an
observing response for the uninformative
feedback. After an appropriate observing re-
sponse, the screen was cleared and the next
trial began (Fields et al., 1995).

Trial block structure and feedback contin-
gencies. Each phase of training and testing
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Fig. 3. Anchor, midpoint, and boundary stimuli for the classes at each end of the W through Z domains along with
the neither stimulus in the respective domains. The anchor, midpoint, and boundary stimuli in the low classes in the W
through Z domains are shown in rows 1 through 3, respectively. The variants assigned as the neither stimuli (Xn) in the
domains are shown in the fourth row for the W through Z domains, respectively. The boundary, midpoint, and anchor
stimuli in the high classes in domains W through Z are shown in rows 5 through 7, respectively. Variants in the A and B
domains are illustrated in the last two columns. The anchor stimuli for the low and high classes in these two domains are
illustrated in rows 1 and 7. The stimuli illustrated in rows 2 through 6 are variants that fall between the anchor stimuli but
are not necessarily the midpoints, boundaries, or neither stimuli for the A and B domains. The variants that served those
functions were determined by a participant’s performance in the three-choice generalization tests.
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was conducted with blocks of trials. In all
experimental phases, the trials in a block were
presented in a randomized order without
replacement. At the start of training, a block
was presented repeatedly with informative
feedback after each comparison selection until
all trials within the block occasioned 100%
correct responding. Thereafter, the percent-
age of trials that occasioned informative
feedback in a block was reduced to 75%,
25%, and finally to 0% as long as comparison
selections on all trials were accurate. During
feedback reduction, the trials that were fol-
lowed by informative feedback were randomly
determined. If 100% correct responding was
not achieved within three blocks at a given
feedback level during training, the participant
was returned to the previous feedback level for
that particular block. Each block ended with
the presentation of a message that said, ‘‘Press
enter to begin the next block.’’

Phase 1: Instructions and keyboard familiar-
ization. Prior to the experiment, subjects
were presented with the following instructions
on the screen:

Thank you for volunteering to participate in
this experiment. PLEASE DO NOT TOUCH
ANY OF THE KEYS ON THE KEYBOARD
YET! In this experiment you will be presented
with many trials. Each trial contains three or
four CUES. These will be familiar and un-
familiar picture images. YOUR TASK IS TO
D I S C O V E R H O W T O R E S P O N D
CORRECTLY TO THE CUES. Initially, there
will also be INSTRUCTIONS that tell you how
to respond to the cues, and LABELS that will
help you to identify the cues on the screen.
The labels and the instructions that tell you
which KEYS to press will slowly disappear. Your
task will be to RESPOND CORRECTLY to the
CUES and the INSTRUCTIONS by pressing
certain keys on the computer’s keyboard. The
experiment is conducted in phases. When
each phase ends, the screen will sometimes
tell you how you did. If you want to take a break
at any time, please call the experimenter.

After pressing the space bar, students were
trained to emit the appropriate keyboard
responses to complete a trial. Sixteen trials,
each containing three English words such as
KING, QUEEN, and CAMEL, were presented.
The semantic relatedness between the sample
word (e.g., KING) and one of the comparisons
(e.g., QUEEN) was used to prompt the
selection of the correct comparison. The

words RIGHT or WRONG followed each
comparison selection (see Fields, Reeve,
Adams, et al., 1997, for further details).

Correct responding to the stimuli in a trial
during Phase 1 also was facilitated by in-
structional prompts (e.g., ‘‘Make your choice
by pressing 1 or 2’’) that were deleted in
a serial manner across trials (see Fields, Reeve,
Rosen, et al.,1997, or Fields, Adams, Verhave,
& Newman, 1990, for further details). Phase 1
ended once the stimuli were presented with-
out prompts and performance exceeded
87.5% accuracy (14 of 16 correct trials) during
a single block. In the remaining phases,
whenever a participant pressed a nonexperi-
mentally defined key during a trial, the
instruction that prompted the appropriate
key press during keyboard familiarization
(Phase 1) reappeared on the screen for three
subsequent trials.

Phase 2: Generalized categorization repertoire:
WXYZ(amb-a) training. Fields, Reeve, et al.
(2002) found that multiple-exemplar training
with stimuli in a number of different domains
established a generalized categorization reper-
toire. Thereafter, stimuli in new domains were
spontaneously categorized into two perceptual
classes. In addition, subjects’ responses were
reinforced for the selection of a neither
option, also known as a ‘‘default option’’
(Innis, Lane, Miller, & Critchfield, 1998) in
the presence of stimuli that were between the
boundaries of the two putative classes on
a domain. Because the use of the neither
option ensured that stimuli in one class did
not occasion the selection of stimuli in the
other class, the two classes were functionally
separable and independent of each other
(Reeve & Fields, 2001).

In the present experiment, multiple-exem-
plar training was conducted with the stimuli in
the W through Z domains to induce a gener-
alized categorization repertoire. In each do-
main, the anchor, midpoint, and boundary
stimuli from the two experimenter-defined
classes were presented as samples. The com-
parisons consisted of the pair of anchor stimuli
from the same domain. Informative feedback
(RIGHT or WRONG) was presented for the
selection of the comparison from the same
class as the sample. All trials also contained
a neither option as a third comparison.
Informative textual feedback was presented
for the selection of the neither comparison
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when the neither stimulus was presented as the
sample. Training was conducted with the
stimuli in the W domain first, and then was
repeated with the stimuli from the X, Y, and Z
domains. This procedure made it likely that
the stimuli in the A and B domains would be
categorized without direct training.

Phase 3: Perceptual class-width identification.
Perceptual classes that emerged from domains
A and B were used in the present experiment.
Fields, Matneja, Varelas, and Belanich (2003)
showed that the width of the same nominal
perceptual class can vary depending on wheth-
er generalization tests are conducted in
variant-to-base or base-to-variant formats. In the
variant-to-base format, a subject is presented
with variants as samples and the endpoints of
a domain as comparisons. Under these condi-
tions, a subject selects an endpoint stimulus
that is from the same ‘‘class’’ as the variant. In
the base-to-variant format, a subject is pre-
sented with the endpoints of a domain as
samples with the variants in that domain as
comparisons. Under these conditions, a subject
selects the variants that are from the same class
as the sample stimulus.

