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ABSTRACT
How the Presence of the Listener Half of Naming Leads to Multiple Stimulus Control
Crystal Lo

In Experiment I, I tested for the demonstration of Naming after presentation of Naming
experiences that included an additional sensory experience (i.e., auditory non-speech stimulus)
not presented during previous Naming studies. Probes were then conducted to test for the 4
dependent variables: 1) presence of listener half of Naming to visual stimuli, 2) the presence of
the speaker half of Naming to visual stimuli, 3) the presence of the listener half of Naming to
auditory non-speech stimuli, and 4) the presence of the speaker half of Naming to auditory non-
speech stimuli. Following the first round of probes, all 6 participants demonstrated the listener
half of Naming for visual stimuli, indicating that visual stimuli functioned as conditioned
reinforcement for observing. In addition, following 3-4 probe sessions with the same set of
stimuli, all participants emitted criterion-level responses for each of the four dependent variables.
In Experiment II, using a multiple probe design across participants with participants who
demonstrated conditioned reinforcement for observing visual stimuli, I tested whether repeated
probes with sets of stimuli as an intervention would function to establish conditioned
reinforcement for spoken and non-spoken auditory stimuli. In addition, I conducted 2 sets of
probes during each pre and post- intervention probe session, 1 using a non-contrived stimuli set
and another using a contrived stimuli set, to test whether there is a difference in the
demonstration of Naming when assessed with non-contrived versus contrived stimuli. Results
indicated overall increases in correct untaught listener and speaker responses during post-
intervention probe sessions to novel sets of both contrived and non-contrived visual and auditory

non-speech stimuli across all participants.



In Experiment III, using a multiple probe design across participants, I tested the effects of the
repeated probe procedure on the emergence of Naming for contrived visual and auditory stimuli,
with 6 participants who demonstrated full Naming with non-contrived stimuli. During pre-
intervention probes, all 6 participants demonstrated the listener half of Naming for contrived
visual stimuli, but did not demonstrate the listener half of Naming for contrived auditory stimuli
nor the speaker half of Naming for both contrived visual and auditory stimuli. Intervention was
conducted in the same way as in Experiment II, but with only contrived stimuli sets. During post-
intervention probes, all participants demonstrated criterion-level or close to criterion-level
responding for untaught listener and speaker responses with a novel set of contrived visual and
auditory stimuli. Results of the 3 studies combined suggested that simply having the listener
component of Naming for visual stimuli and repeated exposures to visual and auditory stimuli
may establish stimulus control for spoken and non-spoken contrived auditory stimuli. These
increases in stimulus control are educationally significant, as they allow individuals to contact
new stimuli in the environment, allowing for possibilities of learning multiple responses as well
as multiple features of stimuli. Results also suggested that the demonstration of Naming with
contrived stimuli may be a type of Naming cusp that is not necessarily present in individuals who
demonstrate Naming with non-contrived stimuli. Educational implications of these findings,

limitations, and future research are then discussed.
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CHAPTER I
INTRODUCTION AND REVIEW OF THE LITERATURE
Introduction

Research evidence suggests that language is the strongest predictor of academic growth
and success; by the age of three, children who are more likely to be academically successful later
in life have cumulative vocabularies of close to 1,100 words (Hart & Risley, 1995). Over the
elementary school years, an individual would need 55,000 words to engage in normal discourse
and up to 86,000 words to succeed in school (McGuiness, 2004). However, the majority of the
words in the repertoire of a young child are acquired incidentally, rather than taught to the child
directly (Crystal, 2006; Hart & Risley, 1995; Kinneally, 2007); therefore, the processes that
allow for language acquisition without direct instruction has been thoroughly researched across
many fields and disciplines (Crystal, 2006; Greer & Du, 2015; Kenneally, 2007; Tomasello,
2008).

According to studies on language development, the listener and speaker repertoires
develop separately; children begin to comprehend words (listener) between 8§ to 10 months while
their word production (speaker) follows after 12 months of age (Fenson et al., 1994). This initial
independence of speaker and listener repertoires has been established through much research on
language development with individuals with and without developmental disabilities (Benedict,
1977; Bloom, 2004; Crystal, 2006; Gilic, 2005; Horne, Lowe, & Randle, 2006; Sundberg &
Sundberg, 1990). A “language explosion” occurs around the age of three, when children begin to
acquire a large number of words without being taught directly (Crystal, 2006; Hart & Risley,
1995; Kenneally, 2007). Because incidental language acquisition may not naturally develop for

some children (including children with developmental disabilities), putting them at high risk for



educational failure (Hart & Risley, 1996), how children come to learn language incidentally is a
subject of considerable interest for researchers in behavior analysis, developmental psychology,
linguistic theory, and especially a science of pedagogy (Carey, 1978; Carey & Bartlett, 1978;
Greer & Du, 2015; Longano & Greer, 2010).

In this literature review, I will summarize theories and related research that attempt to
explain the processes that allow for an individual’s acquisition of incidental language learning.
First, I discuss fast mapping, the word learning process that cognitive developmental
psychologists and linguists regard as the source of incidental language acquisition before shifting
to behavioral analytic developmental psychology’s research focusing on the ontogeny of
language development and emergent behavior derived from Skinner’s Verbal Behavior. 1 review
Sidman’s (1971) stimulus equivalence theory, Relational Frame Theory (Hayes, Barnes-Holmes,
& Roche, 2001) and Naming theory, as proposed by Horne and Lowe (1996), as the source of the
language explosion demonstrated by children around three years of age (Greer & Longano,
2010). When Naming is present, individuals incidentally acquire multiple responses (i.e., listener
and speaker) through environmental experiences (Greer & Longano, 2010; Greer & Ross, 2008;
Greer & Speckman, 2009; Horne & Lowe, 1996); Naming involves the joining of the listener
and speaker repertoires within an individual, and is considered one of the repertoires necessary to
be considered truly verbal (Skinner, 1957).

Next, I review the Verbal Behavior Developmental Theory and the verbal behavior
developmental theorists’ identification of behavior cusps related to verbal development (Greer &
Du, 2015; Greer & Keohane, 2006; Greer & Ross, 2008; Greer & Speckman, 2009). I outline the
prerequisite verbal behavior cusps that are necessary for the acquisition of Naming, and discuss

the sources for the onset of these cusps (i.e., establishment of newly learned reinforcers through



experience) as explained in Greer and Du (2015). I then address 1) Naming as a verbal
behavioral cusp and capability, 2) the importance of Naming in education, 3) different types of
Naming experiences used to assess for the presence of Naming in research 4) various Naming
studies and the different interventions that have resulted in individuals’ acquisition of Naming, 5)
the source of reinforcement for Naming and recent extensions of Naming research that led to the
experimental questions presented in this dissertation.

In the subsequent chapters, I present three studies that sought to further extend current
Naming findings. In Experiment I, I tested for the participants’ demonstration of Naming (i.e.,
correct untaught listener and speaker responses) following Naming experiences that included an
additional sensory experience not tested in previous Naming studies (i.e., auditory non-speech
stimulus). In Experiment II, I tested whether repeated probe sessions for listener and speaker
responses to visual and auditory non-speech stimuli would function to condition auditory speech
and non-speech stimuli as reinforcers for observing with participants who had demonstrated
conditioned reinforcement for observing visual stimuli (i.e., they demonstrated the listener
component of Naming to visual stimuli). In addition, I tested whether there was a difference in
the demonstration of Naming with non-contrived stimuli and the demonstration of Naming with
contrived stimuli with participants who did and did not demonstrate Naming with non-contrived
stimuli sets at the onset of the study. In Experiment III, I tested whether the repeated probe
procedure in Experiment II would function as a conditioning procedure to establish contrived
auditory speech and non-speech stimuli as reinforcers for observing, with participants who
demonstrated the listener and speaker components of Naming (i.e., full Naming) with non-

contrived stimuli at the onset of the study.



Cognitive Approach to Language Development
Fast Mapping

Cognitive developmental language researchers attribute incidental language acquisition to
a mental process called fast mapping. Fast mapping is described as the rapid, associative word
learning process by which young children acquire and retain new vocabulary words with only
minimal exposure (Carey & Bartlett, 1978; Heibeck & Markman, 1987). Through fast mapping,
children readily map novel words (i.e., infer a correspondence) to their referents using the
linguistic and nonlinguistic contexts in which the word occurs (McDuffie, Kover, Hagerman, &
Abbeduto, 2013). The ability to fast map has been observed in typically developing children as
young as 13 months (Kay-Raining Bird & Chapman, 1998; Woodward, Markman, &
Fitzsimmons, 1994), as well as in children with language delays, hearing loss, and other
developmental disorders (Gershkoff-Stowe & Hahn, 2007).

Carey and Bartlett (1978) conducted the seminal study on the fast mapping phenomenon
when they demonstrated that typically developing 3-year-old children were able to learn, or fast
map, the meaning of a novel word when the novel word was contrasted with a familiar word. In
that study, the experimenters introduced an unfamiliar word, “chromium,” during a normal
classroom activity. They directed the teacher to present two colored trays during snack time: one
tray was red while the other one was chromium (i.e., olive green). The children were told to
“bring the chromium tray; not the red one, the chromium one.” A week after the single exposure
to the novel word, the majority of the children were able to select the correct color when asked,
“which is the chromium one?” during a comprehension task; similar performance was
demonstrated up to one month after. Thus, fast mapping behavior includes “both the ability to

quickly map words to referents in the world and the ability to retain and build upon these



mappings over time” (Vlach & Sandhofer, 2012, p.1). Carey (1987) also proposed two separate
phases that occur when children start learning the meaning of new words: 1) through fast
mapping, the child establishes the initial link between a word and its referent, where only a
partial representation of the word is acquired and 2) through slow mapping, in which that partial
knowledge slowly comes to resemble the adult meaning through additional experience.

Fast mapping is an inductive process, because children infer the meaning of an unknown
word based on a limited amount of information; however, because every symbol could have
infinite meanings (Quine, 1960), how children so quickly narrow down the meanings of words
from an indefinite number of possibilities to make correct inferences during fast mapping is of
interest to language researchers (Dedk, 2014; Dedk & Toney, 2013; Markman & Hutchinson,
1984; Markman & Wachtel, 1997). Dedk and Toney (2013) considered fast-mapping to be “the
outcome of a complex word-learning system” (p. 274); that is, fast mapping is facilitated by what
they called “specialized mechanisms” (p.274). These specialized mechanisms are referred to in
literature as types of word-learning constraints (i.e., learning biases or default assumptions)
(Dedk 2014; Markman, 1990; Markman, 1994). According to Markman (1994), children succeed
in inferring the correct referent to labels because they are limited in the number of hypotheses
they consider as possible word meanings (i.e., they are constrained to give some hypotheses
priority over others).

Principles that drive fast mapping: Word-learning constraints. Children are guided
by the whole object, taxonomic, and mutual exclusivity assumptions during the fast mapping
process (Markman, 1990). The whole object assumption suggests that when encountered by a
novel word, children first make the assumption that the word refers to a whole object, rather than

its parts, substance, or other properties (e.g., color, weight, texture) (Markman, 1990; Mervis,



1987). Next, after making the assumption that a term refers to a whole object, children then have
to decide how to extend that term to other objects (Markman, 1990). According to Markman and
Hutchinson (1984), children first honor the taxonomic assumption and assume that the novel
word refers to the objects of the same kind (e.g., dog and cat) rather than to objects that are
related thematically (e.g., dog and bone). The whole-object and taxonomic assumptions have
priority when the novel object being named does not have a previously known label; however,
when children hear a novel term applied to an object for which they already know a label, the
mutual exclusivity assumption overrides the whole object assumption (Markman, 1990).

The mutual exclusivity assumption states that “each object, could only have one category
label, and each label could refer to only one category of objects” (Markman & Wachtel, 1997, p.
122). In early language acquisition, the majority of children’s vocabularies are comprised of
category labels that are largely mutually exclusive, such as “ball,” “duck,” “apple,” and “car”
(Gilham, 1979; Markman & Wachtel, 1997). However, Markman (1990) noted that the mutual
exclusivity assumption motivates the learning of terms for properties of objects:

One can envision how the mutual exclusivity principle can be used to successively

constrain the meaning of terms. Suppose a child already has words for apple and for red

and now someone refers to the apple as “round.” Now, by mutual exclusivity, the child

can eliminate apple and red as the meaning of “round” and try to analyze the object for

some other property to label (p.75).
According to Markman (1994) and Markman, Wasow, and Hansen (2003), these three
mechanisms that facilitate fast mapping play a critical role in the rapid acquisition of words, and

are available to young children at the time of the naming explosion.



Prerequisites for fast mapping: Attention following. McDuffie, Yoder, and Stone
(2006) noted that 13-month-old children have demonstrated learning novel words under
conditions in which an adult labels objects at which a child is already looking (Woodward et al.,
1994); however, in a child’s natural environment, parents and caretakers do not only label
objects that are in a child’s current focus of attention. “Discrepant labeling situations” (i.e., the
labeling of objects and events at which the child is not looking at the same time they hear the
label) require a child’s ability to actively follow (by looking or orienting towards) adult
behaviors to determine the referent for a label (Baldwin, 1995; Tomasello & Barton, 1994).
Typically-developing children demonstrate this ability to shift their attention to an adult’s
attentional focus in order to learn a new word by 19 months (Baldwin, 1993); at 24 months, they
are able to do this even in the presence of irrelevant sensory cues that compete with the adult’s
referential focus (Moore, Angelopoulous, & Bennett, 1999).

Several studies have indicated that children with autism display lower levels of attention
following than their typically developing peers (Baron-Cohen, 1989; Leekam, Baron-Cohen,
Perrett, Milders & Brown, 1997; Leeckam, Hunnisett & Moore, 1998). Baron-Cohen, Baldwin,
and Crowson (1997) found that although children with autism had the abilities to fast map, their
abilities to make correct word-object mappings were affected by their deficits in attention-
following. More specifically, 89% of the children with autism in the Baron-Cohen et.al. study
made correct word-object pairings when the speaker’s gaze or focus of attention was the same as
their own; however, when the speaker’s gaze was different than their own, only 29% of the
children with autism correctly mapped word-object associations. Instead, the children with
autism used their own focus of attention to guide their word learning, rather than following the

speaker’s focus of attention.



McDulffie, Yoder, and Stone (2006) noted that the identification of the relations between
attention-following, fast-mapping, and word learning in children with autism is important and
necessary in order to improve their language learning outcomes. The results of their longitudinal
correlational study indicated that the ability to monitor and respond to the attentional focus of
others enabled accurate fast mapping, and in turn, facilitated vocabulary development. Based on
these findings, McDuffie and colleagues suggested that developing and improving the attention-
following ability in children with autism will allow them to learn more words. It is important to
note that this attention-following (i.e., joint attention) (Tomasello, 2008) prerequisite of fast
mapping is related to the concept of the acquisition of conditioned reinforcement for observing
stimuli in the environment in the behavior analyst’s view of incidental language learning (Greer
& Longano, 2010; Greer & Speckman, 2009; Longano & Greer, 2015) which will be later
discussed in detail.

Slow Mapping

Through the initial fast mapping process, individuals learn an approximate meaning of a
word through one or few exposures (Carey, 1978); that is, they demonstrate simple
comprehension of the word, or correctly respond to the new word/object receptively (i.e., as a
listener). Deak (2014) indicated evidence suggesting that in order to fully acquire the “adult”
(accurate and complete) meaning of a word, and perhaps, to correctly use the word expressively
(i.e., as a speaker), repeated exposure and considerable input is required. Gleitman, Cassidy,
Nappa, Papafragou, and Trueswell (2005) showed that children learn a large number of “hard”
words for which the word meaning cannot be determined following a few, or even many
exposures; that is, they can still acquire a good approximation of these word meanings if the

linguistic context in which these words are used are understood. However, the understanding of



linguistic context “requires prior learning of other words and acquisition of other aspects of
language-specific syntax.” (Swingley, 2010, p.181) Because children learn “hard” words despite
not fully having these necessary conditions for full determination of word meanings, the
acquisition of many words requires “extended mapping.” The complex word learning process,
therefore, involves fast mapping, or the creation of an initial incomplete lexical entry into one’s
vocabulary, as well as slow mapping or extended mapping, where these incomplete lexical
entries are “filled in” with specific knowledge over time and through more experiences (Carey,
1978; Swingley, 2010).

Fast mapping is central to developmental psychology’s explanation of the incidental
word learning process. However, fast mapping studies that discuss vocabulary growth do not
always clearly indicate whether word learning or vocabulary acquisition entails demonstration of
selecting the word as a listener, or using the word as a speaker. Because listener and speaker
behaviors are initially independent repertoires of behavior, distinguishing between the two is
important in a complete analysis and explanation of language acquisition. More importantly,
although fast mapping describes how children begin to acquire language incidentally, it is a
hypothesized mental process and the underpinnings that make the process possible are not
directly addressed. Although studies in neuroscience may actually identify relations between
relevant brain activity and language functions (Greer, 2008); however, these relations should be
construed as physical correlates rather than evidence suggesting language processes to be
localized to specific regions or networks in the brain (Uttal, 2001). In order to provide a more
comprehensive account of how incidental language develops, it is also beneficial to address the
origins of the specialized learning mechanisms (Dedk 2014; Markman, 1990; Markman, 1994)

that makes fast mapping possible.



Researchers taking a behavior analytical approach in explaining incidental language
acquisition focus on the role of one’s history of experiences in the acquisition of a sequence of
necessary repertoires that make incidental language learning possible. This becomes especially
helpful when we encounter individuals who do not acquire these repertoires naturally. In the next
sections, I will review a few behavioral analytical perspectives on incidental language
acquisition and highlight some theories that attempt to present a more thorough account of
language development.

Behavior Analytical Approaches to Language Development
Verbal Behavior

Skinner (1957) presented his theory of human language in Verbal Behavior. Rather than
describing human language and language acquisition with reference to hypothetical structures
and innate abilities, Skinner argued that verbal behavior is about the function of language as a
part of communication, and develops based on an individual’s current environment and past
behavioral and genetic history. He defined verbal behavior as behavior that is under the control
of consequences that are mediated by another person; that is, subject to the same controlling
variables as any other operant behavior. Language was best understood and explained in a
functional analysis between a type of responding and the motivational variables, discriminative
stimuli, and consequences that have followed that type of responding (Sundberg & Michael,
2001). In other words, emphasis should be placed on the verbal function of language, rather than
placed on a structural or linguistic focus; more specifically, understanding more about the
function of language expands our understanding of its structure (Catania, 2007; Greer &
Keohane, 2006). Skinner’s verbal behavior theory has been supported and expanded upon by

contemporary behavior analysts, seeking to identify ontogenic sources of language development
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and to explain how experience with certain environmental conditions may facilitate the
development of crucial components of verbal behavior (Barnes-Holmes, Barnes-Holmes, &
Cullinan, 2001; Corwin & Greer, 2014; Fiorile & Greer, 2007; Gilic & Greer, 2011; Greer,
Corwin, & Buttigieg, 2011; Greer & Longano, 2010; Greer & Ross, 2008; Greer & Speckman,
2009; Greer, Stolfi, Chavez-Brown, & Rivera-Valdes, 2005).

Stimulus Equivalence

Behavior analysts studying language development have sought to explain demonstration
of responding that cannot be traced to a history of direct instruction, or more specifically, the
processes that lead to the learning of word functions without explicit instruction in order to
expand a behavioral account of language development (Barnes-Holmes, Barnes-Holmes, Smeets,
Cullinan, & Leader, 2004). Stimulus equivalence, a behavioral process, is the verbally-able
human ability to learn a series of related conditional discriminations and then relate the
component stimuli of the discriminations in new ways that have not been explicitly taught
(Devany, Hayes, & Nelson, 1986); stimulus equivalence is present when an individual can
demonstrate the mathematical properties of reflexivity, symmetry, and transitivity (Barnes-
Holmes, et.al., 2004). For example, if a child is taught to match A to B and A to C, the child will
likely be able to match B to A, C to A, and most importantly B to C and C to B, without
additional training.

Sidman (1971) initiated research on stimulus equivalence when he demonstrated the
emergence of equivalence relations in a 17 year-old male with severe mental retardation. The
participant, who was able to match spoken words (A) to pictures (B) and name pictures (B=A)
was taught to match spoken words (A) to printed text (C). Following match-to-sample

instruction, the participant was capable of reading the printed word (C=A) and more importantly,
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demonstrate comprehension by matching the printed words to pictures (C=B and B=C) without
further instruction. Although stimulus equivalence is merely a descriptive account of processes
found in the phylogenic history of the human species and not empirically tied to verbal behavior
development, research findings across different populations suggest a correspondence between
equivalence relations and language (Sidman, Rauzin, Lazar, Cunningham, Tailby & Carrigan,
1982). Also, Sidman noted that equivalence “can only be measured with equivalence procedures
after a child has had sufficient exposure to the contingencies operating in the verbal community,
because it is these contingencies that provide contextual control over equivalence relations”
(Barnes, 1994, p. 93).
Relational Frame Theory

The close relationship between verbal ability and stimulus equivalence led to Relational
Frame Theory (RFT), a modern behavioral-analytic study of human language that sought to
further explain the relationship between language and derived stimulus relations (Cullinan &
Vitale, 2008). Relational frame theorists expanded upon stimulus equivalence by proposing a
behavioral explanation of equivalence placing emphasis on historical context and the specific
types of behavior-environment interactions that make equivalence responding possible (Hayes,
1991; Hayes, Barnes-Homes, & Roche, 2001). According to relational frame theorists, the core-
defining element in all verbal activities is arbitrarily applicable relational responding, as words
have arbitrary relations to the environment. Though many species of animals are able to respond
in accordance with non-arbitrary relations between or among stimulus objects, only verbally-able
humans can respond relationally under the control of arbitrary contextual cues (Barnes, 1994;

Hayes, et al., 2001). This ability to relationally respond to contextual cues, or relational framing,
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is a learned behavior established through a history of multiple-exemplar training, and regarded as
a form of generalized operant behavior.

