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ABSTRACT
Remediating Difficulties in Learning to Read and Spell by Teaching Kindergarten Students to
Listen to Composite Words and Vocally Segment the Component Phonemes
Leanna S. Mellon
In 2 experiments I used a delayed multiple probe design to test the effects of teaching students to
vocally segment the component phonemes after listening to composite words on the emergence
of untaught textual responses, spelling responses, and vocal phoneme blends. All participants
were kindergarten students and had been selected because they could textually respond to and
write graphemes but did not learn textual responses and spelling responses for words from
instruction. There were 2 phases in Experiment I. In Experiment I, Phase 1, I examined the effect
of teaching 3 students to vocally segment the component phonemes in a five-word subset of
phonemically transparent Consonant-Vowel-Consonant (CVC) words on the emergence of (a)
textual responses, (b) dictated written spelling responses (c) vocally blending the component
phonemes into a composite word, and (d) vocally segmenting the component phonemes from
untaught composite words. During the vocal phoneme segmentation intervention participants
were vocally presented with a composite word and were taught to vocally segment and produce
each component phoneme separately in the same sequential order as the component word (e.g.,
cat...c...a...t). Results showed that derived relations emerged across all topographies after
learning to vocally segment the phonemes in 2 sets of consonant-vowel-consonant (CVC) words.
In Phase 2, I used the same response topographies as Phase 1 using a set of 20 consonantconsonant-vowel-consonant (CCVC) words. All 3 participants demonstrated errors in which they
did not include a fourth phoneme (e.g., spelling stop as sop). Results showed that learning to
vocally segment a 5-word set of CCVC words established the essential stimulus control for

	
  