Fields and Reeve (2001) showed that two
classes along a continuum could be function-
ally separated from each other if subjects had
access to, and used, a neither comparison
during generalization test trials. In the current
experiment, the widths of the classes at the
ends of the A and B domains, A19, A29, B19,
and B29, were determined with generalization
tests conducted in the variant-to-base (VB) and
base-to-variant (BV) formats. In addition,
a neither comparison was included in all
generalization tests conducted in both formats
to induce separable classes in each domain.

During the VB tests, each of the variants on
a domain (e.g., TreeCat-00 through TreeCat-
50) was presented as sample stimuli on
different trials. The endpoint stimuli from
that domain (e.g., TreeCat-00 and TreeCat-
50), and the neither option were presented as
comparisons on all trials. During the BV tests,
the endpoint stimuli (i.e., TreeCat-00 or
TreeCat-50) were presented as a sample on
different trials. For each endpoint sample, the
other endpoint stimulus and the neither
option were presented as two of the three
comparisons on all trials. Finally, different
variants were presented as the third compar-
ison across trials. Contiguous variants were

considered part of a putative class if each of
them occasioned the selection of a given
endpoint stimulus on at least 88% of the
generalization test trials. The boundary stimu-
lus for that class was the contiguous variant
most removed from the anchor that occa-
sioned the selection of the anchor on at least
88% of the trials. The midpoint stimulus for
a class was the variant that was equidistant
between the anchor and the boundary stimuli
for a class.

The variant-to-base and base-to-variant tests
were conducted in separate blocks of trials,
each of which included two presentations of all
variants. Each block was presented four times
in each test format for a total of eight
presentations of each variant in each test
format. Subjects were presented first with the
eight test blocks that contained stimuli in the
A domain, and then with eight blocks that
contained stimuli from the B domain. For
stimuli in a given domain, the variant-to-base
and base-to-variant test blocks were presented
in simple alternation.

Phase 4: Linkage of classes with cross-class
conditional discriminations. Cross-class condi-
tional discriminations were established be-
tween the anchor stimuli of A1` and B1`
classes and the boundary stimuli of the same
two classes. In addition, cross-class conditional
discriminations were established between the
anchor stimuli of the A2` and B2` classes and
the boundary stimuli of the same two classes.
On some trials, the anchor stimuli, A1a or A2a,
were presented as samples with the anchor
stimuli from the B` classes, B1a and B2a, as
comparisons. Informative feedback was pre-
sented for the selection of the comparison
with the same class number designation as the
sample. On the other trials, the boundary
stimuli, A1b or A2b, were presented as samples
with the boundary stimuli from the B` classes,
B1b and B2b, as comparisons. Informative
textual feedback was presented for the selec-
tion of the comparison with the same class
number designation as the sample. Training
was conducted in a block that contained 16
trials, and was completed once all of those
trials occasioned correct comparison selection
in a block that contained no informative
feedback.

At the completion of training, the symmet-
rical properties of the ARB conditional
discriminations were assessed with blocks that

TEST SCHEDULES AND LINKED PERCEPTUAL CLASSES 251



contained 12 baseline review trials (AaRBa

and AbRBb) and 12 symmetry probe trials for
each trained conditional discrimination
(BaRAa and BbRAb). The criterion for dem-
onstrating the emergence of symmetry in-
volved the selection of the set-consistent
comparisons on at least 94% of the trials in
a test block.

Phase 5: Test schedules to evaluate linked
perceptual class formation. The emergence of
relations between members of the A` and B`
classes was assessed with the performances
occasioned by nine cross-class probes con-
ducted in an A` -B` format and nine other
symmetrical cross-class probes conducted in
a B` -A` format. As seen in Table 1, all of the
A` -B` probes included samples that were the
anchor, midpoint, and boundary variants from
the Tree and Cat classes (the A classes) and
the comparisons that were pairs of the anchor,
midpoint, or boundary stimuli from the two
satellite-based classes (the B classes). All of the
B` -A` probes included samples that were the
anchor, midpoint, and boundary variants from
the two satellite-based classes and comparisons

that were pairs of the anchor, midpoint, or
boundary stimuli from the TreeCat classes. All
cross-class probe trials also included a neither
option as a third comparison, which enabled
a participant to indicate that the sample was
not related to the other two comparison
stimuli.

Although the values assigned to the anchor
stimuli were constant in all A` -B` and B` -A`
probes, this was not necessarily the case with
the midpoint and boundary stimuli. The
actual values of the midpoint and boundary
stimuli for the same class that were used in the
cross-class probes were those obtained from
individual subjects in the variant-to-base and
base-to-variant tests. When midpoint or bound-
ary stimuli were presented as samples, their
values were those obtained from the variant-to-
base tests. When midpoint or boundary stimuli
were presented as comparisons, their values
were those obtained from the base-to-variant
tests.

The 18 cross-class probes used to measure
the emergence of linked perceptual classes
were presented in one of four different test

Table 1

Symbolic representation of stimuli used in the cross-class probes. Each line indicates the stimuli
used in two cross-class probes. Both probes share the same set of comparison stimuli, but the
positive comparison is different for each class. Superscripts a, m, and b designate anchor,
midpoint, and boundary functions for each stimulus, respectively. Sa designates sample stimuli,
Co+ designates positive comparisons, Co2 designates negative comparisons, and NC designates
the neither comparison.

Test format

Class 1 probes Class 2 probes

Sa Co+ Co2 Co2 Sa Co+ Co2 Co2

AaRBa A1a B1a B2a NC A2a B2a B1a NC
AmRBa A1m B1a B2a NC A2m B2a B1a NC
AbRBa A1b B1a B2a NC A2b B2a B1a NC

AaRBm A1a B1m B2m NC A2a B2m B1m NC
AmRBm A1m B1m B2m NC A2m B2m B1m NC
AbRBm A1b B1m B2m NC A2b B2m B1m NC

AaRBb A1a B1b B2b NC A2a B2b B1b NC
AmRBb A1m B1b B2b NC A2m B2b B1b NC
AbRBb A1b B1b B2b NC A2b B2b B1b NC

BaRAa B1a A1a A2a NC B2a A2a A1a NC
BmRAa B1m A1a A2a NC B2m A2a A1a NC
BbRAa B1b A1a A2a NC B2b A2a A1a NC

BaRAm B1a A1m A2m NC B2a A2m A1m NC
BmRAm B1m A1m A2m NC B2m A2m A1m NC
BbRAm B1b A1m A2m NC B2b A2m A1m NC

BaRAb B1a A1b A2b NC B2a A2b A1b NC
BmRAb B1m A1b A2b NC B2m A2b A1b NC
BbRAb B1b A1b A2b NC B2b A2b A1b NC
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schedules. Each schedule is distinguished in
terms of the number of different probes that
were included in a block of test trials, and the
order in which the probes were introduced
across test blocks. Table 2 lists the number of
blocks presented in each testing schedule and
the particular cross-class probes included in
each test block. All of the trials in a block were
presented with no differential feedback and in
a randomized order without replacement.

