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Three students with moderate mental retardation were taught a complex stimulus class with a two-
choice conditional discrimination procedure applied across eight 10-member stimulus sets. Each set
was composed of five age-appropriate and five age-inappropriate examples of clothing, accessories,
and leisure items (e.g., a Walkmang radio). Discrimination training was programmed serially across
each set, and generalization probes were conducted concurrently among all sets. Generalization probes
consisted of unreinforced conditional matching trials with comparison items being drawn from (a) the
set undergoing training (within-set probes), (b) sets not undergoing training (between-set probes),
and (c) both sample and comparison items from different sets (transitive stimulus control probes).
Results indicate that within-set generalization, between-set generalization, and transitive stimulus
relations controlled responding by all 3 students for items that had been contingently associated with
reinforcement. However, items that gained control of responding through within-set and between-set
generalization alone (i.e., not acquired through contingent reinforcement) remained at baseline levels
during transitive stimulus control probes. Results are discussed in terms of a taxonomy of multiple
sources of stimulus control that underlie socially defined and maintained stimulus classes.
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Demonstration of the formation of stimulus
classes is an increasingly important focus of
behavior-analytic research (e.g., Saunders,
Wachter, & Spradlin, 1988). A stimulus class
is defined as a generic class of interchangeable
events that is related to a common response
class (Skinner, 1935). The interchangeability
of stimuli can be achieved through several
known processes, such as the generalization of
stimulus control across common stimulus fea-
tures. The extent to which common stimulus
features control responding, either jointly or
in isolation, partially determines the bound-
aries of a generic stimulus class. For example,
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some stimuli are interchangeable only if they
share all the essential features of the class,
whereas others are interchangeable if they
share some, but not all, of these features (see
Wittgenstein, 1953). Stimuli can also become
interchangeable if they occasion an equivalent
functional effect or control a common response
topography (such as when a child brandishes
a stick, plastic baseball bat, or broom handle
as a mock sword). In addition, it has been
shown that physically dissimilar stimuli may
become interchangeable through the extension
of trained stimulus-stimulus relations (Sid-
man & Tailby, 1982). The purpose of the
present study is to demonstrate the formation
of a superordinate, socially determined stim-
ulus class following the establishment of mul-
tiple stimulus-stimulus relations based on (a)
the generalization of stimulus control across
stimuli with a high degree of physical simi-
larity (i.e., within-set generalization), (b) the
extension of stimulus control to untrained sets
of stimuli with a moderate degree of physical
similarity to the stimuli of the trained sets (i.e.,
between-set generalization), and (c) the estab-
lishment of derived stimulus relations between
stimuli from stimulus sets that share few or
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no physical features in common (i.e., transitive
stimulus control).
The present study investigated the forma-

tion and resultant structure of a superordinate
stimulus class of untrained stimulus relations
that resulted from conditional discrimination
training across multiple sets of age-appropri-
ate clothing, accessory, and leisure items. Un-
like stimulus classes in which one or more

stimulus features are shared in common across

all members of the class (i.e., basic level classes),
a superordinate stimulus class is often based
on established or derived equivalencies among
physically dissimilar stimuli, which may or

may not share common stimulus features (i.e.,
shared features are not necessary; Hoffman,
1981).
The stimulus class "trees," for example, is

composed of members that share a necessary
set of relevant stimulus features that determine
"treeness." In contrast, a superordinate class
is often based on socially established and main-
tained stimulus-stimulus relationships that
determine which stimuli are and which stimuli
are not members of the class. For example, the
class of stimuli comprising appropriate social
greetings can include such dissimilar events as

a wave of the hand, a nod of the head, or saying
"Hi." As individual members of a stimulus
class these events share very few physical fea-
tures in common, none of which is necessary,
and none of which are inherently tied to the
function of greeting someone.

In the present investigation we sought to
teach the superordinate stimulus class of age-
appropriateness to 3 adolescent girls with
moderate and severe disabilities. The goal of
training was to establish discriminative stim-
ulus control by pictured exemplars and sets of
pictured exemplars that defined a superordi-
nate class of age-appropriate items. Within a

two-choice conditional discrimination para-
digm, participants were taught to select an age-
appropriate exemplar in the presence of a star
(*) and to select an an age-inappropriate ex-

emplar in the presence of a square (O). While
training was being programmed across stim-
ulus sets in a sequential manner, the formation
of a broader stimulus class was assessed by
conducting generalization probes to monitor
the establishment of discriminative stimulus
control across untrained and unfamiliar age-
appropriate and age-inappropriate exemplars
(transitive stimulus control generalization),

untrained members within sets of trained ex-
emplars (within-set generalization), and ex-
emplars from untrained sets of stimuli (be-
tween-set generalization).

