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ABSTRACT

An Analysis of Auditory Stimulus Generalization Gradients in Children with

Autism Following Two Different Training Procedures

by

Steven N. Corry, Educational Specialist
Utah State University, 2013
Major Professor: Andrew Samaha, Ph.D.
Department: Psychology
Previous research suggests learning of children with autism often fails to
successfully generalize across changes in settings and stimuli. Much of this research has
assessed generalization by first teaching a behavior in one setting and measuring the
transfer of the behavior to extra-treatment stimuli and settings. Procedures from basic
research, measuring generalization gradients, offer more precise means of characterizing
the extent of generalization and the basic processes underlying it. The present study
obtained generalization gradients for children with autism spectrum disorders (ASD)
according to an auditory modality after two different training procedures. First, after
teaching three children with ASDs to discriminate between tone-present and tone-absent
conditions, the present study obtained generalization gradients for the children as a
measure of the extent to which their operant responses generalize to changes in an

auditory stimulus signaling reinforcement as the stimulus was varied without



v
reinforcement across the dimension of tone frequency. Although the shape of resulting
generalization gradients differed between participants, all three participants in the present
study showed a pattern of responding consistent with generalization. Gradients for two of
three participants were orderly and decremental. Next, after teaching participants to
discriminate between the same tone frequency signaling reinforcement and a higher tone
frequency signaling extinction, generalization gradients were again obtained. Predictable
changes in the shape of gradients were noted for two of three participants. Results are
discussed with regard to stimulus control, the behavioral processes of reinforcement and
extinction, and the “peak shift” effect.

(121 pages)



PUBLIC ABSTRACT

An Analysis of Auditory Stimulus Generalization Gradients in Children with

Autism Following Two Different Training Procedures

by

Steven N. Corry, Educational Specialist

Utah State University, 2013

Previous research suggests learning of children with autism often fails to
successfully generalize across changes in settings and stimuli. Much of this research has
assessed generalization by first teaching a behavior in one context and then measuring the
transfer of the behavior to extra-treatment stimuli and settings. The present study
measured generalization of learned behavior by systematically varying the tone of an
auditory stimulus present during training to obtain generalization gradients.
Generalization gradients are graphical representations of the strength of a response
produced by stimuli that vary from the training stimulus along some stimulus dimension.
By obtaining generalization gradients, this research may offer a more precise means of
characterizing the extent of generalization and the basic processes underlying it. The
study also went beyond previous research with children with autism by examining the
effects of two different training procedures upon the resulting generalization gradients.

Participants were first taught to discriminate between the presence and absence of a



vi
specific stimulus, and later, to discriminate between two stimuli varied along the same
dimension. Gradients were measured following both trainings.

In the first training procedure, three children with autism were taught to engage in
a simple communicative request in the presence of a specific tone and to withhold the
request when there was no tone. The researchers then measured the extent to which these
children continued to engage in the request as the tone was changed in frequency. They
graphed the resulting data in the form of a generalization gradient. Although the shape of
resulting generalization gradients differed between participants, all three participants in
the present study showed a pattern of responding consistent with generalization.
Gradients for two of three participants were orderly and decremental. In the second
training procedure participants were taught to discriminate between two tones of different
frequencies. Generalization gradients were again obtained. Predictable changes in the
shape of gradients, consistent with basic research on generalization gradients, were noted
for two of three participants. Results are discussed with regard to stimulus control, the
behavioral processes of reinforcement and extinction, and what has been called the “peak

shift” effect.
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CHAPTERII

INTRODUCTION

Stimulus control refers to the relationship between stimuli and behavior (Mazur,
2006). Specifically, behavior is said to be under stimulus control when the presence or
absence of the stimulus influences the probability of behavior. For example, if an adult
calls a typically developing child by name, the child may turn toward the adult because of
a history of reinforcement. If the adult were to call out the name of a different child, the
first child would be less likely to respond in the same manner because, in the past,
responding to another child’s name was unlikely to produce reinforcement. In this case,
the term stimulus control refers to the degree to which the sound of the child’s name
influences her gaze. The child’s tendency to respond differently to the sound of two
different names is evidence of stimulus discrimination. The capacity to discriminate
between two or more stimuli enables people to behave differentially in different contexts
and is therefore fundamental to academic and social development.

Just as discrimination between stimuli can lead to adaptive responses, so can
generalization among stimuli. Stimulus generalization occurs when a response emitted in
the presence of a particular stimulus is also emitted in the presence of other, perhaps
similar, stimuli (W. D. Pierce & Cheney, 2008). People frequently encounter novel
stimuli in the real world. Whether this occurs in family and social contexts, at school, or
in a career, successful functioning and survival may depend on the ability to adaptively
respond to these novel stimuli (Mazur, 2006).

A frequently cited problem in children with autism is that newly acquired



behavior is rarely observed to generalize across different stimulus situations (Lovaas,
Koegel, & Schreibman, 1979). This failure to generalize has important implications for
the transfer of learning across environments. For example, if a child has been taught how
to perform a skill at school, such as appropriately asking for a snack, this learned
adaptive behavior may not transfer to the home environment. Therefore, this and many
other benefits gained in school may be limited to the school setting.

One reason implicated for this maladaptive lack of generalization is that, relative
to other children, children with autism tend to be overselective when responding to
stimuli (Lovaas et al., 1979; Ploog, 2010). In other words, behavior for these individuals
tends to be under tight stimulus control of only a narrow subset of stimuli in the
environment. For example, in a study by Rincover and Koegel (1975), children with
autism were taught to respond in accordance with a simple directive (e.g., “touch your
head”). A portion of these children failed to transfer this newly acquired behavior to an
extra-treatment setting. When an analysis of stimulus control was conducted, by
systematically introducing minor extraneous components from the treatment setting into
the extra-treatment setting, the authors found idiosyncratic components from the original
setting (e.g., the table and chairs in the treatment setting) had gained exclusive control
over responding. Stimulus overselectivity appears to interfere with generalization.