Each cross-class probe for a given linked
perceptual class was presented eight times in
a test block. Each presentation of a probe is
called a trial. Each testing schedule involved
the presentation of a total of 144 trials. In the
2/9 test, each of the two blocks contained 72
trials for a total of 144 trials. In the 6/3 test,

each of the six blocks contained 24 trials for
a total of 144 trials. In both 18/1 tests, each of
the 18 blocks contained eight trials for a total
of 144 trials.

The 2/9 test involved the presentation of two
test blocks with nine different cross-class
probes in each block. The first test block
contained the nine probes in the A` -B`
format. This was followed by the second test
block that contained the nine probes pre-
sented in the B` -A` format. Each test block
involved the randomized presentation of trials
corresponding to nine different types of cross-
class probes.

The 6/3 test involved the presentation of six
test blocks, each of which contained three
different cross-class probes. The first three test

Table 2

Testing schedules. Each column designates a separate testing schedule. The column heading
indicates the number of blocks followed by the number of different probe types per block.
Dotted lines separate the blocks in the test. Blocks were presented in the order indicated in
a column. Trials within a block were presented in randomized order.

2/9 6/3 18/1-RND 18/1-PRGM

1 Aa–Ba 1 Aa–Ba Ba–Aa Aa–Ba
……… ………

Am–Ba Am–Ba Aa–Bm Am–Ba
……… ………

Ab–Ba Ab–Ba Bm–Ab Ab–Ba
…………… ……… ………

Aa–Bm 2 Aa–Bm Am–Ba Aa–Bm
……… ………

Am–Bm Am–Bm Bm–Am Am–Bm
……… ………

Ab–Bm Ab–Bm Am–Bb Ab–Bm
…………… ……… ………

Aa–Bb 3 Aa–Bb Bb–Ab Aa–Bb
……… ………

Am–Bb Am–Bb Ba–Ab Am–Bb
……… ………

Ab–Bb Ab–Bb Ab–Bb Ab–Bb
…………… …………… ……… ………
2 Ba–Aa 4 Ba–Aa Ba–Am Ba–Aa

……… ………
Bm–Aa Bm–Aa Ab–Bm Bm–Aa

……… ………
Bb–Aa Bb–Aa Aa–Ba Bb–Aa

…………… ……… ………
Ba–Am 5 Ba–Am Bm–Aa Ba–Am

……… ………
Bm–Am Bm–Am Ab–Ba Bm–Am

……… ………
Bb–Am Bb–Am Am–Bm Bb–Am

…………… ……… ………
Ba–Ab 6 Ba–Ab Bb–Am Ba–Ab

……… ………
Bm–Ab Bm–Ab Bb–Aa Bm–Ab

……… ………
Bb–Ab Bb–Ab Aa–Bb Bb–Ab

…………… …………… ……… ………
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blocks contained A` -B` probes, and the last
three contained B` -A` probes. All three of the
A` -B` test blocks included the presentation of
the anchor, midpoint, and boundary stimuli
from the A domain as samples. In the first
block, the anchor stimuli from the B domain
were presented as comparisons. In the second
block, the midpoint stimuli from the B domain
were presented as comparisons. In the third
block, the boundary stimuli from the B
domain were presented as comparisons. The
subsequently presented three B` -A` blocks
had the same organization as the A` -B` block
with one exception; the B` stimuli served as
samples and the A` stimuli served as compar-
isons. Trials corresponding to the three
different types of cross-class probes in each
test block were presented in a randomized
order.

The 18/1-RND test involved the presentation
of each of the 18 cross-class probes in separate
sequentially presented blocks. The order of
presenting the probe types was randomized
across test blocks in terms of (a) the A` or B`
class from which the samples were drawn, (b)
the value of the sample stimuli, (c) the A` or
B` class from which the comparisons were
drawn, and (d) the value of the comparison
stimuli.

The 18/1-PRGM test involved the presenta-
tion of one probe type per test block where the
probes were introduced in a highly pro-
grammed and systematic order. Specifically,
the first nine test blocks were in A9-B9 format.
The anchors, midpoints, and boundaries of
the A1` and A2` classes were the sample
stimuli in the first, second, and third test
blocks, respectively. All three of these blocks
contained the anchor stimuli from the B1`
and B2` classes as the comparisons. Then the
anchors, midpoints, and boundaries of the
A1` and A2` classes were the sample stimuli in
the fourth, fifth, and sixth test blocks, re-
spectively. All three of these blocks contained
the midpoint stimuli from the B1` and B2`
classes as comparisons. Finally, the anchors,
midpoints, and boundaries of the A1` and A2`
classes were the sample stimuli in the seventh,
eighth, and ninth test blocks, respectively. All
three of these blocks contained the boundary
stimuli from the B1` and B2` classes as
comparisons. This entire sequence was re-
peated in test blocks 10 to 18 with the A`
and B` stimuli reversed as samples and

comparisons. Although the order of introduc-
ing the probes across blocks was highly
systematized, trials were randomized within
a block.

RESULTS

Generalization and perceptual class emer-
gence. To illustrate the structure of the data
set, Figure 4 (left column) shows the results of
the variant-to-base tests conducted with the
Tree–Cat-based variants for a representative
participant, Subject 2371. The variants that
ranged in value from TreeCat-50 to TreeCat-37
occasioned the selection of TreeCat-50 on at
least 88% of trials. Therefore, they functioned as
members of the B2` class with TreeCat-37 as the
boundary stimulus for that class. In like manner,
the variants that ranged in value from TreeCat-
00 to TreeCat-18 occasioned the selection of
TreeCat-00 on at least 88% of trials. Therefore,
they functioned as members of the B1` class with
TreeCat-18 as the boundary stimulus for that
class.

