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Abstract
AN ANALYSIS OF SOCIAL REFERENCING STIMULUS CLASSES
AMONG CHILDREN WITH AUTISM
by
Jaime Ann DeQuinzio

Adviser: Professor Claire L. Poulson

Social referencing consists of a child looking to the affective responsgas of a
adult, which serve as discriminative stimuli for subsequent responding in the aafntext
ambiguity or novelty.In this study, social referencing was defined as discriminative
responding under a two-link chain. The discriminative stimulus for the fikstllas the
presentation of experimental stimuli in the presence of which an observing regpense
required. Link 2 consisted of a conditional discrimination. The discriminative stimulus
for the second link was an affective stimulus from one of two sets presented by the
experimenter. Two experiments were conducted to teach children with autispdode
differentially to affective stimuli within the social referencimgponse chain, and to
determine if differential responding generalized to similar stimuli. Exsert 1
attempted to evaluate discriminative responding to two sets of six affettmnei $n
Link 2 of social referencing while participants encountered stimuli reptiagehree
types of tasks pictured in their activity schedules (i.e., handwriting, relgieljects,
and scripted social interaction). Because discriminative responding wasjooed by
any of the three participants under that training paradigm, Experiment 2ngscted.
During this experiment, participants were seated at desks and were gutesightstimuli
that signaled social referencing. One affective stimulus from edtle ofvo sets was

used as the training stimulus. The remaining affective stimuli from thedtsovere



%
presented as probe stimuli to determine the extent to which each was part e&dn alr
established stimulus class. Participants were taught to engage in didfleresgonding
using manual guidance, differential reinforcement, and error corredticdhe presence

of an affective display from set 1 (e.g., smiling and nodding head), the corptises
was a keep response in which the participants placed the stimuli in a bin on thindesk
the presence of an affective display from set 2 (e.g., shake head with eyabrmsls
down), the correct response was a discard response in which the participantshplaced t
stimuli in a garbage bin on the floor. Correct responding on training trials indrease
above baseline levels for all three participants with the systematic iotiadof

conditional discrimination training. Probe responding was inconsistent acrdbscthe

participants, obviating analysis of stimulus class formation.
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AN ANALYSIS OF SOCIAL REFERENCING STIMULUS CLASSES
AMONG CHILDREN WITH AUTISM
By
Jaime Ann DeQuinzio

Young children may learn about environmental events and to regulate their own
behavior by observing the emotional or affective responses of others (Campos &
Sternberg, 1981F0cial referencing is an example of such an interaction in which
children appear to observe the emotional reactions of others as a means of dwgermini
how to respond in ambiguous or novel situations. According to Feinman (1992) social
referencing “(is) a process in which one person utilizes another persongsetaéon of
the situation to formulate his or her own interpretation of it...” (p. 4). Stated more
plainly, social referencing involves the child looking to the facial expression ang bodi
gestures of another person to determine whether to approach or avoid the ambiguous
stimulus conditions that initially set the occasion for the child to referdecadult.

Social referencing in infants has been studied by exposing infants to novel or
ambiguous situations, such as a “visual cliff” (i.e., infants are placed oxigl&e
surface that provides invisible support over an apparent drop), animated toys, or
strangers. Studies generally contrast the effects of “positive emati@sabges” and
“negative emotional messages,” provided by the mother on the behavior of the infant.
When provided with positive emotional messages (e.g., joy), infantsoaedikely to
cross the visual cliff, reach for toys, and approach strangers. When provided with
negative emotional messages (e.g., fear), infantesskkely to cross the visual cliff,

reach for toys, and approach strangers (Feinman, 1992).



Behavior Analysis of Social Referencing

Social referencing may be explained as a behavioral chain of stimulus-response
interactions (Schlinger, 1995). Each component response in a behavioral chain produces
stimulus conditions that function as both a conditioned reinforcer for the previous
response and as a discriminative stimulus for the following response (Leslie, 1996). The
effectiveness of those stimuli as conditioned reinforcers and discriminative stimuli is
dependent upon their predictive reinforcement value (Schuster, 1969).

The social referencing response chain may be described as a two-link chain. The
first link includes exposure to an ambiguous or novel stimulus, which evokes an
observing response defined as the child orienting towards or looking at an adult. In the
social referencing literature, the stimuli that are presented to infants as a means of
evoking an observing response to initiate the social referencing chain are characterized as
ambiguous or novel (Feinman, 1992). These labels alone do not provide a means of
understanding the function of these stimuli within the social referencing response chain.
Alternatively, a behavior-analytic account may assist in understanding how such stimuli
function to evoke a social referencing response chain. According to such a perspective,
stimuli may function by predicting the availability of reinforcement conditions for
observing (S+ stimuli) or by predicting extinction or punishment conditions for observing
(S- stimuli) (Leslie, 1996). Therefore, stimuli that have a history of being predictive of
all consequential possibilities (reinforcement, and extinction or punishment) are
ambiguous with respect to function and might occasion social referencing. It should be
noted that novel stimuli without a history of predicting any type of consequences might

occasion social referencing, as well (Brim, Townsend, DeQuinzio, & Poulson, in press).



An observing response is a response that produces a discriminative stimulus
(Catania, 1998). In the case of social referencing, the observing response of the child sets
the occasion for an affective discriminative stimulus (i.e., a response, such as smiling,
frowning, head nodding, head shaking) to be performed by the adult. The adult’s
response constitutes link 2 stimulus of the response chain. The affective stimulus serves
two functions in the behavioral chain of events. It serves as the conditioned reinforcer
that maintains the observing response, as well as the discriminative stimulus that evokes
the subsequent differentiated response of either approach or avoidance in the presence of
the ambiguous stimulus conditions. The affective stimuli become discriminative for
approach or avoidance responding because they are predictive of reinforcement,
extinction, or punishment.

Responding within the social referencing chain can be analyzed as diffeeént
responding. Differentiated responding is acquired through a procedure wherabg S+
S- stimuli are presented in random order, and responding in the presence of S+ stimuli is
reinforced while responding in the presences of S- stimuli is extinguished. This
procedure produces more frequent responding in the presence of S+ stimuli and less
frequent responding in presence of S- stimuli (Terrace, 1963).

One differential response learned in social referencing is the obseryiogses
In the presence of ambiguous stimuli, observing is reinforced by the production of an
affective discriminative stimulus. Hence, ambiguous stimuli may servargtidns
because they are predictive of reinforcement contingencies for obsehvitige presence
of non-ambiguous or standard stimuli, observing may not be reinforced by the production
of affective discriminative stimuli. For this reason, non-ambiguous stimayisarve S-

functions because they are predictive of extinction or non-reinforcememgagiag in
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an observing response. Once observing occurs more frequently in the presence of
ambiguous (S+) stimuli and less frequently in the presence of non-ambiguous (S-)
stimuli, differential observing is demonstrated.

Another discrimination learned during social referencing occurs amoruajiadéfe
stimuli. As mentioned previously, observing produces affective discriminaitivelist
that are predictive of reinforcement, extinction, or punishment contingencies for
subsequent differential responding in the form of approach or avoidance. Therefore,
certain classes of adult-affective stimuli, such as smiling, head nodding, andgpoint
may serve S+ functions for approach responding if such responding produces
reinforcement. These same stimuli may simultaneously function as 8H $tim
avoidance responding if extinction or punishment conditions are produced for such
responding. Using similar logic, classes of affective stimuli, such asifngna fearful
expression, or head shaking, may serve S+ functions for avoidance responding and S-
functions for approach responding. Differential approach and avoidance responding is
demonstrated when both of the following conditions occur: a) the frequency of approach
responding is higher in the presence of approach-affective stimuli (S+t¢sfitdquent
in the presence of avoidance-affective stimuli (S-), and b) the frequency of resmida
responding is higher in the presence of avoidance-affective stimuli (S+)ssrfoeguent
in the presence of approach-affective stimuli (S-).

In addition to differential responding, another outcome of discrimination training
procedures is the formation of stimulus classes (Fields and Reeve, 2000). Whentdiffer
sets of stimuli are associated with differential contingencies that geatitfierential
responding, stimulus classes may be formed. A stimulus class is defined loy a set

stimuli that come to occasion a common response class (Haring, Breenin®r ait



1989). There are a number of different stimulus classes that may be formiedtat
social referencing paradigm. One stimulus class may be formed byférerdi
contingencies that operate in the presence of ambiguous stimuli that occasremgbse
The class of ambiguous stimuli that evoke an observing response may share some
common physical features or may be physically dissimilar. For exaaml@guous
stimuli, such as the presence of a stranger, a loud noise, or the presence of g novel to
may all be members of the class of stimuli that evoke an observing resporsesond s
class of stimuli is the affective stimuli that occasion reinforcemergrfgaging in
approach responding. These stimuli may be comprised of affective resporisas,suc
smiling, head nodding, and pointing. A third class of stimuli is the affective stinali t
occasion reinforcement for the occurrence of avoidance responses. Thabersinbe
comprised of affective responses such as, frowning, gasping, or head shaking.
Conceptual Theories of Social Referencing
Theories constructed to explain social referencing present opposing Vigsvs o
development. One model explains social referencing as a pre-prograituhtgda
infants to perceive and respond to their mother’s emotions (Feinman, 1992). In contrast,
Gewirtz and Pelaez-Nogueras (1992) explained social referencingaaaedi@rocess
whereby maternal facial displays come to reliably predict or serveasrdisative
stimuli for contingencies of approach or avoidance responses within ambiguousscontext
Gewirtz & Pelaez-Nogueras (1992) detailed a study that supported thatopera
learning explanation of social referencing. Twenty pairs of mothers tardsnage 9-12
months, participated. Infants sat in booster chairs facing a puppet theatreiand the
mothers stood next to them. Experimenters presented infants with toys covereitieby

cloths through the puppet theatre to serve as ambiguous stimuli. Mothers presented
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initially neutral or meaningless maternal facial displays, such asgahtheeks and fist-
to-nose, when infants engaged in orienting responses following the presentatien of t
covered toys. For ten of the participant pairs, a fist-to-nose faciahgisiginaled that
reaching for a hidden toy would be followed by reinforcement (i.e., musical baby
melody). Reaching for the toy in the presence of a palms-to-cheelkgliaplay
resulted in punishment (i.e., loud, harsh sound). For the other half of the participant
pairs, the function of the facial displays was reversed so that the fistdaispsay
signaled punishment and the palms-to-cheeks display signaled reinforcdmfemts
reached for the covered toy in the presence of the maternal facial disylaigtialed
reinforcement for this response, and not in the presence of the maternal fatag tthiat
signaled punishment for this response. The results demonstrated that infangreachi
behavior was instrumental and had come under the control of the emotionally
meaningless facial displays. The authors argued that a pre-wired abiffitgrpret
maternal emotions was unnecessary in explaining social referencengsbem this case,
arbitrary facial displays came to control approach or avoidance respomststsf
within the social referencing paradigm.

Social Referencing and Autism

One deficit of children with autism is their failure to engage in socialaetang
(Sigman, Kasari, Kwon, & Yirmiya, 1992; Warreyn, Roeyers, & Groote, 2005). A
possible contributing factor for these social-affective deficits is thedeaof children
with autism to orient toward or to observe naturally occurring stimuli (Dawseltz dif,
Osterling, Rinaldi, & Brown, 1998). Affective stimuli, such as facial expoassnd
bodily gestures, are stimuli that occur often within social interactions fallbee to

orient toward affective stimuli may pose two possible problems for learning soci
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responses. In the absence of an orienting response, the child has missed an opportunity to
observe the affective stimuli of others and for these stimuli to function as both
conditioned reinforcers for orienting toward the social partner, and discrimistitiveli
for subsequent responding. Affective stimuli may serve as conditioned reinflanicers
orienting responses within the response chain of a social interaction and in tarthaffe
future occurrence of orienting. If opportunities for observing affective gisgitothers
are scarce, opportunities for learning how to respond in the presence of thefeastim
limited. Affective stimuli may serve S+ and S- functions by being preéict
reinforcement or extinction for subsequent responding. Children with
autism who do not observe affective discriminative stimuli may not accordingly
experience these reinforcement or extinction contingencies for disctimgjadfective
stimuli. Consequently, responding to affective stimuli does not come under
discriminative control.

Another variable that may contribute to the failure of children with autism to
develop social-affective behavior is known as stimulus overselectivity. Childiien w
autism may show stimulus overselectivity, in which they respond to only one component
of a complex stimulus (Lovaas, Koegel, & Schreibman 1979). A social interaction is a
complex stimulus in that many component stimuli are present, such ashibbaret
non-verbal behavior of the individual, as well as the many physical dimensions of the
individual (e.qg., hair color, height, color of clothing, etc.) and the environment. If
children with autism orient towards affective stimuli, but they respond to a component of
that complex stimulus that is socially irrelevant (e.g., the color of tlepareyes), then
they will not access reinforcement contingencies that promote orientiagat@wv

observing social-affective responses in the future.



There has been little research focusing on the amelioration of sociah@fey
deficits in children with autism. Perhaps the interpretation of social refageas learned
behavior provides a direction for developing treatments for these deficits irechiith
autism using operant learning interpretations and procedures similar to thosg used b
Gewirtz and Pelaez-Nogueras (1992).