Previous studies involving children with autism have frequently focused on
generalization from the perspective of intervention and treatment (e.g., Rogers, 2000;
Stokes & Baer, 1977). To do this, studies have often assessed generalization by teaching

behavior in one setting and subsequently measuring the transfer of treatment gains to



extra-treatment stimuli and settings (Handleman, 1979; Handleman & Harris, 1980;
Koegel, Egel, & Williams, 1980; Lovaas, Koegel, Simmons, & Long, 1973; K. Pierce &
Schreibman, 1995; Zifferblatt, Burton, Horner, & White, 1977). However, the methods of
measuring stimulus generalization used in such studies provide only limited information
with respect to the extent of stimulus generalization and the basic underlying processes
influencing it.

More precise means of characterizing the extent of generalization comes from
basic research with animals. In these studies, experimenters first train subjects to respond
to a particular stimulus and then measure responding as the stimulus is varied
incrementally across a single stimulus dimension (e.g., color, location, pitch, volume,
etc.; Honig & Urcuioli, 1981). This procedure and its variations yield generalization
gradients. Generalization gradients “show the relationship between probability of
response and stimulus value” (W. D. Pierce & Cheney, 2008, p. 180). This relationship
can be seen when gradient data is graphed. An orderly gradient, sloping away from the
original stimulus value, demonstrates the stimulus control held by the original training
value and the degree of generalization to similar stimuli as the stimuli gradually become
more different from the original stimulus (Figure 1).

Other fields of study, like medicine, have benefited from the development of
methods or instrumentation that allows researchers to obtain more precise measures of a
phenomenon being investigated. For example, physicians can make far more precise
diagnoses by running blood tests than they can by simply observing the symptoms of an

illness. Likewise, more precise measures of generalization (e.g., obtaining generalization
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Figure 1. A hypothetical decremental generalization gradient. This is a hypothetical
gradient for responding tone frequencies, with 350 Hz as the original training value (i.e.,
the discriminative stimulus signaling reinforcement [S+]).
gradients) can help researchers better understand the basic processes influencing it.

Studies examining generalization in children with autism have rarely used
methods that yield generalization gradients. Furthermore, each of the few studies that
obtained generalization gradients made exclusive use of stimuli that vary according to
visual modalities (Matthews, Shute, & Rees, 2001; Miyashita, 1985; Rincover &
Ducharme, 1987). No studies have obtained generalization gradients for children with
autism when the stimulus dimension was varied along an auditory modality. Considering
the important role of the auditory modality in the development of speech and
communication, and the difficulties children with autism often have with speech and
communication (American Psychiatric Association [APA], 2000), assessing stimulus
generalization across this modality may lead to a better understanding of these deficits.

Additionally, because some children with autism are known to evidence a



hypersensitivity to sound and other unusual sensory responses (APA, 2000),
generalization across visual, auditory, or other modalities may not be equivalent.

Basic research on stimulus generalization indicates that the particular training
procedures used will influence the form of gradients obtained (Honig & Urcuioli, 1981).
Each of the past studies reporting generalization gradients for individuals with autism
have included intradimensional discrimination training prior to generalization testing. In
intradimensional discrimination training, participants are taught to discriminate between
two or more stimuli that differ across the same dimension (e.g., color, size, location,
frequency, etc.). For example, the subject may receive reinforcement when responding in
the presence of one stimulus (S+), while the other stimulus (S-) is presented under
conditions of extinction. This type of discrimination training is known to cause changes
in stimulus control and gradients of generalization (Mazur, 2006). Specifically, the
experience of extinction in the presence of S- reduces responding in the presence of that
stimulus, may raise the gradient, may steepen the gradient between the values of S+ and
S-, and may cause the highest rate of responding (i.e., the peak) to shift from S+to a
stimulus value in the direction away from S- (Honig & Urcuioli, 1981). This
phenomenon is known as peak shift (Figure 2).

Therefore, previous research ostensibly examining generalization in children with
autism has actually followed procedures designed to teach discrimination.
Concomitantly, the lack of observed generalization commonly reported in individuals
with autism may be confounded with an increased sensitivity to discrimination training

procedures, the phenomenon of peak shift, or both. Given that intradimensional training
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Figure 2. Two hypothetical generalization gradients. The gradient with filled square
markers represents the presence/absence condition wherein there is no intradimensional
S-. This gradient is orderly and decremental, with the highest rate of responses occurring
at the S+ value (i.e., 400 Hz). The other gradient (with unfilled circles) represents
generalization after intradimensional discrimination training with 400 Hz as S+ and 500
Hz as S-. Peak shift can be seen in this gradient in that the highest rate of responding has
shifted from the 400 Hz tone (S+) in a direction away from the 500 Hz tone (S-).

procedures are unnecessary for obtaining generalization gradients (Honig & Urcuioli,
1981), it would seem beneficial to isolate the effects of reinforcement (generalization)
and the effects of extinction (discrimination and peak shift) in individuals with autism.
This could be done by obtaining generalization gradients both before and after
intradimensional discrimination training.

Research suggests that the behavior of children with autism does not successfully
generalize to changes in stimuli because of a tendency to be overselective (Lovaas et al.,
1979). However, such findings say little about differences in terms of fundamental
behavioral processes of reinforcement (generalization) and extinction (discrimination) in

individuals with autism. Such differences, if identified, might have profound implications
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for understanding why treatments do not generalize for children with autism. No previous
studies have assessed generalization gradients for individuals with autism without using
intradimensional discrimination procedures. Therefore, previous research has not isolated
the separate behavioral processes of reinforcement (which would cause generalization)
and extinction (which would cause discrimination and peak shift). Furthermore, no
previous studies have measured generalization gradients according to auditory stimuli in
children with autism. Such a study could be useful when examining generalization of
tasks that involve spoken prompts across different instructors. The purpose of this study
is to measure the extent to which operant responses of children with autism generalize to
changes in an auditory stimulus as the stimulus is varied across a single dimension (e.g.,

frequency), both before and after intradimensional discrimination training.



CHAPTER II

REVIEW OF LITERATURE

Although many studies have explored the phenomenon of generalization in
children with autism, few of these have obtained generalization gradients by
parametrically varying a single stimulus dimension. The primary purpose of this literature
review is to synthesize and critique those studies that have explored the use of
generalization gradients as a measure of the phenomenon of stimulus generalization in
children with autism. Prior to this, the present review will also discuss relevant research
findings regarding generalization and stimulus control in children with autism and basic
research on generalization gradients. The specific objectives of this review included the
following.