Relational frame theorists proposed that stimulus events could be related in ways other
than equivalence, and thus, specified many kinds of relational frames (i.e., frame of coordination,
opposition, distinction, comparison, hierarchical relations, temporal relations, spatial relations,
conditional and causality, and deitic relations) (Hayes, Barnes-Holmes, and Roche, 2001). In
addition, they also discussed three specific types of relational responding: mutual entailment,
combinatorial entailment, and transformation of stimulus function (Hayes, 1991). In mutual
entailment, a trained relation between A and B in a specific context (e.g., A is bigger than B)
entails a derived relation between B and A (B is smaller than A); the term mutual entailment
encompasses symmetrical responding in stimulus equivalence, however, it also refers to relations
that are not strictly symmetrical. Similarly, in combinatorial entailment, trained relations
between A and B (e.g., A is opposite of B), and B and C (e.g., B is opposite of C) in a given
context entails two derived relations between A and C and C and A (e.g., A and C are the same,
not opposite). The stimulus equivalence property of transitivity is a case of combinatorial
entailment in which the trained and derived relations are the same. The transformation of
function property refers to “changes that occur to stimulus functions by virtue of their
participation in relational frames” (Cullinan & Vitale, 2008, p. 125); that is, Stimulus B
acquiring the functions of Stimulus A (e.g., Stimulus B is reinforcing because Stimulus A is
reinforcing) after a derived relation between A and B (e.g., Stimulus A and B participate in a
frame of coordination). According to the RFT account, any stimulus can be related to any other
stimulus in accordance with any relational frame; thus, as we participate in our social

communities (i.e., come into contact with a history of multiple exemplar experiences and
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differential reinforcement), we elaborate our networks of related stimuli, and through
transformation of stimulus functions, enrich the complexity of our verbal repertoires by deriving
new verbal functions (Hayes, et al., 2001).

Learning to name. Relational Frame Theorists emphasize a history of multiple-exemplar
training in the development of language (Barnes, 1994; Barnes & Holmes, 1991). The earliest
form of arbitrarily applicable relational responding is learning to name objects and events
(Cullinan & Vitale, 2008). For example, a caregiver will name an object (i.e., say the name of the
object) in the presence of a child, and reinforce the emission of an orienting response toward the
object (i.e., look at the object). The caregiver will also hold the object, name the object (i.e., say
the name of the object), and require the child to echo the name of the object. At first, each
interaction between object and name, or name and object will require explicit reinforcement.
After an abundance of interactions across different objects and names, the multiple exemplar
training establishes a reinforcement history that selects out the specific contextual cues as the
discriminative for the derived naming response (Cullinan & Vitale, 2008). The caregiver may
now say, “Here is your ball,” and with the contextual cues of “here is,” and the naming context,
the child will be able to identify “ball,” or say “ball” when asked to identify the object.

According to the RFT perspective, an individual is verbal only if he participates in a
verbal interaction as both a listener and speaker within the skin (Hayes et al. 2001; Barnes-
Holmes et al., 2004). Relational Frame Theory provides a behavioral explanation for early
language development and the expansion of language repertoires; since emergent behavior
frames result from multiple exemplar instruction, it is therefore traceable to the environment
(Hayes, Barnes-Holmes, & Roche, 2001). Emissions of speech errors by young children during

early language acquisition can be accounted for by loosely constrained relational frames (e.g.,
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temporal and spatial events may at first participate in the same relational frame) (Cullinan &
Vitale, 2008). Through increased interactions with the verbal community, these frames become
more defined (e.g., temporal and spatial events participate in different frames), and thereby,
speech errors are reduced. Cullinan and Vitale (2008) also provided the explanation for the
expansion of an individual’s language repertoire without explicit reinforcement after acquisition
of the ability to frame events: one becomes able to derive meanings of new words from the
context in which they are used, and can use these new words without having to be able to
produce the definition of the word. Similarly, the reduction of errors in grammar and sentence
structure and production can also be accounted for as a result of overgeneralization and
inappropriate contextual control over relational frames. Through a history of multiple exemplar
training, the number of frames increases and become more specific, and therefore, results in the
increase of grammatically correct speech. In summary, Relational Frame Theory provides
evidence in support of environmental interactions, operant conditioning, and a history of
differential reinforcement, rather than innate abilities (Chomsky, 1959; Pinker, 1999) in its
explanation of human language development.
The Verbal Behavior Development Theory

The Verbal Behavior Development Theory (VBDT) is an empirical account of verbal
behavior development, developed based on Skinner’s theory of verbal behavior, by behavior
analysts using scientific practices to identify missing verbal repertoires in children (Greer & Du,
2015; Greer and Keohane, 2006; Greer & Ross, 2008; Greer & Speckman, 2009). Verbal
behavior development, as defined by Greer and Speckman (2009), refers to “children’s
experientially acquired capabilities to learn and be taught new relations, to learn multiple

responses and multiple stimulus control from a single experience, to learn at a faster pace, and to
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learn in ways they could not prior to the attainment of verbal developmental capabilities” (p.
450). Building upon the concept of behavioral developmental cusps identified by Rosales-Ruiz
and Baer (1996), verbal behavior theorists focused on the identification of behavioral cusps
related to the development of language functions (i.e., verbal behavior development cusps and
capabilities), as well as the controlling variables in the environment that are necessary for their
onset (Greer & Du, 2015; Greer & Keohane, 2006; Greer & Longano, 2010; Greer & Speckman,
2009).

The results of studies with hundreds of participants led to the identification of verbal
cusps and capabilities and the verbal behavioral developmental sequence, which provide a fairly
thorough account of how language develops within species and within an individual, from birth
to advanced verbal functions (Greer & Du, 2015; Greer & Longano, 2010; Greer & Ross, 2008;
Greer & Speckman, 2009; Rosales-Ruiz & Baer, 1996;). Similar to behavioral cusps in
development, acquisition of a verbal behavioral cusp allows an individual to come into direct
contact with new contingencies that provide opportunities for language learning that he or she
could not contact before (Greer & Keohane, 2006; Greer & Ross, 2008; Greer & Speckman,
2009). More specifically, verbal behavioral cusps significantly expand an individual’s
environment (Choi, Greer, & Keohane, 2015 ; Greer & Du, 2015; Greer & Han, 2014; Greer,
Pistoljevic, Cahill, & Du, 2011; Keohane, Delgado, & Greer, 2009; Pereira-Delgado, Greer,
Speckman, & Goswami, 2008; Maffei-Lewis, Singer-Dudek, & Keohane, 2014), allow the
individual to learn multiple responses through instruction in one response (i.e., emergent
behavior) (Greer & Du, 2015; Greer, Yuan, & Gautreaux, 2005; Luke, Greer, Singer-Dudek &
Keohane, 2011; Nuzzolo-Gomez & Greer, 2004; Speckman, Greer, & Rivera-Valdes, 2012), and

learn at an accelerated rate (Greer & Du, 2015; Greer, Chavez-Brown, Nirgudkar, Stolfi, &
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Rivera-Valdes, 2005; Tsai & Greer, 2006). When an individual acquires a verbal behavioral
developmental cusp that allows him to learn in a new way that he could not before, the cusp is
also a verbal behavioral developmental capability (Du & Greer, 2015; Greer & Keohane, 2006;
Greer, Keohane, Meincke, Gautreaux, Pereira, Chavez-Brown, & Yuan, 2004; Greer & Ross,
2008; Greer & Speckman, 2009; Greer, Stolfi, Chavez-Brown, & Rivera-Valdes, 2005; Keohane,
Delgado, & Greer; 2009; Moreno, 2012; Pereira-Delgado & Greer, 2009). Naming, defined as
the learned capability to learn the names of things incidentally (Greer & Longano, 2010; Horne
& Lowe, 1996) is regarded as one of the most important verbal cusps and capabilities and the
central focus of this dissertation. Naming will be discussed in close detail in the following
sections; however, it is necessary, first, to describe the cusps that make the acquisition of
Naming possible.

The unique contribution of the Verbal Behavior Developmental Theory (VBDT) to the
understanding of language development is not just the identification of these cusps and
capabilities, but more importantly, the identification of specific and necessary environmental
experiences and the provision of these sequences of experiences (i.e., verbal behavior protocols)
that can significantly improve the language development of children with native disabilities
(Greer & Du, 2015; Greer & Keohane, 2006; Greer & Longano, 2010; Greer & Ross, 2008;
Greer & Speckman, 2009). In addition, the identification of protocols to induce verbal cusps and
capabilities has significant educational implications, as they help in addressing missing
prerequisites for students who seem to have reached a learning plateau despite implementation of
research-based tactics.

According to Greer and Du (2015) growing research evidence suggests that the sources

for the new stages of development of language functions (i.e., verbal behavioral cusps and

17



capabilities) are the establishment of conditioned reinforcers through experience. The acquisition
of a verbal behavioral cusp (i.e, the onset of a conditioned reinforcer), either acquired naturally
or through environmental interventions (i.e., protocols), establishes the relevant conditioned
motivating operations that evoke different verbal operants. Language development is the
sequential acquisition of conditioned reinforcement through experience and contact with
environmental contingencies; motivating operations- behavior- reinforcer relations for each
verbal behavior developmental cusp and capability have been identified.

Verbal Behavior Development
Verbal Behavior Developmental Sequence

Skinner (1957) described the initial independence of the speaker and listener repertoires,
and the relation of the speaker and listener that individuals had to possess in order to be
considered verbally competent (Greer & Keohane, 2006). Consistent with Skinner’s theory, the
verbal behavior development theorists have identified pre-verbal foundational cusps that are
necessary for the acquisition of independent listener and speaker repertoires, as well as the
experiences necessary for the joining of the listener and speaker capabilities that make incidental
learning of language possible.

Stimulus control and observing responses. Wyckoff (1952) defined an observing
response as “any response which results in exposure to the pair of discriminative stimuli
involved” (p. 431); it is a response that makes contact between stimulus energies and receptor
cells (Dinsmoor, 1995). The foundations of early aspects of language are the observing
responses associated with the listener and speaker repertoires (Keohane, Delgado, & Greer,
2009); they are necessary for the development of production responses, and thus, are necessary

for the development of more complex behaviors (Greer & Ross, 2008). Observing responses

18



consist of the operant behaviors of looking, listening, tasting, smelling, and touching (Keohane,
Delgado, & Greer, 2009). According to Holland (1958), the behavior of observing itself is an
operant response and is controlled by conditioned reinforcers for those observing responses.
Observing responses and the stimuli that reinforce them are critical for the acquisition of more
advanced verbal cusps and capabilities, as recent research indicates that Naming may be
controlled by multiple conditioned reinforcers for observing responses (Longano & Greer, 2015).
Although our observing responses are operant responses that are selected out by their
consequences (Keohane, Luke, & Greer, 2008), the antecedent stimulus becomes a conditioned
reinforcer that maintains the observing response following pairings of that stimulus with a
reinforcer (Dinsmoor, 1985, 1995). Greater observation and attention to specific environmental
stimuli result in increased control of our behavior by those stimuli (Dinsmoor, 1985). Because
we live in a complex environment full of multiple competing stimuli, antecedent stimulus control
influences what stimuli we choose to attend to and what we learn (Keohane, Luke, & Greer,
2008).
Pre-Verbal Foundational Cusps

Although the pre-verbal foundational cusps are not verbal repertoires per se, they are the
foundation for the development of verbal behavior. Self-awareness, or the ability to make
distinctions between our own self and the environment, is an essential component of language
development (Keohane, Delgado, & Greer, 2009). This entails observing and responding to
human voices and faces (i.e., conditioned reinforcement for observing voices and faces cusps).
The conditioning processes for these responses begin prior to birth, in utero, with the pairing of
nutrients with the sound of the mother’s voice (Decasper & Spence, 1987; Pelaez-Nogueras,

Gerwirtz, & Markham, 1996). After birth, the mother’s voice selects out the infant’s observing
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responses because it became a conditioned reinforcer. As vision develops, the infant orients to
the mother’s face, and the conditioned reinforcement for voices is paired with the mother’s face,
resulting in the conditioned reinforcement for observation for observation of the mother’s face
(Greer, 2008; Greer & Ross, 2008).

Conditioned reinforcement for emitting duplicative behaviors: imitation and
parroting. In utero and after birth, infants emit swimming motions; these are independent
motions that are emitted as part of one’s phylogenetic contributions and are initially unrelated to
any observing responses (Donahoe & Palmer, 2004). In typical development, conditioned
reinforcement for observing the mother’s voice and face become paired with observation of the
mother’s movements as well as other sensory experiences resulting in conditioned reinforcement
for observing the mother and her actions (Greer, 2008; Greer & Speckman, 2009). Thus, the
initial independent movements emitted by the infant are then joined with observing after birth,
and it is speculated that “the conditioned reinforcement for observing the mother and the
mother’s actions, as the child observes her own actions, leads to correspondence between the
mother’s actions and the infant’s actions and the acquisition of the correspondence itself as a
conditioned reinforcer” (Greer, 2008, p. 373). Imitative behavior emerges once a child is able to
see a behavior, emit the same behavior, and is reinforced by correspondence between observing
and producing that behavior (Greer, 2008; Greer & Speckman, 2009). According to Greer and
Speckman (2009), generalized imitation is a higher-order operant that is both a pre-verbal
developmental cusp and a verbal developmental capability; once in repertoire, the individual is
able to contact new sources of reinforcement and can also learn in a new way (i.e., through

modeling).
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An infant’s first vocalizations are respondent behaviors, such as crying, coughing and
screaming, as well as random movements of the vocal muscles (Bijou & Baer, 1965). Around
four to six months of age, infants begin to babble the phonemes of their parents’ or caregiver’s
language (de Villiers & de Villiers, 1978). Initially, these vocalizations are emitted independent
of what is heard (Greer, 2008; Greer & Ross, 2008; Greer & Speckman, 2009). However, when
the correspondence between what is heard and what is produced by the child functions as
automatic reinforcement for the vocalizations that are emitted, parroting ensues (Greer, 2008).
Skinner (1957) defined parroting as the emission of vocal patterns that are self-reinforcing and
match the sounds emitted by another. Though parroting does not serve a verbal function, it
serves as a prerequisite cusp for the development of an echoic repertoire.

Conditioned reinforcement for observing stimuli in the environment. Two other pre-
verbal foundational cusps include conditioned reinforcement for observing visual and print
stimuli. Sustained attention to visual stimuli is critical and necessary for an individual to develop
a correspondence between hearing and seeing, and a prerequisite for learning the names of things
(Keohane, Delgado, & Greer, 2009; Greer & Speckman 2009; Longano & Greer, 2015).
Orienting towards and observing instructional materials is a prerequisite to generalized matching
skills, also necessary for early learning.

Listener Cusps

Acquisition of the pre-verbal foundational cusps sets the stage for the separate
development of listener and speaker repertoires. Listener behavior refers to “the ability to
respond to and differentiate among auditory properties of speech as stimuli that evoke specific
responses” (Greer & Keohane, 2006, p 118). According to Horne and Lowe (1996), the first

instances of listener behavior are discriminating the speech of others. Listener behavior occurs
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when there is an established correspondence between the behavior of a speaker and the behavior
of a listener (i.e., hear and do) (Horne & Lowe, 1996). The listener cusps identified in the Verbal
Behavior Developmental Sequence include listener literacy and auditory matching. The onset of
the auditory matching cusp results in an individual’s ability to match and discriminate between
word sounds (Greer & Keohane, 2006); auditory matching is a prerequisite for word production.
With the listener literacy cusp, an individual fluently responds to speech-sound combinations and
contacts reinforcement from the verbal behavior community for doing so (Greer & Du, 2015).
Speaker Cusps

Although parroting is one of the first instances of speaker behavior, it is not considered
verbal behavior because it serves no functional effect for the speaker relative to the listener
(Skinner, 1957). However, once parroting is in repertoire for an individual, the echoic, and then
mand and tact cusps can then be taught or acquired incidentally; that is, the speech sounds that
were once parroting behavior eventually develop into words that function to affect the behavior
of a listener, who is able to mediate the environment for a young child (Greer & Ross, 2008).

The echoic. Skinner (1957) defined the echoic as vocal verbal behavior that has point-to-
point correspondence with another speaker’s vocal verbal behavior (e.g., the caregiver says
“cookie” and the child says “cookie”). A child’s verbal community (i.e., primary caretakers)
plays an important role in the acquisition and development of the echoic repertoire (Horne &
Lowe, 1996). As a young child begins to echo particular sounds and words after hearing another
say the name of an object, the caregiver reinforces these speaker behaviors with praise, attention
or delivery of an item with reinforcing consequences, and then the newly established echoic
repertoire is used to teach new verbal operants (Skinner, 1957; Horne & Lowe, 1996). Instead of

emitting responses because they are automatically reinforcing (i.e., parroting), the individual
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now emits the echoic response because of the established history of emitting echoic behavior has
led to the obtainment of reinforcement from a listener (Greer & Ross, 2008). Echoic behaviors
“become a part of a duplic frame with other members of a matching response class, such as
motor imitation and the echoic function, allowing speakers to gain the capability of echoing
others” (Greer & Ross, 2008, p. 114). At first, the echoic is reinforced by others but becomes
automatically reinforced following a history of numerous pairings between emissions of echoics
and reinforcement (Skinner, 1957). More research suggests that the echoic repertoire appears to
be the source of reinforcement for the development of Naming (Horne & Lowe 1996) once
specific conditioned reinforcers are in place (Greer & Longano, 2015).

The mand and tact repertoires. The establishment of the echoic repertoire can be used,
under the correct motivational conditions, to teach the function of other vocal operants (i.e., the
mand and the tact) (Williams & Greer, 1993). A mand is a verbal operant that is emitted under
the antecedent condition of deprivation and specifies its reinforcer (Skinner, 1957). Mands are
social, in the sense that the listener and speaker engage in a social contract where the listener
provides a nonsocial reinforcer to the speaker (Greer & Du, 2015). A tact is a verbal operant
under non-verbal antecedent control (i.e., a physical stimulus), and is reinforced by generalized
reinforcers such as praise or attention; Eby and Greer (in press) empirically confirmed that
indeed, social reinforcers (and not other forms of generalized reinforcers such as tokens) are the
specific types of generalized reinforcement for the emission of tacts. Greer and Ross (2008) note
that though visual tacts have received the most attention in literature, tacts are emitted for any
sensory discrimination and efforts to teach tacts across the senses and of private events should be

made.
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Early child educators place a primary focus on the development of a tact repertoire because it is
how a child learns the words for objects, actions and events in his or her environment as a
speaker (Schmelzkopf, 2010). The tact repertoire is probably the most important speaker
response; a fluent tact repertoire is not only necessary for the acquisition of verbal behavior and
social behavior, but is the key component in the acquisition of more advanced language
capabilities such as Naming (Greer & Ross, 2008; Greer & Speckman, 2009; Hart & Risley,
1996; Horne & Lowe, 1996, Skinner, 1957).
Speaker as own Listener Cusps

The joining or intercept of the listener and speaker within the individual is fundamental to
becoming truly verbal (Skinner, 1957). It involves “the speaker responding as a listener to his or
her own speaking” (Horne & Lowe, 1996, p. 190). This concept is consistent across all
behavioral accounts of language development (Barnes-Holmes, Barnes-Holmes, and Cullinan,
2001; Greer & Longano, 2010; Greer & Ross, 2008; Greer & Speckman, 2009; Hayes, Barnes-
Holmes, & Roche, 2001; Horne & Lowe, 1996). The verbal behavior developmental theorists
have identified three verbal behavior developmental cusps that involve the intercept of the
listener and speaker repertoires within an individual. These cusps are known as “speaker-as-own
listener,” and they are 1) say-do correspondence, 2) self talk, and 3) Naming (Greer & Keohane,
2006; Greer & Ross, 2008; Greer & Speckman, 2009).

Say-do correspondence. According to Greer and Ross (2008), say-do correspondence,
or self-talk to govern other behavior, occurs when children “emit an instance of verbal behavior
that indicates their future behavior (say) and then they perform the behavior (do)”; it is “the

relation between the verbal and nonverbal behavior of an individual” (p. 300).
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Self-talk conversational unit. Lohdi and Greer (1989) conducted the first experiment
that identified conversational units in self-talk emitted by typically developing children while
engaged in solitary play. Lohdi and Greer recorded the number of vocal verbal operants emitted
by children playing with either anthropomorphic toys, or non-anthropomorphic toys. The
children emitted conversations only when playing with the anthropomorphic toys; the toys (e.g.
dolls and stuffed animals) were used as the speaker and the listener, which prompted the
participants to act in both roles.

Naming. Naming was first identified by Horne and Lowe (1996) as a developmental
phenomenon that allows individuals to acquire language through observation (i.e., incidental
language learning). Specifically, Horne and Lowe (1996) define Naming as “a higher order
bidirectional behavioral relation that combines conventional speaker and listener functions so
that the presence of either one presupposes the other” (p.206). It involves “the establishment of
bidirectional or closed-loop relations between a class of objects or events and the speaker-
listener behavior they occasion” (p. 200). Once Naming is acquired, hearing a speaker tact an
object in the environment while the individual is observing the object, will result in the
individual’s ability to respond to that object as both a listener and a speaker; that is, one
environmental experience results in multiple relational responses or the acquisition of multiple
responses through one instructional experience (Greer & Speckman, 2009).