The selection of TreeCat-50 declined sys-
tematically as the variants moved increasingly
beyond the boundary stimuli of the B1` class.
This decrement was accompanied by a comple-
mentary increase in the selection of the
neither comparison. It was not accompanied,
however, by the selection of TreeCat-00, the
other TreeCat comparison. Likewise, the
selection of TreeCat-00 declined systematically
as the variants moved increasingly beyond
the boundary stimuli in the B2` class. This
decrement in responding was accompanied by
a complementary increase in the selection of
the neither comparison, but not by the
selection of TreeCat-50, the other TreeCat
comparison. Thus the widths of the B1` and
B2` classes were functionally separate and
independent of each other. As such, one class
was not defined as the complement of the
other.

When the base-to-variant test involved the
presentation of the TreeCat-00 stimulus as the
sample (panels in the middle column), the
variants that ranged from TreeCat-00 to
TreeCat-25 were selected on at least 88% of
trials in the presence of TreeCat-00 and,
therefore, were functioning as members of
the B19 class with TreeCat-25 as the boundary
value for the low-TreeCat class. The likelihood
of selecting the neither comparison increased

254 LANNY FIELDS et al.



in a complementary manner as the value of the
variant moved increasingly beyond the value of
the boundary stimulus and reached asymptote
at TreeCat-28. In addition, the negative com-
parison (Co2) was rarely selected, regardless
of the comparison variant.

When the base-to-variant test involved the
presentation of the TreeCat-50 stimulus as
the sample (panels in the right column),
the variants that ranged from TreeCat-50
to TreeCat-34 were selected on at least 88%
of trials in the presence of TreeCat-50.
Therefore, they were functioning as members

of the B29 class with TreeCat-34 as the B2b, the
boundary value for the high-TreeCat class. The
likelihood of selecting the neither comparison
increased in a complementary manner with
declines in the selection of the other two
comparisons, and reached asymptote at Tree-
Cat-31. Finally, the Co2 was never selected on
any trial regardless of the comparison stimulus
value. Thus the variants that were in each class
in the same domain did not overlap, were not
complements of each other, and were func-
tionally independent and separable from each
other.

Fig. 4. The results of the variant-to-base and base-to-variant tests during Phase 3 for Participant 2371. Left column:
Results of the variant-to-base tests, expressed as the likelihood of selecting TreeCat-00, the neither comparison, and
TreeCat-50 as functions of the value of the TreeCat variants presented as samples. The results of the base-to-variant tests
are presented in the two remaining columns. Middle column: Likelihoods of selecting the TreeCat variants, the neither
comparison, and negative comparison in the presence of TreeCat-00 as functions of the values of the TreeCat variants
presented as comparisons. Right column: Likelihoods of selecting the TreeCat variants, the neither comparison, and the
negative comparison in the presence of TreeCat-50 as functions of the values of the TreeCat variants presented as
comparisons.
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Boundary stimuli of perceptual classes. Table 3
shows the boundary stimuli for each class for
each subject obtained using the VB and BV
tests. For the A domain, which had endpoint
values of 0 and 50, the boundary stimuli of the
A1` and A2` classes averaged 16 and 39 units
respectively, and were separated by an average
of 23 units. For the B domain, which had
endpoint values of 0 and 500, the boundary
stimuli of the B1` and B2` classes averaged
147 and 327 units respectively, and were
separated by an average of 180 units. Because

the boundaries of the two classes are separated
by variants that are not members of either
class, the classes on each domain are function-
ally independent of each other.

Response speed in perceptual classes. One de-
fining characteristic of a perceptual class is
that some of the class members must be
discriminable from each other. That defining
property of the perceptual classes studied in
the present experiment was evaluated by
measuring the response speeds occasioned by
the anchor, midpoint, and boundary stimuli

Table 3

Boundaries of perceptual classes A1`, A2`, B1`, and B2`, measured with variant-to-base (VB) and
base-to-variant (BV) tests for subjects receiving different cross-class test schedules. See text for
explanation of testing-schedule labels.

Schedule Subject

VB BV VB BV

A1` A2` A1` A2` B1` B2` B1` B2`

18/1-PRGM 2435 12 43 09 43 070 340 070 430
2436 12 40 15 40 170 340 170 340
2398 21 34 21 34 210 280 130 280
2414 09 43 09 43 070 430 100 430
2400 18 37 15 40 210 340 130 340
2432 09 43 09 43 130 250 170 250
2409 18 34 18 34 170 280 170 280
2418 15 43 18 43 130 310 130 340

18/1-RND 2471 21 34 18 34 170 340 170 340
2472 15 43 15 43 170 340 170 340
2475 12 43 15 43 170 250 100 250
2544 18 43 15 43 130 340 170 340
2545 21 40 25 37 130 340 130 370
2554 18 37 18 37 170 340 170 340
2548 15 37 15 34 170 280 210 250
2477 09 43 12 43 070 430 070 390
2486 21 34 28 31 170 340 210 340
2547 18 40 15 40 130 340 130 340
2549 18 34 15 37 130 250 130 340
2481 18 34 21 34 100 280 130 280

6/3 2366 18 40 18 37 210 340 210 340
2364 18 34 18 34 170 310 170 340
2371 18 37 25 34 170 280 100 210
2369 12 40 18 37 130 280 210 280
2362 21 37 18 37 170 280 170 310
2411 15 40 12 37 170 340 070 390
2425 21 40 18 43 130 430 100 310

2/9 2431 18 34 18 37 130 310 170 310
2399 06 43 12 43 170 310 170 340
2410 18 34 18 34 170 340 130 340
2428 12 43 12 43 130 340 100 390
2413 18 40 21 40 170 340 170 340
2427 18 43 15 37 170 390 170 310
2444 15 43 09 43 100 340 130 310

MEAN 16 39 16 39 149 326 145 327
min-maxa 00 50 00 50 000 500 000 500

Mean Widthb 16 11 16 11 149 174 145 173

a Minimum and maximum values assigned to the respective endpoint stimuli on each domain.
b Average width of stimulus classes at each end of a domain.

256 LANNY FIELDS et al.



in the putative A1`, A2`, B1`, and B2` classes
(for justification, see Fields, Reeve, et al.,
2002). Response speed was measured as the
reciprocal of the time (in seconds) that
separated the sample-observing response from
the selection of a comparison. Averages were
computed across participants, domains, classes
in a domain, and type of generalization test
because systematic differences were not corre-
lated with any of these factors. Response
speeds were averaged separately for the an-
chor, midpoint, and boundary stimuli. An
analysis of variance showed significant differ-
ences in the response speeds occasioned by
the anchor, midpoint, and boundary stimuli in
the perceptual classes, F 5 (2, 213) 5 42.41, p
, .0001.