1. To provide background information about generalization and stimulus control
in children with autism.

2. To describe the current state of research on obtaining generalization gradients
as a measure of stimulus generalization in children with autism and to compare the
relative strengths and weaknesses of previous studies.

3. To discuss procedural and trait variables that may influence auditory stimulus
generalization for children with autism.

4. To draw conclusions based on this information from which the research

questions and strategies for this study were formulated.



Autism and Generalization

“The essential features of Autistic Disorder are the presence of markedly
abnormal or impaired development in social interaction and communication and a
markedly restricted repertoire of activity and interests” (APA, 2000, p. 70). These
children typically do not seek or voluntarily accept the attention of others (Lovaas et al.,
1979). They often have difficulty understanding social cues, and may benefit from
support and intervention to improve social functioning and acceptance by others in social
contexts (Boutot, 2007). Language development may be delayed or entirely absent in
children with autism, but when language is present it is often characterized by
idiosyncrasies, including abnormal intonation, pitch, rhythm, stress, or rate (APA, 2000).
Individuals with autism also frequently exhibit stereotyped behavior and repetition in
patterns of speech (e.g., echolalia; APA, 2000). Such children “are generally
unresponsive to their physical environment. They are inconsistent in their response to
sensory input, they typically do not show a startle reflex, and their parents have suspected
them to be blind or deaf” (Lovaas et al., 1979, p. 1,236).

In addition to the preceding deficits, researchers have found that children with
autism frequently have difficulty generalizing learned behavior across settings and
stimuli (Lovaas et al., 1979). Treatment gains have been found to be “situation specific”
(Lovaas et al., 1973, p. 160). In other words, following training, newly acquired behavior
may occur only within the training environment or in association only with teachers and
stimuli present during training. Training for children with autism often occurs with adult

teachers and in small group classrooms with limited distractions. One of the most popular
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and extensively studied approaches for teaching children with autism is discrete trial
training (DTT; Smith, 2001). In DTT, teachers implement discrete trials by working with
a child one to one in a distraction-free setting. Although such training situations can be
effective in helping children with autism learn behaviors and skills, failure to generalize
this learning across different, and less tightly controlled, situations can still be a problem.
This failure to generalize across situations has been a target of research and some
procedures that may help increase generalization effects have been identified. For
example, researchers have found it is possible for children with autism to achieve
successful generalization of behavior across home and school settings if they practiced
daily (Zifferblatt et al., 1977). The training stimuli and environment can also contribute to
generalization effects. For example, using naturalistic stimuli in training procedures has
resulted in improved generalization effects, such as when training of social behavior is
implemented by siblings or peers instead of by adults (Bass & Mulick, 2007; K. Pierce &
Schreibman, 1995; Rogers, 2000; Stokes & Baer, 1977). Moreover, rather than training in
tightly controlled settings, like a cubicle, training in a variety of locations that more
closely approximate natural settings can improve generalization (Handleman, 1979;
Handleman & Harris, 1980; Stokes & Baer, 1977). Generalization and maintenance of
responding beyond training can also improve when training takes place directly in the
natural environment. For example, Harper, Symon, and Frea (2008) found that two
elementary school children with autism who were taught to engage in social behavior
during recess continued to engage socially at recess after training prompts were removed.

Koegel and colleagues (1980) suggested that, the difficulties with generalization
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for children with autism may be due, in part, to “behavioral contrast.” In other words, the
difference between levels of responding in treatment and extra-treatment settings may be
a consequence of differences between the particular reinforcement procedures (i.e., the
particular schedules of rewards or punishments) in each setting. They demonstrated that
generalization effects for children with autism could be mediated by the particular
reinforcement procedures operative in different environments when the procedures were
highly discriminable. For example, if a child receives continuous rewards for displaying
an appropriate behavior in a treatment setting, but receives no rewards in the extra-
treatment setting, his behavior may not generalize across settings. Alternatively, if the
reinforcement procedures between settings are made similar (i.e., continuous
reinforcement in both settings) the contrasting trends in responding across settings can be
eliminated. Stokes and Baer (1977) also noted success by researchers in achieving

generalization after making contingencies indiscriminable across settings.

Overselective Stimulus Control

Although difficulties with generalization may be due, in part, to the extent of
difference between the stimuli or reinforcement procedures in treatment and extra-
treatment settings, another important variable to consider is the tendency of children with
autism to be overselective when attending and responding to stimuli (Lovaas et al., 1979;
Ploog, 2010). Stimulus control in children with autism differs from that of typically
developing children because it is more restricted. In both natural and treatment

environments, many stimuli have the potential to control behavior and not just those
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planned by the therapist (e.g., the room, the trainer’s shirt, a particular inflection of voice,
etc.). In the presence of multiple or complex stimulus inputs, responding for children with
autism often comes under the control of an atypically restricted range of input.
Furthermore, the particular stimulus cues that gain control over responding are often
idiosyncratic.

Overselective stimulus control is a phenomenon with practical significance in the
daily life of a child. Schreibman (1997) related the anecdotal example of a child who had
worked with a therapist for 6 months. When the therapist suddenly changed her hairstyle,
the child no longer had any recognition of her. Additionally, a child who had previously
had no difficulty recognizing his father, no longer recognized him when his father had
removed his eyeglasses (Schreibman, 1997). In these examples, overselective stimulus
control appears to function by interfering with the child’s ability to recognize and
generalize to slight changes in relevant social stimuli (i.e., other people). Furthermore,
overselective stimulus control appears to be contributing to the social dysfunction of
these children, one of the hallmark features of autism.

The term stimulus overselectivity was first coined by Lovaas, Scheibman, Koegel,
and Rehm (1971). They conducted a study in which children with autism, typically
developing peers, and children with mental retardation were taught to respond by
pressing a lever in the presence of a multicomponent stimulus. This compound stimulus
contained auditory, visual, and tactile components. After discriminated responding in the
presence of the compound stimulus had been established, the researchers separated the

components of the stimulus and assessed the stimulus control of each component
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independently. The researchers found that typically developing children continued to
respond equally to each stimulus component. In other words, each component retained
functional stimulus control over responding for these children. The children with autism,
on the other hand, responded primarily to only one of these cues, while responding by the
children with mental retardation functioned between these two extremes.