Behavioral researchers attribute the language explosion that typically- developing
children demonstrate around the age of three to the onset of Naming (Hart & Risley, 1995; Greer
& Longano, 2010; Greer & Ross, 2008; Greer & Speckman, 2009). Woolslayer (2013) provided
evidence for this exponential increase of the speaker repertoire by empirically demonstrating the

joining of existing listener vocabulary to speaker vocabulary following an individual’s
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acquisition of Naming. That is, upon the onset of Naming, speaker responses to stimuli that a
child could only previously respond to as a listener became immediately available without
requiring any additional exposures to the stimuli; existing stimuli that controlled listener
responses now also control the individual’s speaker responses. Once Naming is acquired, both
listener and speaker repertoires are learned through incidental environmental encounters or
Naming experiences (Greer & Longano, 2010).
The Importance of Naming in Education

In addition to being the source of the rapid expansion of the speaker repertoire, Naming is
foundational for the development of advanced verbal functions (i.e., reading comprehension,
reading, and writing) as well as an individual’s success in educational settings (Greer, 2008;
Greer & Speckman, 2009; Helou-Care, 2008; Reilly-Lawson, 2008; Lee-Park, 2005; Corwin &
Greer, 2014). Corwin and Greer (2014) demonstrated an acceleration in rate of learning math
objectives following acquisition of the Naming capability in young participants for whom
Naming was induced; participants were able to learn from teacher model presentations of target
objectives (rather than through direct instruction) up to three times faster. Without Naming in
repertoire, children do not benefit from lecture-type lessons, which is the prevalent teaching-style
across subjects from Kindergarten through college, making them academically at risk (Corwin &
Greer, 2014; Greer, Corwin, & Buttigieg, 2011). Given the educational implications and
significant changes the presence of Naming has on an individual’s development, behavioral
researchers have vigorously studied Naming as both an independent (i.e., the effects of Naming
on emergent categorization, derived relational responding, and emergent verbal behavior) and

dependent variable (i.e., how Naming emerges) (Greer & Longano, 2010).
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Because the absence of Naming has not only been identified in children with language
delays, but also in English language learners and typically developing children from
economically disadvantaged families (Corwin & Greer, 2014; Greer & O’Sullivan, 2007),
understanding how Naming develops and the necessary experiences that make it possible is a
worthwhile program of research for verbal behavior developmental theorists. Horne and Lowe
(1996) described their vision for a research program dedicated specifically to the origin of
Naming when they stated:

Such a study would enable researchers to come to terms of the conditions that give rise to

it and the interactions between the multisensory stimulation and the multimodal

responding that it entails, including emotional behavior and the effects of classical

conditioning (p.239) (as cited in Greer & Longano, 2010).

Greer and colleagues have focused their efforts on identifying the relevant environmental
variables that facilitate the onset of Naming for children who had not yet achieved Naming, as
well as the source of reinforcement for Naming (Choi, Greer, & Keohane, 2015; Fiorile & Greer,
2007; Gilic & Greer, 2011; Greer & Keohane, 2006; Greer & Ross, 2008; Greer & Speckman,
2009; Greer, Stolfi, et al., 2005; Greer, Stolfi, & Pistoljevic, 2007; Longano, 2008; Longano &
Greer, 2015; Pistoljevic, 2008; Speckman-Collins, Lee-Park & Greer, 2007).

Naming Research
Types of Naming Experiences

Researchers have used different methods of presenting Naming experiences prior to
assessing for the presence of Naming in their participants. Greer and Longano (2010) describe a
Naming experience as an individual’s encounter with stimuli in the environment that may result

in the acquisition of new verbal behavior. It can occur, for example, “when a child and a
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caregiver are simultaneously looking at, or in some other way sensing, a stimulus as a caregiver
produces a vocal or signed response in the presence of a stimulus” (p.74-75).

In a series of studies, experimenters provided Naming experiences through the match-to-
sample (MTS) task (Greer, Stolfi, Chavez-Brown, and Rivera-Valdes, 2005; Fiorile and Greer,
2007; Gilic & Greer, 2011; Greer, Stolfi, and Pistoljevic, 2007). The MTS task prior to the probe
sessions for untaught listener and speaker responses was not to teach the participants how to
match, as the matching repertoire should have been mastered prior; rather, the experimenters
used the match-to-sample task to ensure joint attention (Tomasello, 2008), or that the participants
were looking at the correct stimulus while hearing the name of that stimulus.

Rosales, Rehfeldt, and Huffman (2012), and Carnerero and Pérez-Gonzalez (2014)
presented Naming experiences using a stimulus pairing observing procedure (SPOP) or picture-
name pairing trials. After ensuring participant attention through establishing eye contact, the
experimenters presented the item and said the name of the item “Thisis _ .” This procedure
was chosen because it was straightforward, easy to implement, and resembled naturally-occuring
learning opportunities that children would likely encounter.

Longano and Greer (2015) presented Naming experiences for their participants using
both the match-to-sample task (i.e., joint attention) and through what they called incidental
opportunities (in order to simulate the natural conditions under which a word-object relation may
be learned). These incidental opportunities were presented in between instructional antecedents
in which the experimenter placed a stimulus by the participant’s desk and drew attention to it by
saying “look atmy )" or “ohno, the  fell on the floor!” The names of the stimuli were
only presented when the experimenter was sure the participant was looking directly at the

stimulus that was being presented.
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Verbal Behavior Protocols that have Resulted in the Acquisition of Naming

Multiple Exemplar Instruction. Consistent with the Relational Frame account that the
source of generative or productive verbal behavior was a history of multiple exemplar
experiences (Hayes, Barnes-Holmes, and Roche, 2001), the verbal behavior developmental
theorists demonstrated, across numerous studies, emergent verbal functions as a result of MEI;
some of these verbal functions include transformation of establishing operations across mands
and tacts (Nuzzolo-Gomez & Greer, 2004), novel use of autoclitics (e.g., suffixes) (Speckman,
Greer, & Rivera-Valdes, 2012), usage of regular and irregular verbs (Greer & Yuan, 2008), joint
stimulus control across written and spoken spelling responses (Greer, Yuan, and Gautreaux,
2005), and joint stimulus control across listener and speaker responses, or Naming (Greer, Stolfi,
Chavez-Brown, and Rivera-Valdez, 2005). Lowenkron (1997) also suggested that joint stimulus
control, or the demonstration of emitting multiple responses to a single stimulus, results from a
history of multiple exemplar experiences and that the joining of the speaker and the listener
repertoires was a function of a history of differential reinforcement for multiple exemplar
experiences.

Multiple Exemplar Instruction (MEI) involves the rotation of different responses to target
stimuli, rather than rotation of the irrelevant and relevant properties of stimuli for single
responses as used in general case teaching (Englemann & Carnine, 1991) (Greer & Longano,
2010; Greer & Ross, 2008). In the case of Naming, instruction is sequenced such that
participants are responding as a listener and a speaker in a rotated fashion across sets of visual
stimuli. For example, participants are asked to first match stimulus A, then given the opportunity
to emit a speaker response (e.g., tact or intraverbal) for stimulus B, followed by another

opportunity to emit a listener response (i.e., point) to stimulus C, followed by the emission of a
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speaker response (e.g., tact or intraverbal) for stimulus D, and so on. This rapid rotation across
listener and speaker responses brings initially independent responses under joint stimulus control
so that multiple responses (i.e., listener and speaker) are learned for single stimuli (Greer &
Ross, 2008).

Seminal MEI and Naming study. Greer, Stolfi, Chavez-Brown, and Rivera-Valdes
(2005) first demonstrated the emergence of Naming as a function of multiple exemplar
instruction across listener and speaker responses in preschool students with developmental
delays. Naming experiences were presented to the participants using the match-to-sample task
(MTYS). The participants were asked to match target stimuli, while hearing the experimenter say
the names of the stimuli, (each set of stimuli contained 5 target stimuli and there were four
variations of each) in a field of three. Their responses were consequated with either
reinforcement or a correction procedure. Each session consisted of 20 MTS responses (i.e., 4
opportunities for each of the 5 stimuli), and sessions continued until participants emitted 90%
correct responses across two sessions or 100% correct responses in one session.

Following a time delay, the experimenters conducted probe trials for the untaught listener
and speaker responses. The probes were conducted in blocks of 20-trial sessions for the listener
response (i.e., pointto  in a field of 3) and speaker responses (i.e., tact and intraverbal “what
is this?”), in that order. None of the responses emitted during any probe session was
consequated. Criterion, or the indication of the presence of Naming, was set at 80% or 16/20
correct responses for each response topography. In this study, two participants emitted 90%
correct responses for the point-to response, signifying the presence of the listener half of
Naming. None of the participants emitted criterion-level responding for the speaker response;

therefore, the experimenters implemented the multiple exemplar instruction intervention.
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Multiple exemplar instruction was conducted, as described above, using another set of
novel stimuli. During MEI, all responses were consequated. The four response topographies
were rotated across the five stimuli, such that no same response topography was presented
consecutively after another, and no same stimuli were presented after each other. Instruction
would continue in this manner until the experimenter had presented 20 learn units for each
response topography (i.e., 80 total responses in one MEI intervention session). Each response
was graphed separately, and intervention continued until the participant reached mastery criteria
for each of the four responses. If the participant met criterion for one of the responses (e.g.,
match), that response topography was still presented and rotated in the sessions until all other
responses were mastered.

Upon mastery of all four responses for a set of stimuli, the experimenters returned to the
original set of stimuli used during the pre-intervention probe and conducted post-intervention
probes for the emergence of the listener and/or speaker responses; that is, they conducted the
listener (i.e. point-to response) and the speaker (i.e. tact and intraverbal responses) probes
without presenting the Naming experiences through MTS again. The entire probe session was
unconsequated. If the participants did not demonstrate an increase in correct responding for the
listener and/or speaker responses during post-intervention probes, the experimenters returned to
METI instruction on a new set of stimuli, and conducted the post-intervention probe on the
original set of stimuli following mastery of the second MEI intervention. In the Greer et al.
(2005) study, all participants demonstrated criterion-level responding to the untaught stimuli for
both speaker and listener responses following intervention, indicating the emergence of joint

stimulus control across listener and speaker repertoires as a function of MEI
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Other MEI and Naming studies. Following the Greer et al. (2005) study, other studies
have also demonstrated that the rapid rotation across speaker and listener responses was the key
component of multiple exemplar instruction (MEI) that resulted in the acquisition of Naming.
Fiorile and Greer (2007) tested for the bidirectionality of speaker-listener responses with
participants who did not have any vocal tact repertoire or the echoic-to-tact capability.
Specifically, they taught the tacts for a novel set of stimuli, and then probed for the listener
(point to) and intraverbal tact responses. All participants emitted few correct untaught listener
and intraverbal responses, indicating a lack of the bi-directional component of Naming.
Intervention consisted of MEI with a novel set of stimuli, as previously described. After
intervention, the participants were re-probed on the untaught listener and intraverbal responses
for the initial set of stimuli they were taught the tacts for. During this post-intervention probe, all
participants then emitted correct untaught listener responses and three of the four participants
acquired the untaught intraverbal responses, thus emphasizing the effectiveness of MEI in
establishing joint stimulus control across speaker and listener responses.

In another study, Greer, Stolfi, and Pistoljevic (2007) compared single exemplar
instruction (SEI) and MEI on the emergence of Naming. In SEI, the listener and speaker
responses were not rotated during instruction; that is, the four response topographies were taught
separately, as four separate programs rather than rotated across topographies. The participants in
the SEI intervention group were taught 20 learn units (i.e., instructional trials) of the match
response, then 20 learn units (LU) of the point response, and then 20 LU of the tact response, and
finally 20 LU of the intraverbal response. The number of LU received by the participants in the
SEI group were matched to the number of LU received by the participants who received MEI.

The experimenters found that those who received SEI instruction did not demonstrate Naming
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during post-experimental probe sessions, while the participants who received MEI did. The
participants in the SEI then received the MEI intervention and demonstrated Naming following
the MEI procedure. These results further affirm that children without Naming may acquire it
when provided with an instructional history that provides opportunities for rapid responding
across listener and speaker repertoires (Greer, Stolfi, & Pistoljevic, 2007).

Gilic and Greer (2011) demonstrated the effects of MEI on the emergence of Naming
with typically developing 2-year-old participants who did not yet have Naming in repertoire, and
demonstrated how MEI can be used to induce Naming in young children prior to its typical onset
at three years. They controlled for maturation and instructional history as confounding variables
by using two sets of participants without Naming. One set of participants (i.e., the experimental
group) received MEI instruction following listener and speaker probes; however, the delayed set
of participants did not receive MEI instruction until the experimental group of participants
finished the experimental sequence (i.e, a nine-week delay). The experimenters verified that the
participants in the control group (i.e., delayed group) did not acquire Naming naturally during
this time frame. Following MEI intervention as described above, all participants (both
experimental and control groups) acquired Naming.

Intensive Tact Instruction. Intensive tact instruction, commonly used as a protocol to
increase participants’ emissions of spontaneous tacts in non-instructional settings (Delgado &
Oblak, 2007; Greer & Du, 2010; Pistoljevic & Greer, 2006; Shauffler & Greer, 2006), has also
resulted in the emergence of Naming (Pistoljevic, 2008). The participants in the Pistoljevic
(2008) study lacked Naming as well as emitted few instances of verbal behavior throughout the
course of the day. During the intensive tact instruction intervention, the experimenter increased

tact instruction by providing an additional 100 learn units (i.e., instructional units) of tacts
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(divided into sets according to categories such as animals, instruments, vehicles, etc.) to the
participants’ daily instructional programming. In presenting these additional 100 learn units of
tacts, she alternated between pure tact responses (i.e., presented the visual stimulus) and
intraverbal tact responses (i.e., presented the visual stimulus and the vocal antecedent “what is
this?”’). After mastery of each tact set, participants emitted more correct responses to
unconsequated Naming probe trials (for untaught speaker and listener responses). Following the
mastery of two to four tact sets, all participants demonstrated full Naming and emitted increased
numbers of independent vocal operants (i.e. pure tacts, mands, sequelics and “WH” questions).
Pistoljevic (2008) explained the results of her findings in reference to Horne and Lowe’s
(1996) theorized developmental sequence for Naming (i.e., the development of the listener
repertoire first, followed by the echoic and then tact repertoires). Also, Horne and Lowe
proposed that bi-directional naming relations emerge as a result of a history of interactions
between a child and a caregiver, in which attending to a stimulus and hearing the tact is
reinforced along with reinforcement of the emission of a self-echoic of the tact (e.g. a caregiver
tells a child to “get the book,” and provides reinforcement when the child orients to the book,
picks up the book and echos “book’). They suggested that these daily experiences develop the
interlocking speaker and listener relation, which eventually results in the acquisition of Naming.
Pistoljevic (2008) argued that her participants had the prerequisites for the emergence of Naming
because they had fluent listener and echoic repertoires; thus, the rapid alternation between pure
and intraverbal tact responses during intensive tact instruction functioned as multiple exemplar
experiences that resulted in the joining of the initially independent speaker and listener

repertoires (Pistoljevic, 2008; Greer & Longano, 2010).
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Auditory Matching. Two studies have demonstrated the effect of auditory matching and
the emergence of the listener half (Speckman-Collins, Lee-Park, & Greer, 2007) and/or full
Naming (Choi, Greer, & Keohane, 2015). Auditory matching is an instructional intervention that
consists of a sequence of increasingly difficult phases to teach auditory discriminations between
sounds, words, multi-syllabic words with similar phonemic structures, and short phrases (Choi,
Greer, & Keohane, 2015; Greer & Ross, 2008). In the Speckman et al. (2007) study, participants
acquired the listener component of Naming (i.e., emitted correct untaught listener responses to
novel stimuli) as they progressed through the auditory matching procedure. Similarly, three of
the seven participants in the Choi, Greer, and Keohane (2015) study acquired full Naming as a
function of auditory matching, while the remaining four participants demonstrated increases in
correct untaught listener and speaker responses. In addition, improvements in the participants’
listener and echoic repertoires were also observed. The experimenters suggested that the auditory
matching procedure functioned to establish listening to voices (i.e., auditory stimuli) as a
conditioned reinforcer, resulting in the participants’ abilities to better attend to verbal
occurrences in their environment, and thus learn from them (Choi, Greer, & Keohane, 2015;
Longano & Greer, 2015; Speckman, Lee-Park, & Greer, 2007).

Source of Reinforcement for Naming

Like all of the prerequisite verbal behavior cusps that make Naming possible, Naming
itself is also a result of a history of acquired conditioned reinforcement (Greer & Du, 2015;
Greer & Longano, 2010; Greer & Longano 2015; Greer & Speckman, 2009). According to
Horne and Lowe (1996) and Lowenkron (1984, 1988, 1996), the Naming relation emerges due to
a history of social reinforcement for emitting overt echoic behavior; that is, the echoic is the

source of reinforcement for Naming. The caregiver plays an important role in reinforcing echoic
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behavior because her sounds have strong reinforcing effects on the child (Horne & Lowe, 1996).
When a child attends to a stimulus, hears the caregiver say the name of the stimulus and emits an
echoic, the child’s speaker-as-own-listener behavior is reinforced (i.e., correspondence between
hearing and saying is a conditioned reinforcer); a history of these experiences across many
different stimuli occasions the Naming relation, or joins the listener and the speaker repertoires
(Greer & Longano, 2010; Horne & Lowe, 1996; Longano & Greer, 2015).

Longano (2008) conducted an experimental analysis of echoic behavior as a source of
reinforcement for Naming. The independent variable in her study was multiple exemplar
instruction (MEI) across listener responses (i.e., rotation of match and point instruction) with an
echoic component, in which participants were required to emit an echoic response after hearing
the experimenter tact the stimulus during MEI. During post-MEI with an echoic component
probe sessions, one participant emitted criterion-level responding of untaught listener and
speaker responses for Naming, while the two others emitted higher numbers of correct responses
for untaught listener and speaker responses. Though these data indicated that a history of echoic
behavior and multiple exemplar instruction across listener responses affected the acquisition of
Naming, this did not occur for all participants. One participant had echoic behavior and
demonstrated the prerequisite repertoires for Naming, but still did not demonstrate Naming after
being provided with a history of reinforcement for emitting echoic behavior and a history of
multiple exemplar instruction across listener responses; this suggested the echoic did not acquire
reinforcing properties for this participant (Longano & Greer, 2015).

Conditioning visual and auditory stimuli as reinforcers and the emergence of
Naming. Longano and Greer (2015) tested the effects of a Pavlovian second-order conditioning

procedure (i.e., stimulus-stimulus pairing procedure) to condition visual and/or vocal speech
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stimuli as reinforcers and the effects of the pairing procedure on the joining of listener and
speaker repertoires. A stimulus-stimulus pairing second-order conditioning procedure, in which a
conditioned reinforcer is delivered contingent upon appropriate attending to a target activity, has
demonstrated much effectiveness in teaching individuals to prefer previously non-preferred (i.e.,
neutral) stimuli and is frequently used to expand communities of reinforcers (Greer, Becker,
Saxe, & Mirabella, 1985; Greer, Dorow, & Hanser, 1973; Greer, Dorow, & Randall, 1974; Greer
& Han, 2015; Longano & Greer, 2006; Nuzzolo, Leonard, Ortiz, Rivera-Valdez, & Greer, 2002;
Pereira-Delgado, Greer, Speckman, & Goswami, 2009; Sundberg, Michael, Partington, &
Sundberg, 1996; Tsai & Greer, 2006; Yoon & Bennet, 2000).

After testing for the presence of Naming during pre-intervention probe sessions for all
participants, Longano and Greer (2015) conducted preference assessments for spoken auditory
stimuli (i.e., words) and visual stimuli to determine whether these stimuli functioned as
conditioned reinforcers for participants’ observing responses. Next, based on participant
responding, stimulus-stimulus pairing procedures were implemented to condition either visual or
spoken auditory stimuli as reinforcers (i.e., by pairing either visual or auditory stimuli with
reinforcing stimuli), and these procedures continued until participants passed the preference
assessment indicating that the visual or spoken auditory stimuli now functioned as conditioned
reinforcers. In the next phase, the neutral stimuli (visual or auditory) were paired with the now-
conditioned stimuli (visual or auditory) until both visual and spoken auditory stimuli acquired
reinforcing properties for observing. Following this stimulus-stimulus pairing intervention, all
participants demonstrated the emergence of Naming.