In an empirical analysis of social referencing, Brim (2002, unpublished
dissertation), demonstrated that children with autism could be taught to engage in the
components of a social referencing response chain, thus further supporting ah opera
learning paradigm of social referencing. A multiple-baseline-acresponses-
experimental design was used to evaluate social referencing traremgl prompts,
manual guidance, and reinforcement) on the occurrence of social referespogses
across handwriting, verbal imitation, and gross motor imitation tasks. ipamnts were
first taught to engage in an observing response (i.e., to orient toward and to look at the
face of the experimenter) in the presence of ambiguous stimuli only. Ambiguoub stim
were variants of standard task materials and included items such as, ef pieak as a
writing utensil and a paper bag as a writing surface presented for therhsugptask,
two-syllable words presented on auditory recordings with strange noises in the
background (e.g., the word “orange” played with a cough in the background) as the
verbal imitation task, and gross motor video models presented with the model wearing
animal masks or filmed upside down as the motor imitation task. Following obsgrving
the presence of the ambiguous stimuli, the experimenter presented one of tiweaffe
discriminative stimuli: a smile and head nod or a frown and head-shake. In thecprese
of the smile and head nod (S1), participants were reinforced for engagingkn a ta

completion response by either demonstrating a handwriting response, a védianm
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response, or a gross motor imitation response. In the presence of the frowndand hea
shake (S2), participants were reinforced for engaging in a task termiregmonse by
either putting away the handwriting materials, placing the auditory devize i
without engaging in the verbal imitation response, and by sitting down withoutieggag
in the gross motor imitation response.

Results showed that all of the participants learned to engage in the observing
response in the presence of the ambiguous stimuli and the subsequent conditional
discrimination in the presence of the S1 and S2 affective displays. The experiimemte
assessed the extent to which the participants shdifeckntial observing in the
presence of standard task materials by conducting a test in which piessraht
standard task materials and previously established ambiguous task mateneals
interspersed. Only one of the participants demonstrated differential observimg unde
these conditions. The other three participants were subsequently taught to iiggerimi
the ambiguous and standard task materials using a discrimination training pedcedur
which they were reinforced for observing only in the presence of the ambiguous task
materials and not in the presence of the standard task materials. This stedyssiingg
children with autism can be taught social referencing using behavior amalytiedures.

Further research may attempt to answer some additional questions regarding
social referencing training with children with autism. For instanceaiyt be useful to
examine the extent to which children with autism may learn to respond to more than tw
affective stimuli within a social referencing paradigm, consideringgtage numerous
affective topographies that may serve as discriminative stimuli fooapprand
avoidance responding. The current research consisted of two experiments ragtéonpti

determine how children with autism respond to two sets of affective stimulnwiitéi



social referencing response chain. Experiment 1 attempted to evaluateidatore
responding to two sets of six affective stimuli in link 2 of social referencinigwhi

participants encountered stimuli pictured in their activity schedules.

10
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EXPERIMENT 1
In Experiment 1, activity schedules were used to allow participants to eimgage

typical academic and social tasks independently so that they would encountprambi
stimuli naturally as they moved from task to task. Activity schedulessetd pictures
or words that serve as discriminative stimuli for the engagement in a sequéstslesof
(MacDuff, Krantz, & McClannahan, 1993). Component steps of engaging in activity
schedules typically include turning pages of the schedule, obtaining matsialseting
tasks or going to a designated work area, putting materials away, and retarthieg
schedule.

The purpose of Experiment 1 was to evaluate the extent to which social
referencing training (i.e., manual prompts, verbal prompts, modeling, and remémije
was effective at teaching children with autism to a) engage in set@aéncing skills
during independent tasks signaled by activity schedules; b) show differespiahdeng
in the form of task completion or task termination; c) establish conditional cowgtrol b
many affective stimuli from the two different sets; and d) demongeateralized
differential responding in the form of task completion or task termination by resgondi
to affective probe stimuli from the two sets. Two experimental desigressused in
Experiment 1 to evaluate the conditional discrimination training procedure. A reultipl
baseline-experimental design across three response categories was waHichsaa
multiple-baseline-across-subjects experimental design.

Although there are two links in the social referencing response chain, this study
focused only on link 2 (i.e. discrimination of affective stimuli). As discussedquslyi,
observing during link 1 of the social referencing response chain comes under the cont

of ambiguous stimuli because of the predictive reinforcement value of those stimmigli. T
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study did not attempt to establish stimulus control over observing by ambiguous.sti
Again, the focal point of this experiment was to establish conditional control of task
completion and task termination responding by affective stimuli during link 2 of the
response chain.

Method

Participants

Three children with autism between the ages of 5 and 10 who attend the Institute
for Educational Achievement (IEA) participated (Jeremy, Troy, and Adarhhade
previously received diagnoses of autism from independent agencies. During the school
day, the children received one-to-one instruction and small-group instruction by
therapists and teachers trained in applied behavior analysis. All of thepaantschad
attended IEA since the age of 3 and had learned to follow activity schedules. ifgllow
an activity schedule involves skills such as discriminating among picturaskof t
materials by independently obtaining those materials depicted in the sbedyl going
to a location or person depicted in the schedule and engaging in a social interaction.
Participants also displayed some oral language including requesting [or&fems,
labeling common objects, and initiating simple greetings with others. Parttsi
imitated verbal models presented by others or presented on auditory devices (e.g., button
activated voice recorders or Language Masters). Participants hagbléamespond to
token reinforcement systems, to engage in eye contact when presented with a “Look”
instruction or when their names were called, and to follow teacher directions. In
addition, participants had instruction in various handwriting tasks such as connecting
dots, tracing shapes, and tracing letters. Unfamiliar objects, eventgpbe del not

evoke engagement in the components of the social referencing response chain.
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Setting and Simuli

Sessions took place in a classroom that was smaller than the participan&s’ reg
classroom where daily programming was conducted. The classroom was apprgximatel
12’x 6’ and contained 2 desks and 2 chairs, a small bookshelf, a large shelf holding
various curriculum items, a coat hook where the coats and backpacks were hung, and
cubby containing the student’s lunch box. The experimenter and a researemi@ssist
were present in the classroom during all experimental sessions. Thehessastant
collected interobserver agreement data and served as the social interattien pa

Activity schedules. Participants engaged in three separate tasks signaled by
pictures in activity schedules. The tasks included small motor responses (i.e.,
handwriting), gross motor responses (i.e., retrieving items from differeniologg and
vocal responses (i.e., initiating a verbal interaction using an auditory schigtiyity
schedules were created from 5 x 8 inch photo albums and contained pictures of the tasks
inserted into each page. Thirty-six pictures (and thus thirty-six trasg included in
the activity schedules including 12 pictures from each task type. The pictueeplaeszd
into the schedules in a randomized order so that the same trial type from a spwisees
category did occur consecutively more than twice.

The following is a description of the pictures that were included in the activity
schedules. The picture that signaled the handwriting task was of a closedonteittat
contained the handwriting materials. The pictures that signaled the regrieams
response were of various common items in their typical locations throughout the
classroom (e.g., picture of a lunchbox in a cubby or a book on the bookshelf). The

pictures that cued the vocal response were of familiar teachers who setlaedpartner
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for the scripted verbal interaction response. Examples of the scripted iotesactlude
statements such as, “How are you?” “Hug me” and “High five.”

School Stimuli. School stimuli were used during the pre-training condition only
and consisted of stimuli that were part of the participants’ regular pragragrand thus
had consistent reinforcement histories. School stimuli for the handwriting task were
yellow # 2 pencil as the writing utensil, and an 8 ¥2 x 11 inch piece of white paper as the
writing surface. The handwriting trials included connecting two dots segdrate
inches. For the retrieving objects task, common objects around the school building such
as a tissue box, books, and a lunch box were used. For the scripted verbal interaction
task, statements were recorded on button activated voice recorders in a camatrsati
volume and tone, similar to that used in the participants’ current language programs.
Table 1 provides a list of school stimuli used for each response type.

Experimental Stimuli. Experimental stimuli were used during baseline and social
referencing training. The experimental stimuli were used to occasion enviolys
response that produced experimenter affective stimuli and included mateataisete
different from the participants’ ordinary school stimuli. For the handwritisky ta
materials other than the standard # 2 pencil and sheet of paper were placed in the bin.
For example, the plastic bin contained a jumbo poster marker and a piece of aluminum
foil. For the retrieval task, additional stimuli were added to ordinary school stifaoii
example, a feather boa was placed around the soap dispenser, and metallicsstreame
were placed around the participants’ lunch boxes. For the vocal task, the scriptéd verba
statements were recorded in a strange voice (e.g., high pitch) or witingest
background noise, such as a fire engine or repetitive sneezing. Table 2 lists the

experimental stimuli that were used for each response type.
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Affective stimuli. Following observing during social referencing training, the
experimenter presented affective stimuli from one of two stimulus setJ &te 3).
One set of affective stimuli was discriminative for task completion (@ghjaesponses.
These stimuli will be referred to as Set 1 (S1) and included the following pongss
performed by the experimenter: nodding head while smiling with teeth exposat rai
fists with thumbs extended up while smiling with mouth closed, extending arm toward
the stimulus while pointing and moving the index finger, repetitively tilting headrtbw
the stimulus while raising eyebrows, leaning the body toward the stimulupaiihs up
moving in a “push along” motion, and moving head back and forth from the stimulus to
the learner with mouth open. Another set of affective stimuli was discrimirfativask
termination (avoidance) responses. These stimuli will be referred to 24&8tand
included the following six responses performed by the experimenter: shakthtgfiea
right with eyebrows turned down, placing hands over mouth, waving hands in a criss-
cross motion with eyes wide open, turning head and upper body away from the stimulus
with eyes closed, gasping and stepping away from the stimulus, and frowning with
bottom lip protruding out.

Stimuli from S1 and stimuli from S2 were further divided into training and probe
stimuli. Training affective stimuli were followed by the use of the trgimackage.
Probe affective stimuli were not followed by the use of the training package ol&l pr
stimuli were used to assess the extent to which the task completion responsé&gdneral
from the S1 training stimuli to the S1 probe stimuli. In addition, S2 probe stimuli were
used to assess the extent to which task termination generalized from theiB@ tra

stimuli to the S2 probe stimuli. Probe stimuli for S1 and S2 were assigned to each
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participant by randomly drawing the stimuli, without replacement, from a poaioorg
all six stimuli from each set.

Dependent Measures and Response Definitions

In this study, social referencing was composed of a two-link chain. The
discriminative stimulus for the first link was the presence of experimsimalli. In the
presence of experimental stimuli, the required response was an observing response
(defined below), after which link 2 of the chain came into effect. The disctinena
stimulus for the second link was an affective stimulus presented by the experirtrent
the presence of stimuli from S1, the correct response was task completion. In the
presence of stimuli from S2, the correct response was task termination.

Observing was defined as orienting towards, and looking at the experimenter’s
face within 2s of the presentation of the experimental stimuli. Becauswiogdead to
occur on every trial in order to produce the discriminative stimulus for link 2, the
experimenter used manual guidance to prompt the observing response if it did not occur
within 2 s during both baseline and treatment conditions. Therefore, an evaluation of the
acquisition of observing from the baseline condition to the treatment condition as a
function of the independent variable was not possible in this study.

The occurrence of the observing response in the presence of the expérimenta
stimuli resulted in the presentation of affective discriminative stimuthfone of the two
stimulus sets described above. In the presence of an affective display from S1,
participants were required to engage in a task completion response by either a)
completing the handwriting task by connecting the dots, b) locating and retrieging
items depicted in the picture and delivering the item to a bin on the other side of the

room, and c) locating the social interaction partner depicted in the picture anchgngagi
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in the verbal interaction by imitating the scripted statement produced froauditery
device. In the presence of an affective display from S2, participaresraggrired to
engage in a task termination response by either a) closing the folder canthai
handwriting materials without connecting the dots, b) placing the item back on the she
without delivering it to the bin on the other side of the room and c) locating the social
interaction partner depicted in the picture, but returning to the activity schedubeitvi
imitating the auditory statement and engaging in the verbal interactione fidsgonses
were evaluated during baseline and social referencing training by ningethie
percentage of trials with a correct conditional discrimination. To evaluatathponent
responses of the conditional discrimination, percentage correct task completion and
percentage correct task termination were also summarized separately
Experimental Design

Two experimental designs were used in Experiment 1. A multiple-baseline-
across-responses design was used to evaluate the effectiveness afitigedcaoss the
three response types for each participant. A multiple-baseline-acrtisgppats design
was also used to evaluate the effectiveness of the training across thgathicégants for
the handwriting response category.

Sessions consisted of 36 trials. Experimental stimuli from each response type
were randomly paired with stimuli from both sets of affective stimuli é@hdrial so that
no one experimental stimulus was repeatedly paired with any one affectiutust
Following this random pairing of link 1 and link 2 stimuli, four orders of the 36 trial
presentations were prepared using a random number generator computer program. This
was to assure that no pattern of responding occurred based on the order of stimulus

presentations and that no consecutive presentations of probe stimuli occurred. Probe
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stimuli were chosen for each participant by randomly drawing from thetalostimuli,
without replacement.