Within-set generalization is defined as the
extension of a response from a subset of trained
stimuli to other untrained stimuli from a set
whose members share all essential stimulus
features in common. Thus, for a set comprised
of examples *, A, B, and C (where the * des-
ignates the sample, and A, B, and C represent
three items from a set such as shirts), if the
relations *A and *B are taught, within-set gen-
eralization occurs if the subject responds cor-
rectly to *C in the absence of direct instruction
or reinforcement. Engelmann and Carnine
(1982) have developed an empirically vali-
dated model that explains within-set gener-
alization on the basis of shared essential and
nonessential stimulus features across the mem-
bers of the set. The promotion of within-set
generalization through multiple exemplar
training is a widely replicated effect (e.g., Bel-
lamy, Horner, & Inman, 1979; Gaylord-Ross,
Haring, Breen, & Pitts-Conway, 1984; Guess,
Sailor, Rutherford, & Baer, 1968).

Between-set generalization is defined as the
extension of responding from a stimulus set
established through direct training to a stim-
ulus set that has not been directly trained or
programmed. For example, if a student is
taught to select age-appropriate shirts, be-
tween-set generalization occurs if responding
is extended to age-appropriate shoes. Thus,
for the stimulus classes *, Al, B1, Cl and *,
A2, B2, and C2 (where the * designates a
common sample stimulus and the remaining
stimuli in the set consist of three positive com-
parison exemplars such as three shirts or three
shoes), between-set generalization is demon-
strated if, following conditional training on the
relations *A1, *BI, and *C1, the student is
able to respond appropriately to the relations
*A2, *B2, and *C2 in the absence of direct
instruction or reinforcement within that set.
Theoretically, correct responding to the un-
trained set could occur because of shared stim-
ulus features, shared functional effects, or
shared response topographies across the sets.
In the present research, between-set general-
ization could occur both because of stimulus
features that are shared across sets and through
the generalization of derived stimulus-stimu-
lus relations established within the trained sets
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(that is, the star signifies an age-appropriate
choice).

Between-set generalization has received
limited experimental evaluation. Garcia, Baer,
and Firestone (1971) demonstrated that little
between-class generalization occurred in the
learning of generalized imitation by 4 retarded
children. Parsonson and Baer (1978) assessed
the occurrence of between-class generalization
in the learning of generalized improvisation of
tool use by preschool children. Haring (1985)
provided a demonstration of between-class
generalization by training retarded students to
play with multiple sets of toys. After one ex-
ample was trained from each class (e.g., one
toy car, one toy airplane, etc.) generalization
training was begun on toys from half of the
sets. Concurrently, generalization probes were
conducted between sets to the other half of the
toy sets (to which only one example was
trained). After students began to generalize
within some sets as a result of being trained
to generalize, between-set generalization
emerged to sets where no generalization train-
ing was programmed.

Transitive stimulus generalization is de-
fined as the extension of responding from di-
rectly taught stimulus-stimulus relations to
stimulus-stimulus relations that are occa-
sioned by a common intermediary stimulus
(e.g., Sidman & Tailby, 1982). Thus, for the
set A, B, C, and D, if AB, BC, and CD are
taught, transitive generalization occurs if the
subject responds correctly to AC, AD, and BD.
Transitive stimulus generalization differs from
within-set generalization because correct re-
sponding is controlled by the intermediary
stimulus-stimulus relations established by
training, and not on the basis of shared stim-
ulus features across sets.

In the present study, transitive stimulus
generalization probes were conducted by as-
sessing derived stimulus-stimulus relations
across sets. For example, if a student met cri-
terion on shirts, pants, and hairstyles, a tran-
sitive generalization probe consisted of dis-
playing an age-appropriate item as a sample
(e.g., a shirt) along with one age-appropriate
and one age-inappropriate item (e.g., a pair
of pants and a hairstyle, respectively) as com-
parison stimuli. The student's task was to
match the age-appropriate sample to the age-
appropriate comparison. The relationship is
potentially a transitive relationship because of

the establishment of a common intermediary
relationship for each stimulus; that is, the sets
could become interrelated due to training with
the common conditional stimulus (*), which
may act as a node that links the previously
unpaired stimuli (see Fields, Verhave, & Fath,
1984).