Based on the results of this study, Longano and Greer (2015) proposed that in order for

echoic behavior to join the listener and speaker repertoires to induce Naming (as proposed by
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Horne & Lowe, 1996), both visual and auditory stimuli need to have reinforcing properties that
reinforce the separate observing responses (i.e., attending to both a visual stimulus and an
auditory stimulus) simultaneously. To be clear, they argued that visual and auditory stimuli may
have reinforcing properties separately, but they must simultaneously select out the observing
responses of looking and listening in order for Naming to emerge. As stated in Greer and Du
(2015), “Naming is a function of learned reinforcement for observing a stimulus, in which
attention and speech sounds reinforce attention to the spoken word. Hearing and seeing the
object results in the emission of a covert or overt echoic which results in word-object relations”
(p- 20)

Given these findings, Longano and Greer (2015) suggested that the three interventions
(i.e., multiple exemplar instruction (MEI), intensive tact instruction, and auditory matching), that
have resulted in the induction of Naming in participants who had not demonstrated it at the onset
of those studies, may have functioned as conditioning processes that conditioned auditory and
visual stimuli as reinforcers. Specifically, the auditory matching protocol conditioned voices or
spoken auditory stimuli as a reinforcers (Choi, Greer, & Keohane, 2015), and the MEI and
intensive tact instruction intervention conditioned visual and spoken auditory stimuli as
reinforcers (Longano & Greer, 2015). Therefore, if a participant had one stimulus (i.e., either
visual or spoken auditory) as a conditioned reinforcer, simply providing him or her with
experiences (e.g., MEI, auditory matching, intensive tact instruction, stimulus-stimulus pairing
procedures) that paired the conditioned stimulus (i.e., visual or spoken auditory) with an
unconditioned stimulus (i.e., visual or spoken auditory) resulted in the acquisition of the other
stimulus as a reinforcer that made Naming possible (Longano & Greer 2015); this idea is central

to the experiments presented in this dissertation.
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Extensions of Naming Research

Recent experimenters have sought to expand Naming research by looking into the
relations between Naming and conditioned seeing (Shanman, 2013), and other types of Naming
experiences that can result in incidental learning (Greer & Du, 2015). In addition, experimenters
have examined whether the Naming capability was language-specific, or balanced across
languages for bilingual and monolingual children and adults (Mosca, 2015), as well as tested for
the presence of Naming with additional sensory responses (i.e., beyond only visual and spoken
auditory stimuli) (Cahill & Greer, 2014). Results of these recent Naming studies seem to suggest
that there are differences in the acquisition of Naming. That is, one’s ability to demonstrate
Naming when provided with Naming experiences with visual and spoken auditory stimuli alone
does not ensure or predict one’s ability to demonstrate Naming when Naming experiences are
provided in other ways, in other languages, or when other additional stimuli are present (Cahill
& Greer, 2014; Greer & Du, 2015; Mosca, 2015); therefore, research evidence suggests there
may be different Naming cusps (Greer & Du, 2015). However, findings continue to highlight the
critical role of environmental experiences that establish the specific histories of conditioned
reinforcement that occasion the ability to demonstrate Naming in different ways or with
additional stimuli.

Relations between Naming and conditioned seeing. According to Longano and Greer
(2015), the source of reinforcement for Naming is conditioned reinforcement for observing
visual and auditory stimuli. Shanman (2013) noted that although the emission of echoic
responses serves as a measure of the acquisition of conditioned reinforcement for observing
auditory stimuli, there has not been an identified observable behavior that is emitted in the

absence of the visual stimulus that measures the conditioned reinforcement for observing the
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visual stimulus itself. In their Naming theory, Horne and Lowe (1996) discussed how, in addition
to the echoic, visually observing the stimulus plays a role in strengthening the object-name
relation. They referred to Skinner’s analysis of conditioned seeing as part of the reinforcement
contingencies that maintain the naming relation. According to Skinner (1953), conditioned
seeing is a behavior that is a conditioned reflex, and is emitted in the absence of the actual
stimulus.

Shanman (2013) proposed that a measure for conditioned reinforcement for observing
visual stimuli is necessary, if the joining of the listener and speaker responses is conditional on
the source of reinforcement (observing responses for auditory and visual stimuli) and contacting
reinforcement by emitting both self-echoic and conditioned seeing behaviors simultaneously. In
a demonstration study, Shanman measured conditioned seeing as a behavior, through the
participants’ accuracy in drawing stimuli, and tested whether the behavior of conditioned seeing
was related to the demonstration of Naming. Two hours following the presentation of Naming
experiences for a set of five stimuli, Shanman conducted probe sessions for the listener
component of Naming (i.e. point to target stimulus presented in a field of three), speaker
component of Naming (i.e. say the name of each stimulus as they were presented), and drawing
responses, in which he asked the participants to draw as many of the five stimuli as they could
remember, without specifying which stimuli to draw. The results demonstrated a strong
correlation between participants who demonstrated having the speaker component of Naming
and correct drawing responses. Specifically, in all instances in which a participant demonstrated
having the speaker component of Naming during these probe sessions, he or she was also emitted

criterion level correct drawing responses as a measure of conditioned seeing.
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In order to isolate the role of conditioned seeing in Naming, Shanman (2013), in the
following experiment, tested the effects of a delayed phonemic response teaching intervention on
the numbers of correct listener, speaker, and drawing responses emitted by the participants who
did not demonstrate Naming in the previous study. The phonemic response teaching intervention
was introduced to control for the presence of accurate speaker-as-own-listener responding that is
necessary to establish the object-name relation; that is, it was used to ensure that the reason why
the participants did not demonstrate Naming was not because they did not acquire the name of
the objects. In this study, the experimenter taught only the names of the target stimuli (without
the visual stimuli present) until the participants were able to independently say the names of all
five stimuli in the set two hours after the response training intervention. Then, probes for the
listener component, speaker component, and drawing responses were conducted. As a result of
the phonemic response teaching intervention, all participants either 1) demonstrated the speaker
component of Naming and drawing responses, 2) demonstrated neither the speaker component of
Naming nor drawing responses, or 3) demonstrated drawing responses but did not demonstrate
the speaker component of Naming. Based on these findings, Shanman concluded that there is
correlational evidence for a relation between conditioned seeing and the demonstration of the
speaker component of Naming; however, the presence of the drawing responses is not
necessarily sufficient to establish the object-name relation, as some participants were able emit
criterion level responding on the drawing responses but did not demonstrate the speaker
component of Naming.

Naming by exclusion. Greer and Du (2015) postulated that once a child has acquired
Naming, there may be several variations in the type of exposure to stimuli that can result in

incidental name learning. More specifically, in what ways, other than learning incidentally
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through observing a stimulus and hearing the name of the stimulus, can a child acquire word-
object relations? They examined the possibility of learning through exclusionary means; that is,
in a condition in which a child knows the names of all of the stimuli in the environment except
for one, would the child be able to learn the name of the unfamiliar stimulus upon hearing an
unfamiliar word?

In the first experiment, Greer and Du (2015) sought to determine whether participants
who had Naming from one type of experience (i.e., hearing the name of a stimulus while
observing the stimulus) also had Naming by exclusion (NE). They presented NE opportunities
for 39 preschool participants with and without developmental delays, and then tested whether
they were able to emit the untaught speaker and listener responses for the unknown stimuli they
observed and heard the tacts for. The experimenters found that only five participants who had
Naming under the standard Naming test also demonstrated having the NE repertoire. Nine of the
remaining 34 participants had the listener half of NE, and none of them had the speaker half of
NE. In addition, the experimenters did not find a correlation between age or diagnosis and NE
(i.e., the youngest participant demonstrated NE).

From these findings, Greer and Du (2015) concluded that individuals who have Naming
from one experience do not necessarily have Naming from exclusionary situations. In the
following experiment, they tested whether naming-by-exclusion multiple exemplar instruction
experiences (EMEI) would function to establish NE. They selected 8 pairs of participants and
matched them according to their existing repertoires and by the number of correct responses
emitted during the NE probe sessions. Of each pair, one participant was assigned to the EMEI
intervention condition while the other participant was assigned to the control group that solely

received the school curriculum. During the EMEI intervention, experimenters rotated 2D or 3D
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stimuli across listener and speaker responses (i.e., give me, point, tact, and intraverbal) under
exclusion conditions until mastery criteria were achieved for each response topography.

Post-intervention probe results showed that all the participants in the intervention group
acquired Naming by exclusion (NE) as a function of naming-by-exclusion multiple exemplar
instruction (EMEI) while one participant in the control group acquired NE (Greer & Du, 2015).
Overall, the intervention was effective in establishing NE, though the amount of intervention
required for the participants differed. The experimenters proposed that NE meets the criterion for
a behavioral developmental cusp, as once acquired, an individual is able to learn in a new way as
well as learn things he could not learn before. They also discussed the importance of the findings
and its implications for education.

Naming repertoires in bilingual and monolingual individuals. Mosca (2015) tested
the differences in the Naming repertoires of bilingual Swedish- and English- speaking children,
monolingual English-speaking children, and monolingual English-speaking adults. Specifically,
she wanted to see whether the Naming capability was language-specific, or if it was balanced
across languages (i.e., if a child demonstrated Naming in English, would the child also
demonstrate Naming in Swedish?). The major findings of her experiments were that 1) bilingual
Swedish- and English-speaking children demonstrated full Naming (i.e., both listener and
speaker components) in both languages, 2) the listener component of Naming was balanced
across English and Swedish for both monolingual children and adults while the speaker
component was not, and 3) monolingual English-speaking children demonstrated more correct
untaught speaker responses during Swedish Naming probes than monolingual English-speaking

adults. Mosca (2015) noted that these findings are consistent with existing literature on the initial
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separate development of the listener and speaker repertoires (i.e., in a new or second language,
the listener repertoire develops first).

Multiple learned responses as a result of a Naming experience. In a series of studies,
Cahill and Greer (2014) examined whether participants can acquire additional responses to a
stimulus, beyond the listener and speaker, as a result of a Naming experience and the specific
instructional histories that may occasion the ability to do so. During Naming experience
presentations, Cahill presented participants with opportunities to observe multiple aspects of a
stimulus. She presented an object, said the name of the object, while simultaneously
demonstrating an action associated with the object. Following the Naming experience
presentations, she conducted unconsequated probe trials for four responses: action selection (i.e.
selecting the stimulus that performed the action demonstrated by the experimenter from a field of
three stimuli), action production (i.e. accurate duplication of the actions demonstrated during the
Naming experience), listener response to stimuli (i.e. correctly identifying the target stimulus in a
field of three) and speaker response to stimuli (i.e. producing the name of the stimulus when
asked “what is this?”). The responses of 16 participants were analyzed using repeated measures
ANOVA, and they indicated that overall, the actions associated with the objects selected out the
participants’ observing responses, as all participants were able to demonstrate and select the
actions with 100% accuracy. Additionally, Cahill found that the participants acquired the names
as a selection response (i.e. listener response) more readily than they did as a production
response (i.e. speaker response), which indicated separate listener and speaker repertoires within
the participants.

Next, Cahill and Greer (2014) examined whether the presence of the action

demonstrations of the stimuli during the Naming experience presentations affected the
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acquisition of the speaker responses; that is, would participant responses differ significantly if no
actions were presented with the target stimuli during the Naming experience presentations? To
test this, she compared participants’ responses to stimuli presented under two different
conditions: Naming experience presentations with action demonstrations and Naming experience
presentations without action demonstrations, using a single subject design with alternating
conditions within each participant. Participants were matched in pairs based on their verbal
capabilities. Within each pair, one participant was assigned to the action condition in which
Naming experience presentations with the stimuli included an action demonstration, while the
matched participant was assigned to the no action condition (i.e. only the stimulus and the name
of the stimulus was presented) using the same set of stimuli. Each participant completed six
phases that were alternated in a counterbalanced manner. Results showed that participants
emitted more correct speaker and listener responses, as well as more echoics in the no-action
condition, which suggested that actions selected out the participants’ observing responses over
auditory stimuli.

In the following experiment, Cahill and Greer (2014) tested whether the establishment of
a history of reinforcement for observing multiple stimuli would result in an increase of correct
responses emitted during probe trials for action imitation, listener, and speaker responses. Using
the participants in the second experiment who did not emit many correct speaker responses to
stimuli during the experimental action condition, Cahill implemented a multiple exemplar
instruction (MEI) across action demonstration responses, listener responses, tact responses, and
intraverbal responses for a set of stimuli until the participants achieved mastery criterion for each
response topography. Following MEI, unconsequated probe sessions were conducted for the

dependent variables, and all participants emitted 100% accuracy for all dependent measures.
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These results indicated that the rotated opportunities to emit multiple responses to a single
stimulus provided a history of reinforcement for emitting multiple responses, thus shifting
stimulus control so that observing responses for auditory stimuli emerged. The findings of these
experiments altogether indicated that when certain reinforcement histories are established, shifts
in stimulus control occur that allow individuals to acquire multiple features of a stimulus
incidentally.
Rationale for Study

Greer and Longano (2010) suggested, and recent studies have confirmed, that there may
be differences in the demonstration of Naming across types of stimuli (i.e., 2-D and 3-D) as well
as differences across the senses (olfactory, gustatory, tactile, auditory, visual); therefore, there
may be additional Naming cusps (Greer & Du, 2015). Based on the findings of Longano and
Greer (2015) and Cahill and Greer (2014), I sought to continue the extension of Naming research
by testing for the demonstration of Naming after presenting Naming experiences that included an
additional sensory experience. In Experiment I, I conducted tests for the demonstration of
Naming when participants were presented with auditory non-speech stimuli in addition to visual
and auditory speech stimuli. If participants demonstrated any component of Naming (i.e., listener
or speaker) for visual stimuli, would they also demonstrate the same components when tested for
auditory stimuli, or does observation of auditory non-speech sounds need to be conditioned? In
Experiment II, I tested whether the presentation of repeated probes (Carnerero & Pérez-
Gonzalez, 2014) for untaught listener and speaker responses to visual and auditory non-speech
stimuli for sets of stimuli following Naming experiences would function as a conditioning
process to establish conditioned reinforcement for observing auditory speech and non-speech

stimuli with participants who demonstrated having visual stimuli as conditioned reinforcers (i.e.,
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they demonstrated the listener half of Naming for visual stimuli). In Experiment III, I tested
whether participants who demonstrated full Naming with non-contrived stimuli would also
demonstrate full Naming with contrived stimuli, and whether the repeated Naming experiences
procedure (Carnerero & Pérez-Gonzélez, 2014) would function as a conditioning process to

establish contrived auditory speech and non-speech stimuli as reinforcers for observing.
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Chapter 11

EXPERIMENT I

Method
Participants

The participants in this study were six preschool students, ranging in age from 4.2 to 5.3
years. All participants were classified as preschoolers with a disability. They were selected from
a publicly funded private school that served students with and without disabilities from ages 16
months to 5 years old. The school implemented the CABAS® (Comprehensive Application of
Behavior Analysis to Schooling) model, in which all aspects of schooling, including student
learning, classroom management, curriculum design, and staff training were based entirely on
the use of scientific procedures in behavior analysis. The participants were selected based on
their levels of verbal behavior and their verbal behavior developmental cusps and capabilities, as
determined by the administration of the CABAS® International Curriculum and Inventory of
Repertoires for Children from Pre-School through Kindergarten (C-PIRK) (Greer & McCorkle,
2009) and the Verbal Behavior Developmental Assessment (Greer & Ross, 2008).

At the onset of the study, all participants functioned at the listener and speaker levels of
verbal behavior. They had the following prerequisite verbal behavior developmental cusps and/or
capabilities in repertoire: 1) conditioned reinforcement for observing 2-D stimuli, 2) generalized
identity matching, 3) generalized imitation, 4) independent mands, 5) independent tacts. See
Table 1 for participants’ test scores. The participants were accustomed to participating in probe
procedures in which no consequation or feedback was provided for correct or incorrect

responses; therefore, habituation to assessment/probe procedures was not necessary.
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Table 1

Participant Characteristics for Experiment 1

Participant Gender/Age Generalized Generalized  Listener Test Scores
Matching Imitation Half of
Naming/Full
Naming
LOM) M7 v v N
Expressive

Comprehension: 69 SS

2 (PD) M/5.3 Y Y Y/N Pres_chool Language Scale-S
Auditory Comprehension: 73 SS

Expressive Communication: 82 SS
Wechsler Preschool & Primary
Scales of Intelligence-111

Full Scale 1Q: 73

Performance 1Q: 76

Verbal 1Q: 77

3 (EL) M/5.0 Y Y Y/N Pres_chool Language Scale-S
Auditory Comprehension: 78 SS;

7%ile rank

Expressive Communication: 84 SS;
14 %ile rank

Wechsler Preschool & Primary
Scale of Intelligence-III

Full Scale: 77 CS, 6; Borderline
(%ile rank)

Performance: 84 CS, 14; Low
Average (%ile rank)

Verbal: 77 CS, 6; Borderline (%ile
rank)

4 (LW) F/4.7 Y Y Y/N Preschool Language Scale-5

Auditory Comprehension: 84 SS
Expressive Communication: 83 SS

5 (BG) M/4.2 Y Y Y/Y Preschool Language Scale-5

Auditory Comprehension: 101 SS
Expressive Communication: 80 SS
Wechsler Preschool & Primary
Scales of Intelligence-111

Full Scale 1Q 82

Performance 1Q 79

Verbal 1Q 88

6 (CH) M/4.8 Y Y Y/Y Preschool Language Scale-5

Auditory Comprehension: 94 SS
Expressive Communication: 70 SS
Total Language Score: 81 SS

Note. Standardized tests were conducted by psychologists from the participants’ school districts; IQ scores for Participants 1 and 4 were not
available; SS= standard score; CS= composite score; Y=yes; N= no; Listener half of Naming=demonstrated incidental language learning as a
listener (i.e., point to untaught novel stimuli following Naming experiences when assessed using a non-contrived set of stimuli without the
auditory non-speech component); Full Naming= demonstrated incidental language learning as both a listener and speaker (i.e., point to and
vocally identify untaught novel stimuli following Naming experiences when assessed using a non-contrived set of stimuli without the auditory
non-speech component)
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Setting

All sessions of the study were conducted in the office of a behavior analyst supervisor.
The sessions were not conducted in the participants’ classrooms or in the hallways of the
classrooms in order to ensure that other potential participants were not exposed to any of the
visual, auditory, or vocal stimuli that were presented. The office that the experiment was
conducted in consisted of a large desk and two child-sized computer stations, each consisting of
a small rectangular table, a touch-screen computer, and child-sized chairs. During the study, the
participants worked 1:1 with the experimenter, sitting side-by-side facing a touch-screen
computer. In order to minimize distractions from competing stimuli, no other person was in the
room, unless a second observer was present to collect interobserver agreement (IOA) for the
study.
Materials

Both visual and auditory stimuli were presented using a Microsoft PowerPoint®
presentation. There were five target stimuli in each set, with four variations of each of the target
stimuli (Table 2). Each PowerPoint® slide consisted of an image of a target stimulus, along with
a button that when pressed, played a 3-s audio recording of the sound that the target stimulus
makes. Data were recorded on data sheets with a black pen. Please see the Figure 1 for sample
slide presentations of the Naming experience and the subsequent untaught listener and speaker

probes for the visual and auditory stimuli.
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Table 2

Stimuli Used in Experiment 1

Set 1 Set 2
Chainsaw Condor
Cicada Hyena
Snare Timpani
Orca Tuba
Piccolo Warbler

Design

Each participant received two sessions of the Naming experience (each session consisted
of 20 opportunities to observe each of the five target stimuli four times), in which the
participants visually observed the target stimulus, heard the sound the target stimulus makes (i.e.,
auditory non-speech stimulus), and the name of the stimulus (i.e., auditory speech stimulus)
spoken by the experimenter. The participants did not receive any instruction for the stimuli (i.e.,
no consequence or reinforcement was delivered); they were simply asked to observe. Following
a 2-hr break, the experimenter collected data on the dependent variables, which were comprised
of correct or incorrect responses to probe trials for untaught responses. The dependent variables
were 1) listener responses to visual stimuli, 2) speaker responses to visual stimuli, 3) listener
responses to auditory stimuli, and 4) speaker responses to auditory stimuli.
Procedure

Pre-Experimental response training. Prior to the start of the study, the experimenter
conducted a “response training” session using a set of known stimuli (i.e., cat, dog, and cow) to
confirm that the participants could reliably emit the response topographies they would later be
asked to emit during pre- and post-intervention probe sessions; this was to ensure that any

incorrect responses and/or non-responses that occurred later during probe sessions were not due
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to a lack of instructional history with probe procedures and experimental materials. The
participants were asked to emit the four response topographies (i.e., the four dependent variables)
with a set of known items. Specifically, these four response topographies were to 1) identify a
visual stimulus as a listener, referred to as listener responses to visual stimuli (i.e., point to
cow/dog/cat presented in a field of three stimuli on a power point slide), 2) vocally identify a
visual stimulus, referred to as speaker responses to visual stimuli (i.e. presentation of an image of
a cow/dog/cat on the screen and asked “what is it?”, 3) identify an auditory stimulus as a
listener, referred to as listener responses to auditory stimuli (i.e., listen to “moo”/ “woof”/
“meow” as the experimenter presses a button for each sound one after another, and then asked to
“find the cow/dog/cat,” and 4) vocally identify an auditory stimulus as a speaker, referred to as
speaker responses to auditory stimuli (i.e., press a button on the screen that played a sound and
asked to vocally answer “what is that?” During the training sessions, participants were given four
opportunities to respond to each of the three target stimuli for each of the four response
topographies; criterion for participation in the study was set at 100% responding (12/12 correct)
for each of the four response topographies.

Following the response-training sessions, pre-experimental probes were conducted prior
to the start of the study to ensure that the participants did not have any instructional history with
the target stimuli in the intervention stimuli sets. The experimenter presented the visual image of
each of the target stimuli, one at a time, and asked the participant “Do you know what this is?”
Once the experimenter ensured that the stimuli were novel, the Naming experiences began.