Procedure

Pre-baseline Assessment of Affect Discrimination. A pre-baseline assessment was
conducted to determine the extent to which participants could first discrimmatega
the affective stimuli used during conditional discrimination training in link 2 otugal
referencing response chain. This assessment was conducted in one 15-miiwndéasess
each participant. During this assessment, participants were instruatethte all
twelve of the affective stimuli presented in Table 3. Three trials of eable divelve
stimuli were presented during the assessment in random order for a total afs36Tie
experimenter presented an instruction, (i.e., “Do this”) followed by one of tretiadfe
stimuli. Imitating the affective models provided evidence that participantd c
discriminate among them, bolstering an argument for the occurrence odlgetketask
termination or task completion responding. If participants did not imitate ewtiaé
stimuli, then imitation training would have been provided. However, all of the
participants imitated all twelve of the affective displays.

General Procedure. Session durations were approximately 30-40 minutes and
were conducted once each day, four days per week. At the start of each prg;traini
baseline, and training session, participants were instructed to “Follow thigyacti
schedule.” Activity schedules were placed on a desk in front of the participanasti pl
bin containing folders with the handwriting materials for each trial wereglaca shelf
next to the desk. The experimenter stood approximately 1-2 feet behind and sightly t
the left or right side of the participant. Research assistants servetpgmnts of the

verbal interactions and also collected interobserver agreement data. Theyalaliices
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were kept on another table in the classroom so that the experimenter could adttess ea
one easily for the social interaction trials. The experimenter picked @udery
device and activated the script by pressing the button once the participéed kbea
interaction partner. Items for the retrieval task were located in variouslem the
classroom (e.g., on shelves, hanging on hooks, placed in cubbies). The experingknter he
the token board so that the participant could see it, or placed the token board on the desk
in front of the participant when delivering tokens. Once the specified number of tokens
was earned for correct responding, participants were provided with edible$ ar stiort
break to access preferred activities.

Pre-training. Pre-training consisted of two sessions each with 36 trials (12 trials
from each response category) in which participants followed activity schedcileding
standard school stimuli only (see Table 1). The patrticipants already hatisbstd
learning histories with the handwriting, retrieving objects, and sociahotten tasks
presented using school stimuli. Nevertheless, because the experimenter did not have a
history of instruction with the participants, pre-training allowed the expatané
establish instructional control, and to establish the format within which theipants
would work throughout the course of Experiment 1. Participants were instructed to
follow the activity schedule. Manual guidance was used to prompt participants te@ engag
in responses related to following activity schedules, such as turning the pages in the
schedule, returning to the schedule following the completion of the task, and completing
tasks cued by pictures in the schedule. For the handwriting task, the experimedte
manual guidance to assist the participant in walking to the shelf, removing iaffolde
the plastic bin, placing it on the desk, opening the folder, engaging in the handwriting

task, putting the materials back in the folder, and placing the folder in the deske For t
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retrieval task, the experimenter used manual guidance to assist the ilearakking to
and locating the item in the classroom picking it up and delivering it to anothgotoca
in the room. For the verbal interaction task, the experimenter used manual guidance to
assist the learner in locating the interaction partner and activated theyadditme once
the learner approached the partner. The experimenter also provided verbal prompts to
assist the learner in imitating the auditory prompt if needed. Reinforcevithribkens
was provided for responding throughout these sessions.

Baseline. During baseline, a total of 36 trials was conducted. These trials
consisted only of experimental stimulus materials listed in Table 2, as oppdbked t
standard school stimuli used during pre-training. Twelve trials from eable tiree
response categories were conducted. Participants were instructed to &iaty a
schedules. Similar to procedures used during pre-training described above, during
baseline the experimenter manually prompted responses related to follotiity ac
schedules if needed. As opposed to pre-training however, the experimenter did not
prompt engagement in the handwriting, retrieving objects, and social interastksn t
during baseline. For example, the experimenter used manual guidance to assist
participants in turning the pages of the schedule, obtaining the handwriting fotohers
the shelf, or walking to the location of the item or person pictured in activity schedule
and returning to the schedule between trials, but did not prompt the participant to connect
dots on the handwriting worksheets, deliver items to locations, or imitate thedcript
statements. Reinforcement was provided with tokens for responding related tonfgllowi
the activity schedule only. If participants engaged in the handwritimgevieg objects,
or verbal interaction tasks during baseline, no programmed contingencies ackréhes

experimenter removed the stimuli to terminate the trial after a Biwvattand manually
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prompted the participant back to the activity schedule to begin the next trial.
Reinforcement was not provided for engaging in the handwriting, retrieving glgects
social interaction tasks.

Verbal prompts and manual guidance were used to prompt an observing response
in the presence of experimental stimuli during this condition following a 2-s deliats
the opportunity for link 2 responding was always available. Following observing, the
experimenter presented an affective discriminative stimulus from either S2, but did
not provide additional prompts to assist in the performance of the subsequent task,
completion response, or task termination response. If a task completion or task
termination response occurred following the affective display, no programmed
contingencies were used.

Conditional Discrimination Training. During conditional discrimination training,
36 trials were conducted using only experimental stimuli (Table 2). Twelefrom
each of the three response categories were conducted. The same proceduare use
baseline was used to assist participants in completing responses relatehiodoll
activity schedules if needed. Manual guidance was used to prompt an observing response
on each trial.

Following the observing response, the experimenter presented affective
discriminative stimuli from either S1 or S2. Six trials from each affectimulus set
were presented including four training and two probe trial from each set. If the
experimenter presented an affective discriminative stimulus from S1 durizigiad
trial, she used manual guidance and modeling (0-s delay) to assist thpaoartic
engaging in a task completion response. Reinforcement in the form of a token and praise

(e.g., “Good writing when | smile at you”) was provided. The 0-s delay vweakfasthe
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first three treatment sessions for each response type (handwritingimgtiiems, and
verbal interaction). Starting on the fourth session of treatment for each reggumnse
3-s delay was used.

If the experimenter presented an affective discriminative stimulus$@wuring
a training trial, she used manual guidance and modeling (0-s delay)statlassi
participant in engaging in a task termination response. Reinforcement inrtheffar
token and praise (e.g., “Good putting it away when | frown”) was provided. The 0-s
delay was used for the first three treatment sessions for each respen@etygwriting,
retrieving items, and verbal interaction). Starting on the fourth session ofi¢radbr
each response type, a 3-s delay was used. These conditional discrimiradsion t
consisted of 4 training and 2 probe trials. See Figure 1 for a display of the trial
configurations used during baseline and conditional discrimination training in
Experiment 1.

For Jeremy, two variations of the above training procedure were attempted for the
first response category during training (i.e., handwriting). For sessiod4, 30e
handwriting trials were presented in a 12 trial block at the beginning of thersess
including six completion trials and six termination trials (Saunders &adipr, 1989).
Probe trials were eliminated. The number of affective discriminativeilstivas reduced
to two; one serving as the discriminative stimulus for the completion tri@lsgim
extended while repetitively moving index finger toward the experimentalkis) and
one serving as the discriminative stimulus for the termination trials (i.eipgvhands in
a criss-cross motion with eyes wide open). The training procedure was immgdment

using a Os delay for the first three completion or termination trials, followdaeyse of
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a 3s delay for the remaining three completion or termination trials. Followsng thi
procedural variation, a 3-s delay was used for sessions 35 and 36.
Interobserver Agreement

Research assistants, who are employed as teachers at the IEArsdlitrai
Applied Behavior Analysis independently scored the responses of the participants for
both training and probe trials during a minimum of 50% of baseline and training sessions.
Interobserver agreement (IOA) was obtained on the percentage of ttiabks eorrect
conditional discrimination Interobserver agreement was calculated on a point-by-point
basis and by dividing the number of agreements by the total number of agreements plus
disagreements and multiplying by 100 to obtain a percentage of IOA. For Jénemy
mean percentage of IOA for the small motor response category duringnbasa$
100%, and during training was 99%; for the gross motor response category the mean
percentage of IOA during baseline was 96%; for the vocal response categamy, me
percentage of IOA during baseline was 99%. For Troy, the mean perceht@gefor
the small motor response category during baseline was 97%, and during training was
96%; for the gross motor response category the mean percentage of IOA durting base
was 95%; for the vocal response category, mean percentage IOA duringeasali
98%. For Adam, the mean percentage of IOA for the vocal response category during
baseline was 94%, and during training was 100%; for the gross motor responsey/categor
the mean percentage IOA during baseline was 97%; for the small motor gategan
percentage IOA during baseline was 99%.

Research assistants also independently scored the responses of the etgrerime
to determine the integrity of the independent variable. Interobserver agtesase

calculated for the percentage of trials with an accurate presentatieatofdnt



24
components during baseline and conditional discrimination training. Interobserver
agreement was calculated on a point-by-point basis and by dividing the number of
agreements by the total number of agreements plus disagreements andinwtiypi00
to obtain a percentage of IOA. For Jeremy, mean IOA was 100% during basdline a
100% during training for the small motor response category; mean IOA durielgnbas
was 100% for the gross motor response category and 100% for the vocal response
category. For Troy, mean IOA was 100% during baseline and 100% during traning f
the small motor response category; mean IOA during baseline was 100% farshe gr
motor response category and 100% for the vocal response category. For Adam, mean
IOA was 100% during baseline and 100% during training for the vocal response
category; mean IOA during baseline was 100% for the gross motor responseycatel
100% for the small motor response category.

Results and Discussion

Figures 2-11 display the results for Experiment 1. Figure 2 displays the
percentage of handwriting trials with a correct conditional discrinoinatcross the three
participants. Because the conditional discrimination training procedure usetbtva
effective at teaching Jeremy to respond differentially (i.e., engageracttask
completion and task termination responses) in the presence of affective stimasi,not
implemented across the remaining two participants in the across-subpagts de
Therefore, the across-subjects design was terminated and the traodadye was
instead implemented for all three participants in a multiple-basetiossresponses-
experimental design.

Because of Jeremy'’s difficulty learning the discrimination with theralg

training procedure, variations of the training procedure were attempted for this
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participant. These variations included a reduction in the number of affectivel sisadi
as discriminative stimuli for differential task completion and task tetion responding,
the elimination of probe trials, and the handwriting training trials presented in btocks a
the beginning of each session. In spite of these modifications, Figures 3-5 show tha
they were not effective in teaching Jeremy to respond differentialfyeictiae stimuli.
Figure 3 shows the percentage of training and probe trials with a comelttiaaal
discrimination across the small motor, vocal, and gross motor response categorie
Responding remained variable during the baseline and the first three trainingposndit
demonstrating no change in trend with the implementation of training. Responding
increased to 75% in the final training condition. Nevertheless, correct responding
occurred mainly on the trials that required a completion response; a resportgialrea
Jeremy’s repertoire. Figures 4 and 5 demonstrate how those responses were distribute
between the completion and termination trials. Although correct responding on
completion trials increased to 100%, correct responding on the termination trials
remained similar to responding in the original training phase prior to the naaifis.

One possible explanation for the failure of acquisition of the termination respohse is t
stimulus control that activity schedules may have exerted over completion regpondi
That is, it may have been extremely difficult for Jeremy to engagenmirtation
responding in the presence of stimuli that have a strong history of reinforcement f
completion responding.

Similar results were obtained for Troy (see Figures 6-8) duringrgabn the
small motor response category and for Adam (see Figures 8-11) dunmggtien the
vocal response category. In addition, for two of the three participants, prortiying

termination response, or restricting access to materials pictured ictithty schedules,
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served a discriminative function for disruptive behavior. Experiment 2 was conducted in
an attempt to eliminate control by activity schedules, to establish conditantabidy

affective stimuli, and to allow participants access to experimental somall trials.
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EXPERIMENT 2

The results of Experiment 1 indicated that the participants did not learn to respond

to the two sets of affective stimuli using that training paradigm. Ther&gpsriment 2
was conducted as a means of evaluating participants’ responding to aftgictiuli
using a simpler paradigm. Participants did not follow activity schedules durgng thi
experiment. Instead, the conditional discrimination of affective stimulitawaght using
experimenter-presented trials within a choice paradigm. It was exidis analysis
might be useful in determining the extent to which relations among the two sets of
affective stimuli had existed prior to the experiment. If the affectiveuitwere not
functioning as separate classes, that is, if the participants did not respondtibtfgre
the affective stimuli from S1 and S2 during baseline, then class formation nilighe: st
demonstrated experimentally, using conditional discrimination training prazsedur
Determining the extent to which relations already existed among thé\adfsttmuli, or
the extent to which stimulus relations might be formed, may provide implicatons f
teaching such relations among affective stimuli within complex social ganadiuch as
social referencing to children with autism. Finally teaching theidigzation within a
choice paradigm might eliminate disruptive behavior evoked by restrictedsdoag=ms
by allowing participants to manipulate items presented on each trial.

Hence, the purpose of Experiment 2 was to evaluate the extent to which
conditional discrimination training conducted using manual guidance, diffdrentia
reinforcement, and error correction within a choice paradigm would be efféati

teaching children with autism to a) demonstrate differential respondihg fortm of a

keep response or a discard response; b) establish conditional control by two affective

training stimuli; and ¢) demonstrate generalized differentggdarding to the remaining
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affective probe stimuli from the two sets. The conditional discrimination rigaini
procedure was evaluated using an across- subjects-experimental design.