While this initial study demonstrated overselectivity when each of the cues fell
within different sensory modalities, subsequent studies have also demonstrated an
overselective pattern of responding for children with autism when the multiple cues all
fall within the same sensory modality. Overselective response patterns have appeared
when children with autism respond to multicomponent visual stimuli (Fein, Tinder, &
Waterhouse, 1979; Schreibman & Lovaas, 1973), dual-component auditory stimuli
(Reynolds, Newsom, & Lovaas, 1974), and compound-tactile stimuli (Ploog & Kim,
2007).

In a study by Schreibman and Lovaas (1973), overselectivity was demonstrated
with social stimuli experimentally. They analyzed this phenomenon by first teaching
children with and without autism to discriminate between differentially clothed boy and
girl dolls. Next, they systematically swapped clothing components between the two dolls,
one at a time, such as exchanging the girl’s shirt with the boy’s shirt and the girl’s skirt
with the boy’s trousers. The researchers also exchanged doll heads.

After making each exchange, the children were asked to point to either the boy or
girl doll. The experimenters found that the typically developing children had learned the

discrimination between the two dolls primarily on the basis of doll heads, but they could
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also discriminate accurately between figures on the basis of clothing items when the doll
heads were removed. In contrast, the children with autism demonstrated overselectivity
because they had learned the discrimination between boy and girl dolls on the basis of
idiosyncratic components that were not as socially meaningful as doll heads. For
example, one child with autism made the discrimination between boy and girl dolls
primarily on the basis of shoes. In this study, the children failed to generalize responding
to alterations in social stimuli because they had responded overselectively. Considering
that social behavior—from identifying other people, to language development and
communication, interpersonal interaction, modeling, and understanding social mores—is
complex and full of nuanced cues, it is understandable how a deficiency in responding to
multiple cues could lead to impairment in social functioning.

Although it is commonly observed in children with autism, not all children with
autism have been found to show overselectivity and overselective stimulus control does
not appear to be exclusive to children with autism (Lovaas et al., 1979). Overselective
stimulus control has been reported in other populations, including adults with autism
(Matthews et al., 2001), young typically developing children (Bickel, Stella, & Etzel,
1984; Schover & Newsom, 1976), and individuals with mental retardation (Dube &
Mcllvane, 1999). Typically developing university students have also been shown to
respond overselectively, but only if they are concurrently engaged in a distracting task
(Broomfield, McHugh, & Reed, 2010).

Rather than being a feature unique to children with autism, some have argued that

stimulus overselectivity may actually be a function of low mental age, regardless of
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diagnosis (Lovaas et al., 1979; Schover & Newsom, 1976). Nevertheless, mental age
alone may not completely account for stimulus overselectivity. In their study, Lovaas and
colleagues found that children with mental retardation and children with autism both
demonstrated restricted stimulus control; however, they found that the children with
autism were more overselective. In a comprehensive review of literature on
overselectivity, Matthews (as cited in Matthews et al., 2001) found that 18 out of 20
studies looking at differences between groups, both with and without intellectual
disability, reported more overselectivity in the children with autism than the comparison
group. More recently, Dickson, Wang, Lombard, and Dube (2006) found that children
with higher scores on the Autism Diagnostic Observation Schedule were more likely to
display overselective stimulus control. Although it has relevance to other groups of
people, overselectivity appears to be a phenomenon with special application toward
individuals with autism.

Besides having implication for social and other deficits (see Lovaas et al., 1979),
overselective stimulus control has been associated with prominent difficulties that
children with autism have in generalizing treatment gains across settings. As mentioned
previously, Rincover and Koegel (1975) found that stimulus overselectivity can confound
the generalization. Specifically, idiosyncratic components from the training environment
can gain exclusive control over responding. When this occurs, learned behavior does not
transfer to new environments because the idiosyncratic components that have gained
control over responding are not present.

Stimulus overselectivity is best understood as a “problem of dealing with stimuli
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in context, a problem of quantity rather than quality of stimulus control” (Lovaas et al.,
1971, p. 219). Stimulus overselectivity occurs in the context of multiple cues. Burke and
Cerniglia (1990) demonstrated that stimulus overselectivity increases as stimuli become
more complex. Although the extent to which stimulus control is restricted for children
with autism may depend on specific stimulus variables (Anderson & Rincover, 1982),
such as the salience of particular stimulus components (Leader, Loughnane,
McMoreland, & Reed, 2009), the stimulus feature most clearly implicated in
overselectivity is the extent of stimulus complexity.

Given that stimulus overselectivity increases as stimulus complexity increases
(Burke & Cerniglia, 1990), it is difficult to study the basic behavioral process of
generalization when using complex stimuli, varied across more than one dimension,
because the study of generalization may be confounded by overselectivity. Yet, studies
that assess generalization in children with autism have taken that route as opposed to
following the procedures used in basic research that would allow the characterization of
behavioral processes responsible for generalization, or the lack thereof. Such procedures
could include steps to increase the degree of control exerted by the relevant dimension
(i.e., the dimension varied along a continuum during generalization testing) and could
allow researchers to assess the process of generalization unconfounded by the

phenomenon of overselectivity.

Measures of Generalization

As mentioned previously, studies have often assessed generalization by teaching
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behavior and subsequently measuring the transfer of treatment gains to extra-treatment
stimuli and settings (Handleman, 1979; Handleman & Harris, 1980; Koegel et al., 1980;
Lovaas et al., 1973; K. Pierce & Schreibman, 1995; Zifferblatt et al., 1977). While the
results of these studies have confirmed that children with autism experience difficulties
with generalization, these studies have not attempted to study the basic process of
generalization, unconfounded by overselectivity. Furthermore, previous research on
generalization in individuals with autism has seldom observed or described the
generalization gradients produced by parametrically varying a simple stimulus along a
single dimension. Those studies that have measured generalization gradients for
individuals with autism have always measured generalization only after teaching
intradimensional discrimination. Because teaching an intradimensional discrimination
involves introducing extinction, the specific process responsible for the results (e.g.,
reinforcement or extinction) is obscured. Moreover, many of the above studies included
punishment-like procedures during intradimensional training, which would further
occlude the effects of particular behavioral processes. Therefore, previous research
provides only limited information with respect to the basic process of stimulus
generalization in children with autism.