Figure 5 shows that the average response
speed was fastest for the anchor stimuli in the
emergent TreeCat- and satellite-based classes,
was slower for the midpoint stimuli, and was
slowest for the boundary stimuli. Newman-
Keuls post hoc tests of pair-wise comparisons
showed significant differences in the response
speeds occasioned by the anchor and mid-
point (q 5 4.39, p , .01), midpoint and
boundary (q 5 8.42, p , .001), and anchor and
boundary stimuli (q 5 12.82, p , .001). Thus
the anchor, midpoint, and boundary stimuli in
a class were all discriminable from each other.
The response speed data, then, suggest that
the stimuli in the classes satisfied one of the
defining properties of stimuli in a perceptual
class, that of discriminability.

Acquisition of cross-class conditional relations.
Table 4 shows that most participants learned

the AaRBa and AbRBb conditional discrimina-
tions in a few trial blocks and maintained
mastery level performances during the re-
duction of feedback. In addition, very few test
blocks were needed to pass the tests that
evaluated the symmetrical properties of the
stimuli in the conditional discriminations.
Thus conditional relations had been estab-
lished between the anchor stimuli in each pair
of A` and B` perceptual classes and between
the boundary stimuli in the same pairs of
classes. Because there were no systematic
differences in these data, any differential
effects of test schedules on linked perceptual
class formation could not be attributed to the
establishment of the cross-class conditional
relations.

Cross-class test performances. The formation
of a linked perceptual class was assessed by the
performance occasioned by the eighteen cross-
class probes. The performance occasioned by
these probes is presented in the vertical pairs
of ‘‘dot plots’’ in Figures 6 through 9. In each
pair, the upper- and lower-dot plots depict
the data obtained in A` -B` and B` -A` tests,
respectively. The x axis of each dot plot depicts
the anchor, midpoint, and boundary stimuli
used as comparisons. The y axis of each dot
plot depicts anchor, midpoint, and boundary
stimuli used as samples. The positions of the
stimuli on each axis are scaled in an ordinal
manner, with the anchors at the origins of
each axis. The actual values of each stimulus
are listed at the positions represented by the
anchor, midpoint, and boundary for each class
on each axis. The stimulus domain indicated
on each axis differs with testing format. In the
A` -B` tests, the TreeCat and Satellite stimuli
were displayed on the ordinate and abscissa,
respectively. In the B` -A` tests, the Satellite
and TreeCat stimuli were displayed on the
ordinate and abscissa, respectively.

Each data point in a dot plot represents the
performance of a given cross-class probe. For
example, the middle dot on the uppermost
row of the dot plot represents the perfor-
mance occasioned by the Ab-Bm probe. The
actual performance occasioned by each probe
is indicated by the darkness of the dot at each
data point. A black dot represents 88% to
100% class-consistent responding, a white dot
represents 0% to 12% class-consistent respond-
ing, and dots in one of the three variations of
gray represent other ranges of responding that

Fig. 5. Mean response speeds occasioned by the
anchor (a), midpoint (m), and boundary (b) stimuli in
the perceptual classes. See text for explanation of data
aggregation. Error bars show 6 1 SE.
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are greater than 12% and less than 88% class-
consistent comparison selection. The continu-
ous line that connects the data points demar-
cates all of the stimuli from one perceptual
class that theoretically occasion the selection
of all of the stimuli from the other perceptual
class on at least 88% of the cross-class test
trials. A linked perceptual class was deemed to
have been formed when a subject responded
with at least 88% accuracy on at least 17 of the
18 cross-class probes presented in the pair of
A` -B` and B` -A` dot plots.

Figures 6 through 9 show the outcomes of
the tests presented to each subject exposed to
the 2/9, 6/3, 18/1-RND, and 18/1-PRGM test
schedules, respectively. To illustrate, in the 2/
9 condition (Figure 6), Subject 2410 demon-
strated class-consistent performance on all 18
cross-class probes for both Class 1 and Class 2.
Therefore, this subject formed two linked
perceptual classes. In the 6/3 condition
(Figure 7), Subject 2371 demonstrated class-
consistent performance on 17 out of the 18
cross-class probes for both Class 1 and Class 2.

Table 4

Acquisition: Number of trial blocks needed to acquire the AaRBa and AbRBb conditional
discriminations and pass the BaRAa and BbRAb symmetry tests for each participant. The training
columns indicate the number of blocks needed to reach mastery under four levels of feedback
(%FB). The value in the column labeled #Blks indicates the number of blocks needed to pass
the symmetry test. The values in the columns labeled Blks 1 and 2 indicate the percentage of
trials that occasioned correct comparison selection in each symmetry test block.

Test schedule Subject

Number of training blocks Symmetry tests

100% 75% 25% 0% #Blks Blk1 Blk2

18/1-PRGM 2435 3 1 1 1 1 100
2436 32 1 1 1 1 100
2398 2 1 2 1 1 100
2414 3 1 1 2 1 97
2400 6 1 1 1 1 100
2432 7 1 1 1 2 92 94
2409 1 1 1 1 1 100
2418 2 1 1 1 1 100

18/1-RND 2471 1 1 2 1 1 100
2472 2 1 1 1 1 98
2475 10 2 1 1 1 100
2544 5 1 1 1 1 98
2545 2 2 1 1 1 100
2554 4 1 1 1 1 100
2548 3 1 1 1 1 100
2486 5 1 1 1 1 100
2547 4 1 1 1 1 100
2549 17 1 1 1 1 98
2481 9 1 1 1 1 98

6/3 2366 3 1 1 1 1 100
2364 13 1 1 1 2 92 94
2371 4 2 1 1 2 92 100
2369 5 1 2 2 1 100
2362 7 1 2 1 1 97
2411 5 1 1 1 1 95
2425 5 2 1 1 1 100

2/9 2431 5 1 1 1 1 95
2399 8 1 1 1 1 98
2410 4 1 1 1 1 100
2428 3 1 1 1 1 95
2413 6 1 1 1 1 100
2427 2 1 1 1 1 97
2444 3 1 1 1 1 98

ALL MEAN 5.8 1.1 1.1 1.1 1.1 98.2
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This subject’s performance also illustrated the
formation of two linked perceptual classes. In
the 18/1-RND condition (Figure 8), Subject
2549 responded in a class-consistent manner
to only 10 out of the 18 cross-class probes from
the putative Class 1, and 7 out of the 18 cross-
class probes from the putative Class 2.
Therefore, neither of the linked perceptual
classes emerged during the test. In the 18/1-
PRGM condition (Figure 9), the test perfor-
mance of Subject 2418 showed that all of the
A2`-B2` and B2`-A2` probes occasioned class-
consistent responding, whereas only 14 of the
18 A1`-B1` and B1`-A1` probes occasioned
class-consistent responding. These results in-
dicated the emergence of only one of two
linked perceptual classes.