correctly responding to CCVC words. Experiment II was a systematic replication (Sidman, 1960)
of Experiment I, Phase 1, which included extra measures of learning and experimental control.
Five participants acquired untaught derived relations after learning to vocally segment the
component phonemes in composite CVC words. The participants in Experiment II required
between 2 and 3 instructional sets before demonstrating derived learning. An additional measure
showed that the rate of learning for textual responses increased across all participants after the
intervention. Results also showed that verbal operants learned before the intervention joined with
the newly acquired spelling repertoire for some participants after the intervention. The results
from both experiments demonstrated that children who can identify phonemes and graphemes,
but do not learn to textually respond and spell from instruction will acquire those skills as a
function of learning the relationship between composite words and the component phonemes
through vocal phoneme segmentation.
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CHAPTER I
INTRODUCTION AND REVIEW OF LITERATURE
Introduction
Reading and writing are at the center of success in today’s society (Snow, Burns, &
Griffin, 1998). The doors for social, educational, and economic achievement are opened to
individuals who can read and write. Many individuals struggle to learn to read, which has led to
debates on the causes and treatment of poor reading skills (Elliott & Grigorenko, 2014). In 1997,
Congress created the National Reading Panel in order to conduct a meta-analysis of research on
reading intervention (National Reading Panel, 2000). The panel reported that only 38 studies
conducted up until that point in time had met their rigorous research standards (McGuinness,
2005; National Reading Panel, 2000). The Panel emphasized specific areas of focus for reading
instruction, which included (a) phonemic awareness, (b) phonics, (c) fluency, and (d)
vocabulary. Literacy programs have been created and published since the Panel’s publication in
2000 that have incorporated the repertoires of instruction suggested by the panel. Yet, difficulties
in learning to read still occur in situations when best instructional practices are used, suggesting
that the identification of specific methodologies to teach these important reading repertoires is
still needed (Elliott & Grigorenko, 2014; The National Assessment of Educational Progress,
2017).
In the behavior analytic approach to teaching, instruction focuses on: (a) identifying the
necessary prerequisite repertoires to develop a targeted skill, (b) the experiences necessary to
attain the skill, and (c) establishing the relevant reinforcers needed to maintain learning.
Research on derived learning focuses on identifying teaching experiences that result in the
acquisition of multiple skills. This paper focuses on identifying the stimulus control for reading
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and writing. Specifically, this paper aims to find an intervention for early readers for whom
stimulus control does not correctly transfer from the individual phonemes to the whole word
after instruction.
Literature Review
Societal Importance of Improving Reading Instruction
Children in middle schools across the United States have scored below proficient in
levels of reading and reading comprehension for over two decades (The National Assessment of
Educational Progress, 2017). The National Assessment of Education Progress (NAEP) is a
nationally administered assessment under the direction of the U.S. Department of Education.
Students in the fourth and eighth grade are given grade-level texts and asked to answer questions
intended to measure reading comprehension. There have been no significant improvements in
fourth grade student scores since 2005 (The National Assessment of Educational Progress,
2017). Additionally, scores of lower-performing fourth grade students, with scores between the
10th and 25th percentile, have not shown any significant improvement since 1992.
Differences in reading performance have been demonstrated in children as early as the
middle of first grade (Biemeler, 1970; Morgan, Farkas, Tufies, & Sperling, 2008). A ‘decoding
bottleneck’ occurs whereby issues with reading at the word level lead to difficulties with reading
fluency that result in problems comprehending reading (Elliott & Grigorenko, 2014). Research
has shown that if an individual does not read fluently by Grade 3, a gap of millions of words is
present between poor preforming readers and grade-level peers (Stanovich, 1986). In addition to
difficulties with acquiring new vocabulary, poor readers in Grade 3 demonstrate poor
grammatical structure and regress in measures of verbal skills (Stanovich, 1986). These gaps in
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reading performance remain throughout the child’s time in the educational system (Stanovich,
1986).
The importance of developing fluent reading and writing repertoires is evident. There
have been a great number of studies aimed at remediating poor reading skills in children (Bond
& Dykstra, 1967; McGuinness, 2004; McGuinness, 2005; National Reading Panel, 2000).
McGuinness (2005) emphasized that in the existing research on reading many studies aim to find
a source for poor reading skills. This ‘problem solving’ approach applies interventions that have
been successful with a sample of readers with one type of reading problem to all readers with
difficulties in learning to read (i.e., a one-size-fits-all approach) (Elliott & Grigorenko, 2014;
McGuinness, 2015; Paul & Wang, 2012). Additionally these methods often compare poor and
proficient readers while neglecting readers with skills in between the two ends of the spectrum
(McGuinness, 2005). However, the sources for difficulties in learning to read are more
idiosyncratic in nature, which is in direct contrast with the popular practices of applying
singularly effective methods to large groups of readers (Elliott & Grigorenko, 2014; Share, 2008;
Snow, Burns, & Griffin, 1998).
The National Reading Panel report emphasized that the approach educators have in
selecting methods for teaching reading should not differ from that of a physician prescribing
medicine to an ailing patient (National Reading Panel, 2000). A physician is ethically and legally
obligated to select a treatment that is specific to the patient’s particular ailment and is empirically
supported by research in order to sustain a person’s health. An educator has the same obligations
as a physician in selecting research-based methods of teaching the specific skills needed by the
individual student to succeed in reading and writing.
Differences in Rate of Acquiring Reading Responses
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The presence and measurement of reading difficulties vary based on a language’s
orthography (Elliott & Grigorenko, 2014; McGuinness, 2004; McGuinness, 2005; Share, 2008).
The orthography of a language is the spelling system, specifically how the letters in the language
are combined as a representation of words (Kamhi & Catts, 2012). The depth of a language’s
orthography lies on a continuum from shallow to deep (Katz & Feldman, 1983). The depth of a
language is determined by the way phonemes and graphemes are used in the orthography. A
phoneme is the smallest unit of sound that can distinguish a word from another (e.g., the sound
‘mmmm’ is a phoneme and distinguishes the word ‘map’ from the word ‘nap’). A grapheme is a
single printed letter (e.g., the letter ‘m’). It is simple to predict the spelling of words in languages
with shallow orthographies since each phoneme is presented by a single grapheme (Benuck &
Peverly, 2004; Katz & Feldman). The English language has an orthography that stands
somewhat in the middle of shallow and deep on the continuum of orthography depth. While
many words are written in a transparent, or unambiguous, way for the reader to identify
graphemes, there are many words that do not have that same shallow depth (e.g., the word ‘the’).
There are more than 40 phonemes in English and only 26 graphemes (McGuinness, 2004); many
consonants and vowels can be pronounced in more than one way in English (Benuck & Peverly,
2004).
The rate of learning to read in the English orthography is much slower when compared to
the rate of acquisition for languages with shallow, or transparent, orthographies like Finnish or
Italian (Mayer, Crowley, & Kaminska, 2007; Seymour, Aro, & Erskine, 2003). In fact, the
incidences of reading difficulties in languages with shallow orthographies that have single
phoneme and grapheme correspondence (e.g., German, Finnish, Italian) is significantly lower
when compared to languages with deep orthographies (McGuinness, 2005). Reading difficulties
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that do appear in languages with shallow orthographies often involve fluency of reading and
reading comprehension rather than reading at the word level (Elliott & Grigorenko, 2014;
McGuinness, 2005).
Factors in the physical environment have also been associated with the variable
development of strong reading skills among children. Low socioeconomic status, and other
disadvantaged family circumstances increase the probability of having difficulties in learning to
read, while parental education and higher socioeconomic status are correlated with stronger
reading skills (Carroll, Maughan, Goodman, & Meltzer, 2005; Heaton & Winterton, 1996). The
number of books in a child’s physical environment has been linked to stronger reading skills
across children in 27 different countries (Evans, Kelley, Sikora, & Treiman, 2010). More
experiences with exposure to print stimuli have also been associated with the establishment of
early reading skills (Buttigieg, 2015; Ehri, 1991; Frith, 1985; Tsai & Greer, 2006).
While environmental factors play a big role in the acquisition of reading skills,
inadequate schooling and behavioral factors (e.g., inattention to the teacher) have a negative
effect on learning to read (Heaton & Winterton, 1996). There is growing evidence that the
knowledge and expertise of teachers is directly correlated to student success (Greer, 1991;
Selinske, Greer & Lodhi, 1991; Hill, Rowan, & Lowenberg Ball, 2005; Rowan, Correnti, &
Miller, 2002; Zhou, Peverly & Xin, 2006). This supports the notion that one’s environment
outside of the home effectively shapes behavior, indicating hope for interventions to remediate
the gaps in reading scores for children from impoverished backgrounds. Vellutino (2014)
attributes variances in reading performance to phonological deficits and phonological deficits in
combination with other deficits. Research does not clearly establish if these phonological deficits
occur as a result of ineffective instruction or are due to individual differences. Flynn, Zheng, and
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Swanson (2012) taught groups of young and older readers phonics skills and studied its effects
on reading performance. The researchers found that teaching older readers phonics skills was
less effective for improving reading performance when compared to the sample of younger
readers taught the same skills. This demonstrated that the type of instruction and age of the
reader during instruction are both factors in learning to read, emphasizing the importance of
early reading intervention.
Research has also shown that reading and spelling skills do not always develop in
individuals with disabilities (McGuinness, 2005; Paul & Wang, 2012; Stanovich, 1986).
However, studies have found that the same predictors of word identification and word attack
skills in samples of typically developing readers were also predictive in samples of readers with
intellectual disabilities (Cossu, Rossini, & Marshall, 1993; Saunders & DeFulio, 2007) and
readers that were deaf or hard-of-hearing (Hanson & Fowler, 1987). With the exceptions of
readers with profound deafness, gross intellectual disability, or biological inability to speak,
children should develop reading skills given adequate training and intervention (Cossu et
al.,1993; McGuinness, 2005).
Top-Down Approach to Reading
Since the English orthography falls between shallow and deep it has often been referred
to as ‘opaque’ since it is a mixture of transparent words that have a one-to-one match between
the component graphemes and phonemes (e.g., ‘cat’) and nontransparent words (e.g., word). The
differences in these types of words in the English language have led to a debate over the methods
of reading instruction, sometimes discussed as the “reading wars” (Chall, 1996; Elliott &
Grigorenko, 2014; McGuinness, 2004; McGuinness, 2005).
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While there are many methodologies of teaching reading, most methods can fit within
three broad categories: (a) top-down instruction, (b) bottom-up instruction, or an (c) interactive
method of instruction (Chall, 1996; Elliott & Grigorenko, 2014; Kamhi & Catts, 2012). Topdown methods of reading are also referred to as psycholinguistic methods of reading (Gordon,
1984) and whole-word approaches to reading (Kamhi & Catts, 2012; Paul & Wang, 2012). The
whole-word approach to reading teaches a composite word as a single operant (McGuinness,
2005). Operant behavior is behavior taught under a specific condition (e.g., in the presence of
certain stimuli) and reinforced. For example, if a student is taught to observe a composite word,
says the word, and then is reinforced, the composite word is the operant (Cooper et al., 2007).
This type of operant behavior is often referred to as ‘sight word’ or ‘whole word.’ Students
taught using whole-word methods do not respond to the component graphemes in a printed word.
Readers who respond to printed stimuli as a single operant attend to syntactic and semantic
stimuli when reading (Goodman, 1993).
Words in languages with deep orthographies must be read as a whole single operant
because the phonological stimuli are not available (Benuck & Peverly, 2004; Katz & Feldman,
1983). McGuinness (2005) noted that there is a ceiling effect for the number of whole operants
an individual can acquire as a reader and writer. This ceiling effect essentially limits the number
of textual responses for a reader. The opacity of the English orthography may make whole
language approaches desirable for educators since some words must be learned in that manner
due to their nontransparency. Programs utilizing whole word methods gained a lot of popularity
with the rise of universal education; some states even mandated its use at the time (Bond &
Dykstra, 1967; Elliott & Grigorenko, 2014; Mullis, Campbell, & Farstrup, 1993) and it still
remains in some classrooms today (McGuinness, 2004; McGuinness, 2005). NAEP data showed
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that the functional illiteracy rates in states that mandated whole-word approaches to reading were
as high as 60% (Mullis et al., 1993), confirming a need for phonics-based approaches to teaching
reading.
Bottom-Up Approach to Reading
The bottom up approach to reading emphasizes phonics instruction and teaches readers to
attend to each component grapheme in a printed word as its own operant. This method of textual
responding is often referred to as blending. Textual responding by blending is when a reader
emits the component phonemes in the word, either overtly (out loud) or covertly (without vocally
producing the sound) and then combines the component phonemes to emit the composite word
(e.g., ‘/c/ /a/ /t/...cat’). This method is also referred to in the literature as decoding or word
recognition. The use of the term blending is functional because it distinguishes the stimulus
control within textual responding. In textually responding by blending, the discriminative stimuli
are the printed letters (de Souza, de Rose, & Domeniconi, 2009; Lyons, 2014) rather than the
whole word. Blending component phonemes into a composite word does not typically occur in
vocal speech since the individual phonemes are not separated in the acoustic stimulus (i.e., the
word). Therefore component-to-composite blending must be taught explicitly (McGuinness,
2005).
Research has shown many benefits for students who are initially taught to read by
blending (Hoover & Gough, 1990; McGuinness, 1997; McGuinness, 2004; McGuinness, 2005;
Pinnel, Pikulsku, Wixson, Campbell, Gough, & Beatty, 1995; Torgesen & Hudson, 2006).
Textual responding by blending is associated with better fluency and prosody when reading
(Torgesen & Hudson, 2006). Students who textually respond without blending often struggle
with reading fluency and comprehension (Hoover & Gough, 1990; Pinnel et al., 1995). Teaching
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blending also allows the reader to read a greater number of words than teaching individual whole
words since the combination of letters is mostly arbitrary when reading words by blending (i.e.,
textual responding for novel words is derived) (Alessi, 1987, McGuinness, 2004; McGuinness,
2005; Metcalfe, 1999; Prager, 2007). McGuinness (1997) conducted a longitudinal study
examining reading achievement scores for students categorized into three reading groups: (a)
phonemic readers who read words by blending the phonemes, (b) part word readers who
combined blending with whole-word methods, and (c) whole-word readers. These groups of
students were tested in Grade 1 and again in Grade 3. In Grade 1 the phonemic readers scored
the highest of the three groups while the whole word readers scored the lowest. When the
students were tested again in Grade 3, the same results were confirmed. Additionally,
McGuinness (1997) found that very few of the readers who had used whole word reading in
Grade 1 had changed their method in Grade 3 despite receiving instruction to use phonemic
decoding strategies, and remained the lowest performing readers in the classroom. These results
showed that once an instructional history for using whole word reading is established it is
difficult for those students to use blending and other phonics approaches when reading. While
research strongly supports teaching phonics, there remains a need for finding effective methods
for how to teach phonics (Baer, 1999).
Phoneme Blending
It is theorized that the lack of instructional history with phonemic and phonological
awareness in classrooms is a factor in the increased number of children reading English below
proficient levels (Alexander, Anderson, Heilman, Voeller, & Torgesen, 1991; Ball & Blachman,
1991; Brady, Fowler, Stone, & Windbury, 1994; National Reading Panel, 2000). Muter et al.
(1998) found that skills related to phoneme manipulation were more predictive of early reading
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performance than measure of Intelligence Quotient (I.Q.). Daly III et al. (2004) compared
instruction on whole word and blended textual responses on textual responding for words
containing the same phonemes using an ABAB design. In one condition the participants were
required to emit textual responses for each component grapheme and then emit the composite
word (e.g., t-i-s...tis). In the other condition participants were taught to respond to the composite
as a single operant. After mastering each set of words, the consonants were rearranged to form a
noncontrived (e.g., sit) version of the words. Results showed that correct textual responses were
higher in conditions where the participants were taught to respond to each component phoneme
compared with the composite word. Similar findings were shown by Reilly-Lawson (2008) when
teaching children with an instructional history of textually responding to whole words as a single