Naming experience through stimulus-stimulus pairing. Each Naming experience
session consisted of four presentations of each of the five stimuli in the set, one at a time, for a

total of 20 presentations. Once the participant was ready, the experimenter said “I am going to
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show you some pictures and some sounds, and tell you the names of them.” The experimenter
then directed the participant’s attention toward the computer screen, pressed the audio button that
played the sound of the target stimulus, and provided the spoken word of the stimulus. The
participant was not told to emit echoic behavior at any point during the session; however, the
experimenter recorded the emission of echoic behaviors if they occurred. After four exemplars of
the five target stimuli (20 total) were presented, the participant was given a brief 3-5-min break.
Following the break, the experimenter repeated the Naming experience session again as
described, so that each participant had a total of 40 opportunities to observe the target stimuli (8
total opportunities to observe each of the five stimuli).

Dependent variables. Following a 2-hr period in which the participant had no access to
the target stimuli, the experimenter conducted probe trials for the following dependent variables.
No responses were consequated throughout all probe sessions.

Listener responses to visual stimuli. During the probe session for listener responses to
visual stimuli, the experimenter presented the participant with three visual stimuli on a
PowerPoint slide, consisting of one target stimulus and two non-exemplars from the set of
stimuli (See Figure 1). The experimenter presented the verbal antecedent “Pointto  ,” and the
participant was given 5 s to respond by pointing to the visual stimulus. Once the participant
pointed to the visual stimulus, the next slide appeared. The participant was presented with 20
opportunities to respond as a listener to visual stimuli (four opportunities for each of the five
target stimuli in a set).

Speaker responses to visual stimuli. Imnmediately following the probe session for the
listener responses to visual stimuli, the experimenter conducted the probe session for the speaker

responses to visual stimuli. The experimenter directed the participant’s attention to the computer,
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presented a PowerPoint slide that consisted of one target visual stimulus in the center of the
screen, and asked “What is this?”” Each stimulus was presented for approximately 5 s. Following
the participant’s response, the experimenter presented the next slide that contained the next
stimulus. Again, the participant was presented with 20 opportunities to respond as a speaker for
visual stimuli (four opportunities for each of the five target stimuli in a set).

Listener responses to auditory stimuli. Following the probe session for speaker
responses to visual stimuli, the experimenter conducted probe trials for listener responses to
auditory stimuli (Figure 1). During this probe, the experimenter presented a PowerPoint slide
that contained three buttons, consisting of one target sound stimulus and two non-target
exemplars from the set. Once the experimenter had the participant’s attention, she pressed each
of the three buttons, one after the other. Next, the experimenter asked the participant to “Find
(spoken word of the stimulus that produced the sound).” If the participant selected a sound, then
shook his head, the experimenter allowed the participant to replay the sounds again before
selecting his response; selection of the correct sound the second time around was counted as a
correct response. There were 20 opportunities to respond as a listener for auditory stimuli (four
opportunities for each of the five target stimuli).

Speaker responses to auditory stimuli. Lastly, the experimenter conducted probe trials
for speaker responses to auditory stimuli. The experimenter presented a PowerPoint slide that
contained one button that played the sound of a target stimulus. The experimenter obtained the
participant’s attention, asked “What is this?” and pressed the button to play the sound. The
participant was given 5 s to respond before the next slide was presented. The participant had 20
opportunities to respond as a speaker to auditory stimuli (four opportunities for each of the five

target stimuli).
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Data Collection

The experimenter collected data on correct and incorrect responses emitted during probe
trials for each of the four dependent variables. During probes for listener responses to visual and
auditory stimuli, a correct response (+) was recorded if the participant pointed to the target
stimulus. An incorrect response (-) was recorded if the participant pointed to any other stimulus,
no stimulus, or said “I don’t know.” During probes for speaker responses to visual and auditory
stimuli, a correct response (+) was recorded if the participant said the name of the stimulus
presented. Incorrect responses (-) were recorded if the participant said the name of a different
stimulus, did not respond, or said “ I don’t know.”
Interobserver Agreement

Inteobserver agreement (IOA) was collected for the measures of the dependent variables
using trial-by-trial IOA (Cooper, Heron, & Heward, 2007) by a trained observer. The second
observer recorded the behaviors emitted during probe sessions either simultaneously with the
experimenter during a probe session or when reviewing a video of a probe session. [OA was
calculated by counting the number of agreements and disagreements across 20 probe trials in
each probe session, then dividing the total number of agreements by the total number of
agreements plus disagreements and multiplying the number by 100. Across all participants, [OA
was collected for 37% of the listener and speaker probe sessions for visual and auditory stimuli,

with 99% agreement (range 95-100%).

55



Table 3

Summary of Interobserver Agreement (I0A) for Experiment 1

Participant Percentage of Probe IOA for Probe Sessions
Sessions with IOA
1 50% 100%
2 50% 100%
3 17% 97%
4 31% 100%
5 50% 100%
6 0% N/A
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Slide Content

Experimenter Antecedent

Participant Response

Naming Experience

D < |
R ¢ ?
m
L,

“Thisis a ”?

Participant observes the
visual and auditory stimuli;
may or may not emit an
echoic response.

Listener (Visual)

“Point to chainsaw”

Participant points to the
chainsaw

“What is this?”

Participant says “Orca”

Listener (Auditory)

O OO

Experimenter presses all 3
buttons, one after the other,
then asks “Point to the snare

drum”

Participant presses the
button that makes the snare
drum sound

Speaker (Auditory)

Experimenter presses the
button, then asks “What is
this?”

Participant tacts the sound

Figure 1. Sample Powerpoint slides presented during the Naming experiences and the probe
sessions for the dependent variables.
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Results

Initial Probe

The results for all participants on the untaught listener and speaker responses to visual
and auditory stimuli are presented in Table 4. Criterion for the presence of the listener and
speaker half of Naming was set at 80% (16 out of 20 correct responses), per the seminal
experiment on Naming (Greer, Stolfi, Chavez-Brown, & Rivera-Valdes, 2005). Following the
Naming experiences, all participants demonstrated having the listener half of Naming for visual
stimuli. Participants 1, 4, 5, and 6’s data indicated that whatever responses they acquired as a
listener or speaker for visual stimuli, they acquired for the auditory stimuli as well. Participants 2
and 3 did not demonstrate the listener half of Naming for auditory stimuli, but they both emitted
a slightly higher number of correct speaker responses during the probe for speaker responses for
auditory stimuli. Participants 5 and 6 demonstrated having full Naming for both visual and
auditory stimuli.
Subsequent Probes

After obtaining the results of the first probe session, the experimenter repeated the probe
sessions again, in the same order as the initial probe (i.e., probe for untaught listener responses to
visual stimuli, untaught speaker responses to visual stimuli, untaught listener responses to
auditory stimuli, and untaught speaker responses to auditory stimuli) without presenting the
Naming experiences again for Participants 1, 2, 3 and 4. None of the subsequent probe sessions
were consequated. All participants demonstrated criterion-level (16/20) responding following
three to four sessions of these repeated probe sessions, as shown in Table 5 and Figures 2a and
2b. Three of the four participants (Participant 2, 3, and 4) eventually met criterion for the speaker

component of Naming with visual stimuli before they met criterion for the speaker component of
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Naming with auditory stimuli, while Participant 1 met criterion for the speaker component of
Naming with auditory stimuli faster than he did with visual stimuli.
Table 4

Participant Results during the First Listener and Speaker Probes for Visual and Auditory Stimuli

Listener Speaker Listener Speaker
Participant Stimuli Responses to  Responses to  Responses to  Responses to
Set Visual Visual Auditory Auditory
Stimuli Stimuli Stimuli Stimuli
1 1 20/20 8/20 20/20 8/20
2 2 19/20 9/20 14/20 12/20
3 1 16/20 3/20 11/20 7/20
4 2 20/20 4/20 20/20 5/20
5 1 20/20 20/20 20/20 20/20
6 2 20/20 19/20 20/20 20/20
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Table 5

Participant Responses during the Additional Listener and Speaker Probes for Auditory Non-
Speech and Visual Stimuli

Participant Probe Listener Speaker Listener Speaker
Responses to  Responses to  Responses to  Responses to

Visual Visual Auditory Auditory

Stimuli Stimuli Stimuli Stimuli
1 1 20/20 8/20 20/20 8/20
20/20 12/20 20/20 20/20
3 20/20 20/20 20/20 20/20
2 1 19/20 9/20 14/20 12/20
19/20 20/20 19/20 15/20
3 20/20 19/20 19/20 20/20
3 1 16/20 3/20 11/20 7/20
2 19/20 13/20 15/20 12/20
3 20/20 16/20 20/20 18/20
4 1 20/20 4/20 20/20 5/20
2 20/20 11/20 20/20 10/20
3 20/20 16/20 20/20 9/20
4 20/20 16/20 20/20 16/20
5 1 20/20 20/20 20/20 20/20
6 1 20/20 19/20 20/20 20/20
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Participant 1

Number of Correct Responses
"

1 2 3
Probe Scssions

-

Participant 2

Number of Correct Responses

1 2 3

Probe Scssions

Participant 3

8| istener Visual

Number of Correct Responses

O Speaker Visual

B Listener Auditory

DO Speaker Auditory

1 2 3

Probe Scssions

Figure 2a. Numbers of correct listener and speaker responses to visual and auditory non-speech
stimuli emitted by Participants 1, 2, and 3 during the initial and subsequent unconsequated probe
sessions.
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Participant 4
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Figure 2b. Numbers of correct listener and speaker responses to visual and auditory non-speech
stimuli emitted by Participants 4, 5, and 6 during the initial and subsequent unconsequated probe

sessions.
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Discussion and Rationale for Experiment 11

All participants demonstrated the listener component of Naming with visual stimuli
during the initial Naming probe; this indicated that visual stimuli functioned as conditioned
reinforcers for observing. During subsequent repeated probe sessions with the same set of
stimuli, all participants demonstrated increased numbers of correct responding for speaker
responses to visual stimuli as well as both listener and speaker responses to auditory non-speech
stimuli until they met criterion for these remaining three responses. Because none of these
subsequent probe sessions were consequated, having the listener responses for visual stimuli in
repertoire may have possibly functioned as additional Naming experiences that eventually
resulted in the acquisition of the speaker responses (for both visual and auditory non-speech
stimuli). Therefore, were the participants acquiring these responses through exclusion, or could
the repeated probe sessions have functioned as a conditioning process that paired conditioned
reinforcement for one type of sensory stimulus (e.g., visual) with another sensory stimulus that
was not a conditioned reinforcer (e.g., auditory non-speech)?

In Experiment II, I tested whether repeated probe experiences for sets of stimuli
(Carnerero & Pérez-Gonzélez, 2014) would function as a type of conditioning process that
established conditioned reinforcement for observing auditory speech and non-speech stimuli with
these current participants who demonstrated having conditioned reinforcement for non-contrived
visual stimuli (i.e., participants had listener half of Naming for visual stimuli). In addition, I
tested whether there was a difference between demonstrating Naming with a non-contrived set of
stimuli (i.e., stimuli that have a relationship to things in the natural world such as animals,
instruments, types of transportation) and demonstrating Naming with a contrived set of stimuli

(i.e., stimuli that have no relationship to the natural world such as symbols). That is, non-
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contrived stimuli may have existing conditioned properties that selected out the participants’
observing responses due to their histories of experiences with similar stimuli in their
environment. However, will novel and unfamiliar stimuli, that the participants have no
experience with, select out their attention during Naming experiences as well? Conditioned
reinforcement for observing novel stimuli (e.g., contrived stimuli) is necessary for individuals to
learn new things that are not part of their previous experiences; this is important to establish in

order to improve language learning outcomes.
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Chapter 111
EXPERIMENT 11

Participants

Six preschool students, ranging in age from 4.2 to 5.3 years participated in this study.
Participants 2, 3, 4, 5, and 6 were from Experiment 1. Because Participant 1 demonstrated full
Naming with both contrived and non-contrived stimuli sets during the pre-intervention probe
sessions for this current experiment, another student (i.e., Participant 7) was recruited as a
participant. See Table 6 for a summary of participant characteristics and test scores.
Setting

The setting was identical to the setting in Experiment 1.
Materials

During each pre and post-intervention probe session, two separate sets of five stimuli
(i.e., one contrived and one non-contrived) were used to test for the number of correct listener
and speaker responses to untaught visual and auditory non-speech stimuli (Table 7). Non-
contrived stimuli included components of visual and auditory non-speech stimuli that were more
closely related to stimuli that the participants were more likely to encounter in their
environments, such as uncommon animals, instruments, and vehicles. Contrived stimuli
consisted of objects that had less connection to the participants’ prior history; for the contrived
stimuli sets, visual stimuli consisted of arbitrary symbols that were assigned a contrived name
and sound (Tables 8-9). Both contrived and non-contrived stimuli sets were presented to the
participants in the same manner as described in Experiment 1.

Contrived stimuli assignment. The experimenter first selected 20 symbols as the visual

stimuli and numbered the 20 stimuli from 1-20, a list of 20 contrived two-syllable, phonemically
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Table 6

Participant Characteristics for Experiment 2

Participant

Gender/Age Generalized Generalized

Matching

Imitation

Listener
Half of
Naming/Full
Naming

Test Scores

2 (PD)

3 (EL)

4 (LW)

5 (BG)

6 (CH)

7(AN)

M/5.3

M/5.0

F/4.7

M/4.2

M/4.8

M/4.6

Y

Y

Y/N

Y/N

Y/N

Y'Y

Y'Y

Y/N

Preschool Language Scale-5
Auditory Comprehension: 73 SS
Expressive Communication: 82 SS
Wechsler Preschool & Primary
Scales of Intelligence-111

Full Scale 1Q: 73

Performance 1Q: 76

Verbal 1Q: 77

Preschool Language Scale-5
Auditory Comprehension: 78 SS;
7%ile rank

Expressive Communication: 84 SS;
14 %ile rank

Wechsler Preschool & Primary
Scale of Intelligence-III

Full Scale: 77 CS, 6; Borderline
(%ile rank)

Performance: 84 CS, 14; Low
Average (%ile rank)

Verbal: 77 CS, 6; Borderline (%ile
rank)

Preschool Language Scale-5
Auditory Comprehension: 84 SS
Expressive Communication: 83 SS

Preschool Language Scale-5
Auditory Comprehension: 101 SS
Expressive Communication: 80 SS
Wechsler Preschool & Primary
Scales of Intelligence-111

Full Scale 1Q 82

Performance 1Q 79

Verbal 1Q 88

Preschool Language Scale-5
Auditory Comprehension: 94 SS
Expressive Communication: 70 SS
Total Language Score: 81 SS

Preschool Language Scale-5
Auditory Comprehension: 57 SS;
1%ile

Expressive Communication: 75 SS;
5%ile

Total Language Score: 64 SS; 1
Yile

Note. Standardized tests were conducted by psychologists from the participants’ school districts; IQ scores for Participants 1 and 4 were not
available; SS= standard score; CS= composite score; Y=yes; N= no; Listener half of Naming=demonstrated incidental language learning as a
listener (i.e., point to untaught novel stimuli following Naming experiences when assessed using a non-contrived set of stimuli without the
auditory non-speech component); Full Naming= demonstrated incidental language learning as both a listener and speaker (i.e., point to and
vocally identify untaught novel stimuli following Naming experiences when assessed using a non-contrived set of stimuli without the auditory
non-speech component)

66



transparent words, and numbered them from 1-20, and recorded 20 different audio clips of
sounds (e.g., smart phone ring tones, sound effects, a combination of sound effects) and
numbered them from 1-20. Next, the experimenter created three columns in a Microsoft Excel®
spreadsheet: the first column was labeled auditory speech stimulus (i.e. the name of the
stimulus), the second column visual stimulus (i.e. the symbol) and the third column auditory
non-speech stimulus (i.e. the sound of the stimulus). Using a non-repeating random number
generator, the experimenter selected three numbers for each of the five stimuli in each probe set.
The first number assigned the target stimulus name, the second number assigned the visual
stimulus, and the third number assigned the stimulus sound. For example if the numbers were
1,3, and 7, then the stimulus would be called breemo (name 1), look like a target (image 3) and
would make sound 7 (refer to tables 8 and 9). A sample contrived stimuli assignment sheet is
presented in Appendix B. The experimenter repeated this process until five contrived stimuli
were selected for a set. All the pre and post- intervention probe sets were constructed in this
manner so that multiple novel sets could be created for each participant. This process was
repeated when constructing probe sets for each participant, so that no two participants had the
same image-name-sound combination.

Materials used during the intervention sessions consisted of sets that contained both
contrived and non-contrived stimuli (i.e., in each set of 5 stimuli, there were either 3 contrived
and 2 non-contrived stimuli, or 2 contrived and 3 non-contrived stimuli). Table 10 displays the
stimuli names of Sets A, B, C, and D used during intervention sessions.

Other materials. Other materials used during the study included data collection sheets

for both the contrived and non-contrived stimuli sets, presented in Appendices C and D. The data
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sheets for the contrived stimuli were pre-made and specific to each participant in order to keep
track of the assigned image, name, and sound.
Table 7

Non-Contrived Stimuli Sets used during Pre- and Post- Intervention Probe Sessions

Set 3 Set 4 Set 5 Set 6
Chimes Castanets Bass Mealworm
Falcon Gnu Clogs Torpedo

Ferret Kookaburra Galah Didgeridoo

Guinea Pig Sandpaper Tumbi Whippen whill
Sewing Machine Saz Udu Pan Flute

Table 8

Contrived Names Used during Pre- and Post-Intervention Probe Sessions

Number Name
1 Breemo
2 Duken
3 Fermat
4 Hampen
5 Hesna
6 Malmot
7 Monad
8 Morvick
9 Nordie
10 Nyvil
11 Paxten
12 Polksa
13 Oddan
14 Selgie
15 Slatten
16 Stoman
17 Sumie
18 Tarvan
19 Tivis
20 Trysol
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Table 9

Contrived Images Used during Pre- and Post-Intervention Probe Sessions

A% 0 % P
i%i\l/@ic?f
“@quy’é‘)ﬁ
S T\

The dependent variables were the numbers of correct responses emitted during pre- and
post-intervention probes for untaught listener and speaker responses to visual and auditory non-
speech stimuli for both contrived and non-contrived stimuli sets. All responses were defined in
the same manner as in Experiment 1. Novel sets were used during each pre-and post-intervention
probe such that participants never came into contact with the set of stimuli again once a probe

session was over (i.e., never probed using the same contrived or non-contrived set).
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Independent Variable

Repeated pairings of visual and auditory stimuli through repeated probe sessions.
The independent variable was repeated probes for listener and speaker responses to visual and
auditory non-speech components of stimuli with novel sets of stimuli. Two-hours following a
Naming experience for a set of stimuli (See Table 10), the experimenter conducted listener and
speaker probes in the same manner to that in Experiment 1; that is, the experimenter conducted
probes for 1) listener responses to visual stimuli, 2) speaker responses to visual stimuli, 3)
listener responses to auditory stimuli, and 4) speaker responses to auditory stimuli. Responses
during the probe sessions were not consequated. These initial probes (80 total responses) were
the first intervention session. The experimenter then repeated the sequence of four probe sessions
that was just described; each intervention session consisted of these four probe sessions that
constituted 80 total responses. These repeated probe sessions continued for a set of stimuli until
the participant emitted 90% correct responses (18/20 correct) for each of the four response
topographies. Each intervention consisted of mastery of two sets of stimuli; following
intervention, post-intervention probes were conducted using novel sets of contrived and non-
contrived stimuli.
Table 10

Sets of Mixed Contrived and Non-Contrived Visual and Auditory Training Stimuli Used during
the Intervention Sessions

Set A Set B Set C Set D
Chiro (C) Odin (C) Euro (C) Vesla (C)
Puma (NC) Hathor (C) Zia (C) Arsen (C)
Typewriter (NC) Pallas (C) Locust (NC) Ductor (C)
Vulture (NC) Generator (NC) Red Lorie (NC) Metal Grinder (NC)
Rupee (C) Foghorn (NC) Ocean liner (NC) Mosquito (NC)

Note. C=contrived; NC=non-contrived
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Table 11

Non-Contrived Sets Used during Participants’ Pre and Post-Intervention Probes

Participant Pre- Pre- Post- Post
Intervention 1 Intervention 2 Intervention 1 Intervention 2
1 Set 4 - Set 6 -
2 Set 5 - Set 3 Set 4
3 Set 6 Set 3 Set 5 -
4 Set 5 Set 4 Set 6 -
5 Set 4 Set6 Set 3 -
6 Set 6 Set 5 Set 3 -
Note. - = not applicable (some participants did not require two intervention sessions)
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Data Collection

Data for the Naming probes were collected in the same way as in Experiment 1.
Design

A multiple-probe design across three dyads and a delayed multiple probe design,
according to multiple baseline logic (Johnston & Pennypacker, 1993), was used to test the effects
of the repeated pairing procedure on the acquisition of novel listener and speaker responses to
visual and auditory non-speech stimuli. See Figure 3 for a visual representation of the
experimental sequence. At the onset of the study, two pre-intervention probes (one using a set of
contrived stimuli and one using a set of non-contrived stimuli) were conducted for Participants 2,
3,4, 5 and 6. Following the initial pre-intervention probes, Participants 2 and 3 entered the
intervention phase of the study. Prior to the start of intervention, Participants 4 and 5 received a
second set of pre-intervention probes (using novel sets of both contrived and non-contrived
stimuli), following post-intervention probes conducted for Participants 2 and 3. This sequence
continued such that all participants completed two sets of pre-intervention probes, one at the
onset of the study and one prior to intervention, with the exception of Participant 7 who entered
the study later than the rest of the participants. Participant 7 received his first set of pre-
intervention probes during post-intervention probes for Participants 2 and 3 and the second set of
pre-intervention probes for Participants 4 and 5, and his second set of pre-intervention probes
prior to the start of his intervention. To reiterate, novel sets of stimuli (contrived and non-
contrived) were used during every probe session. The sets of non-contrived stimuli used during
the probes were counter-balanced across participants, as displayed in Table 11 (See Figure 3 for

a visual representation of the experimental sequence).
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Experimental Design for Experiment II