Method

Participants and Setting

The same participants from Experiment 1 participated in Experiment 2 and
sessions took place in the same classroom used in Experiment 1.
Simuli

The stimuli used to occasion social referencing in Experiment 2 during baseline
and treatment conditions consisted of various types of common objects, such as small
ceramic figures, various types of containers (i.e., gift bags, small jex&s a
disposable camera, a wallet, various types of picture frames and photo albyms, ke
chains, and other common household objects (e.g., bowls, sponges, brushes, etc) . Iltems
such as these were considered common objects that participants may have etounter
the past, but might have different contingencies associated with handlingithem i
different environments (e.g., it may be acceptable to handle a picture framésiowne
house, but not in a neighbor’s house). The total number of objects was 240. Because
conditional control by experimenter affective stimuli was of most impoeaa different
object was used on each trial so that no single object inadvertently acquingdstim
control over responding. Once all 240 objects were used (i.e., following 10 sessions), the
previously used objects were used again. At the start of each trial, the exyerinon-
systematically removed an object from a bag on the floor and placed it on the desk in
front of the participant. The objects were used to occasion social referdrating turn,

produced experimenter affective stimuli for link 2 of the response chain.
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Affective Simuli. Following observing, the experimenter presented affective
stimuli from one of two stimulus sets (see Table 4). Two affective stimura used
in Experiment 1 were eliminated from Experiment 2 (i.e., reduced from 12 to 10). This
was done to reduce the total number of trials from 36 in Experiment 1 to 24 in
Experiment 2, thus shortening session length. One set of affective stimuli was
discriminative for the keep response (i.e., placing the object in a bin on the deslg. Thes
stimuli will be referred to as Set 1 (S1) and included the following five aféect
responses performed by the experimenter. nodding head while smiling with teeth
exposed, raising fists with thumbs extended up while smiling with mouth closed,
extending arm toward the stimulus while pointing and moving the index finger,
repetitively tilting head toward the stimulus while raising eyebrows, eanurig the body
toward the stimulus with palms up moving in a “push along” motion.

Another set of affective stimuli was discriminative for the discard resgoese
placing the object in a garbage bin located to the left of the desk on the floor). These
stimuli will be referred to as Set 2 (S2) and included the following five response
performed by the experimenter: shaking head left to right with eyebrowsl omen,
placing hands over mouth, waving hands in a criss-cross motion with eyes wide open,
turning head and upper body away from the stimulus with eyes closed, and gasping and
stepping away from the stimulus.

Stimuli from S1 and stimuli from S2 were further divided into training and probe
stimuli. The presentation of two training stimuli (i.e., one from S1 and one from S2)
were followed by the use of the conditional discrimination training procedure dheng
treatment condition. Nodding head with an open smile was chosen as the training

stimulus from set S1 and shaking head left to right with eyebrows down was chosen as
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the training stimulus from set S2. The remaining 8 stimuli were used as probk stim
The presentation of the probe stimuli was not followed by the conditional disciimnina
training procedure during the treatment condition. S1 probe stimuli were used # asses
the extent to which the keep response generalized from the S1 training stimbkiS1o t
probe stimuli. S2 probe stimuli were used to assess the extent to which the discard
response generalized from the S2 training stimulus to the S2 probe stimuli.
Dependent Measures and Response Definitions

During Experiment 2, the experimenter placed an object on the desk in front of
the participant. This was the discriminative stimulus for the first link geserving). In
the presence of the object, the required response was an observing responsk (define
below), after which link 2 of the chain came into effect. The discriminatineikis for
the second link was an affective stimulus presented by the experimenter.ptastece
of S1, the appropriate response was a keep response. In the presence of S2, the
appropriate response was a discard response.

Observing was defined as orienting towards, and looking at the experimenter’s
face within 2s of the presentation of the experimental stimuli. Because theilgpser
response had to occur on every trial in order to produce the discriminative stiorulus f
link 2, the experimenter used manual guidance to prompt the observing response if it did
not occur within 2s during both baseline and training conditions. Therefore, an
evaluation of the acquisition of the observing response from the baseline condition to the
treatment condition as a function of the independent variable was not conducted.

The occurrence of the observing response in the presence of the objed rasulte
the presentation of affective discriminative stimuli from one of the two sisrséts

described above. In the presence of S1, participants were required to engagpin a ke
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response by placing the object in a bin on the desk within 3s of the presentation of the
affective display. In the presence of S2, participants were required to engadscard
response by placing the object in a garbage bin on the floor next to the desk within 3s of
the presentation of the affective display. Differential responding to S1 arioh®# s
was evaluated by measuring the percentage of training and probe trialscoitba
conditional discrimination. The keep and discard responses were also evaluated
separately. Acquisition of the keep response was evaluated by measupagctdrgage
of training and probe trials during which a correct response occurred in the pregenc
affective stimuli from S1. Moreover, acquisition of the discard response wasiedhl
by measuring the percentage of training and probe trials during which & cesanse
occurred in the presence of affective stimuli from S2. If a response other themar ke
discard response occurred within 3s of the affective display, it was scoredthsrnei
and those data were summarized as the percentage of neither responding that @ccurre
both S1 and S2 trials. Finally, conditional probabilities were calculated torie¢ethe
percentage of correct responses that occurred given a response duringrtientrea
condition.

Experimental Design. A multiple-baseline-across-subjects-experimental design
was used to determine the extent to which conditional discrimination training, oansist
of manual guidance, differential reinforcement, and error correction weiedf at
teaching children with autism to engage in differential keep and discard resputisn
link 2 of the social referencing paradigm. The training procedure was introduced

successively across subjects after a baseline measure was obtaesathfsubject.
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Procedure

General Procedure. Session durations were approximately 20-30 minutes and
sessions were conducted once each day four days per week. A total of 24 trials per
session were conducted, consisting of 16 training trials (i.e., 8 S1 trials and&@s}2 tr
and 8 probe trials (i.e., 4 S1 trials and 4 S2 trials). Participants were Jeatbesh.

The conditional discrimination was taught using a choice paradigm. A bin for the keep
response was placed in a corner of the desk where the participants wenle geat
garbage bin for the discard response was placed on the floor next to the desk. The
experimenter sat on the opposite side of the desk facing the participant. Attloé¢ st
each trial, the experimenter non-systematically removed an object frogedkg on the
floor and placed it on the desk in front of the participant. If the learner engaged in an
observing response within 2s of the object being placed on the desk, the experimenter
presented either the S1 or S2 affective display. If the learner did not engage in a
observing response within 2s of the object being placed on the desk, the experimenter
used manual guidance to assist the participant in engaging in an observing response.
Following this, the experimenter presented either the S1 or S2 affective displayrial
was terminated 3s following the presentation of S1 or S2 and a 3-5-s inter-tnalinte
commenced.

Baseline. During baseline, the conditional discrimination training procedure was
not used. The experimenter placed an object on the desk to begin the trial. Following
observing, the experimenter presented either the S1 or S2 affective displagep or
discard response occurred within 3s of S1 or S2, the experimenter provided feedback to
the participant (i.e., “You kept the keychain” or “You put the keychain in the garbage”)

regardless of whether it was a correct response, and the 3-5s intieterizl
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commenced. If the participant engaged in a neither response (i.e., did not respond or
engaged in some other response such as manipulating the object) the object was removed
3s after the affective display was presented, the trial was terchirzene the 3-5-s inter-
trial interval commenced. Participants earned tokens during the intentieial for on-
task behavior.

Conditional Discrimination Training. The conditional discrimination training
procedure, consisting of manual guidance, differential reinforcement, and¢@mection
was used in the treatment condition following the presentation of the S1 and S2 training
stimuli (i.e., nodding head with an open smile and shaking head with eyebrows down).
Following observing on the training trials, the experimenter presented &i¢gh8dtor S2
affective discriminative stimulus for 3s. Then, the experimenter waited ascotrect
keep response or discard response occurred, the experimenter provided token
reinforcement and praise while pointing to the keep bin on the desk (e.g., “Good keeping
it here when | smile and nod my head”) or the garbage bin on the floor (e.g., “Great
putting it in the garbage when | shake my head”). If an incorrect responseeaat; or a
neither response occurred within the 3s, the experimenter used manual guidance to
prompt the correct response (i.e., place the object in the bin on the desk in the presence of
S1 or place the object in the garbage bin in the presence of S2). Following thisaorrecti
procedure, the trial was rehearsed until the participant engaged in the EBpectse in
the absence of prompts. For the first few sessions of treatment, thessae heals
were followed by token reinforcement and praise. For the remainder of ttmedantéa
condition, only correct responses that occurred following the first presentation of S1 or

S2 were followed by token reinforcement and praise.
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Additional Manipulations Following Termination of Experiment 2

Modified Procedure for Jeremy and Troy. After the experimental design was
implemented, a modified procedure was implemented for Jeremy and Troy asraot atte
to reduce variability in responding and to improve performance in the few ragaini
sessions (i.e., sessions 47-50). The modified procedure was implemented because
Jeremy and Troy did not reach a level of responding consistent with Adam’thefter
implementation of the of the conditional discrimination training procedure. To keep the
overall rate of reinforcement high for the sessions, all probe trials weneatied and
only training trials were presented. The same prompting and correction pecedu
described above was used with the addition of modeling and instructions. At the
beginning of the session, the experimenter modeled the keep and discard response and
provided a verbal instruction. Specifically the experimenter said, “Wherld amd nod
my head (presented the S1 affective display), do this (modeled the keep response). When
| shake my head (presented the S2 affective display), do this (modeled the discard
response).”

Reinforcement for Responding on Keep Probe Trials for Adam. Additional
analyses were also conducted for Adam following the termination of Expdrine
Following the conditional discrimination training condition for Adam, the expettiene
reinforced responding in the presence of one affective stimulus from the §drgdtee.,
palms up, moving hands in a push along motion). The three remaining probes in the keep
category were not reinforced and continued to be presented as a means of evaluating
generalized responding. During this condition, the conditional discrimination training

procedure continued to be implemented on training trials.
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Interobserver Agreement

Research assistants, who were employed as teachers at the |IE&irsettlitr
Applied Behavior Analysis independently, scored the responses of the participants for
both training and probe trials during a minimum of 40% of baseline and conditional
discrimination training sessions. Interobserver agreement (I0A) wasethtan the
number of trials with a correct conditional discrimination. Interobserveeagmet was
calculated on a point-by-point basis and by dividing the number of agreements by the
total number of agreements plus disagreements and multiplying by 100 to obtain a
percentage of agreement. For Adam, the mean percentage of IOA durimgebassl
100%, and during training was 97%. For Jeremy, the mean percentage of IOA during
baseline was 100%, and during training was 99%. For Troy, the mean percentage of 10
during baseline was 100%, and during training was 100%.

Research assistants also independently scored the responses of the etgrerime
to determine the integrity of the independent variable. Interobserver agtesase
calculated for the percentage of trials with an accurate presentatieatofdnt
components during baseline and conditional discrimination training. Interobserver
agreement was calculated on a point-by-point basis and by dividing the number of
agreements by the total number of agreements plus disagreements andinwtiyp@i00
to obtain a percentage of IOA. For Adam, mean IOA was 100% during baseline and
100% during training. For Jeremy, mean IOA was 100% during baseline and 100%
during training. For Troy, mean IOA was 100% during baseline and 100% during

training.
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Results and Discussion

Figures 12-18 display the results for acquisition of the conditional discrimination
for all three participants during Experiment 2. A description and explanation of
responding on training trials is first provided followed by a description and exglanati
of responding on probe trials for all three participants. The additional analysiaof'$\

S1 probe responding is displayed in Figures 19 and 20.
Analysis of Responding on Training Trials for Adam, Jeremy, and Troy

Figure 12 displays the percentage of trials with a correct conditional
discrimination in the presence of both training and probe S1 and S2 stimuli across the
three participants. With respect to training trials (closed circles), ofathe participants
responded differentially to the S1 and S2 affective displays during baseline. Ragpondi
by all three participants increased systematically above baseline \\atlethe
successive introduction of the treatment condition (i.e., manual guidance, difflerent
reinforcement, and error correction).

For Adam, responding on training trials increased to 100% by session 14 and
remained high (i.e., between 75% and 100%) for the remainder of that condition. For
Jeremy, responding on training trials was variable, although the data path does
demonstrate a change in level and an increasing trend from the first dayroétret
the last day of treatment. Jeremy’s highest level of responding waededaring
session 34 when he responded correctly on 63% of the training trials presented. Jeremy’s
data remained variable after session 34 and stabilized during the last 4 sed$iisns of
condition at 56%. Troy’s responding on training trials during the treatment condition was

also variable. Troy’s highest level of responding during this condition was reached
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during session 46 when he responded correctly on 81% of the training trials gresente
Unfortunately, responding dropped back to 44% on the final day of treatment.

It may be concluded that the treatment procedure consisting of manual guidance,
differential reinforcement, and error correction was effective fahieg Adam to
respond differentially to S1 and S2 affective stimuli, but was not effectivedohitey
differential responding to Jeremy and Troy. Sessions 47-50 illustrate tloatifgeoch
procedure (i.e., the elimination of probe trials and the addition of modeling and
instructions) might have been helpful in increasing correct responding on traialag
for Troy, but not for Jeremy.