operant to match, tact, and write the letters for blends in French. Results showed that textual
responses for the same blends in English words emerged. This confirmed that establishing the
stimulus control for component-to-composite responding is more effective for accurate textual
responses.
Direct Instruction®
The Direct Instruction (DI) programs for teaching reading, spelling, math, and language
remain some of the most researched academic instructional programs to date (Adams &
Engelmann, 1996; Becker & Engelmann, 1978; Brent & DiObilda, 1984; Butler, 2001;
Buschemeyer, 2005; Frederick & Hummel, 2004; Goldman, 2000; Kasendorf & McQuaid, 1987;
Slocum, 2000; Slocum, 2004; Watkins, 1988; Worner, 1989). DI was included in President
Ford’s Project Follow Through (PFT), a longitudinal study that spanned eight years (1968-1976),
included 12,000 students, covered 20 regions of the United States, and cost approximately $500
million (Becker & Engelmann, 1978; Frederick & Hummel, 2004; Slocum, 2004). PFT studied
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the effectiveness of nine separate curricular programs for economically disadvantaged primaryaged students across three separate domains: (1) basic skills, (2) cognitive achievement, and (3)
affective outcomes. Basic skills included word recognition, spelling, and math computation
skills. Cognitive achievements were defined as measures of reading comprehension and math
problem solving. Affective outcomes included measures of the participants’ concept of
themselves and how the students attributed their academic success. Each of the 9 curricular
programs was assigned to two schools in the same demographic area: one school received
instruction using the selected curriculum while the other served as a control. The results of PFT
showed that DI produced the highest average performance across all of the three dimensions that
were measured and was the only program that showed consistently positive effects across all
three domains.
The DI program used during PFT was the Direct Instruction System for Teaching and
Remediation (DISTAR) program, a precursor to the contemporary programs: Reading Mastery®,
Connecting Math Concepts®, Language for Learning®, Corrective Reading® , and Spelling
Mastery®. Each of these programs contains the same key elements as the original DISTAR
Program. Each DI program has a clearly written procedure specifying a script for the teachers to
deliver instruction, including the procedure a teacher follows after each student response.
Instruction is based on student responding, increasing response opportunities, modeling
responses when a student responds incorrectly, affirming a student’s correct response, and
moving on to new skills after demonstrating mastery. DI teaching procedures are aligned with
the ‘bottom-up’ approach in that a terminal outcome skill is analyzed and broken into component
parts that are taught as subobjectives throughout the curricular program. When the student
achieves mastery for a subobjective, supports are gradually faded until the student preforms the
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component skill with automaticity (Engelmann, 1999; Slocum, 2004). DI focuses on a generative
teaching model. Generative teaching models use multiple exemplars of antecedent stimuli that
share the crucial features for the class of operant being taught while rotating the irrelevant
stimuli (Alessi, 1987; Engelmann & Carnine, 1982; Johnson & Layng, 1994; Johnson & Street,
2004; Luciano, Rodriguez, Mañas, & Ruiz, 2009; Prager, 2007).
Engelmann and Carnine (1982) designed their Reading Mastery® program using general
case instruction (i.e., multiple exemplar instruction) to establish the essential stimulus control for
reading by teaching children to blend phonemes across a range of stimuli that varied in irrelevant
features (i.e., size, font, color) while maintaining the essential features of print (i.e., shape and
form of graphemes).	
  Carnine and colleagues (1997) identified that the most effective blending
programs taught textual responding to component graphemes immediately and in lowercase
form. Instruction for textual responding by blending can begin early, when as little as four to six
grapheme-phoneme correspondences are acquired (Carnine, Silbert, & Kameenui, 1997; Prager,
2007; Lyons, 2014). The Reading Mastery® program has successfully improved scores on
measures of reading and reading comprehension across typically developing students, students
with disabilities (Kasedorf & McQuaid, 1987; Sprinkman, 2001; Wornder, 1989), students who
were economically disadvantaged (Brent & DiObilda, 1984 Goldman, 2000; Stockard, 2011),
and English Language Leaners (ELLs) (Slocum, 2000; SRA/McGraw Hill, 2007). Prager (2007)
re-sequenced the Reading Mastery® curriculum to teach multiple exemplars of longer strands of
words in the first stages of instruction. Prager (2007) found that using the modified instructional
sequence that combined shorter and longer words resulted in the same abstracted stimulus
control for textual responding as Reading Mastery® using fewer lessons.
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Reading Mastery® emphasized that teaching students to blend phonemes into words is
most effective when taught without pausing between the component phonemes (Wiesberg,
1990). For example, the early lessons teach students to blend the word ‘me’ by holding the sound
for each letter and then saying the word faster (e.g., ‘mmmmmmeeeeeee...me’) (Weisberg,
1990). While this method of blending is possible for some of the phonemes, it is not feasible for
phonemes in the English Orthography that are ‘stop sounds’ and can not be said slowly (e.g., b,
c, k, d, g, p, t, and j). Additionally, students who acquire textual responses for letters do not
always demonstrate blending through instruction (Cameron, 2018; Lyons, 2014). While Reading
Mastery® has effectively taught many children to blend, the program itself does not offer
solutions for students who fail to acquire blending through its instruction.
Textual Behavior
Skinner (1957, p.185) defined reading as a textual behavior in which there exists pointto-point correspondence between the properties of print and spoken words. Skinner (1957, p. 65)
emphasized that in learning to read, specific responses come under the control of visual stimuli
through reinforcement. The term textual responding (Greer, 2003) highlights the antecedent
stimulus-response-consequence (i.e. operant) relationship between print, the vocal or subvocal
behavior of the reader, and the subsequent consequences that maintain or change the behavior.
Although there is a point-to-point relationship between print and the response of the reader, they
differ in form (Skinner, 1957, p.66). Textual responding is a cross-modal behavior whereby
vocal responses come under the control of a nonauditory stimulus (i.e., the reader functions as a
speaker under the control of text). Greer and Ross (2008, p.66) specified that different types of
print can control reader behavior in a couple of ways: (1) technical writing controls the physical
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behavior of a reader (e.g., following driving directions or a recipe) while (2) aesthetic writing
evokes specific emotions from a reader.
In Skinner’s (1957, p.65) description of textual behavior he discussed the development of
textual responding as the acquisition of minimal units. Minimal units vary in size, ranging from a
singular phoneme to a syllable or phrase. Skinner emphasized that minimal units do not have
functional independence and are only isolated in education settings, but are combined and recombined in texts. This explanation of the minimal unit brought the debate of top-down and
bottom-up reading instruction into the realm of behavior analysis. The minimal unit highlighted
the importance of stimulus control in reading. A stimulus acquires control of a response when
reinforcement is delivered in its presence and is not delivered in its absence (Cooper et al. 2007).
Specific minimal units acquire stimulus control when paired with reinforcement, like saying ‘cat’
in the presence of the letters C-A-T. Skinner (1957, p.185) believed that this process also
allowed for the induction of new minimal units through reading texts in whole-word basal
reading programs like Read with Dick and Jane® which were popular at the time. While the
process of induction is confirmed in readers who learn through whole-word instruction, the
absence of learning to read from these methodologies in other children highlight the importance
of identifying errors in stimulus control. Saying ‘cat’ in the presence of P-A-T is an indication of
faulty stimulus control, particularly that the reader is responding to the similar features in the
words ‘pat’ and ‘cat’ rather than the particular letters in the word ‘pat.’ Identifying and
addressing the particular error in stimulus control should be a factor in selecting reading
interventions.
Recombinative Generalization
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Skinner (1957) discussed the induction of phoneme/grapheme relations, stating that as an
individual repertoire of textual responses expands, the stimulus control for small units within
words would emerge. These minimal units could be applied to reading words containing the
same within-word units. Studies have reliably demonstrated that organisms will differentially
respond to novel arrangements of components of stimuli previously taught (Goldstein, 1983;
Suchowierska, 2006). A popular practice in reading instruction is teaching whole VowelConsonant units (i.e., VC chunks), which are also referred to as rimes or word families (Johnson
& Layng, 1994). The principle of recombinative generalization has been applied to teaching
rimes in words across several behavioral studies (Daly III, Chafouleas, Persampieri, Bonfiglio, &
LaFleur, 2004; Dube et al., 1991; Goswamy, 1986; Muelle, Olmi, & Saunders, 2000; Saunders,
O’Donnell, Vaidya, & Williams, 2003). Goswamy (1986) taught participants to respond to a ‘cue
word’ and found that textual responses for words with the same rime and different initial onset
consonant emerged. Mueller et al. (2000) used a match-to-sample procedure to teach participants
to select printed words after listening to the word. The words selected for the study contained
two different rimes for each participant. Post intervention assessments showed that selective
responses for novel combinations as well as some textual responses emerged. Saunders et al.
(2003) replicated these findings in adults with developmental disabilities. However, not all
research has found similar results (Dube, McDonald, McIlvane, & Mackay, 1991). Dube et al.
(1991) found that participants needed to be taught to respond to multiple components of the
stimuli in order to textually respond.
Stimulus Equivalence
Sidman’s (1971) case study on stimulus equivalence (SE) was an early demonstration of
identifying the stimulus control for multiple textual behaviors. The case study focused on the
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reading comprehension skills of an intellectually disabled boy who could match spoken words to
pictures and vocally name pictures. The participant was taught to match spoken words to printed
words during the intervention, and as a result could match printed words to pictures and read
printed words aloud without being directly taught to do so (Sidman, 1971). The boy emitted an
untaught response between novel arrangements of the stimuli after his experiences. The
identification of this phenomenon prompted the study of stimulus relations in behavior analysis.
There are three characteristics of SE: (1) reflexivity, (2) symmetry, and (3) transitivity.
Reflexivity is a type of identity matching where a stimulus is matched to itself (e.g., matching an
apple to an apple). Symmetry describes the bidirectionality of two stimuli, A=B and therefore
B=A. For example, the spoken word ‘cat’ (A) is equivalent the printed word ‘cat’ (B) just as the
printed for ‘cat’ (B) is equivalent to the spoken word ‘cat’ (A). Transitivity explains how the
acquisition of two symmetrical stimuli leads to the emergence of a third untaught relation (A=B
and B=C, therefore A=C). Using the example of Sidman’s study, equivalent relations between
the printed word ‘cat’ and the spoken word ‘cat’ (A=B) were taught while the equivalent relation
between the spoken word and the picture (B=C) was already present. The transitive relation of
matching the printed word ‘cat’ and the picture of a cat emerged (A=C).
Catania (2013) stated that training a child to read and write is essentially training the
equivalence between the spoken word and the written word. This trained correspondence
between print and speech is also referred to as the alphabetic principle (Byrne & FieldingBarnsley, 1989; Chall, 1967; Ehri, 1992; National Early Literacy Panel, 2008). This concept of
equivalence between speech and print is supported by findings that reading and writing are tied
together, and facilitates the development of one another (Hatcher, Hulme, & Ellis, 1994; Muter
et al., 1998; O’Connor & Jenkins, 1995; Treiman, 1993). Sidman’s (1971) case study taught
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single whole words as the operant. Sidman (1994) as well as Stromer, Mackay, and Stoddard
(1992) theorized that teaching phonics through equivalence class formations could enable
learners to textually respond to novel words by blending. In early phonics instruction the student
is taught equivalence between graphemes and phonemes, making equivalence training seem like
a suitable instructional method. Metcalfe (1999) utilized the formation of stimulus classes to
teach five children to identify initial phonemes and graphemes in a set of words. The
identification of initial phonemes and graphemes emerged for novel words after the intervention,
indicating that training sets can result in the emergence of correct responses to stimuli even if the
stimuli are not equivalent in form. Metcalfe’s (1999) findings highlight a limitation in Sidman’s
(1971) theory in which stimuli had to be equivalent in order for an untaught relation to emerge.
The participants in Metcalfe’s study could identify initial phonemes for words and consonants
that were not directly trained, the phenomenon of derived relational responding.
Relational Frame Theory
The theory of stimulus equivalence was limited by the fact that the stimuli used in
training had to be equivalent in order for an untaught relation to emerge between those same
stimuli. Textual responding and spelling requires the individual to respond to and produce
various arrangements of many different phonemes and grapheme, training each combination of
phonemes and graphemes would not be feasible. Relational Frame Theory (RFT) expands how
derived learning occurs when stimuli are related rather than only equivalent to each other
(Hayes, Barnes-Holmes, & Roche, 2001). Relating is defined as an organism responding to one
event in terms of another, this type of responding is called a frame. SE referred to bidirectional
equivalent relations between stimuli. Derived relational responding is the process of
discriminating relationships between stimuli without direct instruction (Blackledge, 2003; Hayes,
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Barnes-Holmes, & Roche, 2001). Stimuli come to be related to one another as a function of
experiences, allowing learning to occur in the absence of direct reinforcement (Greer et al.,
2005). RFT describes complex verbal events as derived arbitrary stimulus relations (Hayes et al.,
2001). Relations are considered arbitrary because stimuli don’t share any similarities in physical
form. Phonemes are in a different form than a grapheme (i.e., one is an auditory stimulus and the
other is a print stimulus). Through the use of language, coordination is arbitrarily formed
between them. A history of reinforcement between the presence of phonemes and specific
graphemes established the essential stimulus control such that specific graphemes result in the
vocal production of the sound, and hearing specific phonemes results in the transcription of
specific graphemes.
RFT states that humans can be taught to respond to the arbitrary cues for relationships
between stimuli given an appropriate history of multiple exemplar instruction (Hayes et al.,
2001). Evidence to support the effects of multiple exemplar instructional histories on indirect
learning capabilities have been completed and reliably replicated (Greer, Stolfi, Chavez-Brown,
& Rivera-Valdes, 2005; Fiorile & Greer, 2007; Gilic & Greer, 2011; Greer & Du, 2015). There
are three defining characteristics of RFT: (1) mutual entailment, (2) combinatorial entailment,
and (3) transformation of stimulus function. All three of these characteristics occur within a
specific contextual control (i.e., a stimulus in the environment affects the frame). Similar to SE,
mutual entailment includes two events that are related across a similar feature. The characteristic
of mutual entailment gives a theoretical basis for the observed facilitated correct responses
between spelling and textual responses (Bradley & Bryant, 1985; Engelmann & Carnine, 1982;
Prager, 2007). Combinatorial entailment involves three events. Combinatorial entailment is
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distinguished from symmetry because the stimuli do not have to be the same, but related to one
another.
Transformation of stimulus function. When one ‘member’ of a relation is directly
trained for a particular behavioral function and another stimulus acquires the function without
direct training, a transformation of stimulus function has occurred (Dymond & Rehfeldt, 2000;
Greer, Yuan, & Gautreaux, 2005). Skinner (1957) emphasized that mand and tact vocal verbal
operants may be functionally independent. One may acquire a stimulus as a tact and label the
stimulus in the presence of a listener (e.g., I see water) but will not mand for the same item under
conditions of deprivation (e.g., asking for water when thirsty). Nuzzolo-Gomez and Greer (2004)
confirmed this theory and found that four elementary-aged students with disabilities did not emit
untaught mands or tacts for stimuli that were taught under a single condition. A multiple
exemplar instruction intervention was conducted where the participants were taught mand and
tact responses for the same set of novel stimuli by rapidly rotating response opportunities across
mand and tact motivating conditions (i.e., MEI). After the intervention participants emitted both
mand and tact responses for stimuli that had previously only acquired one function (i.e., a
transformation of stimulus function occurred across the motivating conditions). Singer-Dudek et
al. (2017) replicated these findings using MEI across mand and tact motivating conditions for
preschool-aged children with disabilities.
Transformation of stimulus function plays a large role in spelling and textual responding,
in that they are examples of multiple functions for a single stimulus. Reading the word apple,
spelling the word apple, or vocally requesting an apple are multiple responses to a single
stimulus. Greer, Yuan, and Gautreaux (2005) induced a transformation of stimulus function
across vocal and written spelling responses in elementary-aged children with language delays by
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rapidly rotating instructional trials for vocal and written spelling responses to a subset of fivewords. Results showed that this method of multiple exemplar instruction resulted in a
transformation of stimulus function for novel vocal and written spelling to novel untaught words.