Spontaneous extension of responding to un-
trained items (within-set generalization), un-
trained items from untrained sets (between-
set generalization), and untrained relations
between stimuli (transitive relation generali-
zation) indicates the formation of a conceptual
stimulus class from originally unrelated sets of
stimuli. The ability to form superordinate
stimulus classes is a characteristic of human
responding that may account for the compar-
atively rapid acquisition of complex reper-
toires with relatively little direct reinforce-
ment. The complex social class of age-
appropriateness is comprised of a system of
interrelated stimulus classes that must ulti-
mately come under the control of a generalized
discriminative ability to select stimuli appro-
priately from multiple sets of exemplars.
Studying the acquisition of this class provides
an accessible experimental system for the study
of between-set generalization, within-set gen-
eralization, and transitive stimulus control
generalization. The present research was de-
signed to (a) provide a preliminary attempt at
demonstrating the formation of a complex
stimulus class that comprises a social concept
and (b) compare the emergence of within-set
generalization to between-set generalization.

METHOD
Participants

Three female students in community-based
classrooms for learners with moderate to severe
handicaps participated in the study. Gina and
Cherie both attended a self-contained class on
a regular junior high school campus that em-
phasized instruction of functional daily living,
vocational, and social skills. Both participants
had numerous opportunities for interaction
with nonhandicapped peers during class, lunch,
and afternoon leisure periods, integrated phys-
ical education, cooking and sewing classes, and
off-campus jobs.

Gina was 14 years old, was classified as
moderately retarded with a Leiter IQ equiv-
alent of 50, and was diagnosed as having Down
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syndrome. She typically dressed in skirts or
dresses with age-inappropriate graphics and
wore black party shoes with bows. She often
wore hair clips or bows detailed with age-
inappropriate graphics (e.g., Cabbage Patch®
dolls).

Cherie was 11 years old and was diagnosed
as having moderate retardation with an IQ
estimate of 58. Her receptive language ability
was estimated to be an age-equivalent of 5
years, 9 months with the Peabody Picture Vo-
cabulary test (revised edition). Cherie typically
wore pants of polyester material that reached
mid-calf level, t-shirts or sweatshirts embla-
zoned with age-inappropriate graphics, and
thick-soled shoes that were highly atypical of
shoe styles worn by her nonhandicapped same-
age peers.

For 3 months prior to the introduction of
the current research, Gina and Cherie were
exposed to a daily program of appearance
training by their classroom teacher that in-
cluded whole group and individual discussions
of age-appropriate clothing, leisure items, ac-
tivities, and behavior. They also received daily
feedback from their teacher and peers regard-
ing their clothing selections. This combination
of interventions showed no effect on either par-
ticipant's selection of clothes or leisure objects
at the time of the current investigation. Con-
sequently, Gina and Cherie were identified by
their classroom teacher as in greatest need of
behavior change.
The third student, Vanessa, was 16 years

old and attended a public high school. She was
classified as moderately retarded with a Leiter
IQ equivalent of 45, and was receiving an
instructional program designed to teach com-
munity skills and domestic and self-care skills.
Vanessa was integrated with nonhandicapped
peers during breaks between classes, lunch pe-
riods, in her own class with peer tutors, and
in on-campus jobs. Vanessa typically wore
multiple t-shirts and sweatshirts (three or four)
and rotated the one worn against her body on
the previous day so that it became the current
outer layer. The shirts were generally deco-
rated with graphics that were either age-in-
appropriate or stigmatizing (e.g., with Special
Olympics logos and slogans). Vanessa typi-
cally wore undersized pants and brown or blue
thick-soled tennis shoes.

Vanessa had received appearance and age-
appropriate behavior training in her classroom

for 6 months prior to the beginning of the
study. Intervention consisted of self- and teacher
evaluations and feedback on a daily behavior
change chart that assessed the presence or ab-
sence of appropriate clothing items and ap-
propriate social behavior. Vanessa and her
teacher discussed what determined age-appro-
priateness following each evaluation. Vanessa
earned reinforcers contingent on age-appro-
priate clothing and behavior selection. During
6 months of intervention Vanessa showed no
change in either her clothing and leisure ac-
tivity selection or her age-appropriate social
behavior.

All 3 students could identify younger chil-
dren from students their own age. Pretests also
demonstrated that all 3 students were capable
of correctly labeling each item from the train-
ing sets. However, when asked to sort random
pairs of age-appropriate and age-inappro-
priate items into piles representing "clothes
that friends from other classes might wear to
school" or "leisure items that friends from other
classes might have," the students performed at
chance levels.