In the behavioral literature, numerous classical studies have yielded a wealth of
findings about the variables that influence stimulus generalization (Honig & Urcuioli,
1981). These studies have addressed the phenomenon of generalization with a more
systematic approach than simply measuring the transfer of responding across settings. By

incrementally varying simple stimuli across a single stimulus dimension (e.g., color,
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location, time, frequency, volume, etc.), and presenting these incrementally varied stimuli
to the subject, researchers can obtain orderly generalization gradients (Honig & Urcuioli,
1981; Mazur, 2006).

Until the work of Guttman and Kalish (1956), generalization gradients were not
considered empirical phenomena, but mere theoretical entities (Honig & Urcuioli, 1981).
In their landmark study, Guttman and Kalish obtained generalization gradients for
pigeons as a function of light wavelength. Four groups of pigeons were trained to peck a
key lighted by one of four wavelength values. A steady rate of responding was
established by providing reinforcement on a variable interval (VI) schedule. After
responding to the training value was established, the pigeons were tested for stimulus
generalization. Under extinction conditions, the researchers randomly and repeatedly
presented the pigeons with 10 different wavelengths, in addition to the training
wavelength. These additional stimuli consisted of wavelength values above and below
that of S+ (i.e., the original training stimulus that signals reinforcement). After
responding in the presence of each stimulus was recorded and plotted, orderly
decremental generalization gradients were evident. Response rates for each group of
pigeons were highest at the training stimulus and trended progressively lower as the
stimulus wavelength values became more distant from the wavelength value of the
training stimulus. Thus, it would appear that the extent to which the pigeon’s responding
generalized to novel stimuli was a function of how similar each novel stimulus was to the
original training stimulus.

“The major impact of [the] work [of Guttman and Kalish (1956)]...was to
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establish stimulus generalization as a productive area of research in its own right,
particularly with the use of operant methods” (Honig & Urcuioli, 1981, p. 406).
Numerous studies followed their work, exploring conceptual and methodological issues,
including investigations into the different variables impacting the slope and form of
gradients (Honig & Urcuioli, 1981). For example, Jenkins and Harrison (1960) explored
the effect of experience on the shape of generalization gradients. Specifically, they sought
to determine the effects of different training procedures on the generalization gradients of
pigeons in response to a pure tone auditory stimulus.

They trained two groups of pigeons according to two separate procedures. The
first group received nondifferential training, in which conditions for every trial were the
same. In each of these trials responding was reinforced on a VI schedule, and both the
key light and a 1000-Hz tone were on. The second group received presence/absence
training. Presence/absence training involved two types of trials wherein the
discriminative stimulus (i.e., the 1000-Hz tone) was either present or absent. One type of
trial involved conditions identical to conditions for the first group of pigeons in which
reinforcement was given on a VI schedule while the key light and 1000-Hz tone were
present. In the other type of trial, the key light was lit but the tone was absent and no
reinforcers were given for responding.

Generalization testing followed the training for both groups. During
generalization trials, eight different stimuli were presented one at a time under extinction
conditions and response rates to the separate stimuli were recorded. These stimuli

consisted of the original 1000-Hz tone, six novel tones, and a no-tone condition. Three of
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the novel tones had lower frequencies than 1000-Hz and three had higher frequencies.
Response rates during generalization testing for each stimulus presentation were plotted.
Results of generalization testing for both groups of pigeons revealed relatively flat
gradients for pigeons that received nondifferential training, while gradients for the
differential, presence/absence training group were orderly and decremental, peaking at
1000-Hz and tapering off as a function of relative difference in tone frequency.

The flat gradients for pigeons in the nondifferential training group can be seen as
indicative of a lack of stimulus control by the experimental stimulus (i.e., the tone) along
the dimension it was altered (frequency). For the nondifferential group, training took
place within a stimulus context containing numerous incidental stimuli, such as the light
and various other features of the apparatus. Reinforcement was given in the presence of
these incidental stimuli and the 1000-Hz tone. Therefore, each of these stimuli was
equally predictive of reinforcement. The incidental stimuli “may [have] predominate[d]
control of the response with the result that the gradient of generalization observed upon
varying the experimental stimulus [was] flat or nearly so” (Jenkins & Harrison, 1960, p.
251). On the other hand, although the presence/absence training also took place in the
context of the same incidental stimuli, the experimental stimulus acquired functional
control over responding during the presence/absence training because it was the only
environmental stimulus that varied between reinforced and unreinforced training trials.
Therefore, the 1000-Hz tone became a discriminative stimulus for reinforcement (S+) and
its absence signaled extinction (S-), while the other incidental stimuli had no predictive

value.
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Jenkins and Harrison (1962) extended their study of training effects by providing
further discrimination training. Whereas their previous study compared nondifferential
training with presence/absence training, this experiment measured the effect of an
intradimensional training procedure. Instead of teaching a discrimination between the
presence and absence of a stimulus, the researchers taught pigeons to discriminate
between two stimuli lying at separate points on the same stimulus continuum.
Specifically, they trained two pigeons to discriminate between a 1000-Hz tone and a 950-
Hz tone. To do this, the researchers presented the 1000-Hz tone under conditions of
reinforcement on a VI schedule, while presenting the 950-Hz tone during extinction.
Thus, the 1000-Hz tone became a discriminative stimulus for reinforcement (S+) while
the 950-Hz tone came to signal extinction (S-). After conducting a generalization test, the
experimenters found discrimination training resulted in a much steeper gradient than that
of the presence/absence training procedure. Additionally, one of the pigeons evidenced a
shift in the gradient peak away from S+ in the direction opposite of S-. This training
procedure has been called intradimensional training (Mazur, 2006) because S+ and S-
are both located within the same stimulus dimension (i.e., frequency). This effect came to
be known as peak shift. Peak shift effects are commonly found in other studies after
subjects receive intradimensional discrimination training (e.g., Bloomfield, 1967; Honig
& Urcuioli, 1981).