Bidirectional Naming (BiN)
Horne and Lowe (1996) developed Naming theory as an extension of Skinner’s theory of
Verbal Behavior, specifically focused on how the listener and speaker repertoires join to become
truly verbal. An individual with Bidirectional Naming (BiN) does not require reinforcement for
both listener and speaker behavior respectively, since both behaviors are members of a joint
stimulus class (Miguel, 2016). Behavior acquired as a listener can be emitted as a speaker and
vice versa. Individuals with the BiN capability can learn new things from observing modeled
contingencies and do not need to come into direct contact with contingencies of reinforcement
(Frank, 2018; Greer, Corwin, & Buttigieg, 2011; Hranchuk, 2016). Individuals with
unidirectional Naming (UniN) can incidentally learn new operants as a listener (Miguel, 2016).
Morgan (2018) found that individuals with UniN could learn simple derived relations between
auditory and visual stimuli, but needed BiN in order to develop complex derived relations
between visual printed stimuli. Since reading and spelling repertoires are comprised of
relationships between spoken and printed words (Catania, 2013) it is likely that BiN plays a role
in the transformation of stimulus function between the two repertoires.
Verbal Behavior Development Theory
Verbal Behavior Development Theory (VBDT) was built on Skinner’s (1957) theory of
Verbal Behavior, Naming theory (Horne & Lowe, 1996), and Relational Frame Theory (Hayes,
Barnes-Holmes, & Roche, 2001). VBDT is a body of research in an effort to develop a more
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complete account of complex behavior and behavior development within an individual’s lifespan
(Greer, 2008). VBDT outlines a trajectory for the development of verbal behavior. An individual
develops through each level of verbal behavior with the acquisition of new verbal behavior cusps
and capabilities. A Verbal behavior cusp is a form of conditioned reinforcement that allows an
individual to contact a set of experiences that result in new learning through stimulus-stimulus
pairings and operant consequences of behavior (Rosales-Ruiz & Baer, 1996). Some cusps are
identified as capabilities because the acquisition of the skill also leads the child to learn in a new
way (e.g., learning from imitating the actions of an experimenter rather than needing an
experimenter to physically prompt a student during instruction) (Greer & Speckman, 2009).
While language structure and type of instruction explain some of the variance in reading
performance, another factor that must be considered is the individual reader. Since biological
characteristics are not likely the source of the large variations seen in reading English, the
interaction between an individual’s instructional history and environment can explain some of
the variations in reading performance (Greer & Ross, 2008). Each cusp and capability results in a
repertoire, or range of responses, that is only possible once the cusp or capability is acquired,
leading to the development of more complex verbal behavior (Donahoe & Palmer, 2004; Greer
& Ross, 2008; Keohane, Pereira Delgado, & Greer, 2009. These cusps and capabilities play a
role in developing essential stimulus control for reading.
Foundational Verbal Behavior Cusps for Reading
Conditioned reinforcement for observing two-dimensional stimuli. Research has
shown that many of the cusps necessary for reading and writing develop early on in a child’s life
(Buttigieg, 2015; Tsai & Greer, 2006). Reinforcers in the environment select out the behaviors of
the individual under the relevant motivating conditions (Dinsmoor, 1983). Therefore, if an
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individual has conditioned reinforcement for observing two-dimensional printed stimuli he or
she will observe these stimuli when they are present in his or her environment. Skinner (1957,
p.185) described how print becomes a conditioned reinforcer in adults when their monetary
salary depends on reading. Skinner used the example of adults reading all of the print in his or
her environment, from bus bench advertisements to the labels on the back of household goods,
specifying that this print was selecting out the adult’s behavior because it was a conditioned
reinforcer. Conditioning two-dimensional stimuli as reinforcers both establishes and strengthens
the stimulus control that print has over observing responses which results in reading everything
in the environment (Dinsmoor, 1985; Tsai & Greer, 2006). While Skinner’s (1957, p.185)
anecdote is an important example of how acquiring conditioned reinforcement changes the
reading behavior of an adult, conditioned reinforcement for print is also important for young
reader (Buttigieg, 2005; Tsai & Greer, 2006).
Conditioned reinforcement for observing print does not develop in all individuals and is
one possible source for difficulties in acquiring reading responses (Greer & Han, 2015; Pereira
Delgado et al., 2009). Various measures of the acquisition of conditioned reinforcement for a
stimulus examine (a) observing the stimulus in the presence of other competing stimuli
(Buttigieg, 2015; Greer, Becker, Saxe, & Mirabella, 1985; Keohane et al., 2009; NuzzoloGomez, Leonard, Ortiz, Rivera, C.M., & Greer, 2002) and (b) observing the stimulus for a
prolonged period of time (Buttigieg, 2015; Greer, Chavex-Brown, Nirgudkar, Stolfi, & RiveraValdes, 2005; Greer, Dorow, & Randall, 1974; Greer, Dorow, Wachhaus, & White, 1973;
Keohane et al., 2009; Maffei, Singer-Dudek, & Keohane, 2014.) Dinsmoor (1985) stated that the
prolonged observations of stimuli could establish stimulus control for other forms of operant
responding. Pereira Delgado et al. (2009) used a stimulus-stimulus pairing procedure (Sundberg,
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Michael, Partington, & Sundberg, 1996) to condition two-dimensional printed stimuli as
reinforcers for observing responses. Pereira Delgado et al. (2009) found that participants
demonstrated an increased rate of acquiring matching responses across printed stimuli after
acquiring conditioned reinforcement for two-dimensional printed stimuli. Greer and Han (2015)
also utilized a stimulus-stimulus pairing procedure to condition two-dimensional print and found
that it resulted in the emergence of generalized match-to-sample repertoires across print stimuli.
Conditioned reinforcement for observing books. Greer and Han (2015) also found that
conditioned reinforcement for observing books had emerged after the participants received the
intervention to condition two-dimensional stimuli. Skinner is often quoted as saying “ we
shouldn’t teach great books; we should teach a love of reading.” This anecdote held up to
scientific rigor in Tsai and Greer’s (2016) study that used a stimulus-stimulus pairing procedure
to condition observing books as a reinforcer. Results showed that each participant had an
increased rate for acquiring new textual responses when compared to learning that occurred
before the conditioning intervention. Buttigieg (2015) replicated these results using several
different pairing procedures, confirming the functional relation between the acquisition of
conditioned reinforcement for books and an accelerated rate for learning new textual responses.
Listener literacy. Listener behavior is broadly defined as the behavior coming under the
control of a speaker (Greer & Ross, 2009). In early listener literacy the child is under
“instructional control” (Greer & Ross, 2008; Lovaas, 1997; Skinner, 1957) and can comply with
vocal directions. Greer et al. (2005) found that children learn at a higher rate when their behavior
fluently comes under the control of a speaker. The listener repertoire expands as new conditioned
reinforcers are acquired. Choi et al. (2015) taught children with developmental disabilities to
discriminate between and match noises, phonemes, and words through the auditory match-to-
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sample procedure. New behaviors emerged as a result of the expanded listener repertoire
established through the intervention. The numbers of correct point-to-point matches between the
child’s speech and speech sounds of another person (echoics) increased after the intervention.
Discriminating between, and matching, sounds are essential skills in the development of basic
and advanced phonemic and phonological awareness.
Speaker-as-Own-Listener in Reading
In verbal behavior research an individual is considered truly verbal when the listener and
speaker repertoires join within the skin of the individual (Barnes-Holmes, Barnes-Holmes, &
Cullinan, 2001; Greer & Du, 2015; Lodhi & Greer, 1989; Skinner, 1957). Speaker-as-ownlistener behavior is a behavioral account for thinking. The function of reading comprehension is
a change in one’s behavior that occurs contingent upon ‘listening’ to oneself read a text. Mackey
(2017) selected a group of kindergarten and first grade students who could follow directions
under the control of the vocal speech of another, but could not follow written directions. A reader
immersion intervention was used to transform the stimulus function of directions so that listener
literacy joined the control of printed words. Following the intervention, students’ responses
increased across novel read-do comprehension tasks (e.g., read and draw tasks, read and build
tasks).
Vocal behavior is a key part of reading, specifically in the early years when reading aloud
is instrumental in comprehension (Hill-Powell, 2015). Evidence has suggested that vocal verbal
reader behaviors become subvocal, or covert, over time (Hill-Powell, 2015; Longano & Greer,
2015). These sub-vocal reading behaviors are an important skill for reading efficiently (HillPowell, 2015). Hill-Powell (2015) found that adults read two times faster covertly than overtly
with similar levels of comprehension. However, Hill-Powell (2015) also found that covert
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speaker-as-own listener comprehension does not develop in all students. In a second experiment,
Hill-Powell implemented a treatment package that combined multiple exemplar instruction for
answering comprehension questions from audio recorded stories and answering comprehension
questions after covertly reading a text. This intervention was packaged with a peer-yoked
contingency in which two participants needed to read covertly and answer comprehension
questions in order to access reinforcement. After the intervention correct responses to
comprehension questions after covertly reading passages increased, demonstrating that a
transformation of stimulus function had occurred for speaker-as-own-listener comprehension
across covert and overt textual responding.
Both Mackey’s (2017) and Hill-Powell’s (2015) research emphasized the importance of
speaker-as-own listener behavior in reading on the content level. Listening to one’s own speech
also plays an important role in early reading skills (Adams, 1998). Skinner (1957, p.56) used the
term ‘clang association’ in referring to the fragmentary self-echoics that young children emit
when learning to produce a matching rhyming word or alliterative words during early instruction.
Skinner (1957, p.56) stated that children needed to be taught to emit this behavior subvocally. In
the same manner, during early reading instruction the child is taught to overtly ‘sound out’ each
phoneme in order to emit a component-to-composite textual response. These behaviors must
become subvocal in order to develop the reading fluency necessary for comprehension (Greer &
Ross, 2008; Petscher & Kim, 2011)
Speaker-as-Own-Listener in Spelling
From a verbal behavior perspective, a writer who can vocally segment each component
phoneme in a composite word can dictate to himself or herself each individual phoneme to
record as a grapheme. Skinner (1957) discussed two types of writing behavior: (a) transcription
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and (b) dictation. In transcription, the behavior is under the control of other written behavior and
both the controlling stimulus and the behavior share the same form (Skinner, 1957). In dictation,
written behavior is under the control of a vocal stimulus. Reading researchers refer to a subvocal
articulation that is combined with grapheme and phoneme correspondence when writing
(Goswamy & Bryant, 1990; Mayer, Crowley, & Kaminska, 2007). These subvocal articulations
are instances of autoverbal behavior whereby the individual covertly dictates phonemes that will
be recorded in a different medium as a grapheme (Vargas, 1982). The stimulus control can either
be extraverbal (e.g., a court reporter taking dictation) or autoverbal in dictation responses (e.g.,
self talk to write one’s own dictation) (Vargas, 1982).
Like orthographies, writing systems vary in their depth (McGuinness, 2005). Writing
systems that are phonographic have graphemes that correspond to phonemes. These can be
shallow and have a one-to-one correspondence like Austrian or Welsh language. Logographic
writing systems, like Chinese and Japanese, use symbols that are not connected to the phonemes
in words (McGuinness, 2005). The English system is mostly phonological, but does not contain
the same predictability as writing systems that are more shallow (McGuinness, 2005). Speakeras-own listener dictation plays an important role in correct spelling in phonographic writing
systems (Frith, 1985; Mayer et al., 2007). Mayer et al., selected a group of bilingual English and
Welsh speaking children from a year two and year six classroom. The participants were asked to
write specific sets of words in both English and Welsh under three conditions : (a) in silence, (b)
while making concurrent vocalizations such as “la..la..la..”, and (c) tapping the table with their
nonwriting hand. The tapping task was added in order to control for any incorrect response that
would occur as a result of engaging in more than one task simultaneously. The results showed
that the highest numbers of errors were emitted during the concurrent vocalization condition
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across both languages. The researchers found that higher numbers of errors were made in Welsh
during concurrent vocalizations, indicating that self-talk may be a bigger factor when spelling
phonographic words since Welsh has a fully phonographic writing system. All participants
emitted a high number of errors when spelling long words, regardless of the language, indicating
that self-talk in dictation plays a larger role when writing longer words. This experiment
highlighted the role of the speaker-as-own listener cusp as the source of stimulus control for
spelling.
Joining Print to an Existing Cusp
It is likely that the errors in stimulus control vary in readers since the difficulties in
acquiring reading are idiosyncratic in nature. Some errors in stimulus control have been
remediated through teaching new repertoires to students who demonstrate difficulties in learning
to read and observing improvements in performance on measure of reading after the intervention.
Lyons (2014) selected a group of preschool and elementary-aged children who did not learn to
textually respond through phonics instruction. Participants were taught listen to audio recordings
of component phonemes to composite words, and match the corresponding component words
and composite phonemes. Results showed functional relations between learning to match
component phonemes to composite words and increased correct responding for textual responses
and vocally blending component phonemes into composite words (i.e., vocal phoneme blending)
(Lyons, 2014). Lyons’ (2014) showed that teaching the correspondence between component
phonemes and composite words as a listener resulted in correct component-to-composite
responses as a speaker. This research also indicated that extending the behavior of the listener to
discriminate and match between auditory stimuli plays a part in the stimulus control for textual
responding and spelling. However, Lyons’ (2013) research focused solely on selective
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responding during her intervention, which poses a difficulty in using the intervention for students
without a bidirectionality between selective and productive repertoires (i.e., without
Bidirectional Naming).
Cameron (2018) combined a vocal blending and behavioral momentum procedure (BMBI
procedure) to teach 11 preschool aged students with blending difficulties to textually respond to
novel words and spell novel words by selecting tiles with a letter printed on the tile. During the
BMBI procedure participants were required to textually respond to a series of composite words
that were trained prior to the intervention before listening to the component phonemes to vocally
blend into a composite word. Participants progressed from vocally blending phonemes in the
absence of printed stimuli to textually responding to component phonemes and vocally blending
the phonemes into a composite word throughout the intervention. Cameron’s BMBI procedure
sequentially transferred the control of component-to-composite speaker responses to print. Lyons
(2014) demonstrated that teaching the bidirectional relationship between aurally segmented
component phonemes and aurally presented composite words as a listener response resulted in
the emergence of textual responses to printed composite words. Cameron (2018) extended this
research by teaching the component-to-composite relationship between phonemes and words as a
speaker response using vocal and printed stimuli. Teaching the relationship between composite
words and component phonemes as speaker responses has yet to be studied in a systematic way.
Phoneme Segmentation (i.e. Composite-to-Component Responding)
Nation and Hulme (1997) tested a variety of phonemic and phonological awareness tasks
and found that phonemic segmentation was the strongest predictor for both early reading and
spelling responses, particularly in children speaking languages with deeper orthographies. These
findings have been confirmed in several experiments (Ball & Blachman, 1991; Bradley &
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Bryant, 1985; Carnine, Silbert, & Kameenui, 1997; Geudens & Sandra, 2003; Juel, Griffith, &
Gough, 1986; Liberman, 1973; Lundberg, Olofsson, & Wall, 1980; Mann & Liberman, 1984;
Share, Jorm, Maclean, & Russell 1984). Phonemes in a single word are not separated in the
acoustic stimulus and are presented as a single component word (Ball & Blachman, 1991).
Phoneme segmentation requires the individual to identify and separate each component phoneme
from the composite word. The earliest studies on phoneme segmentation (Elkonin, 1973) taught
children to say words slowly and move a round plastic disk for each sound identified in the word
into a box printed on a piece of paper (Elkonin boxes). The use of the plastic disks was intended
to teach children to discriminate between each phoneme and identify each one as an independent
sound. The use of Elkonin boxes is still popular today (Liuzzo, 2017). However, no evidence
was provided in Elkonin’s seminal research to support the effectiveness of this training.
Furthermore, the presence of ‘stop sounds’ in the English orthography pose difficulty in teaching
students to identify the component phonemes in a word by saying the word slowly since not all
words are comprised of phonemes that can be said continuously (e.g., the word ‘bat’).
Much of the research regarding phoneme segmentation lacks consistency for the type of
skill measured, the tasks used to teach the skill, and the type of responding taught (selective or
productive responding) (Bochner, 2012; Elkonin, 1973; Goswami & Bryant, 1990; Lyons, 2014;
Olofsson & Lundberg, 1985; Muter et al., 1998). Many studies have imbedded phoneme
segmentation within large treatment packages, making it difficult to determine which task was
effective and if instruction could be more efficient by targeting a specific skill (Muter et al.).
Research in support of phoneme segmentation has indicated phonological skills should
concentrate on phoneme segmentation, while incorporating instruction on phoneme-grapheme
relationships (Hatcher, Hulme, & Ellis, 1994; Muter et al., 1998; O’Connor & Jenkins, 1995;
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Treiman, 1993). There is some evidence that phoneme segmentation and manipulation may not
be acquired without first exposing the learner to formal reading instruction, specifically teaching
phoneme-grapheme correspondence (McGuinness, 2005; Muter et al., 1998). Bradley and Bryant
(1985) compared three reading and spelling responses of three instructional groups and a
noninstructional control group. In each the three groups the students were respectively taught to
(1) categorize words by the phoneme, (2) categorize words by phoneme while selecting a tile
with the corresponding printed grapheme, or (3) sort words semantically (i.e., taught to
categorize in a manner that does not correspond to the phonemes). The results showed that the
students taught to sort the words solely by phoneme only slightly outperformed the control and
semantic categorization group while the group that was required to identify the grapheme
significantly outperformed all three other groups. This indicated that the joint stimulus control
between phonemes and graphemes was the source of reading and spelling. Conversely, some
studies also found that phoneme segmentation will emerge in some readers after learning how to
read when it was not present in the repertoire prior to reading instruction (Muter et al., 1998;
Liberman, Shankweiler, Fisher, & Carter, 1974). Alternatively, some research has shown that
phoneme segmentation does not develop in readers without explicit instruction (Chall, 1983;
Gough & Tunmer, 1986; Lyons, 2014). Many of these differences may be attributed to the
specific verbal behavior developmental cusps of the reader. Individual differences in a learner
play a role in the effectiveness of an intervention (Greer, Corwin, & Buttigieg, 2011).
Understanding the relationships between component and composite responses offers both
an intervention to induce new behavior while adding to an understanding of how these complex
behaviors develop. I propose that teaching young children, who can textually respond to each
individual grapheme and write a dictated grapheme upon hearing the phoneme, to vocally
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segment the component phonemes in words will result in increased correct responses for (a)
textual responding, (b) written spelling, and (c) vocally blending component phonemes into a
composite word.
Rationale for Experiment I
The difficulties in acquiring textual responses for the English orthography are well
established. While the opaque nature of the English orthography is a large factor in this crisis
(McGuinness, 2005), instructional interventions to teach phonics skills can remediate difficulties
(Cameron, 2018;Elliott & Grigorenko, 2014; Lyons, 2014; McGuinness et al., 1995).
Segmentation of the individual phonemes in words has been shown to increase textual
responding skills in readers (Muter et al., 1998), specifically when instruction is paired with
instruction for textually responding to graphemes (Hatcher, Hulme, & Ellis, 1994; Muter et al.,
1998; O’Connor & Jenkins, 1995; Treiman, 1993). However, the exact conditional relations and
sources of stimulus control for textual responding and spelling are unclear from the existing
literature. Instructional interventions for teaching phoneme segmentation exist, but range
considerably in skill, topography, and instructional methods (Bochner, 2012; Elkonin, 1973;
Goswamy & Bryant, 1990; Lyons, 2014; Muter et al., 1998; Olofsson & Lundberg, 1985).
Furthermore, interventions vary greatly in their degree of effectiveness. Many reading studies
include reports of statistically significant improvements in reading scores, but do not address if a
particular repertoire is mastered (Bochner, 2012; Daly III et al., 2004; Elkonin, 1973; Goswami
& Bryant, 1990; Mueller et al., 2000; Muter et al., 1998; Olofsson & Lundberg, 1985; Saunders
et al., 2003; Saunders & DeFulio, 2007). Interventions often are imbedded within treatment
packages that require a lot of instructional time, making it difficult to determine the features of
the intervention that were most effective (Ball & Blachman,1988; Englemann & Carnine, 1982;
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Lyons, 2014; McGuinness et al., 1995;Mueller et al., 2000; Prager, 2007). More studies are
needed in order to find interventions that are efficient in terms of shorter treatments and
increasing multiple behaviors. In two experiments, I sought to identify the conditional relations
to teach the essential stimulus control for textual responding by blending and dictated written
spelling responses.
Research Questions for Experiment I:
The research questions addressed in Phase 1 of this study included: 1) Do children who
demonstrate phoneme-grapheme correspondence, but do not learn to emit blended textual
responses or spelling responses, produce those responses as a function of learning to vocally
segment the component phonemes in a word after listening to the composite word? 2) Does
teaching vocal phoneme segmentation increase the number of correct vocal phoneme blending
responses? 3) Does teaching vocal phoneme segmentation for a set of words establish the
stimulus control for vocally segmenting words with novel phoneme combinations that have the
same consonant and vowel patterns?
The research questions addressed in Phase 2 of this study included: 1) Would the
stimulus control for textually responding and spelling CVC words transfer to CCVC words? 2)
Will participants produce correct textual and spelling responses as a function of learning to listen
to composite CCVC words and vocally segment the component phonemes?
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CHAPTER II
EXPERIMENT I
Method
Participants
Three participants were selected from an inclusion Kindergarten classroom that
integrated students with Individualized Education Plans (IEP) and typically developing students.
The classroom was situated in a Title 1 public Kindergarten through Grade 2 school building that
was located in a suburb outside of a major metropolitan area.
The classroom used the Comprehensive Application of Behavior Analysis to Schooling
(CABAS®) Accelerated Independent Learner (AIL) model that applied the principles of
behavior analysis to teaching both academic and self-management behaviors
(www.cabasschools.org). There were 19 students in the classroom, one teacher, and two full-day
teaching assistants. The CABAS® model requires that the classroom teacher maintain relevant
state teaching certifications and CABAS® certifications (Teacher I® and Teacher II®
certification). Each teaching assistant had a minimum of one full school year’s experience
teaching in a CABAS® classroom. All students’ verbal behavior developmental learning
capabilities were assessed and these data were used to place students into three separate small
learning groups for each academic domain (reading, writing, and math). Each learning group
contained 5-8 students and was led by a CABAS® trained teacher or teaching assistant.
Instruction was delivered using learn units (Albers & Greer, 1991). A learn unit consists of a
series of interlocking operants between the student and experimenter. Components of a learn unit
include (a) establishing a motivating operation for the learner, (b) ensuring the learner is
attending to the relevant antecedent stimuli, (c) an opportunity for response, (d) contingent
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reinforcement for correct responding, and (e) contingent corrections for incorrect responses that
require an unconsequated independent response from the learner (Keohane et al., 2009). During
learn unit instruction, student responses were recorded as correct or incorrect in order to
determine mastery of a subject or a need for additional intervention. All student responses
received contingent consequences of reinforcement or error correction.	
  	