In a number of tests, a particular cross-class
probe occasioned the selection of the class-

consistent comparison on no more than 12% of
the test trials. This could indicate a very high
likelihood of selecting the comparison from the
other potentially linked perceptual class or of
selecting the neither comparison. When the
class-consistent comparisons were selected on
no more than 12% of the test trials, the subjects
chose the neither comparison in 82%, 90%,
100%, and 100% of trials during the 2/9, 6/3,
18/1-RND, and 18/1-PRGM tests, respectively.
Therefore, comparison selections that were not
class-indicative involved the selection of the
neither option rather than a comparison from
the opposing class.

Effect of test schedule on the emergence of linked
perceptual classes. The two panels in Figure 10
summarize the effects of the four different test
schedules on the emergence of linked percep-
tual classes. Two possible linked perceptual

Fig. 6. Performance occasioned by all cross-class probes presented in the A` -B ` and B` -A` formats when using the 2/
9 test schedule. See text for explanation of graph format. Each column contains data for 1 subject. Top two rows:
Outcomes of the A` -B` and B` -A` tests for the low A/B classes. Bottom two rows: Outcomes of the A` -B` and B` -A`
tests for the high A/B classes. The vertical line separates subjects who formed two linked perceptual classes (to the left of
the line) from those who did not form any linked perceptual classes (to the right of the line).
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classes could emerge for each subject. Thus
a total of 16, 14, 16, and 24 linked perceptual
classes could emerge during the 2/9, 6/3, 18/
1-RND, and 18/1-PRGM tests, respectively.

The upper panel of Figure 10 presents the
percentage of possible linked perceptual
classes that emerged in each group. Approxi-
mately 55% to 65% of the linked perceptual
classes emerged when class formation was
assessed with the 2/9, 6/3, and 18/1-RND test
schedules. The small differences in yields
during 2/9, 6/3, and the 18/1-RND tests were
not significantly different according to chi-
square comparisons. In contrast, testing with
the 18/1-PRGM schedule resulted in the
emergence of 98% of linked perceptual
classes. The percentage of linked perceptual
classes that emerged during 18/1-PRGM dif-
fered significantly from that in the 2/9, 6/3,
and 18/1RND groups, X2 (1) 5 4.051, p , .01

in all cases. Therefore, the ordered introduc-
tion of different cross-class probes influenced
the emergence of linked perceptual classes.

The measure used in the upper panel was
a typical group-based measure of class forma-
tion. Those data, however, do not necessarily
show how the test schedules influence class
formation by individual subjects. The data in
the lower panel of Figure 10 show such an
effect by plotting the percentage of subjects in
each group who formed two linked perceptual
classes as a function of testing schedule. When
the different types of probes were presented in
a randomized order within a test block,
between 40% and 60% of the subjects formed
both linked perceptual classes. When only one
probe per test block was scheduled, a modest
percentage of subjects formed both classes
when the order of probe presentation was
unsystematic, whereas most subjects formed

Fig. 7. Performance occasioned by all cross-class probes presented in the A` -B ` and B` -A` formats when using the 6/
3 test schedule. See text for explanation of graph format. Each column contains data for 1 subject. Top two rows:
Outcomes of the A` -B` and B` -A` tests for the low A/B classes. Bottom two rows: Outcomes of the A` -B` and B` -A`
tests for the high A/B classes. The left vertical line separates subjects who formed two linked perceptual classes (to the left
of the line) from those who formed only one (to the right of the first line). The second vertical line separates subjects
who formed one linked perceptual class from the one who did not form either linked perceptual class (to the right of the
second line).
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both linked perceptual classes when the probes
were presented in the ordered sequence.

To summarize, two dependent measures
were used to evaluate the effects of testing
schedule on the formation of linked percep-
tual classes: (a) the percentage of linked
perceptual classes that emerged in a group of
subjects, and (b) the percentage of subjects in
a group who showed the emergence of both
linked perceptual classes. With both measures,
similar intermediate yields were obtained with
the 2/9, 6/3, and 18/1-RND testing schedules,
each of which involved the randomized pre-
sentation of different cross-class probes across
test blocks. In contrast, much higher yields
were obtained with the 18/1-PRGM testing
schedule where testing involved the pro-
grammed presentation of cross-class probes
across test blocks.

Failed emergence of linked perceptual classes.
Table 5 summarizes the loci of errors that
occurred when a linked perceptual class did

not emerge. The baseline review probes and
their symmetrical counterparts occasioned
57% of the errors that occurred in the 18/1-
PRGM group, but only 15%, 21%, and 9% of
the errors that occurred in the 2/9, 6/3, and
18/1-RND groups, respectively. When the
novel cross-class probes were considered, the
2/9, 6/3, and 18/1-RND tests occasioned twice
as many errors as did the 18/1-PRGM test.
When the baseline and symmetry trials were
compared across testing schedules, trials that
contained boundary stimuli as samples and
comparisons (bb) produced about 4 times
more errors than did the analogous trials that
contained anchor stimuli as samples and
comparisons (aa).

DISCUSSION

Perceptual classes. Three criteria must be
satisfied to conclude that stimuli are function-
ing as members of a class (Fields & Reeve,

Fig. 8. Performance occasioned by all cross-class probes presented in the A` -B` and B` -A` formats when using the
18/1-RND test schedule. See text for explanation of graph format. Each column contains data for 1 subject. Top two
rows: Outcomes of the A` -B` and B` -A` tests for the low A/B classes. Bottom two rows: Outcomes of the A` -B ` and B` -
A` tests for the high A/B classes. The left vertical line separates subjects who formed two linked perceptual classes (to the
left of the line) from those who formed only one (to the right of the first line). The second vertical line separates subjects
who formed one linked perceptual class from those who did not form either linked perceptual class (to the right of the
second line).
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2001; Lea, 1984; Reeve & Fields, 2001;
Wasserman et al., 1988): All of the stimuli in
a set must occasion the selection of the same
comparison with similar high probabilities, the
stimuli in different sets must occasion the
selection of different comparisons, and many
of the stimuli in a set must be discriminable
from each other.