Training-Stimulus Selection Procedures
An initial pool of 300 stimuli consisting of

photographs of items taken from popular mag-
azines and catalogs was developed. Twenty
same-age nonhandicapped peers were then
asked to rate the age-appropriateness of each
item. Each peer was individually shown slides
of each item and asked to rate its age-appro-
priateness on a 5-point Likert scale, with 1
indicating most appropriate and 5 indicating
least appropriate items. All items that received
an approval rating of 1 or 2 by at least 80%
of the peers were included as positive training
stimuli. Items that received an approval rating
of 4 or 5 by at least 80% of the peers were
included as negative training stimuli.

Eight sets of training stimuli consisting of
pants, accessories, shoes, shirts, magazine cov-
ers, hairstyles, record covers, and sweaters were
identified. Each set consisted of five age-ap-
propriate and five age-inappropriate items. To
the maximum extent possible, the sets were
constructed of items that demonstrated the full
range of stimulus features that defined both
central and peripheral boundaries of the stim-
ulus class (see Engelmann & Carnine, 1982;
Horner, Sprague, & Wilcox, 1982). For ex-
ample, items within the class of age-appro-
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Table 1
Common characteristics for items in each set.

Sets Characteristics of age-appropriate items Characteristics of age-inappropriate items

Pants Cotton material Polyester material
Pegged leg openings Flared leg openings
Zipper Elastic waist

Shirts Age-appropriate graphics Bows
Cotton material Polyester material
Small collar Large collars

Sweaters Age-appropriate graphics Ruffles
(different graphics than shirts) Age-inappropriate graphics

Long sleeves
Shoes Tennis shoes Thick soles

Thin soles Brown or black
White or pastel

Magazines Teenagers on cover Children on cover
Records Age-appropriate graphics Age-inappropriate graphics

(different graphics than sweaters) (different graphics than sweaters)
Young adults on cover Older adults on cover

Accessories Things a junior high student would Things a child would take to school (e.g.,
take to school (e.g., radio, purse, toys, dolls, plastic preschool radio)
backpack)

Hair Hair worn loose Ponytails
Neatly combed Messy

priate pants shared such common features as
cotton material, straight or tapering legs, and
a zippered fly. Similarly, items within the class
of age-inappropriate pants shared such com-
mon features as polyester material, floral pat-
terns, and wide or bell-bottom legs. Sets were
also constructed so that irrelevant properties
and features (e.g., color) were randomly dis-
tributed across both positive and negative ex-
emplars. Table 1 lists common features for
items within each set.

Discrimination Training Procedures
Baseline. All training was conducted by the

second author. The student was seated across
from the instructor at a table (170 cm by 75
cm). A two-choice conditional match-to-sam-
ple format used. At the beginning of each trial
the teacher placed one sample and two com-
parison pictures in front of the student. The
comparison pictures were placed directly in
front of the student, and the sample picture
(either a star or square) was placed 10 cm
above and directly between the two comparison
pictures. The student responded by pointing
to one of the comparison pictures. During
baseline sessions, no feedback, rewards,
prompting, or explanations of the task were

given. Students were simply seated at the table
and told to look at the sample symbol and
choose a comparison picture. Two 40-trial ses-
sions, with a 10 min break between each ses-
sion, were conducted each day.

Conditional match-to-sample training. After
stable baseline data were obtained, training
was introduced for the first item of the first
set (e.g., age-appropriate Shirt 1). During each
training trial, the age-inappropriate compar-
ison picture was randomly selected from among
the five examples for that set (e.g., age-inap-
propriate shirts), and the age-appropriate ex-
ample stayed the same. Correct responding was
reinforced with praise on a variable-ratio (VR)
4 schedule; feedback ("yes" or "no") was given
on every training trial. The criterion for ac-
quisition of each positive exemplar was eight
correct responses in a row. Switching from one
training set to another occurred when respond-
ing to all age-appropriate items within the set
met criterion, either through direct training or
through generalization. A table of random
numbers was used to determine the sequential
order of the training sets for each participant.
Cherie was trained with sweaters, album cov-
ers, shoes, shirts, accessories, pants, hairstyles,
and magazines; Gina was trained with sweat-
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ers, accessories, pants, record covers, shirts,
shoes, magazines, and hairstyles; and Vanessa
was trained with pants, shirts, accessories,
hairstyles, shoes, magazines, record covers, and
sweaters.

Generalization Probes
Five types of generalization probes were

conducted throughout the study. These probes
were identical to baseline procedures, with one
to three probe trials interspersed every third
or fourth training trial.