As apparent in the preceding studies, researchers have explored stimulus
generalization with operant methods in multiple sensory modalities. Generalization

gradients have been measured according to visual stimuli (Guttman & Kalish, 1956),
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auditory stimuli (Jenkins & Harrison, 1960, 1962), and even with tactile stimuli
(Dougherty & Lewis, 1993). Additionally, stimulus generalization gradient research has
moved beyond nonhuman animals and has also been conducted with human subjects
(Droit-Volet, 2002), including children with mental retardation (Furnell & Thomas, 1976;
Lalli, Mace, Livezey, & Kates, 1998; Lane & Curran, 1963), and individuals with autism

(Matthews et al., 2001; Miyashita, 1985; Rincover & Ducharme, 1987).

Autism and Generalization Gradients

To date, only three studies have reported stimulus generalization gradients for
individuals with autism (Matthews et al., 2001; Miyashita, 1985; Rincover & Ducharme,
1987). Another study also measured stimulus generalization using methods that could
yield a generalization gradient (i.e., by recording response rates occurring in the presence
of a simple stimulus varied along a single dimension); however, the findings were not
reported as generalization gradients (Fein et al., 1979). Because of their primary
relevance to the objectives of the present study, these four research articles were analyzed
and coded based on several different study features. These features include: sample size,
chronological age, stimulus modality, stimulus dimension varied, and the training
procedures used as well as possible behavioral processes produced by those procedures
(e.g., reinforcement, extinction, and/or punishment). A detailed summary of these coded
features can be found in Table 1, and each of these studies will be briefly discussed in the
present review.

Of particular interest, each of these four studies of stimulus generalization for
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individuals with autism included some form of intradimensional discrimination training
prior to generalization tests. In other words, generalization tests were conducted after
participants were taught to discriminate between S+ and S- values that differed along at
least one dimension. Basic research on stimulus generalization, however, has indicated
that intradimensional comparisons are not necessary for obtaining peaked gradients
(Honig & Urcuioli, 1981). Additionally, intradimensional discrimination procedures
confound the interpretation of gradients because they conflate the separate behavioral
processes of reinforcement (which leads to generalization and is introduced with S+) with
extinction (which leads to discrimination and peak shift and is introduced with S-). This
conflation makes it difficult to derive a clear understanding of the basic process of
generalization. Not only do most of these studies involve the use of extinction along the
same continuum tested, three of these studies also included potential punishment (e.g.,
verbal reprimands, like “no”’) during the intradimensional discrimination training.
Punishment is a separate behavioral process (Lerman & Vorndran, 2002) and the use of it

further conflates any interpretation of generalization gradients.

Four Studies of Stimulus Generalization

Recognizing that stimulus overselectivity may lead to an undergeneralization to
stimuli by children with autism when the stimuli were complex, Fein and colleagues
(1979) conducted a study to determine if this tendency to undergeneralize was “also
present with a simple stimulus” (Fein et al., 1979, p. 326). They measured stimulus

generalization of children with autism and typically developing peers by using simple
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stimuli, consisting of four projected images of lines, differing from each other only in the
degree of angular displacement.

Prior to generalization testing, the authors taught children to discriminate between
an S+ and an S- for each condition. Intradimensional discriminations were taught for a
15° line (S+) and a 75° line (S-) by reinforcing responses to the 15° line and withholding
reinforcement (i.e., extinction) for, and mildly punishing, responses to the 75 line. Next,
the authors conducted generalization probes. Generalization probes consisted of
presenting S+, S-, and two other line images (one of 30° and one of 45°) during discrete
trials. Response rates to these stimuli were recorded. The authors did not analyze or
report their data as generalization gradients. Instead, they performed statistical analyses
to detect a significant difference in response rates between the two sample stimuli (i.e.,
the 30° and 45° lines). Only one child with autism showed a difference of more than 10%
in responding to the two sample stimuli. The authors reported “no obvious differences”
(Fein et al., 1979, p. 331) between the response patterns of children with autism and
typically developing children. However, given that the training involved a combination of
reinforcement, extinction, and punishment, it is unclear what caused the lack of observed
differentiation.

Miyashita (1985) also conducted a study to measure stimulus generalization in a
group of children with autism and a group of typically developing children. Prior to
generalization testing, children received intradimensional discrimination training to
distinguish between one S+ and one S- for each of the two separate tasks. The author

provided no depictions of the stimuli used, only providing a brief description. Stimuli in
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the first task consisted of six parallelograms, differing in degree of angular displacement,
ranging from 130° to 45° (with a 90° square as S+ and a parallelogram rotated 45° as S-).
The second task consisted of discriminating the number of spots (ranging from one to six)
on a white magnetic panel (with 1 spot as S+ and 6 spots as S-).

During generalization testing for the first task, response rates were highest for
both groups at S+; however, the forms of the gradients were not orderly. For the second
task, mild gradients were revealed for both groups. Testing for both groups on both tasks
revealed no significant differences between groups. The authors concluded, “The ability
of generalization between the autistic and the normal group was not different”
(Miyashita, 1985, p. 227). However, as with the study by Fein and colleagues (1979), it is
unclear what caused this lack of differentiation because the training procedures involved
a combination of reinforcement (at S+) and extinction (at S-).

In separate studies by Rincover and Ducharme (1987) and Matthews and
colleagues (2001), generalization gradients were measured as part of an assessment of
stimulus overselectivity. In each study, the authors used generalization gradients to help
determine the degree of stimulus control acquired by separate cues of the same stimulus.
Like the studies by Fein and colleagues (1979) and Miyashita (1985), these studies also
relied on intradimensional discrimination procedures. However, rather than presenting
the subjects with an S+ and S- that varied along one dimension, these authors varied S+
and S- along two separate dimensions simultaneously. Specifically, during the
discrimination training phase, Rincover and Ducharme (1987) presented subjects with

stimuli varied by both form and color and Matthews and colleagues (2001) presented
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stimuli varied according to both location and size.

During generalization testing, subjects in each of these studies were presented
with two separate sets of sample stimuli. Each set of sample stimuli was varied on only
one relevant cue (e.g., location), while the other set was varied on the other relevant cue
(e.g., size). By presenting participants with separate sets of generalization stimuli, the
researchers could assess the extent to which stimulus control was held by both relevant
cues or the extent to which participants overselectively attended to only one cue. For
example, if a participant had been taught to discriminate between a stimulus varied
according to both location and size, and that participant was later presented with a set of
sample stimuli varied only by location, with size held constant, and the child responded
equally to each card, the child may be overselectively responding to the size, without
reference to location. If the child were attending to both relevant cues, on the other hand,
one would expect the highest rate of responses to occur at the S+ value, which contains
both the original location and the original size.