The performance occasioned by the variants
in the primary generalization tests satisfied
these criteria, demonstrating the emergence
of two perceptual classes each in the A and B
domains. While class membership was deter-
mined from the conditional selections made
during the generalization tests, within-class
discriminability was determined at the same
time by the measurement of response
speeds occasioned by the conditional selec-

tions. Therefore, the membership of variants
in a perceptual class could not have been due
to a failure to discriminate among those
variants (Fields, Matneja, et al., 2002; Fields
& Reeve, 2001; Lashley & Wade, 1946).

Functional independence of linked perceptual
classes. The results of the primary generaliza-
tion tests demonstrated the functional inde-
pendence of the perceptual classes at each end
of the A domain and at each end of the B
domain (Fields et al., 2003; Reeve & Fields,
2001; Sidman, 1987; Wasserman et al., 1988).
Thus the linked perceptual classes, which were
constituted of the previously mentioned clas-
ses, also would have to be functionally in-
dependent of each other (Fields, Matneja,
et al., 2002; Fields & Reeve, 2001; Innis et al.,
1998; Wasserman et al., 1988). This inference

Fig. 9. Performance occasioned by all cross-class probes presented in the A` -B` and B` -A` formats when using 18/1-
PRGM test schedule. See text for explanation of graph format. Each column contains data for 1 subject. Top two rows:
Outcomes of the A` -B` and B` -A` tests for the low A/B classes. Bottom two rows: Outcomes of the A` -B` and B` -A`
tests for the high A/B classes. The vertical line separates subjects who formed two linked perceptual classes (to the left of
the line) from the one who did not form any linked perceptual classes (to the right of the line).
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was confirmed by the cross-class probe data
which showed that subjects typically selected
the neither comparisons when they did not
select comparisons that came from the same
set as a sample stimulus. Thus two lines of
evidence support the view that the linked
perceptual classes in the present experi-

ment were functionally independent of each
other.

Ordering of probes and linked perceptual class
formation. The effect of randomization was
revealed through a comparison of the effects
of the two 18/1 test schedules on the
emergence of linked perceptual classes. In
the 18/1-RND test, the values of the sample
and comparison stimuli did not vary systemat-
ically across the succession of test blocks. In
the 18/1-PRGM test, the values of the sample
and comparison stimuli were varied systemat-
ically across the succession of test blocks. The
randomly sequenced probe types resulted in
the emergence of about half of the linked
perceptual classes by some of the subjects. The
programmed sequence of probe types resulted
in the emergence of almost all possible linked
perceptual classes by most subjects. Thus
a programmed presentation of cross-class
probes played an important role in the
immediate emergence of linked perceptual
classes.

The results of the present experiment
showed that the programmed introduction of
the cross-class probes in a specific order
maximized the formation of linked perceptual
classes. The cross-class probes, however, could
have been presented in many other systematic
orders. Additional research will be needed to
determine whether all or some of them would
maximize the immediate emergence of linked
perceptual classes. If some testing orders
maximize yields and others do not, the
differences in testing orders might well clarify
the behavioral processes responsible for the
emergence of linked perceptual classes.

Generalization and the effects of test sched-
ules. Primary generalization probably played
a significant role in the differential effects of
the test schedules on the emergence of linked
perceptual classes. The 18/1PRGM schedule
could have maximized the emergence of
classes through generalization in the following
manner. In the first three test blocks (i.e., aa,
ma, and ba), the probes differed minimally
from the previous cross-class probe by the
value of an adjacent sample stimulus (e.g.,
anchor to midpoint to boundary). Small, albeit
discriminable, differences in stimulus value
maximize the likelihood of generalization
between stimuli. Thus, in the 18/1PRGM test,
the small changes in stimulus value across
successive test blocks were likely to maximize

Fig. 10. The effects of the 2/9, 6/3, 18/1-RND, and
18/1-PRGM test schedules in the emergence of linked
perceptual classes. Top: Effects of the test schedules on the
percentage of possible linked perceptual classes that
emerged for all of the subjects in a test condition.
Bottom: Percentage of subjects in a test condition who
showed the emergence of both potential linked perceptual
classes.
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the generalization of class-based performances
from test block to the next. In addition, the
comparisons used in the first three test blocks
were the most discriminable stimuli in their
classes (i.e., the anchor stimuli), thereby
maximizing the likelihood of emitting class-
based performances. Finally, the comparison
sets used in successive sets of three tests blocks
differed incrementally from one 3-block clus-
ter to the next. This, too, most likely maxi-
mized generalization of class-based perfor-

mances by the comparisons. The combined
effects of these schedule-determined opera-
tions on generalization maximized the emer-
gence of linked perceptual classes under the
18/1PRGM testing schedule.

When the three other testing schedules were
used, many different cross-class probes were
introduced in a randomized sequence in the
same block. This procedure increased the
disparity between stimuli that were presented
on adjacent trials, of necessity reduced the

Table 5

Error analysis: Number of cross-class probes that did not occasion mastery-level performances in
each test schedule. Data were summed across all classes and subjects in a test condition. The last
column lists the proportion of errors for a test of a given type relative to all errors in the group.
Tests are grouped in terms of the stimuli used as sample and comparison (a 5 anchor, b 5
boundary, m 5 midpoint). For example, ‘‘m-a’’ indicates all probes in which a midpoint stimulus
was the sample and an anchor stimulus was the comparison.

Test schedule Sa-Co

Test type

Sum Proportion of all errorsA1-B1 B1-A1 A2-B2 B2-A2

18/1-PRGM a-a 0 1 0 0 1 0.14
b-b 2 1 0 0 3 0.43
m-a 0 0 0 0 0 0.00
b-a 0 1 0 0 1 0.14
a-m 0 0 0 0 0 0.00
m-m 0 0 0 0 0 0.00
b-m 0 0 0 0 0 0.00
a-b 0 1 0 0 1 0.14
m-b 1 0 0 0 1 0.14

18/1-RND a-a 0 1 0 0 1 0.02
b-b 1 1 1 1 4 0.07
m-a 0 1 2 4 7 0.13
b-a 3 5 2 2 12 0.22
a-m 0 0 1 0 1 0.02
m-m 0 0 0 2 2 0.04
b-m 2 3 1 1 7 0.13
a-b 3 2 3 3 11 0.20
m-b 1 3 2 3 9 0.17

6/3 a-a 1 0 0 0 1 0.03
b-b 2 1 1 2 6 0.18
b-a 2 3 0 2 7 0.21
m-a 0 1 0 1 2 0.06
a-m 0 1 0 1 2 0.06
m-m 1 0 0 2 3 0.09
b-m 3 2 1 2 8 0.24
a-b 0 1 1 0 2 0.06
m-b 0 1 1 1 3 0.09

2/9 a-a 0 0 1 1 2 0.03
b-b 0 2 3 3 8 0.12
m-a 2 1 1 2 6 0.09
b-a 3 3 2 3 11 0.16
a-m 1 1 3 1 6 0.09
m-m 2 0 3 3 8 0.12
b-m 2 1 3 2 8 0.12
a-b 3 2 3 3 11 0.16
m-b 1 1 4 3 9 0.13
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effects of generalization of class-consistent
comparison selection across test trials, and
consequently reduced the likelihood of linked
perceptual class formation.