  
Participants were selected for this study because they could textually respond to
graphemes by producing phonemes, and write graphemes after listening to phonemes, but did not
learn to textually respond or spell CVC words from instruction (see Table 1 for a list of
phonemes and graphemes). All participants could textually respond to the graphemes at a rate of
40 correct textual responses per minute with no incorrect responses across 3 consecutive
presentations. This ensured that mastery of phoneme-grapheme correspondence was not the
source of difficulty in learning to textually respond. Participants were taught to write the
grapheme using a pencil immediately after hearing an experimenter vocalize the phoneme (e.g.,
the teacher saying “write the letter that makes the sound /a/” and the student writing a lowercase
letter ‘a’ on a piece of paper).
Reading instruction in the classroom was a modified version of Prager’s (2007) spiraled
multiple exemplar instruction (MEI). A modification was made to the sequence of letters taught
for textual responding to include more vowels in the earlier stages of instruction and include
graphemes that shared similar forms in order to include written spelling responses in the
instruction (Bloom & Traub, 2005). Instruction continued until participants had a minimum of 80
learn units of instruction for textually responding to CVC words before receiving the
preintervention probes for this experiment. The CABAS® Decision Tree Protocol (Greer,
Keohane, & Healy 2002; Keohane & Greer, 2005) requires an instructor to evaluate student
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progress after 4 instructional sessions without an overall increasing data trend. Sessions typically
included 20 learn unit presentations, therefore 80 learn units was selected as criterion for
terminating learn unit instruction to teach blending.
Table 1.
The 14 graphemes targeted in Experiment I, Phase 1
Grapheme
c