The focus of these two studies was on overselectivity, rather than generalization,
and the authors provided little interpretation of the gradients in terms of generalization.
Although Matthews and colleagues considered the gradients obtained to be “comparable
to other populations” (Matthews et al., 2001, p. 161), the results of their study, and the
results of the study by Rincover and Ducharme (1987), are difficult to interpret in terms
of the basic process of generalization because both of these studies included extinction
and punishment during the intradimensional discrimination training. Furthermore, the S+

and S- used in both studies had more than one relevant dimension altered (often leading
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subjects to respond overselectively). Therefore, many of the gradients obtained are not
measures of generalization as much as they are measures of stimulus overselectivity. For
example, if a participant in the study by Matthews and colleagues (2001) were assessed
for generalization according to stimuli varied only by location and the gradient obtained
was flat, this may indicate that the size of the stimulus had acquired stimulus control to
the exclusion of the location. It would not indicate anything about whether the process of
generalization as resulting from reinforcement is different in individuals with autism.

Rather, it would be evidence that overselectivity can confound generalization.

Stimulus Modality and Auditory Trait Variables

It is significant to note that each of the preceding studies involving stimulus
generalization for people with autism relied solely on visual stimuli. Although there is
still much to learn about stimulus generalization in the visual modality for individuals
with autism, even less is known about other stimulus modalities.

Considering that some individuals with autism are known to display unusual
responses to various sensory stimuli, such as being oversensitive to sounds (APA, 2000),
there is a need for further research exploring the ways in which individuals with autism
process stimuli within particular sense modalities. Individuals with autism have been
found to evidence an enhanced ability to discriminate between changes in pitch for
simple tones (Bonnel et al., 2010). Enhanced pitch discrimination appears in around 1 out
of 5 individuals with autism and is especially relevant to those who also have a history of

delayed onset of language (Jones et al., 2009). This enhanced ability to discriminate
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stimuli may suggest that children with autism, or at least a subset of them, can be
expected to evidence steeper generalization gradients than their typically developing
peers. Nevertheless, to date, no studies have been conducted to measure generalization

gradients for children with autism according to an auditory modality.

Purpose and Objectives

Although there has been significant research on the nature of stimulus control for
children with autism, including the finding that a tendency to respond overselectively
inhibits the transfer of learning across contexts, other variables related to stimulus
control, such as stimulus generalization, have received less attention. Very little research
has attempted to assess the basic behavioral process of generalization unconfounded by
the effects of overselectivity, and the effects of extinction and punishment in children
with autism.

Given this, it is clear that more research is needed. Specifically, studies are
needed to isolate the separate behavioral processes of reinforcement and extinction when
measuring generalization gradients. This may be done by measuring generalization
gradients without first teaching an intradimensional discrimination. Alternatively,
generalization gradients could be obtained after teaching a discrimination between an S+
and an S- differing along a dimension orthogonal to the dimension being assessed (e.g.,
presence/absence training). Additionally, considering that all of the previous attempts to
measure generalization gradients in children with autism have exclusively used visual

stimuli, studies are needed to assess generalization gradients according to other sensory
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modalities.

The present study may lead to an increased understanding of why children with
autism often do not generalize learning across contexts. Also, it may help answer the call
for further development of a behavioral technology for teaching generalization (Stokes &
Baer, 1977). Furthermore, it has been suggested that an “assessment of stimulus control
processes following various training procedures may allow the development of useful
assessment procedures. These would provide detailed information on individual learning
characteristics” (Matthews et al., 2001, p. 175). Thus, considering that individuals with
autism are not a homogeneous group, this study may contribute to the development of
assessment procedures that can help define the processes of generalization and the effects
of discrimination learning for individual children. Such an assessment would allow
therapists to adapt treatment approaches to the generalization capacity of individual
clients.

The purpose of the present study is to measure the extent to which behavior,
reinforced in the presence of a specific tone (i.e., a simple auditory stimulus), occurs in
the presence of other tones of varied frequency. Furthermore, this study will measure
generalization both before and after teaching an intradimensional discrimination, thereby
isolating the fundamental behavioral processes of reinforcement and extinction in relation
to the dimension of tone frequency. This study addressed the following questions.

1. To what extent does the behavior of children with autism generalize to a simple
auditory stimulus when it is varied across a single dimension?

2. What are the relative effects of different training procedures (presence/absence



and intradimensional discrimination training) and different behavioral processes

(reinforcement and extinction) on the resulting gradients of generalization?

31
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CHAPTER 11

METHODS

Recruitment, Participants, and Setting

Participants for the current study were recruited from the Albany County School
District One in Laramie, Wyoming. After receiving permission to conduct this research
within the school district, a list of students who had been determined eligible for special
education under the ASD classification, according to the Wyoming Rules and
Regulations (2010), was obtained from the school district’s Director of Special Services.
From this list, parents or guardians of all students attending kindergarten through sixth
grade and under 13 years old (a total of 20 students) were sent a recruitment letter briefly
describing the research and requesting those interested in participating or learning more
about the study to contact the researcher (see Appendix A). Efforts were later made to
contact by telephone all parents/guardians of prospective participants who had not
responded to the recruitment letter. From these efforts, one parent responded to the
recruitment letter by contacting the researcher, and four additional parents/guardians
expressed interest in participation or learning more about the research when contacted by
telephone. In-person meetings were then scheduled with each of these parents/guardians
(representing five prospective participants) to explain the research, answer questions, and
obtain signed, informed consent for participation (see Appendix B). Four out of five
parent meetings resulted in parents/guardians providing informed consent for their child

to participate in the study. Prior to beginning participation, each of the four recruited
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participants provided signed assent to the study.

Although research was initiated with four participants, one was withdrawn by his
parent following the baseline phase. This participant’s parent cited difficulty seeing how
the study could benefit her son as one reason for ending participation. The three
remaining participants (Mark, Walter, and Devin) were all boys between the ages of 8
and 12. Each participant was receiving special education services because they had been
evaluated and determined eligible by a school-based team to meet the criteria for Autism
Spectrum Disorder (ASD) according to the Wyoming Rules and Regulations (2010). The
definition of autism used by the Wyoming Rules and Regulations is based on the
definition of autism found in the Individuals with Disabilities Education Improvement
Act (Individuals with Disabilities Education Act [IDEA], 2004).