Evaluating how responding was distributed among the three response possibilities
(i.e., keep, discard, and neither) provides a more detailed analysis of the compone
responses of the conditional discrimination. Figure 13 shows the percentage rog traini
and probe trials during which the keep response occurred across the three p@rticipa
during each session and Figure 14 displays the percentage of training and geobe tria
during which the discard response occurred across the three participants during eac
session. The training data in these figures show that Adam learned to engadgeapthe
response in the presence of S1 and the discard response in the presence of S2 during
treatment. Acquisition of the discrimination is further supported by the dataurebig
15 and 16 that display the percentage of trials with a neither response for Adagn duri
baseline and treatment. The percentage of both S1 and S2 training trials with a neither
response was at 100% during all baseline sessions and then decreased to 0% b the fourt
session of treatment. Neither responding remained low throughout the course of
treatment, representing good discriminative control by the S1 and S2 afféictivk. s

Additionally, Figures 17 and 18 illustrate that when Adam did engage in a response
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during treatment, the probability that the response was correct was betweendB0% a
100% throughout the treatment condition on both S1 and S2 trials.

Unfortunately, the same acquisition pattern cannot be reported for Jeremy and
Troy. For Jeremy, responses were distributed unequally among keep, discard, and
neither. Specifically, keep responding remained fairly low throughoutehgrent
condition with only one session during which correct responding was higher than 50%
(Figure 13). On the other hand, correct responding for Jeremy on discard tratsng tr
reached 100% on sessions 38, 40, 42, and 45 (Figure 14). Furthermore, the probability
that Jeremy would emit a correct response given a response on S2 triald €%eas
opposed to the low and variable probability that of a correct response on S1 trials
demonstrated during treatment (Figures 17 and 18). These data provide evidence that
Jeremy learned to engage in the discard response in the presence of thei$ affect
display, but did not learn to engage in the keep response in the presence of the S1
affective display. Also for Jeremy, neither responding, represented ire§igbrand 16,
occurred on 100% of the S1 and S2 training trials in baseline. The percentads of tria
with a neither response progressively decreased on the discard trials, previdernge
of good discriminative control by the S2 affective display (Figure 16). Nevesthéhe
percentage of keep trials with a neither response remained above 50% duringpthg ma
of the treatment sessions, indicating poor discriminative control by the $fivaffe
display (Figure 15).

Troy’s keep, discard, and neither responses were also distributed unequally.
Specifically, Troy responded correctly with a keep response in the presedt®nf
100% of the training trials on sessions 34, 35, and 38 (Figure 13). Correct discard

responding only reached above 50% during one session throughout the entire treatment
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condition (Figure 14). Furthermore, the probability that Troy would emit a ¢orrec
response given a response on S2 trials decreased throughout the course oftfr@atme
opposed to the high, but variable probability of a correct response on S1 trials
demonstrated during treatment (Figures 17 and 18). These data provide evidence that
Troy learned to engage in the keep response in the presence of the S1 affgdtye dis
but did not learn to engage in the discard response in the presence of the S2 affective
display. Also for Troy, neither responding, represented in Figures 15 and 16,
progressively decreased to 0% on both the S1 and S2 trial types during the treatment
condition. In fact, Tory displayed the keep response more often than the other two
response possibilities on both S1 and S2 trials. Therefore, conclusions regarding
conditional control by affective stimuli are not possible in this case.

To summarize the training data, both Jeremy and Troy did not fully learn to
discriminate between the S1 and S2 affective training stimuli as did Adam. tiNggss,
during the modified treatment condition (i.e., probe trials removed, modeling added to
treatment package) Troy’s correct keep and discard responding incted€$% on
session 48.

Analysis of Probe Responding For Adam, Jeremy, and Troy

Responding on probe trials is represented by open circles in Figures 12-14. For
Adam, responding on the probe trials increased following the introduction of treatment
along with responding on the training trials. While the percentage of responding on
training trials remained high for Adam throughout treatment, there wdsrapt @rop in
responding on probe trials starting at Session 25, where responding to all praitie stim

decreased to 0%. Although responding on many of the discard probe trials recovered
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following session 25 (see Figure 14), responding on keep probe trials did not (see Figur
13).

A more detailed examination of probe responding was conducted for Adam to
determine the pattern of responding to each of the four affective probe stimutrom
(i.e., the keep category). Figure 19 displays Adam’s responding to the fouduadivi
keep probe stimuli from S1 (i.e., raising fists with thumbs extended up while smuitimg
mouth closed, leaning the body toward the stimulus with palms up moving in a “push
along” motion, tilting head toward the stimulus while raising eyebrows, and extendi
arm toward the stimulus while pointing and moving the index finger repetitively)
beginning with Session 25. As depicted in this figure, responding to only one of the keep
probe stimuli (i.e., thumbs up, closed smile) recovered following Session 25 and
remained high and relatively stable. On the contrary, responding to the remiaiaang t
probe stimuli (i.e., palms up push along, tilt head raise eyebrows, and extend arm move
index finger) remained low and relatively stable following Session 25. Coingjder
these response patterns, it was of interest to determine the effectsathegbne of
the S1 keep probes in the set (i.e., palms up) on responding to the remaining two in the
set. Thumbs up was not included in this analysis because responding to this stimulus
recovered following Session 25.

An across-stimuli-experimental-design was used to successively introduce
reinforcement across the three remaining probe stimuli from the keep cat&gguye
20 displays percentage correct responding for each session across the thremukep st
(i.e., palms up push along, tilt head raise eyebrows, and extend arm move index finger).
The data from Sessions 25 through 41 of treatment from the first phase of this emperime

were used as the baseline comparison for this evaluation. It was proposed that when
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reinforcement was applied following responding to the first stimulus (i.e., palms kip pus
along), such responding would increase. This occurred during sessions 43 and 44 when
reinforcement was provided following a correct keep response in the presence of the
palms up push along affective display. If an increase in responding to the remaining
three stimuli occurred concurrently with the introduction of reinforcemenegponding
to the first stimulus, then we may have concluded that the stimuli were plaet sdrne
stimulus class, in that reinforcing responding in the presence of one memteclasts
produces responding in the presence of other members of the class (Haring, Breen,
Laitinen, 1989). This pattern of responding was indeed demonstrated immediately
following the introduction of reinforcement in sessions 44 through 48, nevertheless,
responding then dropped to 0% and was variable through the last sessions. Even more
concerning was the variability in responding that continued in the presence ofrtise pal
up affective display, notwithstanding the reinforcement contingency that wasdajaplie
responding in its presence. Because of this variability in responding, it was notgpossibl
to draw conclusions regarding the existence of affective stimulus classes.

Jeremy and Troy’s responding to probe stimuli is also of interest. The open
circles in Figure 12 demonstrate that overall changes in responding to affgotree
stimuli from S1 and S2 increased with changes in responding to affective trdimoly s
upon the introduction of treatment (Figure 12). For Jeremy, the percentage of jaisbe tr
with a correct keep response remained low throughout the treatment condition figctuati
between 0% and 25% (Figure 13). The percentage of probe trials with a correct discar
response, however, increased to 100% on sessions 29 and 41, although responding
remained variable throughout the treatment condition (Figure 14). For Troy the epposit

occurred. The percentage of probe trials with a correct keep response ohtoeE3@%
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by the &' session of treatment, and remained high, along with responding on training
trials (Figure 13). The percentage of probe trials with a correct disesponse,
increased at first to 100% on th8 §ession of treatment, but did soon decreased
fluctuating between 0% and 25% for the remainder of the condition (Figure 14).

Given these data, it may be tempting to conclude that Jeremy engaged in
generalized discard responding from the training S2 stimulus (i.e., shake head wit
eyebrows turned down) to some of the S2 probe stimuli. Furthermore, one may conclude
that these data are a demonstration that the affective stimuli in S2 aregatinadilus
class. The data may support these conclusions in part; although given the extreme
variability in responding throughout the treatment condition to both training and probe
affective stimuli, the evidence seems lacking.

One other event is worth noting with respect to Troy’s probe responding. Similar
to the responding that occurred during training trials, Troy’s probe respondingtedns
of mostly keep responses. Regardless of whether a training or probevafétictiulus
was presented, Troy, more often than not engaged in a keep response in the presence of

both S1 and S2 affective probe stimuli.
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General Discussion

All three participants in this study learned to respond to affective displays
presented by the experimenter within the social referencing paradigperifagntal
control was demonstrated in Experiment 2, when all three participants’ responding to
affective stimuli increased with the systematic introduction of the tigmiacedures.

Although experimental control was demonstrated in Experiment 2, Jeremy and
Troy did not reach optimal levels of responding. Essentially, the procedure used in
Experiment 2 was a trial-and-error procedure. The participants weretge
opportunity to respond following the presentation of the affective display, which
simultaneously provided them with the opportunity to make errors. It is possible tha
minimizing errors early in training using an errorless learning pgmad place of the
error correction procedure may have accelerated acquisition in the inisaispbiethe
treatment condition for Jeremy and Troy (Terrace, 1963). For example, the addition of a
manual prompt immediately following the affective display, as opposed tmgas,
would have assisted the participants in the more immediate production of the correct
response and increased the rate of reinforcement. Initially, this addgtonalus (i.e.,
manual prompt) would acquire stimulus control over the keep and discard response.
These prompts would then be reduced over successive trials so that stimulus control
could be transferred to the affective display (MacDuff, G.S., Krantz, P.J., &
McClannahan, L.E., 2001).

One possible problematic factor in Experiment 1 was that the activity schedules
could have exerted stimulus control over completion responding resulting in the d&ilure
all three participants to acquire the termination response, and thus differespiahding

in the presence of S1 and S2 affective stimuli. Because of this possible competosg s
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of stimulus control, the affective stimuli did not acquire control over differential
completion and termination responding. In Experiment 2, it was anticipated that
participants would learn to respond differentially to the affective stimuli 8dnand S2
because the response requirements (i.e., keep or discard) did not have a strgngf histor
reinforcement associated with the stimuli used to occasion socialafege Also, the
choice paradigm allowed the participants to manipulate the objects presented, so
restricted access to the objects was not a source for concern or discrimorative f
disruptive behavior as it was in Experiment 1.

Additionally, in Experiment 2, only one affective stimulus from S1 and one
affective stimulus from S2 were trained, while responding to the other S1 and S2 stimuli
was measured on probe trials. It was hoped that this reduction in the number of affective
training stimuli in Experiment 2 would have made acquisition easier for parntisip#
may be the case that in Experiment 1, there were too many S1 and S2 stimuli included in
the training set at one time allowing only one trial of training per affestimulus. This
may have interfered with acquisition of the conditional discrimination becaudedhis
configuration limited participants’ exposure to the training procedure andnmaanient
contingencies. With all of the aforementioned modifications, participants cottinue
display various difficulties with learning the discrimination.

Conclusions regarding affective stimulus class formation are difficult o for
from the data produced in this series of experiments, and evaluation of probe responding
must be done on an individual basis for each of the learners. For Adam, because
responding to both S1 and S2 affective probe stimuli increased to criterion letvelbevi
introduction of treatment along with changes in responding to the training stirauli, w

may conclude that generalization occurred during sessions 8-25. Nevertheless
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responding to probe stimuli did not maintain throughout the course of the treatment
condition. The extent to which learners respond similarly when presentedigthtihysl
physically different nonreinforced probe stimuli is of primary interest whaking
inferences about stimulus generalization. A major challenge for teasnthe
discriminability of reinforcement contingencies that are assatiith the presentation
of S’ (training) and $probe) stimuli. Specifically, to demonstrate stimulus
generalization, responding must be controlled by the physical propertiespobbige
stimuli and not by those aspects of the probe stimuli that are discriminative for
nonreinforcement. Thus, the discriminative stimuli may serve two differenidosct
Stimuli may signal the response topography to be emitted by the leadiey may
signal the availability of reinforcement. To evaluate stimulus genatiain, learners
must discriminate the former rather than the latter and not respond difféyential
changes in reinforcement contingencies associated WwithdsSstimuli (i.e., training
and probe stimuli). We hypothesized that the predictive reinforcement value of the
affective probe stimuli interfered with Adam’s maintenance of probe responding
throughout the course of the treatment condition.

We tested this hypothesis by introducing reinforcement for responding on one of
the S1 affective stimuli from the keep category while continuing to measpenoksg
on the remaining two in the absence of reinforcement. As we expected, responding
increased in the presence of the stimulus that was predictive of reinforcementiand i
presence of the stimuli that were not immediately following the introduction of
reinforcement. These results support the case of discriminability of neanient
contingencies described above. In addition, this type of generalized respondiltg us

supports conclusions regarding the existence of a stimulus class. Neverthexdlasse
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responding did not maintain and progressed variably, such conclusions may not be fully
supported.

If anything, it is clear that to facilitate the learning of affect disieration by
children with autism, it may be necessary to create specifically indizédatraining
procedures for each learner. For instance, in Experiment 2, it was deterinaintc t
modified procedure (i.e., providing modeling and instructions at the beginning of the
session) produced a sharp increase in responding differentially to the twivaffec
displays presented for Troy. Although this was not demonstrated experimahties
provide some evidence of the extent to which truly individualized instruction may be
needed to teach the discrimination of affective stimuli by children with aufistare
research may explore the effectiveness of this procedure experimentall

In addition, it may be useful to identify the prerequisite skills necessary for
learning social referencing and to conduct a pretest of these skills fondaatual
learner before attempting to train link 1 and link 2 responses to occur consecutively
within the social referencing response chain. Because the sources of stomiios
may be difficult to predict for any one learner when choosing participants to inolude
experimental analyses, the pretest measure may assist in the develojpment
individualized training procedures that can later be implemented across sgipegied
according to similar skills. This would prevent the loss of experimental comdtol t
results when different learners require different types of training procettuasquire
the same skKill.