Probe types per block and linked perceptual class
formation. The results of prior research sug-
gested that the likelihood of linked perceptual
class formation should be an inverse function
of the number of different types of cross-class
probes included in a test block. In the current
experiment, however, the same modest yields
were obtained over a nine-fold variation in the
number of different probe types presented in
a test block (nine probes per block to one
probe per block). Clearly, then, the number of
different probe types in a test block was not
a variable that was a determinant of linked
perceptual class formation.

The same modest yields obtained when the
test blocks contained nine, three, or one probe
type per test block suggests that the yields were
determined by some factor that was constant
across these test conditions. One such factor
was the randomized presentation of trials of
different probe types. This occurred within
test blocks in the 2/9 and 6/3 tests, and across
test blocks in the 18/1-RND test. Therefore, it
is plausible to conclude that the randomized
presentation of trials for different probe types
was responsible for the constancy of the yields
across testing schedules.

Nonemergence of linked perceptual classes. In
each of the test schedules, some failures of
class formation occurred because of a break-
down of the previously established cross-class
conditional discriminations and their symmet-
rical counterparts. Furthermore, most of these
breakdowns occurred when the probes con-
sisted of boundary rather than anchor stimuli.
This suggests that all of the stimuli in
a perceptual class were not equally related to
each other. Perhaps, then, linked perceptual
class formation could be enhanced by more
training of the boundary-to-boundary than
anchor-to-anchor conditional discriminations
and the overtraining of both of these relations.

Other failures of linked perceptual class
formation were due to errors occasioned by
the 14 novel cross-class probes. These errors
could reflect the absence of an emergent
linkage among the stimuli in two intact
perceptual classes, and/or a breakdown of
the underlying perceptual classes. These two
sources of failure were not isolated in the

current experiment because the integrity of
the perceptual classes was not evaluated
during the cross-class tests.

Linked perceptual classes and generalized equiv-
alence classes. A fully elaborated generalized
equivalence class consists of at least three
perceptual classes, the members of which all
occasion the mutual selection of each other
(Fields & Reeve, 2001). For example, such
a class might consist of many pictures of
domestic cats (Perceptual Class A` ), the many
sounds made by domestic cats (Perceptual
Class B` ), and the word cat written in many
different fonts (Perceptual Class C` ).
Theoretically, such a class can be established
by the formation of an equivalence class
consisting of one member of each of the three
perceptual classes by training conditional
discriminations between the anchor stimuli
of Perceptual Classes A` , B` , and C` : that is,
Aa-Ba and Ba-Ca. Although fully elaborated
generalized equivalence classes provide a be-
havior analytic model of the complex cate-
gories that emerge in natural settings, to date,
experiments have not explored the formation
of such classes. Rather, they have explored the
formation of a minimally elaborated general-
ized equivalence class: an equivalence class
that is linked to at least one perceptual class
(Adams, Fields, & Verhave, 1993b; Barnes &
Keenan, 1993; Belanich & Fields, 2003;
Branch, 1994; Cowley, Green, & Braunling-
McMorrow, 1992; DeGrandpre, Bickel, &
Higgins, 1992; Fields, Adams, Brown, &
Verhave, 1993; Fields & Reeve, 2000; Fields,
Reeve, Adams, & Verhave, 1991; Fields, Reeve,
Adams, et al., 1997; Haring, Breen, & Laitinen,
1989; Lane, Clow, Innis, & Critchfield, 1998;
Mackay, Stromer, & Serna, 1997; Rehfeldt &
Hayes, 2000).

The linked perceptual classes described in
the current study share many of the functional
properties of fully elaborated generalized
equivalence classes in the sense that both
involve the emergence of relations between
the members of distinct perceptual classes.
Indeed, Fields and Reeve (2001) proposed
that a linked perceptual class is the minimal
form of a fully elaborated generalized equiva-
lence class. Cross-class probes like those de-
scribed in the current experiment could be
used to measure the emergence of fully
elaborated generalized equivalence classes,
and the testing schedules used to program
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the introduction of the cross-class probes also
might influence the formation of fully elabo-
rated generalized equivalence classes. Thus,
after training Aa-Ba and Ba-Ca, as described in
the preceding paragraph, the emergence of
a fully elaborated generalized equivalence
class could be documented by the presenta-
tion of the following set of cross-class probes:
A` -B` , B` -A` , B` -C` , C` -B` , A` -C` , and C` -A` .
In addition, the programmed introduction of
these probes might well enhance the forma-
tion of fully elaborated generalized equiva-
lence classes.

Complex categories and generalized equivalence
classes. Generalized equivalence classes are
defined in terms of their structure and
function. Structurally, such a class contains
some stimuli that bear a physical resemblance
to each other and others that are perceptually
disparate. Functionally, after the establishment
of a few relations among the stimuli in the set,
all of the remaining stimuli occasion the
mutual selection of each other without benefit
of direct training. In addition, a response
trained to one class member is evoked by the
remaining stimuli in such a class. These
structural and functional properties also char-
acterize the stimuli that constitute the com-
plex categories that are found in natural
setting (Lane, Clow, Innis, & Critchfield,
1998) and approximations to these classes
that have been called natural kinds (Gelman,
1988), fuzzy superordinate classes (Rosch &
Mervis, 1975), semantic memory networks
(Collins & Quillian, 1969), or amodal relations
(Bahrick & Pickens, 1994), and have been said
to reflect the process of intersensory percep-
tion (Lewkowicz, 1994). Given the structural
and functional similarities of generalized
equivalence classes and classes denoted by
the latter terms, the parameters identified in
the present experiment might also shed light
on the environmental variables that influence
the formation of complex categories, regard-
less of denotation.
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