Within-set generalization probes. While ex-
amples from a set were being trained, within-
set generalization to the remaining untrained
examples of the set were probed on a daily
basis. Untrained stimuli were presented with
a randomly selected negative-set comparison
stimulus.

Between-set generalization probes. Between-
set generalization was probed by checking re-
sponding to examples from sets that had not
yet received training. Again, a same-class, neg-
ative set comparison stimulus was contrasted
to each positive exemplar probe trial.

Catalog rating probes. Each student was given
a Sears catalog and told to select an outfit that
consisted of a pair of pants, a shirt, a sweater,
and a pair of shoes. These probes were con-
ducted once during baseline and four to six
times during intervention. Observers rated
items chosen for the outfit according to the 5-
point Likert scale used to select the training
stimuli.

Shopping trip probes. Following training on
each set of items, students were taken to a large
department store and given the instruction to
pick out an outfit (a pair of pants, a shirt, a
sweater, and a pair of shoes) from the junior
and shoe departments. The appropriateness of
each item in the outfit was determined by the
Likert scale procedure.

Transitive stimulus control probes. Two types
of probes for transitive stimulus control were
conducted during one baseline and over four
to eight intervention sessions. These consisted
of trained item and untrained item probes.
Probes were conducted by using either an age-
appropriate or age-inappropriate item in place
of the star or square that had served as the
sample stimulus during training. The two
comparison stimuli consisted of an age-appro-
priate and age-inappropriate item from dif-
ferent stimulus sets. Trained item probes in-

cluded items that had been directly associated
with reinforcement during training (although
their selection was never reinforced during
transitive probes). Untrained item probes were
conducted with items that met the criterion
through either within- or between-class gen-
eralization; thus, selection of these items had
never been reinforced.

Stimulus Control Validation Procedures
Validation of the basis of stimulus gener-

alization across stimulus sets was conducted
by having 10 adults, ages 19 to 43, identify
common stimulus features that were shared
among items from the pictured classes. Each
participant was shown the entire array of
training pictures and asked to identify common
visual features that are shared among items
from within and across the sets of pants, shirts,
magazines, and so on. This task was facilitated
by having the participant initially view two
classes, with subsequent classes layered in one
at a time until all of the training classes were
displayed on a table. Each participant was also
asked to state verbally the reason for their se-
lections (e.g., "these pictures show bare arms
and shoulders"). Data from this procedure were
analyzed in terms of the interrelation of stim-
ulus classes based on shared stimulus features
that could mediate stimulus generalization
across two or more stimulus classes. For ex-
ample, several of the respondents identified
"bare arms and shoulders" as a discriminable
feature shared in common among two album
cover and two magazine cover pictures.

Experimental Design, Measurement, and
Reliability
A multiple probe variation of the multiple

baseline across stimuli design was employed.
Training was begun with the first item of the
first set after stable baseline responding was
obtained for all items across all sets. When
responding to the first set of items met criterion
(either through training or generalization),
training within the second set was begun. Sub-
sequent sets were introduced serially for train-
ing after responding to each item in the current
training set met criterion. Concurrent gener-
alization probes were interspersed throughout
all training sessions.

Interobserver agreement checks were con-
ducted every fifth session. The percentage of
interobserver agreement was calculated ac-
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MAINTENANCE
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Fig. 1. The cumulative number of correct responses for Cherie's first set. All five examples required training. The
baseline phase change line indicates the point at which training began on each item.

cording to the point-by-point correspondence
method (Kazdin, 1982). Interobserver agree-
ment data were collected across each phase and
for each student. Interobserver agreement for
baseline and training sessions was 100% on

every session. Interobserver agreement for the
appropriateness of students' clothing selections
from catalog and store probes was assessed
across 75 item selections. Of these 75 selec-
tions, the two raters had exact agreement of
the 5-point scale on 32% of the items. The
correlation between the two observers was .71.

RESULTS
Discrimination Training

Because training data were collected and
analyzed for eight sets, with five items per set,

there are 40 graphs for the positive stimuli for
each participant. Due to the extensive nature
of these data, we have selected three represen-
tative sets for display. The graphs were se-
lected to show an initial set, a middle set, and
the last set from the eight sets used with Cherie.
Figure 1 shows the data for Cherie from the
first set trained (sweaters). The data show that
as training began with each item, the training
criterion (eight consecutive correct responses)
was rapidly met. For Items 1, 4, and 5, Cherie
made only one error on the first trial for each
item. For Item 2, she made three errors prior
to reaching criterion, and for Item 3 she made
five errors. In summary, Figure 1 shows that
as training was layered in across items, the
increase in correct responding was immediate
and stable over the duration of the study.