International Phonetic
Alphabet (IPA) transcription
k

Sound within a word
(underlined)
tack

o

a

ox

a

æ

apple

d

d

mad

g

g

tag

l

l

pal

m

m

ram

h

h

hat

t

t

cat

i

ɪ

if

j

dʒ

fudge

k

k

tack

p

p

sap

u

∧

under

Note. Participants could textually respond to these graphemes by vocally emitting the phoneme
when visually presented with the grapheme. Participants were also taught to write the grapheme
upon hearing the vocally dictated phoneme. The words used during the intervention and probe
sessions contained these phonemes and graphemes.
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Between Phase 1 and Phase 2 the participants were taught to (a) textually respond to new
graphemes by producing the phoneme and (b) write new graphemes upon hearing the dictated
phonemes (see Table 2).
Table 2.
Thirteen additional phonemes-graphemes taught between Phase 1 and Phase 2
Grapheme

Sound within a word
(underlined)

b

International Phonetic
Alphabet (IPA)
transcription
b

r

r

rip

f

f

fan

n

n

net

e

ε

hen

s

s

sip

w

w

win

y

j

yet

z

z

zip

bat

Note. Participants were taught to textually respond to these graphemes by vocally emitting the
phoneme when visually presented with the grapheme. Participants were also taught to write the
grapheme upon hearing the vocally dictated phoneme.	
  