Participant 2 Participant 3 Participant 4 Participant 5 Participant 6 Participant 7
2 Pre- 2 Pre- 2 Pre- 2 Pre- 2 Pre- No
Intervention Intervention Intervention Intervention Intervention Probes
Probes (1) Probes (1) Probes (1) Probes (1) Probes (1)
4 /
Participant 2 Participant 3
Intervention Intervention
1 1
Y / \ \ A
Participant 2 Participant 3 Participant 4 Participant 5 Participant 7
2 Post- 2 Post- 2 Pre- 2 Pre- 2 Pre-
Intervention Intervention Intervention Intervention Intervention
Probes (1) Probes (1) Probes (2) Probes (2) Probes (1)
/ \ \
Completed Participant 3 Participant 4 Participant 5
Intervention Intervention Intervention
2 1 1
/ \ A
Participant 3 Participant 4 Participant 5 Participant 6 Participant 7
2 Post- Post- 2 Post- 2 Pre- 2 Pre-
Intervention Intervention Intervention Intervention Intervention
Probes (2) Probes (1) Probes (1) Probes (2) Probes (2)
Completed Completed Completed Participant 6 Participant 7
Intervention Intervention
1 1
Participant 6 Participant 7
2 Post- 2 Post-
Intervention Intervention
Probes (1) Probes (1)
Completed Completed

Figure 3. Sequence of the experimental design for Experiment II. Each pre and post-intervention
probe session consisted of two separate probes-one with a set of novel contrived stimuli and one
with a set of novel non-contrived stimuli.
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Interobserver Agreement

Interobserver agreement (IOA) was calculated in the same way as in Experiment 1.
Across participants, [OA was calculated for approximately 46% of all pre and post-intervention
sessions with a mean agreement of 99% (range 95-100%). Interobserver agreement was
calculated for 27% of the intervention sessions across all participants, with a mean agreement of
99% (range 85-100%). Table 12 shows the IOA collected across pre and post-intervention probe

sessions and interventions sessions, broken down by participants

Table 12

Summary of Interobserver Agreement (I0A) for Experiment 2

Participant Percentage of  IOA for Probe  Percentage of IOA for
Probe Sessions Sessions Intervention Interventions
with [OA Sessions with
I0A
2 62% 100% 22% 100%
3 30% 100% 18% 99%
4 67% 99% 25% 99%
5 29% 99% 25% 100%
6 50% 100% 33% 100%
7 42% 100% 46% 98%
Procedure

Pre-intervention probes for untaught listener and speaker responses to visual and
auditory components of novel stimuli. The pre-intervention probe procedures were identical to
those in Experiment 1. That is, every probe session in this experiment consisted of Naming

experience presentations through stimulus-stimulus pairings, followed by listener and speaker
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probes for visual and auditory non-speech stimuli following a 2-hour break. Each pre-
intervention probe session (initial probe and another probe prior to intervention for all
participants) consisted of a probe session using contrived stimuli, and another using non-
contrived stimuli. The use of contrived and non-contrived sets were counterbalanced across
probe sessions and across participants; that is, during the initial probe sessions, Participants 2, 4,
and 6 received probes using a contrived set of stimuli first, followed by probes using a non-
contrived set of stimuli. Participants 3, 5, and 7 received probes using a non-contrived set of
stimuli first, followed by probes using a contrived set of stimuli. During the next set of probes
(either post-intervention or the second pre-intervention probes), Participants 2, 4, and 6 received
probes using a non-contrived set of stimuli first followed by probes using a contrived set of
stimuli, while Participants 3, 5, and 7 received probes using a contrived set of stimuli followed
by a non-contrived set of stimuli.

Intervention: repeated probe sessions. The intervention sessions consisted of repeated
probes, conducted in a similar manner as the probe procedures during the pre and post-
intervention probe sessions. The stimuli sets used for the intervention consisted of a mix of both
contrived and non-contrived stimuli. Like the pre and post-intervention probe sessions, the
experimenter conducted Naming experiences for a set of stimuli through stimulus-stimulus
pairing. After a 2-hr break, probes for the untaught listener and speaker responses to visual and
auditory stimuli were conducted. Unlike the pre and post-intervention probe sessions however,
the experimenter conducted repeated probes until participants emitted 90% correct responding
for each of the four responses (i.e. listener responses to visual stimuli, speaker responses to
visual stimuli, listener responses to auditory stimuli, speaker responses to auditory stimuli). The

intervention phase consisted of mastery of the four responses to two sets of stimuli.
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Post-intervention probes for untaught listener and speaker responses to visual and
auditory components of novel stimuli. Following intervention, post-intervention probes, using
two novel sets of contrived and non-contrived stimuli were conducted. The procedure was

identical to that of the pre-intervention probe.
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Results

Figures 4 and 5 display the number of correct responses emitted during pre and post-
intervention probes with both contrived and non-contrived stimuli sets. Figures 6, 7, 8, and 9
display the same results, but the results are separated according to the type of stimuli set used
during the pre and post-intervention probes; Figures 6 and 7 display pre and post-intervention
results when non-contrived stimuli sets were used, and Figures 8 and 9 display pre-and post-
intervention results when contrived stimuli sets were used. As a prerequisite for this experiment,
all participants demonstrated the listener half of Naming for visual stimuli at the onset of the
study. Four of the six participants did not demonstrate full Naming when tested with a non-
contrived set of stimuli; two of the six participants demonstrated full Naming with a non-
contrived set of stimuli but were in this study to test whether they could also demonstrate
Naming with contrived stimuli sets. Because of these different starting points, post-intervention
results varied across participants. Overall, most participants demonstrated increases in correct
responding (with contrived stimuli sets, non-contrived stimuli sets, or both) during post-
intervention probes.

Also, it is important to note that if the participant had acquired just one of the five target
auditory speech stimuli (i.e., the name) following his or her Naming experiences, chance
responding for all speaker probe sessions is four correct responses out of twenty. During speaker
probe sessions for visual and auditory non-speech stimuli, each of the five target stimuli were
presented four times (different exemplars); therefore, the participant could have emitted four
“correct” responses by simply emitting the same response (i.e., saying the same word) for all 20
of the visual or auditory non-speech stimuli presented during the probe session. This does not

necessarily indicate that the participant acquired the name of one of the five target stimuli.

77



Pre-Intervention Post-Intervention
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Figure 4. Numbers of correct listener and speaker responses emitted by Participants 2, 4, and 6
to visual and auditory non-speech stimuli during pre and post-intervention probe sessions. C and
NC indicate the type of stimuli used during probe sessions (contrived and non-contrived). Each
C and NC set is novel.
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Figure 5. Numbers of correct listener and speaker responses emitted by Participants 3, 5, and 7
to visual and auditory non-speech stimuli during pre and post-intervention probe sessions. C and
NC indicate the type of stimuli used during probe sessions (contrived and non-contrived). Each
C and NC set is novel.
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Figure 6. Numbers of correct responses emitted by Participants 2, 4, and 6 during pre- and post-
intervention probes using non-contrived stimuli sets.
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Pre- and Post-Intervention Probe Results using Non-Contrived Stimuli Sets

Pre-intervention probe results for Participants 2, 4, and 6. For the pre-experimental
probe sessions with non-contrived visual and auditory non-speech stimuli sets (refer to Figure 6),
Participants 2, 4, and 6 all demonstrated the listener half of Naming for both visual stimuli and
auditory non-speech stimuli during all pre-intervention probes. Consistent with his performance
in Experiment I, Participant 6 demonstrated full Naming for both visual and auditory non-speech
stimuli during both of his pre-intervention probes. Participant 2 demonstrated the speaker
component of Naming for visual stimuli, and emitted 12 out of 20 correct speaker responses to
auditory non-speech stimuli. During her first pre-intervention probe, Participant 4 emitted 10 out
of 20 correct speaker responses to visual stimuli and 15 out of 20 correct speaker responses to
auditory non-speech stimuli. During her second pre-intervention probe, Participant 4 emitted 8
out of 20 correct speaker responses to visual stimuli and 13 out of 20 correct speaker responses
to auditory non-speech stimuli.

Post-intervention probe results for Participants 2, 4, and 6. During post-intervention
probe sessions, Participant 6 continued to demonstrate full Naming for both non- contrived
visual and auditory non-speech stimuli. Participant 4 now also demonstrated full Naming,
emitting 16 out of 20 correct speaker responses to both non-contrived visual and auditory non-
speech stimuli. Howevever, Participant 2 emitted fewer numbers of correct responses during his
post-intervention probe sessions. He emitted 15 out of 20 correct listener responses to auditory
non-speech stimuli, and 4 out of 20 and 8 out of 20 correct speaker responses to visual and
auditory non-speech stimuli. Anecdotally, Participant 2’s behaviors and performance in school

were inconsistent throughout his participation in the study. During the post-intervention probe
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sessions, he was emitting high levels of vocal stereotypy, which may have competed with his
attention during Naming experiences and thereby, affected his responses during probes.

Pre-intervention probe results for Participants 3, 5, and 7. During the pre-
experimental probe sessions with non-contrived visual and auditory non-speech stimuli sets
(refer to Figure 7), Participants 3, 5, and 7 all demonstrated the listener half of Naming for visual
stimuli, while Participants 5 and 7 also demonstrated the listener half of Naming for auditory
non-speech stimuli during both of their pre-intervention probes. Like Participant 4, Participant 5
also demonstrated full Naming for both visual and auditory non-speech stimuli during all of his
probe sessions, as he did in Experiment 1. Participant 7 also demonstrated the speaker
component of Naming for visual stimuli during both pre-intervention probes, and close to, but
not criterion-level responding for the speaker component of Naming for auditory non-speech
stimuli, emitting 13 out of 20 and 14 out of 20 correct speaker responses during both pre-
intervention probe sessions.

Participant 3 emitted 12 out of 20 correct listener responses to auditory non-speech
stimuli on his first pre-intervention probe and 15 out of 20 correct responses during his second
pre-intervention probe. He emitted 12 out of 20 correct speaker responses to visual stimuli and
11 out of 20 correct speaker responses to auditory non-speech stimuli during the first pre-
intervention probe, and 15 out of 20 correct speaker responses to visual stimuli and 12 out of 20
correct speaker responses to auditory non-speech stimuli during the second pre-intervention
probe.

Post-intervention probe results for Participants 3, 5, and 7. During post-intervention
sessions, Participants 3, and 7 both demonstrated Naming for both visual and auditory stimuli,

emitting 95%-100% correct responses across each of the four probe sessions; the most gains
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Figure 7. Numbers of correct responses emitted by Participants 3, 5, and 7 during pre- and post-
intervention probes using non-contrived stimuli sets.
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were demonstrated by Participant 3 who went from emitting about 60% of the speaker responses
to visual and auditory non-speech stimuli during pre-intervention measures to 100% for both
during post-intervention probes.

Pre and Post-Intervention Probe Results using Contrived Stimuli Sets

There was a significant difference in the number of correct responses emitted by
participants during pre-intervention probes when contrived stimuli were used. Although, similar
to the probe sessions using non-contrived stimuli, all participants demonstrated the listener
component of Naming to visual stimuli (i.e., emitted at least 16 out of 20 correct listener
responses to contrived visual stimuli). However, only one participant (versus five with non-
contrived stimuli) demonstrated the listener component of Naming to contrived auditory non-
speech stimuli; this participant was also the only one who demonstrated the speaker component
of Naming with contrived visual stimuli only. All other participants emitted few correct speaker
responses to both visual and auditory non-speech stimuli (when compared to probes using non-
contrived stimuli).

Pre-and post-intervention probe results for Participants 2, 4, and 6. Figure § presents
the numbers of correct responses emitted during pre and post-intervention probe sessions with
contrived stimuli sets by Participants 2, 4, and 6. Participant 2 emitted 6 out of 20 correct listener
responses to auditory non-speech stimuli, 8 out of 20 correct speaker responses to visual stimuli,
and 4 out of 20 correct speaker responses to auditory non-speech stimuli during his pre-
intervention probe. During the post-intervention probe sessions, Participant 2 emitted 13 out of
20 correct listener responses to visual stimuli, and 12 out of 20 correct speaker responses to both
visual and auditory non-speech stimuli.

Participant 4 emitted 9 out of 20 correct listener responses to auditory non-speech stimuli,
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Figure 8. Numbers of correct responses emitted by Participants 2, 4, and 6 during pre- and post-
intervention probes using contrived stimuli sets.
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8 out of 20 correct speaker responses to visual stimuli, and 4 out of 20 correct speaker responses
to auditory non-speech stimuli during her first pre-intervention probe. She demonstrated similar
responses during her second pre-intervention probe, emitting 12 out of 20 correct listener
responses to auditory non-speech stimuli, 13 out of 20 correct speaker responses to visual
stimuli, and 6 out of 20 correct speaker responses to auditory non-speech stimuli. During her
post-intervention probe session, Participant 4 demonstrated criterion-level responding for the
listener component of Naming to auditory non-speech stimuli, and 12 out of 20 correct speaker
responses for both visual and auditory non-speech stimuli.

Participant 6 emitted 7 out of 20 correct listener responses to auditory non-speech stimuli,
12 out of 20 correct speaker responses to visual stimuli, and 8 out of 20 correct speaker
responses to auditory non-speech stimuli during his first pre-intervention probe. During his
second pre-intervention probe, he emitted 6 out of 20 correct listener responses to auditory non-
speech stimuli, 4 out of 20 correct speaker responses to visual stimuli, and 3 out of 20 correct
speaker responses to auditory non-speech stimuli. During his post-intervention probe session,
Participant 6 emitted 13 correct listener responses to auditory non-speech stimuli, and 12 out of
20 correct speaker responses visual stimuli, and 11 out of 20 correct speaker responses to
auditory non-speech stimuli.

Pre-and post-intervention probe results for Participants 3, 5, and 7. Figure 9 presents
the numbers of correct responses emitted during pre and post-intervention probe sessions with
contrived stimuli sets by Participants 3, 5, and 7. Participant 3 emitted 6 out of 20 correct listener
responses to auditory non-speech stimuli, 4 out of 20 correct speaker responses to visual stimuli,
and 0 out of 20 correct speaker responses to auditory non-speech stimuli during his pre-

intervention probe. During his first post-intervention probe session, Participant 3 emitted 12 out
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of 20 correct listener responses to visual stimuli, and 4 out of 20 correct speaker responses to
visual stimuli, and 5 out of 20 correct responses to auditory non-speech stimuli. During his
second post-intervention probe, Participant 3 emitted 8 out of 20 correct listener responses to
visual stimuli, and 12 out of 20 and 8 out of 20 correct speaker responses to visual and auditory
non-speech stimuli, respectively.

Unlike the other participants, Participant 5 emitted criterion level listener responding to
auditory non-speech stimuli (16/20), and speaker responses to visual stimuli (16/20) during his
first pre-intervention probe. During his second pre-intervention probe, he again emitted 16 out of
20 correct listener responses to auditory non-speech stimuli, 12 out of 20 correct speaker
responses to visual stimuli, and 6 out of 20 correct speaker responses to auditory non-speech
stimuli. During his post-intervention probe session, Participant 5 demonstrated full Naming for
both visual and auditory non-speech stimuli; he emitted 20 out of 20 correct listener responses
for both visual and auditory non-speech stimuli and 16 out of 20 correct speaker responses for
both visual and auditory non-speech stimuli.

Participant 7 emitted similar numbers of correct responses during his first and second
pre-intervention probe sessions: he emitted 9 out of 20 and then 10 out of 20 correct listener
responses to auditory non-speech stimuli, 6 out of 20 and then 8 out of 20 correct speaker
responses to visual stimuli, and 8 out of 20, then 7 out of 20 correct speaker responses to
auditory non-speech stimuli. During his post-intervention probe session, Participant 7 met
criterion level responding, indicating the presence of the listener component of Naming for
auditory non-speech stimuli by emitting 20 out o 20 correct listener responses. However, he did
not emit increased numbers correct of speaker responses during his post-intervention probes. He

emitted 12 out of 20 correct speaker responses to visual stimuli and 8 out of 20 correct speaker

87



Pre-Probe 1 Post-Probe 1 Post-Probe 2 Participant 3
Set C2

Set C1 Set C3

EL
18
16
14
12

10

1

Pre-Probe 1 Pre-Probe 2
Set E1 Set E2

Post-Probe 1

Set E3 Participant 5

BG

20

18

16

14

12

10

Number of Correct Responses

1 2

Post-Probe 1
Set 13

Pre-Probe 1 Pre-Probe 2

Set I1 Set 12
20

AN
18
16
14
12
10
B Listener Visual

O Speaker Visual

B Listener Auditory
Bl Speaker Auditory

1 2 3 4
Probe Sessions

Figure 9. Numbers of correct responses emitted by Participants 3, 5, and 7 during pre-and post
intervention probe sessions using contrived stimuli sets.
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responses to auditory non-speech stimuli.
Summary of Results from Experiment Two

Following the repeated probe intervention, all six participants emitted some sort of
increase in numbers of correct responses during post-intervention probes. These increases were
specific to the individual; some demonstrated increases in correct (speaker) responding during
post-intervention probes with non-contrived stimuli, while others demonstrated increases in
correct (speaker and listener) responses during post-intervention probes with contrived stimuli
sets. Specifically, three out of four participants who did not demonstrate full Naming for both
visual and auditory non-speech stimuli with non-contrived stimuli sets during pre-intervention
probes did so during post-intervention probes (Participants 3, 4, and 7). In addition, one
participant demonstrated full Naming for both visual and auditory non-speech stimuli with a
contrived stimuli set following intervention (Participant 5), while two participants demonstrated
the listener half of Naming for contrived auditory non-speech stimuli (Participants 4 and 7). All
but Participant 7 demonstrated at least a small increase (i.e., by at least four additional correct
responses) in correct speaker responses to contrived visual and/or auditory non-speech stimuli
during post-intervention probes.

Tables 13 and 14 display the total number of correct responses emitted during each pre-
and post-intervention probe session; that is, the total number of correct listener responses to
visual stimuli, speaker responses to visual stimuli, listener responses to auditory non-speech
stimuli, and speaker responses to auditory non-speech stimuli out of 80 possible correct

responses that could be emitted during each pre and post-intervention session.
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Table 13

Number of Total Correct Responses Emitted during Listener and Speaker Probes for Non-
Contrived Visual and Auditory Non-Speech Stimuli

Participant Pre- Pre- Post- Post-
Intervention 1 Intervention 2 Intervention 1 Intervention

2 66/80 - 47/80 -
(82%) (59%)

3 54/80 - 62/80 80/80%*
(68%) (78%) (100%)

4 61/80 59/80 70/80%* -
(76%) (74%) (88%)

5 80/80 72/80 80/80 -
(100%) (90%) (100%)

6 80/80 72/80 72/80 -
(100%) (90%) (90%)

7 65/80 69/80 79/80%* -
(81%) (86%) (99%)

Note. *= criterion level responding that was not previously demonstrated in pre-intervention probe sessions
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Table 14

Number of Total Correct Responses Emitted during Listener and Speaker Probes for Contrived
Visual and Auditory Non-Speech Stimuli

Participant Pre- Pre- Post- Post-
Intervention 1 Intervention 2 Intervention 1 Intervention
2 36/80 - 57/80 -
(45%) (71%)
3 26/80 - 41/80 46/80
(33%) (51%) (58%)
4 38/80 50/80 60/80 -
(48%) (63%) (75%)
5 54/80 52/80 72/80%* -
(68%) (65%) (90%)
6 45/80 32/80 55/80 -
(56%) (40%) (69%)
7 39/80 45/80 60/80 -
(49%) (56%) (75%)

Note. *= criterion level responding that was not previously demonstrated in pre-intervention probe sessions
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Discussion and Rationale for Experiment I11

Participant data from Experiment II suggest that the repeated probe intervention
functioned as a gradual conditioning process; through the repeated probe sequence, visual stimuli
were paired with auditory speech stimuli, auditory non-speech stimuli, and the participant’s own
echoic behavior. This ultimately resulted in the acquisition of transformation of stimulus
function across listener and speaker responses for some participants, as demonstrated by the
emission of criterion-level correct speaker responses to novel visual and auditory speech and
non-speech stimuli during post-probe sessions with non-contrived stimuli. Also, for a participant
who already demonstrated transformation of stimulus function across listener and speaker
responses prior to the start of Experiment II, the repeated probe procedure functioned to
condition contrived visual and auditory speech and non-speech stimuli as reinforcers for
observing. Therefore, during novel Naming experiences, contrived visual and auditory speech
and non-speech stimuli now selected out that participant’s observing responses, resulting in the
acquisition of names of unfamiliar objects and sounds.

In addition, participant results from Experiment II suggest that the demonstration of
Naming with contrived stimuli may be a component of the Naming capability (or a potential
Naming cusp). Two participants (Participants 5 and 6) who consistently emitted 90-100% correct
responses across listener and speaker probes for visual and auditory non-speech stimuli with
non-contrived stimuli during probes from Experiment I and two sets of pre-intervention probes
during Experiment II, were not able to do the same when assessed with multiple contrived
stimuli sets. However, following the intervention sessions, Participant 5 then demonstrated full
Naming with a novel contrived stimuli set, while Participant 6 acquired the listener component

of Naming for contrived auditory non-speech stimuli. This provides more evidence that during
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the repeated probe procedure, visual and auditory non-speech/speech stimuli pairings were
occurring, that led to the acquisition of conditioned reinforcement for observing contrived
auditory non-speech stimuli and auditory speech stimuli.