Figure 2 shows Cherie's data from Set 5
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Fig. 2. The cumulative number of correct responses for Cherie's fifth set. Items 1 and 3 required training to reach
the criterion, Items 2 and 4 reached the criterion while training was underway for the set (within-set generalization),
and Item 5 met criterion during training on a preceding set (between-set generalization). The baseline phase change
line indicates the point at which training began on Sets 1-4.

(pants). These data show that Item 1 and Item
3 required training. For Item 1, two errors
were made, and for Item 3, one error was made
prior to reaching criterion. Items 2, 4, and 5
reached criterion without receiving reinforce-
ment. Items 2 and 4 met criterion after training
was introduced for that set; therefore, these
two items were classified as meeting the cri-
terion for within-set generalization. Item 5 met
criterion prior to the introduction of training
for the set; therefore, this item was classified
as meeting the criterion for between-set gen-
eralization.

Figure 3 shows Cherie's performance on the
eighth set, magazines. The figure shows that
training was not necessary on the eighth set.
For four items (1, 2, 3, and 4) the criterion
for acquisition was met after training was con-
ducted across four prior sets (sweaters, record

covers, shoes, and pants). Item 5 met criterion
during the training of the fifth set (accessories).
Because these items met criterion prior to
training being conducted within this set, all
five items were classified as meeting the cri-
terion for between-set generalization

Within- and Between-Set Generalization
Figure 4 shows the cumulative number of

items per set that met criterion for either
within-set or between-set generalization for
the 3 participants. Cherie's data are shown in
the top panel of Figure 4, and indicate within-
set generalization for nine items across the eight
sets and between-set generalization for six
items. Thus, of the 40 positive examples Cherie
generalized (both within- and between-set) to
15 items (37.5%). Gina's data are represented
in the middle panel of Figure 4, and show that
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CHE R I E
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Fig. 3. The cumulative number of correct responses
for the eighth set. None of the items from the eighth set
required training, therefore all five items were classified
as having achieved between-set generalization.

Gina demonstrated within-set generalization
to nine items and between-set generalization
to nine items. Thus, Gina demonstrated gen-
eralization to 45% of the positive items. Va-
nessa's data are shown in the bottom panel of
Figure 4. These data show that she demon-
strated within-set generalization to nine items
and between-set generalization to six items
(37.5% of the items). In summary, all 3 sub-
jects demonstrated both within- and between-
set generalization. In addition, for all 3 sub-
jects the pattern of generalization was similar
in that within-set generalization occurred prior
to between-set generalization, with between-
set generalization requiring between three and
five training sets to appear. By the final set,
both Cherie and Gina demonstrated between-
set generalization to all items, and Vanessa
demonstrated between-set generalization to
three of five items.

Transitive Stimulus Generalization Probes and
Related Tasks
The data in the bottom panel of Table 2

represent the subjects' performance on tran-
sitive probes. All 3 subjects received 10 trials
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Fig. 4. The cumulative number of items that met the
criterion for acquisition without training. Items meeting
the criterion while other items in the set were being trained
are labeled WITHIN-SET and items that met the cri-
terion prior to other items in the set being trained are
labeled BETWEEN-SET. Once items had generalized
they were no longer included in subsequent probe trials.

during baseline sessions. When probes were
conducted with items that met the criterion for
acquisition through training, the performance
was significantly above baseline levels, t(4) =
4.90, p < .01. However, when items met the
criterion for acquisition through generaliza-
tion (rather than through reinforced trials) the
performance was not significantly above base-
line levels. The data from the catalog probes
and the shopping probes are given in the upper
panel in Table 2. These data show that con-
ditional discrimination training across multi-
ple sets of items was associated with more ap-
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Table 2
Mean performance on related tasks to that used in training and on transitive-equivalence probes.

Related tasksa Transitive-equivalence probesb
Trained Untrained

Catalog probes Shopping probes (meeting (meeting

Subject Baseline Training Baseline Training Baseline criterion) criterion)

1 3.8 2.7 3.8 2.2 40% 68% 39%
2 4.8 3.4 5 2.6 50% 83% 54%
3 3.4 2.8 3.2 2.1 30% 75% 56%

a Mean clothing rating for phases from Likert scale data: 5 = highly age inappropriate, 1 = highly age appropriate.
b Mean percentage of correct performance for each condition.

propriate clothing selections across both related
tasks.