	
  
All three participants were typically developing and did not have an IEP. Each incoming
Kindergarten student in the school received the Brigance® Early Childhood Screen III for
Kindergarten students (see Table 3) within the first two weeks of the school year, or after the
child turned 5 years old. Additionally, any incoming Kindergarten student who spoke a non
English language at home was given the WiDA® ACCESS 2.0 (Assessing and Comprehension
and Communication in English State-to-State) assessment (see Table 3). Students who received a
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score below 4.5 on the ACCESS 2.0 were considered English Language Learners (ELLs). The
WiDA® ACCESS 2.0 tests were done in May of the previous school year.
Participant A was a 5.1-year-old female Kindergarten student. Participant A’s Brigance®
Screen indicated that she “may be academically talented” and her verbal behavior developmental
assessments (Greer & Ross, 2008) indicated that she could incidentally learn new operants as a
listener but not as a speaker (Unidirectional Naming). Measures of Observational Learning
indicated that she could acquire new operants, behaviors, and reinforcers through observing
peers. Participant A qualified for a reduced school lunch. Participant B was a 6.0-year-old female
Kindergarten student. Participant B’s Brigance® Screen indicated that she was ‘likely to have
developmental or academic delays.’ Participant B spoke Spanish at home and was therefore
given the WiDA ACCESS 2.0. Participant B received a score of 4.0 and was thus classified as an
ELL. Verbal behavior developmental assessments indicated that Participant B could not
incidentally acquire new operants (BiN was absent from her repertoire) or acquire new operants
through observations (observational acquisition of new operants), but could acquire new
behaviors and reinforcers through observation (observational performance and observational
conditioning). Participant B qualified for a free lunch. Participant C was a 5.5-year-old female
Kindergarten student. Participant C’s Brigance® Screen indicated her academic responses were
typical of her age group. Participant C could learn new operants incidentally (full BiN capability)
and could acquire new operants, behaviors, and reinforcers through observation.
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Table 3.
Developmental and verbal behavioral description of participants
Participant
Gender

A
Female

B
Female

C
Female

Kindergarten

Kindergarten

Kindergarten

5.1

6.0

5.5

Reduced

Free

No

IEP

No

No

No

WiDA ACCESS

N/A

4.0

N/A

Brigance Screen III

4.8

5.6

5.2

87.5

59

82

May be academically
talented

Typical

No

Likely to have
developmental or
academic delays
No

Yes

No

N/A

Yes

No

Yes

Grade
Age
Free/Reduced Lunch

Age at testing
Brigance Screen III
Raw Score
Brigance Screen III
Classification
Bidirectional Naming

Yes

(BiN)
Unidirectional
Naming
(Listener)
Acquisition of New
Operants by
Observing
Consequences
Note. The Brigance Screen III is administered to each student within the first month of beginning
Kindergarten. The WiDA ACCESS test is given to any student who comes from a home where a
non English language is predominantly spoken. Students with a WiDA Score below a 4.5 is
classified as an ELL.

38

	
  
Setting
Probe sessions were conducted in a section of a classroom at a table 1 m in height. Both
the experimenter and participant sat in child-sized chairs. The experimenter sat next to the
participant during textual responding and spelling probe sessions to ensure that the participant
could view the instructional materials on the table. The experimenter and participant sat face-toface during the vocal phoneme segmentation and vocal phoneme blending probe sessions to
avoid any obstruction of view or sound. An independent observer sat on the other side of the
participant during sessions conducted with interobserver agreement. Probe sessions were
conducted when there were no other students in the classroom or when the other students were
engaged in independent work so the participant could hear the experimenter’s antecedents, and
the experimenter and independent observer could hear the participant’s responses. Probe sessions
were not conducted when another participant from the study was in the classroom. Intervention
sessions took place in the classroom during regularly scheduled instructional time. Intervention
sessions were not conducted when another participant or prospective participant was within 1.5
m of the experimenter and the participant.
Dependent Variables and Data Collection
There were four separate dependent variables used across Phase 1 and Phase 2: (a) textual
responding to component graphemes and blending them together to emit a composite word, (b)
dictated written spelling, (c) vocal phoneme blending, and (d) untaught vocal phoneme
segmentation responses. During each probe session the numbers of correct and incorrect
responses were measured across each of the variables using the same set of 20 words (see
Appendix A and Appendix B). In Phase 1 Consonant-Vowel-Consonant (CVC) words were used
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(see Table 4). In Phase 2 Consonant-Consonant-Vowel-Consonant (CCVC) words containing
four phonemes were used (see Table 5).
Table 4.
Twenty consonant vowel consonant (CVC) pattern words used during probe sessions in Phase 1
cud
jip
pom
pat
dug
kit
jot
pad
tug
jap
jop
jid
gup
pam
kig
pog
hup
jod
kip
jat
Note. Probes were conducted for each of these words across (a) textual responses, (b) dictated
written spelling responses, (c) vocal phoneme segmentation, and (d) vocal phoneme blending.
Words selected for the vocal phoneme segmentation intervention were also selected from this
list.
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Table 5.
Twenty consonant-consonant-vowel-consonant (CCVC) pattern words used during probe
sessions in Phase 2
crud
twig
pret
flem
plum
snug
grip
frog
slab
glad
smog
clap
brig
blab
scum
stem
drop
trem
skip
spot
Note. Probe sessions for CCVC words were conducted after participants had (a) demonstrated
mastery for textual responding and spelling CVC words, and (b) received the probe for textual
responding to novel CVC words.
Textual responding. The student was presented with 20 pieces of paper (10.7 cm x
13.97 cm) with a single word printed on the paper in 60 point Comic Sans font. During the probe
sessions, the participant observed a printed composite word, textually responded to each
component grapheme by producing the corresponding phoneme, and was given a signal to emit
the composite word (e.g., the participant was shown the printed word cud, and said ‘c-u-d…cud’)
(see Figure 1). If the student textually responded to a grapheme incorrectly, the observers wrote
the grapheme associated with the phoneme produced by the participant above the letter (e.g.,
writing a ‘j’ above the grapheme ‘g’ if the student produced the phoneme dʒ which is associated
with the grapheme ‘j’). Correct textual responses to the component words were marked with a
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plus (+) and incorrect responses to the component word were marked with a minus (-). Incorrect
textual responses were transcribed on the data sheet next to the minus.
Textual Responding
Sees printed word ‘cud’
says component phonemes ‘c...u...d,’
says component word ‘cud’
Vocal Component
Phonemes
/c/ /u/ /d/

Vocal Composite
Word
‘cud’

Printed Composite
Word
cud

Trained Relation
(Independent Variable)
Untrained Relation
(Textual Responding)	
  
Figure 1. This variable is testing to see if the composite print to vocal composite word response
emerged as a function of learning the relationship between the composite word and vocal
component phonemes. Textual responses are mediated through vocal component phonemes
when the reader emits a textual response for each grapheme and blends them together to form the
composite word.
An additional postintervention probe was conducted for textually responding to 20 novel
CVC words (see Table 6). These words were not used during any instructional sessions before
the intervention or any probe or intervention sessions during the experiment. This probe was
conducted to test for an abstraction of the stimulus control for textual responding to a novel set
of words. Additionally, this measure acted as a control for any increases in correct textual
responses that could have occurred as a result of the participants’ history with the stimuli
(Kleinert, 2018; Lo, 2016).
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Table 6.
Twenty consonant-vowel-consonant (CVC) words used during the novel postintervention probe
for textual responding.
Cam
Did
Cod
Cut
Gap
Git
Dog
Pug
Mad
Tip
Mop
Hut
Tad
Mit
Pot
Hum
Pap
Jim
Jom
Mup
Note. These words were not used during probe and intervention sessions and were novel to the
participant. These words were selected in order to control for an increase in correct responding
due to a history with the stimuli (Lo, 2016).
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Dictated written spelling. Dictated written responses were defined as the participant
writing the component graphemes associated with composite word dictated by the experimenter,
in the correct sequential order (see Figure 2). For example, spelling the word ‘cud’ as c-u-d and
as k-u-d were both accepted as a correct response. Individual letters that were written backward
(mirrored) were also accepted as a correct response. Correct spelling responses to the composite
words were marked with a plus (+) and incorrect responses were marked with a minus (-).
Incorrect responses were transcribed on the data sheet next to the minus.
Dictated Written Spelling
“spell cud”
Vocal Component
Phonemes
/c/ /u/ /d/

Vocal Composite
Word
‘cud’

Printed Composite
Word
cud

Trained Relation
(Independent Variable)
Untrained Relation
(Dictated Written Spelling)	
  
	
  
Figure 2. This variable is testing to see if the composite vocal word to composite printed word
response emerged as a function of learning the relationship between the composite word and
vocal component phonemes. Dictated written spelling responses are mediated through vocal
segmenting the component phonemes in the word and writing each grapheme to form the
composite word.
Vocal phoneme blending. Correct vocal blending responses were the vocal production
of the composite CVC word after hearing each component phoneme in the word presented in
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sequential order by the experimenter (See Figure 3). There were no printed graphemes presented
while measuring this variable. Correct vocal blending responses were marked with a plus (+).
Incorrect responses were recorded by writing the graphemes associated with the phonemes in the
order the participant spoke them. If no response was emitted, the incorrect response was marked
with a minus (-).