The Wyoming Rules and Regulations (2010) defined ASD as “a developmental
disability significantly affecting verbal and nonverbal communications and social
interaction, generally evident before age three (3) that adversely affects a child’s
educational performance” (Wyoming Rules and Regulations, 2010, p. 4). These rules
further identify, “engagement in repetitive activities and stereotyped movements,
resistance to environmental change or change in daily routines, and unusual responses to
sensory experiences” (Wyoming Rules and Regulations, 2010, p. 4) as characteristics
often associated with ASD. According to these rules, for a student to be identified as a
child with ASD, the evaluation team must determine the child meets four of the five
following criteria: impaired communication, inappropriate relationships, abnormal

sensory processing, impaired cognitive development, and abnormal range of activities.
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Each of these criteria is defined within the rules and regulations.

Prior to participation, informed consent was obtained from the parents of each
child. Because some children with autism have been reported to experience distress in the
presence of some sounds (Bettison, 1996), parents were also asked to indicate whether
they anticipated their children to show distress to sounds similar to those used in this
study. All parents indicated they did not anticipate this.

All sessions were conducted with individual children in a quiet room away from
disruptions. The participant was seated at a table. Two researchers were present during all
sessions to implement the procedures and record participant responses.

It was anticipated that idiosyncratic behavioral characteristics and cognitive
abilities of participants would have some impact on learning processes and generalization
gradients obtained in this study. For example, participants with higher cognitive abilities
may be expected to learn discriminations between stimuli at a faster rate and with more
accuracy than those functioning at a lower cognitive level. It is unclear at this time,
however, what specific influences particular behavioral characteristics (e.g., those
associated with ASDs) may have upon gradients of generalization. Information regarding
participant characteristics, including adaptive, behavioral and cognitive level was
obtained through a review of previous evaluation records in each student’s special
education file. A summary of assessment results from standardized measures and clinical
tools from previous evaluations for each participant can be found in Tables 2, 3, and 4.
Additional details regarding age, hearing screenings, diagnoses, and behavioral

characteristics for each participant are summarized following the tables.
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For example, 1f your child appears unable to leam the tasks and discnmimnations requit
engages in excessive problem behavior when participating. If this happens, Steven Co
you.

Confidentiality Federal privacy Regulations provide safeguards for privacy, secunty,
access. Utah State University shall use appropnate safeguards to protect Personal He:
(PHI) from mususe or inappropnate disclosure and to prevent any use or disclosure of
provided in this Parent Permission document or as otherwise required by law or regul:

With parent/guardian permission, health and school records that may contain identifia
such as birth date, school names, city of residence, and medical numbers, may be obta
researchers. Social Security numbers will not be used or recorded. These records may
psychological, special education, and/or medical evaluations. However, only the resea
Samaha, Steven Corry, and Lindsey Corry, will have access to any potentially identifi
with identifiable information will be stored in a locked file cabinet in Steven Corry’s ¢
Elementary.

To help protect the privacy of your child’s identity, all participants will be assigned a.
will replace the name of your child and will be associated with research data througho
the study. The code will be stored with the other identifiable records in a locked file ¢
Corry’s office at Linford Elementary. Your child’s name will be removed from the co
month of your child’s completion of participation in this study. Research data on your
indefinitely, in case it 1s necessary to review the data in the future, but your child’s na
identifiable information will be removed from the records or the records will be destrc
month after your child has completed participation in this study. Results from this rest
published and/or presented in the future; however, no identifiable information will be
publications or presentations.

107



108

AN —
/7 :a'\ USU IRB Approval: March 2, 2012
(¢ Full N5\ Approval Terminates: 03/01/2013
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University o0
Department of Psychology s
2810 Old Main Hill
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PARENT PERMISSION
An analysis of auditory stimulus generalization in children with autism following two different
training procedures

Besides the researchers, Becky Anderson, Director of Special Services with Albany County School
District 1, will be notified of your child’s participation in this study. Also, because this research may be
conducted at a school, there is some risk that other people not associated with this study may become
aware of your child’s participation. For example, teachers or students may happen to see your child with
the researchers.

IRB Approval Statement The Institutional Review Board for the protection of human participants at
USU has approved this research study. If you have any pertinent questions or concems about your
nights or a research-related injury, you may contact the IRB Administrator at (435) 797-0567 or email
irb@usu edu. If you have a concern or complaint about the research and you would like to contact
someoneoﬂmrthanthcmsearchteam, you may contact the IRB Administrator to obtamn information or
to offer input.

Parent Permission: You have been given two copies of this Parent Permission document. Please sign
both copies and keep one copy for your files.

Investigator Statement “I certify that the research study has been explained to the individual, by me or
my research staff, and that the individual understands the nature and purpose, the possible risks and
benefits associated with taking part in this research study. Any questions that have been raised have
been answered.”

Andrew L. Samaha, Ph.D., BCBA-D Steven N. Corry, MLS.
andrew.samaha@usu.edu stevencorry@gmail com
435-797-1633 435-238-0197

Lindsey Corry

Student Researcher

Signature of Participant By signing below, I give permission for my child to participate.

Parent/Guardian Date

Relationship to Participant Name of Child
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Do you anticipate that your child may show distress to sounds played at or below conversational
volume? (please check one): [ ] Yes [INo

1 agree to share my child’s health and school records, if available, with respect to his or her hearing
ability, cognitive ability, and the diagnosis of an autism spectrum disorder or the qualification to recern
services under the autism educational category. (Please initial one): Yes No

Child Assent: (7o be signed by children between the ages of 7-17 years of age and who are capable t
provide assent).

1 understand that my parent(s)/guardian is/are aware of this research study and that permission has bee
given for me to participate. ] understand that it 1s up to me to participate even if my parents say yes. If
do not want to be 1n this study, I do not have to and no one will be upset 1f I don’t want to participate ¢
if I change my mind later and want to stop. I can ask any questions that I have about this study now or

later. By signing below, I agree to participate.

Name Date