With respect to differential responding in the presence of affective stineuli
link 2) it may be useful to first establish the sets of affective stimulieases$ using a

basic matching to sample paradigm, as opposed to attempting to teach differentia
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responding within the context of social referencing. Under such training cosliti
participants would learn to touch a green comparison stimulus in the presencetivieaffec
stimuli from S1 and a red comparison stimulus in the presence of affective $tomul
S2 establishing conditional control by affective stimuli from each set. Subsequent
discrimination of affect within the social referencing paradigm may tktéed because
the affective stimuli have already been established as classesuf gtahoccasion
common response classes and have acquired conditional discriminative control over
responding.

Furthermore, for some learners who fail to acquire conditional discriminaiions
also may be necessary to first teach the simple discrimination of onevafigimulus
use a blocking procedure before attempting to teach the simultaneous disasimifati
two or more different affective stimuli. Using a blocking procedure (Saunders &
Spradlin, 1989) the experimenter would present the same affective stimulus frem S1 a
the sample stimulus for a specified number of consecutive trials until thed@asponds
correctly according to some predetermined criterion. Following this, theiequder
would present another sample affective stimulus from S2 until a criterion level of
responding is met. Following the acquisition of these simple discriminations, the
experimenter would then intersperse affective stimuli from S1 and S2 asple sa
stimuli using a simultaneous discrimination training procedure. Additional pairs of
affective stimuli from S1 and S2 may also be trained in this manner in an attempt t
increase the size of the stimulus classes. Although in the current experimaotkieg
procedure failed to assist in the learning of the discrimination for Jeremnmgdu
Experiment 1, this may not be the case for other learners. Again, a pretaitaranine

which learners have a history of failing to acquire conditional discrimimat
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Future research may also focus on additional questions related to responding
under link 1 of the social referencing response chain by attempting to @stabli
conditional control over observing by ambiguous or novel stimuli. This may be done by
reinforcing observing in the presence of ambiguous or novel stimuli and by witidpoldi
reinforcement in their absence. This type of training would first require theficksmgn
of stimuli that should and should not come to control differential observing in the natural
environment.

Finally, it is possible that once learners’ responding is under conditional control
of the Link 1 and Link 2 stimuli in separate training contexts they may motg easi
acquire the entire response chain within the context of social refererailding to the
complexity of the training context may include the final step of attemptingrefar
control of well established link 1 and link 2 responses to stimuli related to everykiay tas
and even perhaps while independently followintivéty schedules at school or even in

the home or community.
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List of school stimuli used during the pre-training sessions in Experiment 1.

Handwriting

Retrieving Objects

Scripted Verbal Interaction

Standard # 2 pencil/paper

Back pack on hook
Spoon in utensil caddy
Fork in utensil caddy
Book on bookshelf
Game on shelf
Napkin in holder on shelf
Paper towel roll on shelf
Tissue box on shelf
Soap on shelf
Lunch box in cubby
Glue in art caddy

Scissors in art caddy

“You look nice”
“How are you?”
“What's up?”
“Hug me”
“What's new?”
“High five”
“Nice shirt”
“Let’s dance”
“Tickle me”
“Sing a song”
“Let’s jump”

“Tell a secret”
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Table 2
List of experimental stimuli used during baseline and conditional discrimination training

during Experiment 1.

Handwriting Retrieving Objects Scripted Verbal Interaction

Mouse pen/ bubble wrap Back pack on hook/jumbo “You look nice” /high pitch
party hat attached

Fiber optic pen/paper plate Spoon in utensil caddy/pipe“How are you?”/low pitch
cleaner wrapped around it

Koosh pen/ cardboard Fork in utensil caddy /crazWhat's up?”/ fast
straws wrapped around it

Jumbo poster marker/ papeBook on bookshelf /ffuzzy “Hug me”/shout

bag necklace hanging from it

Jumbo chalk/yellow Game on shelf/ wrapped in “What’s new?”/slow

envelope orange pillow case

Fabric marker/fabric Napkin in holder/fake rose“High five"/sneeze
sticking out

Pink highlighter pen/party

Paper towel roll /feathers  “Nice shirt.”/baby crying
streamer

sticking out of it
Marker/aluminum foil

Tissue box/ bead necklace “Let’s dance.”/static

wrapped around it

Crayon/file folder
Soap dispenser/feather boa“Tickle me”/cough
wrapped around it

Feather pen/gift wrap Lunch box /streamer on it “Sing a song”/ banging
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Handwriting

Retrieving Objects

Scripted Verbal Interaction

Skinny white chalk/black
construction paper

Black Marker/cork

Scissors in art caddy/
Styrofoam cone in it
Glue in art caddy/metallic

party horn in it

“Let’s jump”/ stammering

“Tell a secret”/ background

radio
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Table 3
List of affective stimuli from each set presented following an observing response during

baseline and conditional discrimination training in Experiment 1.

Approach- Task Completion (S1) Avoidance- Task Termination (S2)

Nodding head while smiling with teeth ~ Shaking head left to right with eyebrows
exposed turned down

Raising fists with thumbs extended up  Scared face with hands over mouth
while smiling with mouth closed Waving hands in a criss-cross motion

Extending arm toward the stimulus while with eyes wide open

pointing and moving the index finger Turning head and upper body away from
Repetitively tilting head toward the the stimulus while closing eyes
stimulus while raising eyebrows Gasping and stepping away from the

Leaning the body toward the stimulus stimulus

with palms up moving in a “push along” Frowning with the bottom lip protruding
motion out.

Moving head back and forth from the

stimulus to the learner with mouth open.
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Table 4.
List of affective stimuli from each set presented following an observing response during
baseline and conditional discrimination training in Experiment 2.

T indicates the training stimuli and P indicates the probe stimuli.

S1- KEEP (Keep) S2-DISCARD (Discard)

Nodding head while smiling with teeth Shaking head left to right with eyebrows
exposed (T) turned down (T)

Raising fists with thumbs extended up  Scared face with hands over mouth (P)
while smiling with mouth closed (P) Waving hands in a criss-cross motion
Extending arm toward the stimulus while with eyes wide open (P)

pointing and moving the index finger (P) Turning head and upper body away from
Repetitively tilting head toward the the stimulus while closing eyes (P)
stimulus while raising eyebrows (P) Gasping and stepping away from the
Leaning the body toward the stimulus stimulus (P)

with palms up moving in a “push along”

motion (P)
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discrimination across participants Jeremy, Troy, and Adam (Experiment 1).
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Manuajl guidance, differential reinforcement, error correction
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Manual guidance, error correciton, differential reinforcement
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Manual guidance,differential reinforcement, error correction
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Manual guidance, differential reinforcement, error correction
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small motor, vocal, and gross motor responses for Troy (Experiment 1).



100

80 A

60 -

40 A

20 A

Baseline

Manual guidance, verbal prompts, reinforcement, error correction

3s delay

Adam

Vocal
(Scripted Verbal
Interaction)

100

80 -

40 50 60

Gross Motor
(Retrieving Objects)

100 -

80 A

Percentage of Trials With a Correct Conditional Discrimination

30 40 50 60

Small Motor (Handwriting)

20

30 40 50 60

Sessions

Figure 9 Percentage of training and probe trials with a correct conditional disciimninat

across small motor, vocal, and gross motor responses for Adam (Experiment 1) .

62



63

Manual guidance, verbal prompts, reinforcement, error correction
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Appendix
Drawing Inferences Regarding Stimulus Generalization in Applied Behanalysis

In their seminal article, Stokes and Baer (1977) elaborated on procedures for groducin
generality of behavior change and were extremely successful in fochsifigltl on the
production of nontrivial demonstrations of behavior change. Because of their influesrkal
generalization from training has become the cornerstone of applied behalysrsana
Nevertheless, the tergeneralization may sometimes be overused in ways that fail to make
contact with its scientific definition. The present paper focuses on imporgetta®f drawing
inferences about the occurrence of stimulus generalization in applied bemahaisa factors
that may limit such inferences, and methodological solutions from both the basic aad appl
research for overcoming such limitations.
Defining Stimulus Generalization

Stimulus generalization has been defined as the spread of effects of ean&otc
occasioned by one stimulus'{$o other stimuli that differ along one or more dimensions and
that do not occasion reinforcement)($Catania, 1998). Procedures for measuring stimulus
generalization have involved presenting thstiulus and many Stimuli that share some
physical properties with the"&imulus. These studies have demonstrated that the highest
response rates are observed in the presence ofdtimdus and that response rates
progressively decline in the presence of stimuli that systematicaifyfngen the Sstimulus
(Guttman and Kalish, 1956).
Drawing Inferences Regarding Simulus Generalization

In demonstrations of stimulus generalization, an organism must be capable of showing

discriminative responding to the physical properties associated with bothgtim8lus (also
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called the training stimulus) and thesBmuli (also called the testing or probe stimuli),
otherwise, it may be argued that responding during tests of generalizatidreratisibuted to
thefailure of the subject to discriminate the physical properties of the two sets afistim
(Wasserman, Kiedinger, and Bhatt, 1988).

In addition to physical properties, stimuli have a predictive function with retpec
reinforcement schedules. Learners may therefore respond to stinmudiinvitar physical
properties, but fail to respond if the stimuli are predictive of non-reinforcementefdtesr
researchers must also be concerned with control that the stimuli may aetjuirespect to
their predictive reinforcement value when making inferences regardmglss generalization.
Because stimulus generalization is usually measured under extinction condigdesrher
may well cease responding to the generalization testing stimuli wetebah adequate test of
generalization has been conducted.

A laboratory example with pigeons provides a means for examining issues tela
measuring stimulus generalization. Jenkins and Harrison (1960) compared tivéoewtaich
stimulus generalization occurred in pigeons following discrimination traimdgrapigeons not
exposed to discrimination training. For pigeons that did not experience disciamitnaining,
key pecking was reinforced on a variable-interval schedule in the presemcertfnuous tone
of one frequency (i.e., a 1,000 cycle-per-second tone). Following this training, resuessa
the presence of the generalization testing stimuli (i.e., tones of diffeeguieincies ranging
from 300-3,500 cycles per second) were measured under extinction conditions. Responding i
the presence of the testing stimuli was similar to responding that occurregneskace of the
training stimulus and produced a flat generalization gradient. Even though all efé¢hgtimuli

occasioned the same response, stimulus generalization could not be said to occutheecause
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many exemplars of tone stimuli were not demonstrated to be physicaliynilsble from each
other. Therefore, for this particular group, stimulus generalization could nattlreydished
from a failure to discriminate testing stimuli from training stimuli. Teed®ine the extent to
which pigeons could discriminate the tone frequencies, differential respondingooina se
experimental group was evaluated.

The second group of pigeons was first exposed to discrimination training. Key-pecking
was reinforced on a variable-interval schedule only in the presence of the 1,@30eryc
second tone (S+), whereas, key-pecking in the absence of the tone (S-) wadoroerki
Following discrimination training, response rates in the presence of toneseoéwliff
frequencies ranging from 300-3,500 cycles per second and in the absence of any &éone, wer
measured under extinction conditions. The highest rate of responding was observed in the
presence of the S+ and the lowest rate of responding was observed in the presenSe, of t
forming a peaked generalization gradient. Additionally, the rate of keynuealas higher in
the presence of the stimuli that were more physically similar to thelBe generalization
gradient observed in this group in which pigeons showed differential responding across
frequencies provided evidence that pigeons could discriminate among the fregjuencie
Therefore the results from the first group of pigeons could be taken as evideticrilofss
generalization, rather than a failure to discriminate.

Studies on generalized imitation with children also offer a means for msgastimulus
generalization (Baer & Sherman, 1964; Bear, Peterson, & Sherman, 1967; Steinman, 1970;
Paone, 2006). In these studies, stimulus models that occasion reinforcemenn{i®y tra
stimuli) and that do not occasion reinforcement (S- probe stimuli) are swetegsesented to

the subject. Differential responding to these training and probe stimuli occarsbebe
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subject discriminates the topographical differences among the modéimdy,sand fails to
discriminate the reinforcement contingencies occasioned by each. Forexamghe trial,
clapping hands may be the modeling stimulus that occasions reinforcement and o tithe ,ne
tapping table may be the modeling stimulus that is discriminative for ertinclihe subject’s
differential response topography in the presence of these different modishinty shows
discrimination among the modeling stimuli from trial to trial. Thereforé¢ gmeralization
gradients may be observed during tests of generalized imitation, however such an ougome
not imply the failure of the subject to discriminate between the stimulus sadt®lertheless,
non-differential probability of imitative responding on each of these trial typeasl provide a
demonstration of the subject’s failure to discriminate the different reinf@eecontingencies
in place for imitative responding in the presence of the discriminably diffenentlis

On a more general level, in addition to the use of demonstrably discriminabla,stimul
drawing inferences regarding the occurrence of stimulus generalizatioreseguiemonstration
of a functional relation between the treatment procedure and responding in tinegmdbe
testing stimuli. This demonstration is achieved only within the logic of an exgetal design
in which threats to internal validity, such as maturation, history, and testingrdrelied
(Kazdin, 1982). Multiple-baseline designs, reversal designs, multi-elemenslesngl
changing criterion designs represent valid experimental designs indabgehavior analysis.
Other response measures that are not functionally related to the treatncedupe, for
example pre-post data, may provide information about learning, but such measures ldavnot al
inferences about stimulus generalization, per se. One reason is that gestpostasures fall

outside the experimental manipulations associated with valid experimenggisdes
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Consider, for example, studies of generalized imitation using single-caserexuaf
design. Baseline provides a measure of steady-state responding againgbwbmpare
responding with the introduction of treatment. When using a reversal desigrarfgplexany
change in responding from baseline to treatment may be replicated withestiffegularity to
allow the conclusion that the treatment produced the regular changes in respondints t@hrea
internal validity (e.qg., history, maturation, testing, etc) are ruled out byxerimental design.
Information regarding the occurrence of generalization from trainingeabtained by
measuring responding to different but physically similar non-reinforced stobali, however,
it is just as important to obtain steady-state baseline response measheegresence of the
probe stimuli. The logic of the experimental design requires measuring argeshamesponse
to probe stimuli over baseline levels once treatment is introduced on the traininig Sifitinis
is done, researchers are in a good position to monitor changes in non-reinforced probe
responding to determine the extent to which they reflect changes in respanttaiging
stimuli.