Results of the feature analysis by adult ob-
servers are summarized in Figure 5, which
shows the network of relations as identified by
the observers. The related classes and the num-
ber of observers who nominated them as shar-
ing overlapping stimulus features are indicted
by arrows and intermediary proportions (e.g.,
7/10). These data show that 10 of 10 observers
identified overlapping stimulus features among
the magazine and music (album cover) sets,
and 9 of 10 observers identified overlapping
stimulus feature among music and sweater
items (e.g., graphic design consisting of squares,
triangles, and spirals). Of the many overlap-
ping stimulus features that were identified,
those features shared among the magazine and
music and the music and sweater stimulus sets
were the most reliably and consistently men-
tioned.
The network of stimulus classes whose over-

lapping features were identified by 3 or more
observers is shown in Figure 5. This network
accounts for 81% of the observed between-class
generalizations on the basis of common stim-
ulus features shared among individual mem-
bers of the different stimulus classes. The per-
centage of between-class generalizations
accounted for by shared stimulus features is
reduced to 75% if the criterion for class inclu-
sion in the network is based on nomination by
5 or more observers-resulting in a stimulus
class network that includes magazines, music
album covers, sweaters, and pants.

DISCUSSION
The results indicate that the conditional dis-

crimination procedures resulted in both within-

class and between-class generalization across
the 3 participants. An initial purpose of the
study was to demonstrate the formation of a
broad stimulus class that comprises a social
concept. The inference that a social concept
emerged as a result of training is difficult to
establish because such generalization could be
attributable to an interaction between individ-
ual learning history (e.g., prior exposure to
related social concepts such as young vs. old)
and exposure to experimental conditions. Cor-
rect responding to items from untrained sets
was our major test of social conceptual re-
sponding. The results suggest that a socially
important stimulus class emerged as a result
of the conditional discrimination training-all
3 subjects demonstrated between-set general-
ization. Between-set responding is indicative
of the formation of a superordinate stimulus
class because the correct responding occurred
to items from sets that did not participate di-
rectly in discrimination training contingencies.

Data from the network analysis indicate that
between-class generalization among common
stimulus features may have played a signifi-
cant role in the emergence of the superordinate
stimulus class. However, generalized re-
sponses that are left unaccounted for by fea-
ture-generalization processes require further
explanation. A recent study by Saunders,
Saunders, Kirby, and Spradlin (1988) reports
that handicapped students reliably assign stim-
uli to classes even though the assignments go
unreinforced. Thus, arbitrary assignment may
represent a general process whereby humans
form stimulus classes in the absence of rein-
forcement. Thus, some of the between-class
generalization observed in this study may re-
flect a participant's arbitrary assignment of
stimulus items to the "star" and "square"
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stimulus classes during probe conditions. Other
probe items may have been generalized to
because they share features in common with
stimuli in the student's daily environment. For
example, generalizations to items from the
hairstyle set may have been influenced by ex-
posure to hairstyles worn by nonhandicapped
peers. In addition, generalization to more re-
mote stimulus situations (e.g., shopping and
catalog probes) indicate the emergence of me-
diational relations such as generalized delayed
match to sample.

For all 3 subjects, within-set generalization
occurred prior to between-set generalization.
Although this pattern was also identified by
Haring (1985), it is not known whether this
is due to the training procedure used (in which
items were taught in a set-by-set manner) or
to a more general process. Theoretically, this
pattern of within-set and between-set gener-
alization may indicate that, just as multiple-
exemplar training functionally controls the oc-
currence of within-set generalization (e.g., En-
gelmann & Carnine, 1982), multiple-set train-
ing may control the occurrence of between-set
responding. In the present study, subjects re-
quired training across a minimum of three sets
(range, three to five sets) before between-set
generalization was demonstrated. The theo-
retical interpretation that socially established
and maintained stimulus classes are a function
of training across multiple-stimulus sets is ap-
pealing because it permits an explanation of
such responding on the basis of exposure to
controllable learning processes (e.g., delayed
matching, stimulus equivalence, stimulus gen-
eralization, etc.) rather than on unobservable
congnitive processes.
An additional purpose of the study was to

investigate the nature of the stimulus class that
was formed. An important question in this
regard is whether or not the class, as it was
established, was isomorphic with an equiva-
lence class as described by Sidman and Tailby
(1982). To answer this question, we collected
data on performance during transitive-equiv-
alence probes. The results indicated that the
subjects responded at levels that were signifi-
cantly above baseline performance on transi-
tive probes that involved trained items in novel
relation to each other (i.e., a reversal of the
sample-comparison relations established dur-
ing training). However, with items that met
criterion through generalization rather than