Overall, there seems to be a Naming acquisition sequence observed across Experiments I
and II. Participants first acquired (or already demonstrated) the listener component of Naming
for non-contrived visual stimuli at the onset of the study. This is followed by the demonstration
of the listener component of Naming for non-contrived auditory non-speech stimuli after the
repeated probe intervention procedure (Participant 3). Following acquisition of these two
repertoires, the participants then began to acquire the speaker components of Naming for visual
and auditory non-speech stimuli. This similar progression was also observed with contrived
stimuli. Moreover, Participant 5 demonstrated that with transformation of stimulus function
across listener and speaker responses for non-contrived stimuli, acquisition of conditioned
reinforcement for observing contrived visual and auditory speech/non-speech stimuli then
resulted in the demonstration of full Naming with contrived stimuli as well.

One major limitation in this current study was time. Due to time constraints (i.e.,
participants aging out of the school), the experimenter was not able to conduct additional
intervention sessions with the participants who, though showed increases in correct responding
across the four dependent variables for contrived stimuli during post-intervention probes, had not
demonstrated criterion-level speaker responses to contrived visual and auditory non-speech
stimuli. Participant 3’s data indicated that additional intervention sessions were beneficial (i.e.,
he demonstrated full Naming following his second intervention session), and five out of six
participants showed increases in correct listener and speaker responses with contrived stimuli

following just one intervention session.
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In summary, though the results of Experiment II indicated differences in the
demonstration of Naming with contrived and non-contrived stimuli sets, the repeated probe
procedure only resulted in one participant (Participant 5) acquiring full Naming with contrived
visual and auditory stimuli sets. This could be attributed to different starting points for each of
the participants and a lack of time to fully complete the study; however, in order to establish
more persuasive findings, an additional study needed to be conducted. Therefore, the purpose of
Experiment III was to 1) test whether the demonstration of Naming with a contrived stimuli set
could be considered a type of Naming cusp with more participants, as well as 2) test whether the
repeated probe procedure would function as a conditioning procedure to establish contrived
auditory speech and non-speech stimuli as reinforcers for observing with participants who have

already demonstrated full Naming with non-contrived stimuli.
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CHAPTER IV
Experiment I1I
Method
All components of Experiment III were the same as in Experiment II, with the exception

of participant characteristics and the use of only contrived stimuli throughout the experiment.

Participants

Six preschool students, ranging in age from 3.4 to 5.2 years participated in this study. All
participants were classified as preschoolers with a disability and were selected from the same
preschool as the participants in Experiments I and II. All participants had fluent listener and
speaker repertoires and emitted many instances of tacts, sequelics, and conversational units
during free- operant settings. Participants 8 and 9 were selected from a self-contained classroom
comprised of students who were working primarily on social skills and more advanced language
skills that aimed to prepare them to participate and learn in an integrated classroom, while
Participants 10, 11, 12, and 13 attended an integrated classroom. All participants in this study
demonstrated full Naming when assessed using non-contrived stimuli (without the auditory non-
speech component); this was necessary to participate in this study. Table 15 presents a summary
of participant characteristics.
Setting

The setting was identical to the setting in Experiment 1.

95



Table 15

Participant Characteristics for Experiment 3

Participant Gender/Age Generalized Generalized Full Naming Test Scores
Matching Imitation (Non-
Contrived
Set)
8 (NF) F/4.2 Y Y Y N/A
9 (TH) M/4.3 Y Y Y Wechsler Individual Achievement
Test-11T

Listening Comprehension: 63 SS
Early Reading Skills: 91 SS
Math Problem Solving: 89 SS
WPPSI-IV

Full Scale: 53 1Q

Verbal Comprehension: 69 1Q

10 (BL) M/4.9 Y Y Y Pres_chool Language Scale-S
Auditory Comprehension: 103 SS;

58 %ile

Expressive Communication: 100
SS; 50%ile

Total Language Score: 101 SS;
53%ile

WPPSI- IV

Full Scale 1Q: 114 CS; 82%ile rank
Verbal Comprehension: 117 CS;

87%ile rank
11 (FC) F/5.0 Y Y Y N/A
12 (LF) M/3.4 Y Y Y Preschool Language Scale-5

Auditory Comprehension: 93 SS
Expressive Communication: 103 SS
Total Language Score: 98 SS

13(RS) M/5.2 Y Y Y N/A

Note. Standardized tests were conducted by psychologists from the participants’ school districts; Scores for Participant 8, 11, and 13 were not
current at the time of the study, therefore not listed; SS= standard score; Full Naming= demonstrated incidental language learning as both a
listener and speaker (i.e., point to and vocally identify untaught novel stimuli following Naming experiences when assessed using a non-contrived
set of stimuli without the auditory non-speech component)
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Materials

In Experiment III, the experimenter used only contrived stimuli to test for the number of
correct listener and speaker responses to untaught visual and auditory non-speech stimuli. The
same contrived stimuli sets from Experiment II were used during the pre and post-intervention
probe sessions with this new group of participants; the stimuli sets (labeled as sets A-F) were
randomly assigned and presented in Table 16. New intervention sets were made for Experiment
III prior to the start of the study; unlike the intervention sets used in Experiment II that consisted
of a mixture of contrived and non-contrived stimuli, all five stimuli in Experiment I1I
intervention sets were contrived. There were four sets of stimuli (Set A-D) used during
intervention sessions. Tables 17 and 18 display the names and images used during intervention
and how they were counterbalanced across participants. All other materials were the same as
those used in the Experiments I and II.
Dependent Variables

The dependent variables were the number of correct responses emitted during pre and
post-intervention probes for untaught listener and speaker responses to visual and auditory non-
speech stimuli for contrived stimuli sets. All responses were defined in the same manner as in
Experiments I and II. Novel sets were used during each pre-and post-intervention probe such that

participants never came into contact with the set of stimuli again once a probe session was over.
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Table 16

Contrived Stimuli Sets used during Pre and Post- Intervention Probes for Experiment 111

Participant Pre-Intervention  Pre-Intervention  Post-Intervention Post-Intervention
8 Set Al N/A Set A2 N/A
9 Set D1 N/A Set D2 Set D3
10 Set C1 Set C2 Set C3 N/A
11 Set E1 Set E2 Set E3 N/A
12 Set F1 Set F2 Set F3 N/A
13 Set B1 Set B2 Set B3 Set B4

*Note. N/A=not applicable. Participants 8 and 9 began the intervention phase of the study following just one set of pre-intervention probes, based
on the experimental design of the study. Participants 8, 10, 11, and 12 demonstrated criterion-level responding during the first post-intervention
probe and therefore, did not require a second phase of intervention.

Table 17

Intervention Stimuli Sets Counterbalanced across Participants

Participant Intervention Intervention
8 Set A : Set B :
9 Set B Set D Set A Set C
10 Set C Set A
11 Set D Set C
12 Set C Set B
13 Set B Set C Set A Set D
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Table 18

Experiment 3 Intervention Stimuli
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Independent Variable

Repeated pairings of visual and auditory stimuli through repeated probe sessions.
The independent variable was the repeated probe sessions for listener and speaker responses to
visual and auditory components of contrived stimuli; two-hours following Naming experiences
for a set of stimuli, the experimenter conducted listener and speaker probes in an identical
manner to the probes conducted in Experiment I and II. That is, the experimenter conducted
probes for listener responses to visual stimuli, speaker responses to visual stimuli, listener
responses to auditory stimuli, and speaker responses to auditory stimuli. Responses during the
probe sessions were not consequated. Following the initial probe session (80 total responses
across the four response topographies), the experimenter repeated the sequence of the four probe
sessions that were just described. Each intervention session consisted of the four probe sessions
that constituted 80 total responses. These repeated probe sessions continued for a set of stimuli
until the participant emitted 90% correct responses (18/20 correct) for each of the four response
topographies. Each intervention phase consisted of mastery of two sets of novel stimuli;
following the intervention phase, post-intervention probes were conducted using novel sets of
contrived stimuli.
Data Collection

Data were collected in the same manner as in Experiments I and II.
Interobserver Agreement

Interobserver agreement (IOA) was calculated in the same way as in Experiment I and II.
A second observer either watched the session and collected data on participants’ responses as the
sessions occurred, or collected data on participants’ responses when watching a recorded video

of a session. Next, [OA was calculated by counting the numbers of point-by-point agreements
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and disagreements across 20 probe trials in each probe session, then dividing the total number of
agreements by the total number of agreement plus disagreements and multiplying the number by
100.

IOA was calculated for approximately 71% of all pre and post-intervention sessions with
a mean agreement of 99% (range 99-100%). Interobserver agreement was calculated for 39% of
the intervention sessions across all participants, with a mean agreement of 99% (range 99-
100%). Table 19 shows the IOA collected across pre and post-intervention probe sessions and
interventions sessions for Experiment III, broken down by participants.
Table 19

Summary of Interobserver Agreement (I0A) for Experiment 3

Participant Percentage of  IOA for Probe = Percentage of IOA for
Probe Sessions Sessions Intervention Interventions
with IOA Sessions with
I0A
8 50% 100% 50% 100%
9 67% 100% 43% 99.8 %
10 83% 99.5% 41% 100%
11 75% 100% 33% 100%
12 83% 99% 28% 100%

13 69% 100% 37% 99%
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Design

The experimenter used a multiple-probe design across participants for four participants
(Participant 8, 9, 10, 11) and a delayed multiple-probe design across participants for two
participants (Participant 12 and 13) to test the effects of the repeated pairing procedure on the
acquisition of novel listener and speaker responses to contrived visual and auditory non-speech
stimuli (please refer to Figure 10). At the onset of the study, pre-intervention probe sessions were
conducted for Participants 8, 9, 10, and 11. Following pre-intervention probes, Participants 8 and
9 entered the intervention phase of the study. After Participants 8 and 9 met mastery criteria on
the intervention sessions, post-intervention probes were conducted. Next, the experimenter
conducted a second set of pre-intervention probes for Participants 10 and 11, and the first set of
pre-intervention probes for Participants 12 and 13. Participants 12 and 13 were recruited to
participate after the study began due to loss of two participants; therefore, they received their
first set of pre-intervention probes later than the rest of the participants. Participants 10 and 11
then entered the intervention phase of the study. Following mastery of intervention, post-
intervention probes were conducted for Participants 10 and 11. Participants 12 and 13 then
received a second set of pre-intervention probes, followed by intervention, and post-intervention

probes. As in Experiment I, novel sets of stimuli were used during each probe session.
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Experimental Design for Experiment I11

Participant 8 Participant 9 Participant 10 Participant 11 Participant 12 Participant 13
Pre- Pre- Pre- Pre- No No
Intervention Intervention Intervention Intervention Probes Probes
Probe 1 Probe 1 Probe 1 Probe 1
N 4
Participant 8 Participant 9
Intervention Intervention
1 1
\ y \ y
Participant 8 Participant 9 Participant 10 Participant 11 Participant 12 Participant 13
Post- Post- Pre- Pre- Pre- Pre-
Intervention Intervention Intervention Intervention Intervention Intervention
Probe 1 Probe 1 Probe 2 Probe 2 Probe 1 Probe 1
Completed 7 Vi \
Participant 9 Participant 10 Participant 11
Intervention Intervention Intervention
2 1 1
Y A \ Y A
Participant 9 Participant 10 Participant 11 Participant 12 Participant 13
Post- Post- Post- Pre- Pre-
Intervention Intervention Intervention Intervention Intervention
Probe 2 Probe 1 Probe 1 Probe 2 Probe 2
Completed Completed Completed 7
Participant 12 Participant 13
Intervention Intervention
1 1
Participant 12 Participant 13
Post- Post-
Intervention Intervention
Probe 1 Probe 1
Completed Participant 13
Intervention
2
Participant 13
Post-
Intervention
Probe 2
Completed

Figure 10. Experimental design sequence for Experiment III. Each pre and post-intervention
probe was conducted with one novel set of contrived visual and auditory non-speech stimuli.
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Procedure

The experimental procedure was conducted in the exact same manner as Experiment I1.
First, the experimenter conducted pre-experimental response trainings to ensure that participants
had sufficient instructional history with probe procedures and could correctly emit listener and
speaker responses to known visual and auditory stimuli using the computer. After the
participants demonstrated mastery of these prerequisite skills, the experimenter conducted pre-
intervention probes for all participants. Once pre-intervention measures were taken, the
intervention phase began. Following completion of intervention, post-intervention probes were
conducted. Based on the participants’ post-intervention data, the participant was either finished
with the study (Participants 8, 10, 11, and 12), or went through a second intervention session
(Participants 9 and 13). A second post-intervention probe was conducted following the second
intervention phase.

Results

Pre-Intervention Results for Participants 8, 10 and 12

Figure 11 displays the pre and post-intervention probe results for Participants 8, 10, and
12. During the first set of pre-intervention probe sessions, Participants 8, 10 and 12 all
demonstrated the listener component of Naming to contrived visual stimuli. Participant 8 emitted
18 out of 20 correct listener responses, Participant 10 emitted 16 out of 20 correct listener
responses, and Participant 12 emitted 20 out of 20 correct listener responses. In addition,
Participant 12 also demonstrated the listener component of Naming to contrived auditory non-
speech stimuli, emitting 16 out of 20 correct responses. Participant 8 emitted close to criterion-
level listener responses to contrived auditory non-speech stimuli (15 out of 20). Participant 10

emitted 8 out of 20 correct listener responses to contrived auditory non-speech stimuli.
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Participants 8, 10, and 12 all emitted considerably fewer correct speaker responses to
contrived visual and auditory non-speech stimuli. Participant 8 emitted 9 out of 20 correct
speaker responses to contrived visual stimuli, and 1 out of 20 correct speaker response to
contrived auditory non-speech stimuli. Participant 10 emitted 8 out of 20 correct speaker
responses to contrived visual stimuli and 6 out of 20 correct speaker responses to contrived
auditory non-speech stimuli. Participant 12 emitted 8 out of 20 correct speaker responses to
contrived visual stimuli and 5 out of 20 correct speaker responses to contrived visual stimuli.
Participants 10 and 12’s second pre-intervention probe results were similar to those of their first
pre-intervention probe. First, they both again demonstrated the listener component of Naming for
contrived visual stimuli; Participant 10 emitted 17 out of 20 correct listener responses and
Participant 12 emitted 20 out of 20 correct listener responses. Participant 12, again, also
demonstrated the listener component of Naming to contrived auditory non-speech stimuli (16 out
of 20), while Participant 10 emitted 12 out of 20 correct listener responses to contrived auditory
non-speech stimuli. During their second speaker probes for contrived visual and auditory stimuli,
Participant 10 emitted 3 out of 20 correct responses to visual stimuli and zero correct responses
to auditory non-speech stimuli and Participant 12 emitted 7 out of 20 correct speaker responses
to visual stimuli and 6 out of 20 correct responses to auditory non-speech stimuli.
Post-Intervention Results for Participants 8, 10, and 12

Following intervention, the numbers of correct listener responses to contrived auditory
non-speech stimuli, and more importantly, correct speaker responses to both contrived visual and

auditory non-speech stimuli increased significantly for Participants 8, 10 and 12. Similar to pre-
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Figure 11. Numbers of correct responses emitted by Participant 8, 10, and 12 during pre- and
post- intervention probe sessions using contrived stimuli sets.
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intervention probe results, Participants 8, 10 and 12 all demonstrated the listener component of
Naming for contrived visual stimuli and Participant 10 for contrived auditory non-speech stimuli;
however, during post-intervention probe sessions, both Participants 8 and 12 also demonstrated
criterion-level responses for the listener component of Naming for contrived auditory non-speech
stimuli, both emitting 20 out of 20 correct responses.

During post-intervention speaker probes for contrived visual and auditory non-speech
stimuli, Participant 8 demonstrated full Naming, emitting 16 out of 20 correct speaker responses
to contrived visual stimuli and 17 out of 20 correct speaker responses to contrived auditory non-
speech stimuli. Similarly, both Participants 10 and 12 emitted 17 out of 20 correct speaker
responses to contrived visual stimuli, and close to criterion-level responding for speaker
responses to contrived auditory non-speech stimuli (14 out of 20).

Pre-Intervention Results for Participants 9, 11 and 13

Figure 12 displays the pre and post-intervention probe results for Participants 9, 11, and
13. Like Participant 8, 10 and 12, Participants 9, 11, and 13 all demonstrated the listener
component of Naming for contrived visual stimuli during pre-intervention probe sessions.
Participants 9 and 11 both emitted 16 out of 20 correct listener responses to contrived visual
stimuli and Participant 13 emitted 17 out of 20 correct listener responses to contrived visual
stimuli. During the pre-intervention listener probes for contrived auditory non-speech stimuli,
Participant 9 emitted 6 out of 20 correct responses, Participant 11 emitted 14 out of 20 correct
responses (close to criterion) and Participant 13 emitted 11 out of 20 correct responses. During
their second pre-intervention probe sessions, Participants 11 and 13, again demonstrated the
listener component of Naming for contrived visual stimuli, both emitting 16 out of 20 correct

responses. Participant 11 emitted 14 out of 20 correct listener responses to contrived auditory
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Figure 12. Number of correct listener and speaker responses emitted by Participant 9, 11, and 13
during pre-and post-intervention probe sessions using contrived stimuli sets.
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non-speech stimuli and Participant 13 emitted 12 out of 20 correct listener responses to contrived
auditory stimuli; these results are very similar to the results of their first pre-intervention probe.

Also like Participants 8, 10, and 12, Participants 9, 11, and 13 emitted fewer correct
speaker responses for contrived visual and auditory non-speech stimuli than they did for listener
responses to these stimuli during their pre-intervention measures. Participant 9 emitted 7 out of
20 correct speaker responses to contrived visual stimuli and 5 out of 20 correct speaker responses
to auditory non-speech stimuli. Participant 11 emitted 8 out of 20 correct speaker responses to
contrived visual stimuli and 4 out of 20 correct speaker responses to contrived auditory non-
speech stimuli. Participant 13 emitted 7 out of 20 correct speaker responses to contrived visual
stimuli and 8 out of 20 correct speaker responses to contrived auditory non-speech stimuli.
During their second set of pre-intervention probes for speaker responses, Participant 11 emitted 4
out of 20 correct responses to both visual and auditory non-speech stimuli and Participant 13
emitted 8 out of 20 and 4 out of 20 correct responses to visual and auditory non-speech stimuli,
respectively.
Post-Intervention Results for Participants 9, 11, and 13

As a result of the intervention procedure, Participants 9, 11, and 13 also met criterion (or
close to criterion responses) for the speaker component of Naming for both contrived visual and
auditory non-speech stimuli. During post-intervention probes, Participant 11 emitted 20 out of 20
correct listener responses to contrived auditory non-speech stimuli, 15 out of 20 correct speaker
responses to contrived visual stimuli and 17 out of 20 correct speaker responses to auditory non-
speech stimuli.

Participants 9 and 13 required two intervention sessions to demonstrate criterion-level

speaker responses during post-intervention probe sessions. However, during their first post-
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intervention probe, both participants demonstrated an increase (criterion) in listener responses to
contrived auditory non-speech stimuli; they both emitted 20 out of 20 correct responses. For
speaker probes, Participant 9 emitted 5 out of 20 correct responses to contrived visual stimuli and
12 out of 20 correct responses to contrived auditory non-speech stimuli during the first post-
intervention probe. Participant 13 emitted 12 out of 20 correct speaker responses to contrived
visual stimuli and 16 out of 20 correct speaker responses to contrived auditory stimuli.

Both Participants 9 and 13 demonstrated full Naming (or close to full Naming) following
the second intervention. Again, during the second post-intervention probe, they both
demonstrated the listener component of Naming for contrived auditory non-speech stimuli (both
emitted 20 out of 20 correct responses). During speaker probes, Participant 9 emitted 15 out of
20 correct responses to contrived visual stimuli and 16 out of 20 correct responses to contrived
auditory non-speech stimuli. Participant 13 emitted 17 out of 20 correct speaker responses to
contrived visual stimuli and 16 out of 20 correct speaker responses to contrived auditory non-
speech stimuli.

Summary of Findings

Figures 13 and 14 display the total number of correct responses (i.e., all the listener and
speaker responses to visual and auditory non-speech stimuli added together for a total of 80
responses) emitted by Participants 8, 10, and 12, and 9, 11, and 13 during each pre and post-
intervention probe session for Experiment III. Table 20 displays the percentage of correct
responses. They highlight the differences in the numbers of correct responses emitted by the six
participants as a function of the repeated probe intervention procedure. During pre-intervention

probe sessions, participants emitted approximately 38% to 54% correct responses across the four
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dependent variables; during post-intervention probes, they emitted 88%-91% correct responses.

All participants emitted at least 88% total correct responses during post-intervention probes.