In a successful single-case experimental design, probe responding that apfE®xim
parallels changes in responding to the training stimuli provides cleaneeitte support the
inference that stimulus generalization has occurred and the extent to whicbdtbhagd.

Such continuous and direct evaluation of stimulus generalization may not be practical i
all situations. Perhaps because of limited resources, pre-post test mbhasariesen used to
infer that generalization from training has occurred (see Figurehyfpmthetical example). For
example, one may pre-test in the community, train in a treatment location, antdspasthe
community again. In this case the pre-post measures do not occur during the exjadrim

manipulations that constitute the experimental design, as described above, dackthesenot
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possible to evaluate of the extent to which pre-post responding changes as a funicgon of
independent variable. As a result, change in pre-post measures must be evaluabed with t
understanding that threats to internal validity may offer an alternatemprstation for its
occurrence. One such alternative is that responding during the pre-post msasurked by
stimuli that acquired stimulus control prior to the implementation of the independeatileari
Such measures certainly imply that learning has occurred, but they do nigtioipéicate that
treatment procedure by itself as the cause for that learning. Theretspmgtitest measures in
and of themselves cannot allow conclusions to be drawn about stimulus generalization.
As a case in point, Jerome, Frantino, and Sturmey (2007) demonstrated an important
change in behavior with developmentally disabled adults. The participantedimséd a leisure
skill (i.e., accessing Internet Web sites) in one condition, and later dentedistrat leisure
skill in a non-trained environment during post-test measures. During the baseldigon,
participants were provided access to Web sites for 5 min and the errorless laathing
backward chaining procedures were not used. During the teaching condition, the exjeesim
used the backward chaining and errorless learning procedures to teacpgrastia 13-step
response chain for accessing age appropriate Web sites on the Integnéteiseame computer
as in the baseline condition. During post-teaching sessions, another computer irat differ
classroom became available and the experimenters measured the occurtiendS-atep
response chain in the presence of this new stimulus. The authors concluded that the skills
generalized to a novel computer and termed these testing sessionaligati@n probes.”
Because the post-test measures were not part of the across-subjeatsesmtpkedesign,
it is difficult to determine the extent to which these responses represaulustigeneralization,

because there was no measure of responding in the presence of the other amapfutection
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of the independent variables. Because of this, alternative explanations fortitipgrds’
performance in the presence of the other computer cannot be eliminated. Furthiérenere
was no demonstration that the learners discriminated between the two commptiterrst
place. Nevertheless, it is important for service providers to know that thegzartschad
learned to display these leisure skills using two different computers.

Eikeseth and Nesset (2003) used pre-post-test data to determine the extent to which
improved articulation of sounds learned during vocal imitation training would rasarn
increase in accurate articulation of sounds under more natural speech conditiopisture-
naming task and conversational speech). Because articulation of sounds improved for both
participants from pre- to post-test measures, the authors inferred thatigahenshad
occurred “from the contrived class of vocal imitation to conversational speech ané-pict

naming” (pgs. 334-335).

Inferring that the generalization of stimulus control across common ssedtures
had occurred is imprecise. These measures were not part of the multifpileebdessign that
was used to demonstrate experimental control by the vocal imitation trainceglpre, and
therefore are subject to threats to internal validity. Instead of idestimulus generalization
from these measures, we suggest that the demonstration of these responsesaturar
contexts are attributable to other learning principles or other threatsrtmaintalidity, such as

repeated testing or practice effects.

Interspersing generalization probe stimuligt8nuli) throughout baseline and training
within a multiple-baseline design or reversal design allows one to examindehetexwhich
the generalization probe data change, along with changes in the training data, aeradtinc

changes in the independent variable (see Figure 2 for hypothetical exanipls).itTs safer to
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make inferences regarding the occurrence of stimulus generalization underdhésions.
This more fine-grained analysis includes the generalization probe data in thenexype
design itself, thus bolstering the argument that generalization from itegratimuli to
generalization probe stimuli has occurred.

To illustrate the above point, Poulson, Kyparissos, Andreatos, Kymissis, and Parnes
(2002) were able to conclude that generalized imitation occurred in three 12- to 1A4-allont
infants because of their use of non-reinforced generalization probe meastiresre
interspersed throughout the baseline and training conditions in an across-respatiggs- m
baseline design. Mothers modeled motor-with-toy responses (e.g., bangingharhamotor-
without-toy responses (e.g., tap table), and vocal response#\t$).gluring baseline and
treatment conditions. During baseline, only the model was presented and no praise was
provided for imitative responding. During treatment, the mother presented the modehom
of the three stimulus sets and praised the infant contingent upon responding that matched the
model. Interspersed within the baseline and treatment sessions, were unicorfobee
stimuli. For each of the participants, the authors were able to infer tim Extehich
generalized imitation occurred within stimulus sets by analyzing hqgyome#g to non-
reinforced probe stimuli increased systematically with the introductitreatment for the
reinforced training stimuli.

Similarly, Haring, Breen, and Laitinen (1989) used generalization probesehat
interspersed every third or fourth training trial to assess genei@izd the trained conditional
discrimination between age-appropriate and age-inappropriate stimualol®seents with
developmental disabilities. While these stimuli were being trained usiogditional

discrimination training procedure, within-set generalization was beirgsss by the
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interspersed presentation of untrained stimuli from that set. In addition doesst
generalization probes were also interspersed among the training trialertaide the extent to
which the conditional discrimination training procedure promoted responding in the gresenc
stimuli from a different set.

Furthermore, concerning the certainty with which one may infer the meesén
stimulus generalization, there are studies with less frequent measuremesparfding to probe
stimuli. Hence, there are inferences that may be made regardinglgatien from training
that fall between the extremes of pre-post measures and frequent probing throaghtmo b
and treatment. Late or delayed introduction of generalization probes duringgraitowing
the interspersing of probe measures during baseline provides another analysislob
generalization. Because the generalization probe data are not evaluated thrdwegbiotirtet
treatment condition (See Figure 3 for hypothetical example), irdesaregarding stimulus
generalization may be less strongly supported because there argdéeerlization data.

For example, Garcia, Baer, and Firestone (1971) evaluated the generalifati
imitative responding by presenting generalization probe models that wdlige $0 the trained
small motor models, large motor models, and short vocal models. The generalization probe
models were first presented in the pre-training session. Presentation afi¢haligation probes
did not occur following training until acquisition and consistent demonstration of thedrai
imitative responses occurred. The authors concluded that a generalizédemaiaertoire was
established because of the imitative responding observed during the trialshrtiére were
no programmed consequences for imitation. This conclusion is warranted, but notesthat it i
based on less evidence than the above described studies with more frequensroépsoive

responding.
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Another variation in generalization testing procedures is the use of more fregelent
post measures throughout baseline and training (see Figure 4 for hypothxeticple. This
type of procedure provides a limited amount of information needed to draw inferegaegimg
stimulus generalization. Reeve, Reeve, Townsend, and Poulson (2007) used frequent pre-and
post-intervention measures to assess the extent to which helping responsesueder the
training conditions, would be emitted in a novel room with a novel instructor by preskating
previously trained and novel helping scenarios. Specifically, they used 3 preet@spast-test
measures. They inferred that the pre-post-test results showed gatierafrom training.
Nevertheless, the use of frequent pre-post measures may not support a ckEardardbout
generalization from training any more than does a single pre-post measgreeason is that
the post-test measures were obtained following, rather than during, thetemygafshe correct
response. The increase in correct responding from baseline to treatmetensasigally
replicated in the experimental design, thus ruling out threats to interrdityyadind allowing
the conclusion that the treatment caused the change in the treatment datese Bexare-post
data were not included in that experimental demonstration, perhaps it should not be concluded
that the treatment caused the change in the pre-post data. Thus, the authokserhagia
incorrect in their conclusion that the pre-post data demonstrated gerenalimam training.
Limiting Factorsin the Inference of Simulus Generalization

The extent to which learners respond similarly when presented with sidtyycally
different non-reinforced probe stimuli is a core interest when making ndeseabout stimulus
generalization. A major challenge for learners is the discrimityabiiireinforcement
contingencies that are associated with the presentatioraotiSSstimuli. Specifically, to

demonstrate stimulus generalization, responding must be controlled by theappsaperties
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of the probe stimuli and not by those aspects of the probe stimuli that are ahatxienfor
non-reinforcement. Thus, properties of stimuli may serve two different functidinsuliSnay
signal the response topography to be emitted by the leardéney may signal the availability
of reinforcement. To evaluate stimulus generalization, learners mushdiste the former
rather than the latter and not respond differentially to changes in reinfemteontingencies
associated with'and Sstimuli (i.e., training and probe stimuli).

There may be procedures that facilitate this complex discrimination probieiref
learner. Interspersing generalization probes among trainingrtréggtdetter support the
maintenance of responding when subjects are presented with non-reinforced alsbe tri
whereas massed testing under extinction conditions may reduce respondéasdges testing
involves the repeated presentation of probe stimuli that differ from training istiotkawing
the acquisition of the trained response(s) (see Figure 5 for hypotheticgllexaResearchers
must ask under what conditions massed testing will provide an effective meastineutis
generalization. Arguably, this type of testing may be extremelyswe to use in applied
research because of the problems related to testing under extinction conditesyzective of
any experimental design issues, massed testing may be a betteofrd@msnstrating
stimulus generalization with laboratory populations such as pigeons that engage inesgtyweni
high-rate responding (i.e., key-pecking) and that are exposed to deprivation probefnes
training and high rates of reinforcement during training.

In a study on generalized imitation with children with developmental disabjliti
Peterson (1968) demonstrated that massed testing of stimulus generalatktvang training
was associated with reduced imitative responding, whereas interspstsegldéstimulus

generalization among training trials was associated with maidta@s@onding in the presence
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of testing stimuli. This work highlighted the importance of arranging comtoige during tests
of stimulus generalization that are less discriminable. In this caserttiegencies occasioned
by the testing stimuli presented were less discriminable from the camtiegeoccasioned by
the training stimuli and did not interfere with response acquisition during theispersed
presentation.

Two important procedural questions may be derived from Peterson (1968). Firsg is ther
an optimal ratio of training stimuli to generalization probe stimuli when tegimgtimulus
generalization in applied research? We have found no experimental researghdiszstly on
this question. Second, how do we make the predictive value of the probe stimuli for
reinforcement less discriminable? Poulson (2009) offered some practicatsagg for using
interspersed generalization probes. Specifically, she suggested usingtipnabeard training
stimuli from the same physical stimulus modality. For example, when tramitegive
responding in the presence of gross-motor stimulus models, present non-tragsechgtor
stimuli, not verbal stimuli, to probe for stimulus generalization. Also, probe stmaylibe
presented using a variable, rather than a fixed schedule of interspersecapogsdnstead of
presenting a probe trial after a fixed number of training trials, probermejse presented
following a random sequence of training trials (e.qg., the first probe may $enped after seven
training trials, the next probe may be presented after four training thalltowing probe
may be presented after ten training trials, then following three trainatg, and so on) (Baer,
Peterson, & Sherman, 1967).

Ajar (2007) used an interesting procedure to make the reinforcement value of the
generalization probes less discriminable when teaching youth with autism geenga

appropriate affective verbal and nonverbal responding. In this study, gerienalprabe trials
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were initially easily discriminable by the participants because, utiikéraining trials, the

written scripts were not used during probe trials to prompt target affeetipenses.

Therefore, the presence of written scripts became discriminativeifdorcement, whereas the
absence of scripts became discriminative for extinction. As a result, diogopat did not

respond during probe trials. To resolve the problem of such unwanted discrimination between
training and probe stimuli, the experimenters removed the scripts for sometradrtireg trials,

but retained the correction procedure during these trials. Following this claamgakdown in

the discrimination between training and probe trials occurred such that treeam wecrease in
responding during probe trials for that participant.

Another suggestion for making the reinforcement value of probe stimuli less
discriminable from that of training stimuli was demonstrated by Gaeie;, and Firestone
(1971) and was mentioned previously in this paper. The experimenters trained a set of
imitative responses to a criterion level and later switched to an internsitieexdule of
reinforcement before interspersing probe stimuli. This procedure was designectase
resistance to extinction during the interspersed presentation of non-rethfsabe stimuli.