[4/10]

!agazine-[3/10]

(4/10]

Accessory-[3/10]-Pants [10/10] Sweater-[4/0}-Shirts

\5/10 [9/10]

[3/10] Music

[3/10]

[3/10] Shoe

Fig. 5. Network of stimulus features shared in com-
mon across several stimulus classes. This network repre-
sents the composite reliability among 10 adults, with the
bracketed proportions indicating the number who agreed
on the presence of a common feature across classes.

direct training, the students performed at es-
sentially chance levels. This indicates that the
class, as it was formed, was not an equivalence
class in that the untrained items, although they
met criterion for acquisition, did not demon-
strate generalized transitive stimulus equiva-
lence.
A possible explanation for these findings is

offered in the investigations of Fields et al.
(1984) that identify important differences be-
tween trained and untrained transitive probes.
For example, transitive stimulus control probes
of untrained items (both within and across
classes) differ from probes of trained items in
terms of the schedules of reinforcement asso-
ciated with each (i.e., an extinction schedule
for untrained items, and a VR schedule for
trained items), and the number of intermedi-
ary equivalency relations that must be estab-
lished for the emergence of transitive control
among untrained items (Sidman & Tailby,
1982). For example, transitive stimulus con-
trol among untrained items requires that
equivalency relations be established during
unreinforced presentations of the training
sample stimulus (the star or square) with un-
trained comparison stimuli (e.g., during be-
tween-class probes), and that these relations
maintain during unreinforced presentations of
novel sample-comparison pairings of items
from different sets. The influence on untrained
transitive stimulus control by insertions of
noncontingent novel (i.e., between-class probes)
and noncontingent novel reversed (i.e., tran-
sitive stimulus control probes) sample-com-
parison trials into the training sequence sug-
gests an area for future research.
The catalog and department store probe data

showed that the students were capable of gen-
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eralizing from the picture training (as con-
ducted during the discrimination training
phases) to the similar task of choosing appro-
priate pictures from a catalog, a task that shares
many of the stimulus features and character-
istics of the original training task, and the less
similar task of choosing new clothing at a store,
a task that requires the generalization of stim-
ulus control from pictures to objects in an en-
tirely different setting. The latter instance of
generalization is interesting in that it indicates
a modification of behavior embedded in an
untrained chain of responses occurring within
a significantly different environment under the
control of remote training contingencies.

If generalization is viewed as a multivariate
dependent variable consisting of separate sub-
classes of generalization within and between
training and nontraining (probe) stimulus
classes, as was attempted within this study,
then additional theoretical and empirical ques-
tions arise. To study generalization as a multi-
variate dependent variable, a primary task is
to define the subclasses of generalization in
terms of their units of analysis Uohnston &
Pennypacker, 1980). Thus, in the present re-
search three subclasses of generalization were
defined: within- and between-set generaliza-
tion and transitive-equivalence generalization,
with the former two being driven by feature
generalization mechanisms and the latter by
stimulus-stimulus generalization mechanisms
(cf. Sidman, 1986). It is possible, however, that
generalization may be under the control of a
single variable, as Stokes and Baer (1977) have
suggested. Thus, a question for future research
is to determine whether generalization func-
tions as a single unit or as a set of distinct
subunits that interact in unique ways. By way
of analogy, generalization may operate as a
"large operant" similar to a tact, mand, or
intraverbal (Skinner, 1957), or as a set of
smaller subunits similar to subclasses of the
intraverbal (Chase, Johnson, & Sulzer-Aza-
roff, 1985). Thus, in the present study it is
possible that an interrelated subset of gener-
alization operants (within-set, between-set, and
transitive-equivalence probes with trained
items) was established. A preliminary analysis
of these data suggests that within- and be-
tween-set generalization may operate in a sep-
arate yet dependent manner in that within-set
generalization consistently emerged prior to
between-set generalization.

In summary, the present study adds to our

knowledge of between-set generalization. The
processes involved in this type of generaliza-
tion are not yet fully understood, and data that
show the effects of these processes on the for-
mation of complex stimulus classes are lacking.
Knowledge of these processes could affect sub-
stantially the organization of instruction for
learners with moderate and severe handicaps
and could lead to a more effective instructional
technology whereby complex stimulus classes
can be established through the planned control
of generalization within and across stimulus
classes. In addition, the study posits a plausible
behavior-analytic explication of social-concep-
tual learning and responding.
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