Table 20

Percentage of Correct Responses Emitted during Pre- and Post-Intervention Listener and
Speaker Probe Sessions for Contrived Visual and Auditory Non-Speech Stimuli by Participants

8-13
Pre- Pre- Post- Post-
Intervention Intervention Intervention Intervention
Probe 1 Probe 2 Probe 1 Probe 2
Participant 8 43/ 80 -- 73/80 --
(53%) (91%)
Participant 9 34/80 -- 56/80 70/80
(43%) (70%) (88%)
Participant 10 40/80 30/80 70/80 --
(50%) (38%) (88%)
Participant 11 42/80 38/80 72/80 --
(52%) (48%) (90%)
Participant 12 49/80 49/80 71/80 --
(61%) (61%) (89%)
Participant 13 43/80 40/80 68/80 72/80
(54%) (50%) (85%) (90%)
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Figure 13. Total number of correct responses emitted during pre- and post-intervention probe
sessions by Participants 8, 10, and 12.
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Figures 15 through 20 display another dimension of the dependent variables. They
represent the response-by-response accuracy emitted during pre- and post-intervention probe
sessions. These cumulative correct responses, displayed in this manner, highlight the differences
in participants’ rates of learning to mastery following the repeated probe intervention sessions.
They show the initially separated listener and speaker responses prior to intervention, and the
joining of the speaker to listener repertoire following intervention sessions that functioned to
condition contrived auditory speech and non-speech stimuli as reinforcers for observing.

Continuously ascending data points, or a positive slope signify consecutive emissions of
correct responses while the absence of ascending data points or an overall flatter slope indicate
the presence of incorrect responses. During the pre-intervention probes, the data paths
representing correct listener responses to visual stimuli, and for some participants, listener
responses to auditory non-speech stimuli (i.e., Participants 8, 11, and 12), are much steeper than
the data paths representing correct speaker responses to visual and auditory non-speech stimuli.
However, following intervention, the slopes of data paths representing correct speaker responses
to visual and auditory non-speech stimuli steepens and become similar to those representing
listener responses signifying the changes in rate of acquisition of speaker responses (and for
some participants, listener responses to auditory non-speech stimuli) demonstrated by all of the

participants.
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Figure 15. Cumulative correct responses to mastery emitted by Participant 8 during pre and post-
intervention probe sessions. This figure presents a visual display of the change in rate of
acquisition of speaker responses following intervention.
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Figure 16. Cumulative correct responses to mastery emitted by Participant 9 during pre and post-
intervention probe sessions. This figure presents a visual display of the change in rate of
acquisition of listener and speaker responses following intervention.
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Figure 18. Cumulative correct responses to mastery emitted by Participant 11 during pre and
post-intervention probe sessions. This figure presents a visual display of the change in rate of
acquisition of speaker responses following intervention.
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Figure 19. Cumulative correct responses to mastery emitted by Participant 12 during pre and
post-intervention probe sessions. This figure presents a visual display of the change in rate of
acquisition of speaker responses following intervention.
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Figure 20. Cumulative correct responses to mastery emitted by Participant 13 during pre and
post-intervention probe sessions. This figure presents a visual display of the change in rate of
acquisition of listener and speaker responses following intervention.
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Figure 21. Numbers of correct responses emitted during intervention sessions by Participants 8
and 9 and the total number of sessions required to implement the independent variable.
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Discussion

Participants’ pre and post-intervention data from Experiment III were consistent with the
findings of Experiment II. That is, they suggested that the demonstration of Naming with non-
contrived stimuli does not automatically result in the demonstration of Naming when assessed
using contrived stimuli. Therefore, it is possible to argue that the demonstration of Naming with
contrived stimuli is an additional component of Naming, or a Naming cusp that may not occur
naturally, or can be brought on faster through a history with specific experiences (i.e.,
conditioning histories).

In addition, the Naming acquisition sequence with non-contrived stimuli observed in the
participants from Experiment II was also observed with contrived stimuli in the current
experiment. Specifically, participants acquired (or have in repertoire) the listener component of
Naming for visual stimuli first. Some participants (Participant 5 in Experiment II and Participant
12 in the current experiment) also demonstrated the listener component of Naming for contrived
auditory non-speech stimuli concurrently; that is, these stimuli selected out their attention due to
their prior histories. For those who did not demonstrate the listener component of Naming for
contrived auditory non-speech stimuli, following certain experiences that functioned to condition
previously neutral stimuli as reinforcers for observing (i.e., in this case, the repeated probe
intervention procedure), contrived auditory non-speech stimuli then selected out and reinforced
their observation, as evidenced through increases in correct listener responses during post-
intervention probes.

Following the acquisition of the listener component of Naming for contrived visual and
auditory non-speech stimuli, transformation of stimulus function from listener to speaker then

occurs as a function of experience and participants are then able to acquire speaker responses to
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contrived visual and auditory non-speech stimuli. In Experiment III, all of the participants
already had the transformation of stimulus function from listener to speaker responses, as they all
demonstrated full Naming with non-contrived stimuli sets prior to the onset of intervention.
Therefore, the repeated probe intervention procedure functioned to condition contrived non-
speech and speech sounds (i.e., name of the stimulus) as reinforcers for observing. Once the
contrived auditory sounds were established as conditioned reinforcers, they acquired stimulus
control over observing responses, allowing the participants to attend to and therefore, acquire

new responses through environmental contact with novel stimuli (i.e., Naming experiences).
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Chapter V
GENERAL DISCUSSION
Summary of Findings

The results of the three experiments presented in this dissertation add a small piece to the
behavior analytic perspective’s current understanding and explanation of the ontogenic
development of the incidental language acquisition process. Guided by recent findings in
Naming research, in Experiment I, I added an additional sensory experience (i.e., auditory non-
speech sound) to the assessment for Naming and tested whether participants would be able to
acquire untaught listener and speaker responses to multiple aspects (visual and auditory
components) of novel stimuli. The common characteristic of all six participants in the first
experiment was their demonstration of the listener component of Naming to visual stimuli during
the first probe session following Naming experience presentations; that is, they incidentally
acquired listener responses to visual stimuli following opportunities to observe the visual
stimulus, along with both auditory speech (i.e., the name of the object) and auditory non-speech
(i.e., sound the object made) components associated with the visual stimulus. Participants’ results
from this initial probe suggested that visual stimuli functioned as conditioned reinforcement for
observing as they selected out participants’ observing responses. This conclusion was based on
prior studies which showed that observing responses are operant responses themselves and can
be conditioned (Choi, Greer, & Keohane, 2015; Dinsmoor, 1983; Greer & Han, 2015; Greer,
Pistoljevic, Cahill, & Du, 2011; Longano & Greer, 2015; Maffei, Dudek, & Keohane, 2014). In
addition, all of the participants who did not initially demonstrate criterion-level speaker
responses following the first probe session eventually demonstrated these untaught speaker

responses for the same set of stimuli following three to four subsequent probe sessions of listener
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and speaker responses to visual and auditory stimuli, during which no consequences were
provided for correct or incorrect responses; the increases in correct responses during subsequent
probe trials without reinforcement delivered by the experimenter implied that natural
reinforcement (i.e., conditioned reinforcement for observing visual stimuli) was present. These
findings led the experimenter to question whether repeated probes of listener and speaker
responses for sets of stimuli following Naming experiences could function as a conditioning
process, by which pairings of visual stimuli with auditory speech and auditory non-speech
stimuli could result in auditory speech and non-speech stimuli acquiring reinforcing properties.
Therefore, through future Naming experiences, both visual and auditory (speech and non-speech)
stimuli would select out participants’ observing responses which will then allow for the
incidental acquisition of novel listener and speaker responses to multiple features of a single
stimulus.

Experiment II tested two experimental questions with two types of participants. First, for
participants (Participants 2, 3, 4, and 7) who did not demonstrate transformation of stimulus
function across listener and speaker responses (i.e., Naming) at all during pre-intervention probe
sessions, would the repeated probes of listener and speaker responses using sets of visual and
auditory speech and non-speech stimuli following Naming experiences lead to the acquisition of
Naming when assessed with novel stimuli sets during post-intervention probe assessments?
Secondly, I tested whether participants’ (Participant 5 and 6) demonstration of Naming when
assessed using non-contrived stimuli would also result in their demonstration of Naming when
assessed with contrived stimuli. In addition, if this was not the case, would the same type of
experiences (i.e., repeated probes of listener and speaker responses to novel sets of visual and

auditory speech and non-speech stimuli following Naming experiences) condition contrived
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auditory speech and non-speech stimuli as reinforcers for observing so that they select out
participants’ attention and therefore, increase their future opportunities of learning?

Participants’ data from Experiment II clearly suggested a difference between the
demonstration of Naming with non-contrived stimuli and the demonstration of Naming with
contrived stimuli. All six participants emitted significantly fewer correct listener and speaker
responses to contrived auditory speech and non-speech stimuli during pre-intervention probe
sessions when contrived stimuli sets were used. Though a functional relationship was not
demonstrated in Experiment II due to several limitations (i.e., time and number of participants
with similar characteristics), overall participant data still indicated some efficacy of the repeated
probe intervention as a conditioning procedure: three of the four participants who did not
demonstrate Naming with non-contrived stimuli during pre-intervention assessments
demonstrated criterion-level listener and speaker responses during post-intervention probe
sessions with novel non-contrived stimuli (i.e., Naming was induced) and one of the two
participants who had demonstrated Naming with non-contrived stimuli but not with contrived
stimuli during pre-intervention probe sessions emitted criterion-level listener and speaker
responses to novel contrived stimuli during the post-intervention probe session. For the
remainder of the five participants who did not demonstrate the Naming criterion when assessed
with contrived stimuli sets during pre-intervention probe sessions, all showed increases in correct
listener and speaker responses to contrived auditory speech and non-speech stimuli during post-
intervention probe sessions with novel stimuli sets.

The findings of Experiment III strengthened the findings of Experiment II, clearly
establishing a difference between the demonstration of Naming with non-contrived stimuli and

the demonstration of Naming with contrived stimuli with six participants who all demonstrated
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Naming with non-contrived stimuli at the onset of the study. Additionally, a functional
relationship was shown between the repeated probe experiences and the acquisition of
conditioned reinforcement for observing contrived auditory speech and non-speech stimuli.
Because all participants already had transformation of stimulus function across listener and
speaker responses prior to the onset of Experiment III, the conditioning process during
intervention conditioned contrived auditory speech and non-speech stimuli as reinforcers for
observing. Once this occurred, these stimuli acquired control over the participants’ observing
responses, selecting out their attention during Naming experiences and thus, resulted in the
participants’ incidental acquisition of novel listener and speaker responses when presented with
novel sets of contrived stimuli during post-intervention probe assessments.
Naming Cusps

Rosales-Ruiz and Baer (1997) described a behavioral cusp as a behavior change that
“exposes the individual’s repertoire to new environments, especially new reinforcers and
punishers, new contingencies, new responses, new stimulus controls [emphasis added]...”
(p.534). Cusps result in acceleration of learning and/or allow an individual to learn something
that he or she could not learn before (Novak & Pelaez, 2004; Rosales-Ruiz & Baer, 1997).

Greer and Du (2015) proposed that additional cusps related to Naming exist and remain
to be identified. This has so far been validated by two different experiments with participants
who had basic observational Naming (Longano & Greer, 2015), but did not demonstrate Naming
when tested with Naming experience conditions in which additional aspects of a stimulus were
presented (i.e., actions) (Cahill & Greer, 2014), or when the presentation of Naming experiences
were varied (i.e., through exclusionary conditions) (Greer & Du, 2015). In both of these cases,

multiple exemplar experiences provided histories of reinforcement that were necessary to
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establish the onset of specific conditioned reinforcers which resulted in the emergence of new
behaviors. In the Cahill and Greer (2014) study, participants acquired conditioned reinforcement
for observing multiple aspects of a stimulus, and as a result, were able to learn both names and
actions associated with stimuli from future Naming experiences. In the Greer and Du (2015)
study, participants acquired conditioned reinforcement for learning the names of unfamiliar
things, or the “need to know;” this resulted in their demonstration of learning the names of novel
things through exclusion conditions.

The cumulative findings of Experiments I, II, and III indicate that the demonstration of
Naming with non-contrived stimuli and the demonstration of Naming with contrived stimuli may
be separate repertoires of behavior. Participants who readily and consistently demonstrated
Naming when assessed with non-contrived stimuli did not demonstrate Naming when assessed
with contrived stimuli until certain experiences were provided that functioned to establish
conditioned reinforcement for attending to relevant stimuli (i.e., contrived). Once this was
established, participants, already having transformation of stimulus function across listener and
speaker responses in repertoire, were then able to contact new stimuli in their environments and
learn them. Because the shifts in stimulus control (from visual stimuli to auditory speech and
non-speech stimuli) that occurred following the onset of new conditioned reinforcers now
allowed participants to learn something they could not before, as well as learn these stimuli at a
faster rate, the demonstration of Naming with contrived stimuli meets the definition of a verbal
behavioral developmental cusp and may be identified as another type of Naming cusp.
Conditioned Reinforcement in Language Development

When correct responses increase from session to session, we argue that the learning

occurs as a result of the conditioning effects made possible by the presence of automatically
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reinforced listener responses; they are automatically reinforced because no instructional
consequences were provided. Based on research evidence from studies on verbal behavior
development, Greer and Du (2015) posited that experience, or more specifically, conditioned
reinforcers established by experience are the sources of the onset of verbal cusps and capabilities
that allow for the development of language functions; an individual’s cumulative conditioning
history makes the acquisition of verbal cusps and capabilities possible. Behaviors that are
necessary for incidental language learning are found in early conditioning processes that begin
prior to and continue after birth (DeCasper & Spence, 1986; Greer & Keohane, 2005; Greer &
Longano, 2010; Greer & Ross, 2008; Greer & Speckman, 2009). Longano and Greer (2015)
experimentally demonstrated that the Naming relation does not emerge with the participants they
studied, until both auditory and visual stimuli simultaneously select out and reinforce the
separate observing responses of looking and listening.

The types of environmental stimuli that select out observing responses are specific to an
individual’s history of experiences (Cahill and Greer, 2014); however, conditioned reinforcement
for observing previously neutral stimuli can be brought upon through pairings with established
reinforcers so that they also gain stimulus control of observing responses (Cahill & Greer, 2014;
Greer & Han, 2015; Longano & Greer, 2015). The common characteristic between the different
types of interventions that have resulted in the emergence of Naming was the provision of a
reinforcement history for attending to spoken voices and/or visual stimuli (Choi, Greer, &
Keohane, 2015; Greer, Stolfi, Chavez-Brown, & Rivera-Valdes, 2005; Longano & Greer, 2015;
Pistoljevic, 2008).

Based on participant results, I propose that the repeated listener and speaker probes to

sets of visual and auditory non-speech stimuli in Experiments I, II, and III functioned to
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condition neutral stimuli to select out observing responses, and therefore, resulted in the
emergence of Naming (3 participants from Experiment II) or demonstration of Naming with
contrived stimuli (6 participants from Experiment III). In all three experiments, visual stimuli
reinforced participants’ observing responses. Through repeated probe sessions, visual stimuli
were paired with auditory speech and non-speech stimuli until they acquired reinforcing
properties for attending to these stimuli that did not previously select out their observing
responses. Following intervention, participants acquired a history of reinforcement for observing
multiple aspects of stimuli, by demonstrating incidental learning of multiple responses (i.e.,
listener and speaker) to multiple features (i.e., visual and auditory non-speech) of both non-
contrived and contrived stimuli. This implies a behavioral account of the “practice effect,” from
which improvements in performance arise from repeated practice (Heiman, 2002).

The listener component of Naming. The findings from these experiments also propose
the importance of the listener component of Naming and its possible role in the acquisition of the
speaker component of Naming, as well as in the acquisition of conditioned reinforcement for
more observing responses. Once conditioned reinforcement for one type of observing response is
acquired, additional experiences with environmental stimuli result in the gradual acquisition of
more; this explains how a single stimulus could come to control multiple responses, and is
consistent with Relational Frame Theorists’ account of how instruction or experiences can result
in multiple learning outcomes (Barnes-Holmes, Barnes-Holmes, and Cullinan, 2000). The gains
in stimulus control (e.g., observing actions, observing additional auditory non-speech stimuli,
and other possible naming cusps) and emergence of derived relations acquired through a history
of environmental experiences, therefore, also bear similarities to the slow mapping process

where individuals form “robust memory representations of word-object associations that can be
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recalled later in a new context” following repeated exposures to the novel object across longer
periods of time, after forming an initial rough hypothesis of word meaning through fast mapping
(Axelsson, Churchley, & Horst, 2012, p.1).
Implications for Education

Like the body of research cited earlier in the literature review on conditioning a variety of
previously neutral stimuli as reinforcers for observing, the findings of these current studies also
demonstrate the possibility of using one’s existing repertoires to establish new repertoires (i.e.,
expanding one’s community of reinforcers, and thus, one’s access to his or her environment.)
Therefore, these results are relevant to and useful for informing educational practice.
Specifically, previous studies have shown that the acquisition of conditioned reinforcement for
observing specific stimuli prior to instruction is the most effective way to teach new skills
(Buttigieg, 2015; Greer & Han, 2015; Maffei-Lewis, Singer-Dudek, & Keohane, 2014); that is,
once specific stimuli are established as conditioned reinforcers, students master academic
objectives at a faster rate (i.e., require less direct instruction to achieve mastery criteria.)

Experiment III focused on the establishment of contrived stimuli as reinforcers for
observing, which then allowed participants to contact contrived stimuli in their environment, and
then incidentally learn their names. Though the contrived stimuli used in these current
experiments were not functional for the participants as they were made up for the purposes of
controlling for participants’ instructional histories, the establishment of conditioned
reinforcement for observing contrived stimuli have educational value, as print stimuli, or letters
of any alphabetic system, can be considered “culturally” contrived. Both Tsai and Greer (2006)
and Buttigieg (2015) demonstrated that once participants acquired conditioned reinforcement for

observing books, they mastered novel textual responses (i.e., learning to read words) at a faster
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rate. It is possible that the process of conditioning books as reinforcers established “contrived”
print stimuli as reinforcers for observing, which then led to print stimuli selecting out
participants’ responses during instruction, therefore, facilitating their accelerated acquisition of
novel textual responses.

Limitations and Future Research

The most meaningful contribution from any program of research in language
development, should perhaps, lie in the identification of instructional procedures that aim to
address and improve the prognosis of individuals who are missing crucial verbal repertoires.
Greer and Speckman (2009) summarized the consistencies in the contributions of different
programs of research conducted by behavior-analytical developmental psychologists who have
strived to demonstrate the possibility of inducing missing verbal capabilities for individuals
through the provision of specific instructional histories. In regards to basic demonstrational
Naming, or incidental learning of the names of novel objects, verbal behavior developmental
theorists have identified several procedures that have resulted in its emergence (Choi, Greer, &
Keohane, 2015; Greer, Stolfi, Chavez-Brown, & Rivera-Valdez, 2005; Longano & Greer, 2015;
Pistoljevic, 2008; Speckman-Collins, Park, & Greer, 2007).

Although the results of Experiment II suggested that the repeated probe intervention may
also function as a procedure to induce Naming with non-contrived stimuli for participants,
replications of the procedure with additional participants with similar prerequisites (i.e., have the
listener component of Naming) are necessary before this could be established with more
certainty. In addition, although the four participants from Experiment II did not demonstrate
criterion-level responding for the speaker component of Naming (i.e., 16 out of 20 correct

untaught responses during pre-intervention probes), all of them did emit some correct (8-12)
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untaught speaker responses during pre-intervention probes. Future studies should investigate
whether the repeated probe intervention could induce full Naming with participants who had the
listener component of Naming, but emitted fewer or zero correct speaker responses during pre-
intervention probes, as this would make a stronger case for the repeated probe intervention as an
efficient and effective procedure to induce full Naming with non-contrived stimuli.
Conclusion

Based on the literature, research studies cited, and the results of the three experiments
presented in this dissertation, it is apparent that what an individual learns is directly dependent on
the environmental stimuli that select out one’s attention or observing responses. Consistent with
the findings of recent Naming research (namely Cahill and Greer, 2014) as well as verbal
behavioral cusps and capabilities in general, the present research reported also confirms that the
stimuli that select out our observing responses depend on our own histories of reinforcement, and
through experiences that function to condition new stimuli as reinforcers for observing, stimulus
control changes. In the case of this present study, participants who demonstrated the listener
component of Naming (i.e., had conditioned reinforcement for observing visual stimuli), through
the repeated probe intervention that involved frequent pairings with visual stimuli, acquired
stimulus control for auditory non-speech and/or speech stimuli that previously did not select out
their attention. Once these shifts in stimulus control occurred, participants were then able to
contact new stimuli in the environment, allowing them to learn multiple responses as well as
multiple features of single stimuli. These findings overall provide further evidence supporting
the behavioral analytical perspective on the significance of environmental experiences in

language development and acquisition.
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An Example of the Form Used to Assign the Name, Image and Sound to make Individualized

Contrived Stimuli Sets
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Appendix B

An Example of a Data Collection Sheet used during Probe Sessions for Listener and Speaker
Responses with Non-Contrived Stimuli Sets for Experiments I and II

Participant

Date

Set

Pre/Post Intervention

10A

Naming
Experiences

Listener Probe
(Visual)

Speaker Probe
(Visual)

Listener Probe
(Auditory)

Speaker Probe
(Auditory)

1. Chainsaw

2. Snare

3. Orca

4. Piccolo

5. Cicada

6. Snare

7. Orca

8. Chainsaw

9. Piccolo

10. Cicada

11. Snare

12. Orca

13. Piccolo

14. Chainsaw

15. Cicada

16. Piccolo

17. Orca

18. Cicada

19. Chainsaw

20. Snare

Totals

/20

20

120
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Appendix C

An Example of a Data Collection Sheet used during Probe Sessions for Listener and Speaker

Responses with Contrived Stimuli Sets for Experiments II and I11
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