Shroder and Baer (1972) also reduced the probability of reinforcement for responding
during training trials before introducing interspersed generalization probestioAddy,
during a comparison of two training procedures, concurrent and serial, the exgersriound
that responding to probe stimuli had a higher probability following concurremnitigai.e.,
three responses simultaneously trained to criterion) than responding to probefsliowing
serial training (i.e., one response trained to criterion). Shroeder and Baea Higt probes
following serial training might have been more readily discriminasestienuli that did not

occasion reinforcement than were probes following concurrent training. The azghedsfor
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future research to address the parameters of such procedures, specificadigrtmenability of
the reinforcement value of probe stimuli.

Each of these studies shows sensitivity to the issue that the early introduction of
generalization probes, for whatever reason, may interfere with initialssibopuiof target
responding in addition to control that these stimuli may or may not have based on thealphys
or predictive properties. Terrace (1963) showed that early, as opposed to late, tiomaufus-
stimuli facilitated discrimination between S+ and S- stimuli. In that stoidggons learned the
discriminated operant of pecking in the presence of a red key (S+) and noigpadkie
presence of a green key (S-). The effects of early versus the late intvachfdtie S- stimulus
on responding in the presence of the S+ and S- stimuli were evaluated. Subjectsl dlequir
discrimination between red and green with fewer responses to the S- (i.erdes)when the
S- was presented early in discrimination training as opposed to late introducticaceTer
(1963) concluded that the manner in which the S- was introduced had a systematondfiec
acquisition of the discrimination. In a later study with adult humans, Fields (1981) al
reported that the early or late introduction of probe stimuli that did not occasiterecement
into the training protocol, similarly affected accurate naming of Braiflmuli.

The manner in which early or late introduction of probe stimuli intersects with the
problem of discriminability between training (S+) and probe (S-) stimuli obdbkes of
reinforcement value is unknown. Nevertheless, if one waits past the acquisitiorophse
training trials to introduce probe stimuli, the procedure more closely respnegbost- testing,
because the probe stimuli cannot be shown to co-vary with the training stimmahdnaind in

level. Because the introduction of probe stimuli may have a direct influence omjthstam
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of the target response, one must take this into consideration when designing an optimal probe
procedure to measure stimulus generalization.

Another means of making the reinforcement value of probe stimuli less disaiiii
may be to reinforce responding in their presence. This procedure requires th&iake of
unique stimuli, meaning that every probe trial consists of a stimulus that is edlpnse,
before its association with reinforcement to measure generalizationefditee reinforcing
responding on these trials may not interfere with the measurement of getieraand will
help to prevent extinction of responding during generalization testing. The usd-ohique
stimuli to test for stimulus generalization within a matching-tog@arparadigm has proven
effective in preventing problems that emerge when reinforcement is drageoht

Brown, Brown, and Poulson (1995) used trial-unique stimuli to test for stimulus
generalization by young children within a matching-to-sample paradigmmlly, pre-training
sessions were conducted to familiarize the children with the matching toesprapédure and
consisted of three steps; presenting one sample and one comparison stimulos) g@se
sample stimulus and two comparison stimuli, and presenting one sample stimulusend thre
comparison stimuli. Once participants responded correctly on 80% of the finahtemltning
the third pre-training step, generalization testing commenced. Duriegajeation testing,
one reinforced test trial was interspersed between presentations of gelecstmaining trials
(these trials were the same configurations as those from the three compagigraining step).
Among the 150 test trials, no stimulus set appeared more than once. In fact, eachatimmfigu
of sample and comparison stimuli was used only once allowing correct respantdeng t

reinforced and preventing difficulties that emerge when reinforcemergasrdinued. All
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children showed generalization of matching to sample to novel stimuli during th@dirktof
generalization testing.

Comparison studies have demonstrated that in a matching-to-sample paradigm, use of
multiple trial-unique choice stimuli results in higher response rates dstrimglus
generalization testing than does training with only two choice stimuli thatadrtrial unique.
Wright, Cook, Rivera, Sands, and Delius (1988) trained matching-to-sample responses in one
group of pigeons using the same two video picture stimuli and the trial-unique group of pigeons
was trained using 152 different video picture stimuli daily. Following training, drotips
were tested for generalization by interspersing ten testing isalg a ratio of 3 training trials
to 1 generalization testing trial. The 2-stimulus group responded at chaelsediering
generalization testing. Pigeons in the trial-unique group matched cowoedalhjieast 80% of
the generalization test trials.

Williams, Johnston, and Saunders (2006) compared the use of multiple a trial-unique
choice stimuli with a procedure in which only two choice stimuli were used to tagede
matching-to-sample in adults with mental retardation. In the trial-unicqpoegure, every trial
in a session contained different stimuli. For the other procedure, the same two sompari
stimuli were presented on each trial with their positions counterbalanced. Testragcuracy
was observed with the trial-unique procedure. The authors concluded that responding duri
the procedure in which only two choice stimuli were used was controlled byrthdustithat
occasioned reinforcement on the previous trials. So, instead of matching, the sagjhavm
selected the comparison stimulus that was selected on the previous triagllgsipselection
of that comparison stimulus occasioned reinforcement. This source of competingstim

control is not present in the trial-unique procedure because the comparison sérdiffeaent
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on every trial. Additionally, this source of stimulus control could mask the extente¢t whi
generalization of the matching response would occur following training.
Simulus Generalization Gradients and Variations of Generalization Tests in Basic Research

Massed testing, as discussed previously in this paper, has been used to measure
generalization in the absence of reinforcement and to produce generalizatiemts.
Research in the experimental analysis of behavior with non-human subjeaigested some
additional workable solutions to the issues that are common when testing for gatierain
the absence of programmed reinforcement. In their classic paper, Guttmarlishqd1e&6)
trained a discrimination using an intermittent schedule of reinforcemeareliatroducing
massed testing of stimulus generalization. The massed testing procetivdedribe
presentation of many different stimulus values under extinction conditions. Datetm
generalization gradients emerged during testing and responding in the prektrectest
stimuli was analyzed as resistance to extinction.

In their review of the research on stimulus generalization, Honig and Urcuioli (1988)
discussed variations from those procedures used originally by Guttman and Kafi€hgnd
the effects of different types of measurements on the resulting gen@algiadients. These
variations included the single-stimulus test procedure, resistance tweement procedure,
and steady-state testing. In a single-stimulus testing procedure ubgatt & presented with
one of the stimulus values from the stimulus dimension being evaluated. Responding by eac
subject to the individual stimulus values is used to produce the generalization gradient
Generalization gradients emerge that are similar to those thageemben testing involves the
presentation of all of the dimensional values each subject. Although this provides some

evidence that one stimulus may be sufficient to demonstrate stimuluslgatiera it requires
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that the experimenter be sure that the organism has no past learning histahewtimulus
chosen for testing. This is often possible in research with naive laboratorysatiatat is
typically not the case with human subjects. Using few stimuli to test for geaémal is
dangerous in that one can lose the generalization measure if the subject had@hesamn
with that stimulus that is unknown to the experimenter. The use of only two or three
generalization stimuli is problematic for the same reason, but this precedyrbe used to
keep session length relatively short.

Stimulus generalization may be masked by low response rates causechtiyosxti
procedures used during massed testing. Hearst, Besley, and Farthington (19@pgddlie
reverse of the generalization testing procedure used by Guttman and Kalishgoyiiitory
generalization gradients to test for stimulus generalization. In thestalese to reinforcement
procedure, instead of extinguishing behavior at all values during testimigrceiment was
provided for responding at all test values. If some of the S- stimuli were mdsganhthan
others, decremental response rates would emerge in their presenceyrésstffects of
reinforcement and providing a measure of responding in the presence of testirg sti

Finally, Honig and Urcuioli (1981) discussed steady-state testing asres imkea
offsetting the undesirable effects of extinction during generalizatstimg¢e In a steady-state
testing procedure, reinforcement is provided for responding to training stemuirareinforced
generalization testing trials are interspersed. Testing of this sdrebasconducted in studies
of generalized imitation since its inception (Baer, et al., 1967).

Competing Sources of Stimulus Control in Stimulus Generalization Testing
At this point, we should discuss some exceptions to issues we have raised regarding

extinction during tests of stimulus generalization. Competing sources ofisticantrol,
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specifically compliance with instructions, may be an example of this egoeptlany studies
have demonstrated that a decrement in responding many not always occur whenfoede
probe stimuli are introduced to measure generalization. Peterson and Whitedira$t
demonstrated that imitative responding of children of typical development pasadky
resistant to extinction procedures. Imitation persisted for two of the threszshen
reinforcement was removed completely and when differential reinfemewas provided for
non-imitative responding. In the final phase of the experiment, the experimestabsemt and
another adult presented imitation trials. For all three subjects, corréativeiresponding
reduced to zero levels. Therefore, behavior of subjects with a learning histommiance
with adult instructions may not extinguish, whereas, others, may.

In another study on generalized imitation conducted with children with mental
retardation, Burgess, Burgess, and Esveldt (1970) found that two of the three sulitigetd im
probe models when first presented and continued to imitate these models even when
reinforcement was removed for imitating training models. The authors codc¢hatesubject
responding was under instructional control.

These studies highlight other possible sources of stimulus control, and by iaferenc
reinforcer control, other than that by the programmed conditional stimuli. fispkyj both
overt and covert instructions provided by adults may control responding in subjicés wi
history of reinforcement for compliance.

Other Demonstrations of Learning

Research and knowledge in the field of applied behavior analysis has progressed

substantially in its recognition of the need to produce behavior change in variouhatays t

extend beyond that strictly defined by treatment. The demonstration of stireakralization
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is one way such change is demonstrated, and the conditions under which such change may be
evaluated has been the focus of this paper. At this point, it should be noted that thérer are ot
important behavior change phenomena that are not the product of stimulus gatieamalin
particular, learning may also have occurred when response generalizaiiot@nance of
responding, and learning to learn is observed.

Response generalization provides information to researchers about the way in which
behavior change extends beyond the boundaries of treatment. Catania (1998) daforeskre
generalization as the spread of effects of reinforcement to responsds thedboundaries of
the trained operant class. As a case in point, Antonitis (1951), placed rats in a chamaer w
horizontal slot along one wall. When the nose poking response was reinforced at thefcente
the slot, nose poking at other positions near the center were observed, indicatingathefspre
effects of reinforcement to variations in the nose poking response class.

In applied research, a major outcome of script-fading procedures is response
generalization. Krantz and McClannahan (1993) taught youth with autism tceinitiat
conversations to their peers by using written scripts. Once the scriptfadede unscripted
responses, responses that varied from the trained responses, were emitted.rdutisely
outcome demonstrated the occurrence of different responses in the presencaméthe s
stimulus conditions, the presence of a conversational partner.

Maintenance of responding, that is, responding that persists after all oiloa pbthe
treatment has been removed, can be another valuable form of learning (Cooper, Heron, &
Heward, 1987). Koegel and Rincover (1977) emphasized the distinction between thefailure
a response to generalize from a training environment to a non-training enviromehéne a

failure of a learned response to maintain over time. In this study threeeohiidh autism
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learned imitative responses and to follow one-step instructions in a training envitomithe
the experimenter. Two of the children performed these responses in the alisggngeammed
reinforcement outside of the training environment with another adult, demarggateralized
responding. Nevertheless, with continuous measurement, the generalized resjiogssiesd
over time. The authors argued that this was a problem of maintenance. Anothenahild ne
demonstrated the learned imitative responses in the non-training environmentusihtng
argued that this was a problem of generalization.

One often overlooked, but powerfully important form of learning in applied research is
learning to learn. For example, it is sometimes critical to demongtedtsubjects learn the
next target response in less time and with fewer reinforced trials;iparty by people with
developmental disabilities. Baer, Peterson, and Sherman (1967) demonstratedtitieat chi
with developmental disabilities required fewer trials to reach criterlfeanviearning to imitate
new gross motor models as training progressed.

Conclusions

Inferences regarding stimulus generalization are more safelywisaeconsideration is
given to the experimental design and the discriminability of the reinforcemmimigencies
associated with training and testing stimuli. As reviewed in this paper, usinginéorced
probes interspersed among reinforced training trials during baseline antetreptovides
important information needed to draw inferences regarding stimulus geagaali This type
of procedure also may enhance the discriminability of the physical pegpeftihe testing
stimuli while diminishing the discrimination of their reinforcement contiroges, thereby
reducing problems associated with extinction when testing for genexaiizadm training. Itis

also noteworthy that interspersing generalization probes may intestarthe beginning stages
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of skill acquisition. Nevertheless, the procedural variations described in fl@smpay provide
examples of ways to address this issue. The use of reinforcement in trial-unicedupes also
reduces problems associated with extinction when testing for geneaaliratin training.
Finally, extinction may not always interfere with the use of genatadiz probes, as was
evident in studies demonstrating other sources of stimulus control.

As described above, there are many valuable inferences one may draw frobodata a
learning apart from stimulus generalization. These include inferencaasliregresponse
generalization, maintenance, and learning to learn. In the final analysiee valuable
inferences from treatment data even when they are not all the product ofistimul
generalization. We may find it helpful to refine our language to more aeludescribe the
types of measurement and experimental design procedures we are using esultihg r

inferences we may draw from them, and to not refer to them all as stimulualgatien.
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