Vocal Phoneme Blending
“What word is /c/ /u/ /d/ ?”
Vocal Component
Phonemes
/c/ /u/ /d/

Vocal Composite
Word
‘cud’

Printed Composite
Word
cud

Trained Relation
(Independent Variable)
Untrained Relation
(Vocal Phoneme Blending)	
  
Figure 3. This variable is testing to see if a bidirectional relationship emerged between vocal
composite words and vocal component phonemes.
Vocal segmentation of untaught words. A correct vocal segmentation response was
defined as vocally producing the individual phonemes in the same order as the dictated word
(e.g., “c - u - d” or “s-l-a-b”). This variable was included to test if the stimulus control for
vocally segmenting the component phonemes was abstracted for novel words (i.e., words that
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were not directly taught during intervention sessions). Each sound needed to have a break in
between the individual component phonemes during which the participant emitted no sound. For
example, segmenting the word ‘slab’ as “sl-a-b” or ‘cud’ as “c-ud” was considered incorrect. The
addition of the phoneme associated with the letter ‘u’ (∧in the International Phonetic Alphabet)
after a consonant sound (saying ‘muh’ rather than /m/ when producing the phoneme) was marked
as correct during probe sessions. Correct vocal segmentation responses were marked with a plus
(+). Incorrect vocal segmentation responses were recorded by writing the grapheme associated
with the phoneme emitted in the participant’s response in the same sequential order. If no
response was emitted following the antecedent the incorrect responses was marked with a minus
(-).
Independent Variable and Data Collection
The independent variable was teaching the participants to vocally segment the component
phonemes for a set of five composite words (see Table 7 for the words used in Phase 1 and Table
8 for the words used in Phase 2). During instruction, the experimenter said the composite word,
the participant listened to the word, and produced each component phoneme vocally with no
sound in between. Correct vocal segmentation responses were marked with a plus (+). Incorrect
vocal segmentation responses were marked with a minus (-). The addition of the phoneme
associated with the letter ‘u’ (∧) after a consonant sound (saying ‘muh’ rather than /m/ when
producing the phoneme) was marked as incorrect during intervention sessions. No printed words
or graphemes were present during the intervention sessions. Each intervention set was unique
from other sets. The words in each set were determined by the participants’ responses during the
previous probe session. In Phase 1, words used in each set contained different vowel-consonant
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(VC) patterns from the other words in the same set (Table 7). In Phase 2, words in each set
contained unique consonant-consonant patterns (see Table 8).
Table 7.
Word sets used during the vocal segmentation intervention
Intervention Phase 1
Participant A
cud
jip
pam
jod
kig
Participant B

jat
gup
pad
jot
pog

Participant C

Intervention Phase 2
dug
kit
pad
jot
pog
jap
pat
pom
jod
hup

cud
gup
pam
kig
kit
jod
tug
jot
pog
pad
Note. Each participant received a unique word set. Word sets were selected based on (a) the
participants’ correct and incorrect responding during probes sessions and (b) including multiple
exemplars of rime and onsets for words.
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Table 8.
Word sets used during the vocal segmentation intervention for Experiment I
Words Used in Intervention
flem
snug
blab
grip
drop

Participant A

Participant B

frog
stem
spot
smog
clap

Participant C

trem
skip
snug
drop
twig

Note. Intervention sessions for CCVC words were conducted after participants had (a)
demonstrated mastery for textual responding and spelling CVC words, (b) received the probe for
textual responding to novel CVC words, and (c) not met criterion levels of correct responding for
CCVC words across all repertoires
Design
A delayed multiple probe design (Horner & Baer, 1978) was used across participants to
test the effects of vocal segmentation instruction on (a) textual responses, (b) dictated written
spelling responses, (c) segmenting the component phonemes in novel composite words, and (d)
vocally blending component phonemes into composite words. The word sets used during the
intervention were unique across participants (see Tables 7 and 8). An additional post intervention
probe for textual responses was conducted to control for an increase in correct responding to
textual responses that could occur as a result of repeated exposures to the stimuli during probe
sessions (Kleinert, 2018; Lo, 2016).
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After each participant demonstrated criterion level responding to CVC words during
postintervention probes, instruction began for textually responding to CVC words with novel
graphemes. After mastering CVC textual responses across phonemes, a preintervention probe
was conducted for responding to CCVC words. These additional data were collected in order to
test for a replication of the effects of vocal segmentation across CCVC words.
Phase 1 Procedure
Preintervention tests of the dependent variables. Probe trials were conducted across
each of the dependent variables before the participants received the intervention. All probe trials
were completed in a single session and conducted in the following order: (a) textual responding,
(b) dictated written spelling, (c) vocal phoneme segmentation, and (d) vocal phoneme blending.
Experimenters did not deliver any consequences of reinforcement or correction during probe
sessions. See Appendix C for a flowchart of probe sessions conducted across Phases I and II.
Textual responding to CVC words. During the textual responding to CVC word probe,
the experimenter placed the 4.25 in x 5.5 in piece of paper with a single CVC word directly in
front of the participant. The experimenter pointed underneath each individual grapheme only
moving to the next grapheme after the participant emitted a phoneme. After the participant
textually responded to each component grapheme, the experimenter slid her finger horizontally
from left to right underneath the word as a signal to the participant to vocally emit the composite
word. All participants in the study had an instructional history using this hand signal during
previous reading instruction
Dictated written spelling for CVC words. The experimenter placed a lined sheet of
paper and a pencil in front of the student. The student was given the vocal antecedent “Spell
_____” (e.g., “spell cud”). The experimenter used a voice audible from a 1 m distance. An
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independent observer was present in order to ensure the decibel was audible from 1 m and that
vocal stresses were not placed on any consonant or vowel in the word.
Vocally segmenting component phonemes from composite CVC words. The
experimenter and participant sat facing each other. The experimenter modeled a response using
the following script: “I am going to tell you a word and you will tell me all of the sounds you
hear in the word. If I say ‘cat’ you will say ‘/c/ /a/ /t/’ and if I say ‘dog’ you will say ‘/d/ /o/ /g/’.”
The modeled responses were delivered for this response topography since the participant had no
instructional history for emitting this type of response. The model remained during
postintervention probes in order to maintain consistency with preintervention probes.
Vocally blending component phonemes into composite CVC words. The experimenter
and participant sat facing each other. Modeled responses were delivered because the participants
did not have an instructional history for this response topography. A script was followed for the
models during this probe in order to maintain consistency between preintervention and
postintervention probes: “I am going to tell you some sounds and you will put them together to
make a word. If I say ‘/c/ /a/ /t/’ you will say ‘cat’ and if I say ‘/d/ /o/ /g/’ you will say ‘dog’.”
Intervention: Vocal segmentation instruction for CVC words. Five CVC words were
selected for each teaching set. Instruction was conducted using the learn unit (Albers & Greer,
1991). The learn unit consisted of a series of interlocking operants between the participant and
instructor (Albers & Greer, 1991). During learn unit instruction the participant responded to the
antecedent presented by the instructor, resulting in contingent reinforcement for correct
responses and contingent correction for incorrect responses. Correct responses were reinforced
using social praise or tokens that could be traded in for a myriad of backup reinforcers (small
prizes, activities, classroom privileges). Incorrect responses were corrected with the
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experimenter modeling the correct response and re-presenting the antecedent to the participant.
The participant was required to emit the correct response independently during the correction.
Participant responses during corrections were not reinforced. During intervention sessions there
were four response opportunities presented for each word (20 total response opportunities per
session). The order that the words were presented during intervention sessions was changed
throughout a single session. The experimenter presented the vocal antecedents with varying
autoclitic frames “what are the sounds in ____?” “Tell me the sounds in ________?” “What
sounds do you hear in ______?” “Say the sounds in _____?” Instruction continued until the
participant responded with 90% accuracy across a single session. If a participant’s responses
during the post intervention probe were lower than 80% accuracy across textual responses and
spelling responses, a second set of CVC words was selected and taught for vocal segmentation
instruction. While the participants were in the instructional phases they were given one daily
response opportunity to write dictated graphemes and textually respond to graphemes at a rate of
40 correct per minute. These exposures were conducted to ensure maintenance of prerequisite
skills because participants were not exposed to graphemes for the duration of the intervention.
Postintervention probes of dependent variables. All postintervention probe sessions
were conducted in the same manner as the preintervention probe sessions. After the participant
demonstrated a minimum of 16 correct textual responses an additional postintervention probe
was conducted for textual responses. These probes were conducted using a different set of words
(see Table 6) and used the same procedure as all other textual responding probe sessions.
Phase 2 Procedure
Preintervention tests of the dependent variables. All tests of the dependent variables
were conducted in the same manner as Phase 1 using a set of CCVC words (see Table 5).
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Intervention: Vocal segmentation instruction for CCVC words. A set of 5 CCVC
words were selected for instruction (see Table 8). Instruction was delivered using learn units in
the same manner as CVC vocal segmentation instruction (Albers & Greer, 1991). During
instruction there were 4 response opportunities for each of the five words. Instruction continued
until the participant met the mastery criterion of 90% accuracy in a single sessions.
Postintervention probes of dependent variables for CCVC words. All
postinetervention tests of the dependent variables were conducted in the same manner as
preintervention tests.
Interobserver Agreement
Interobserver agreement (IOA) was collected and reported as a point-by-point agreement
ratio (Kazdin, 2011). IOA was calculated by adding the total number of agreements and dividing
them by the total number of agreements and disagreements, then multiplying by 100. Data on
IOA were collected by a trained observer who collected data simultaneously with the
experimenter. The data sheets of the experimenter and independent observer were not visible to
one another during data collection. During intervention sessions, IOA was conducted using the
Teacher Performance Rate and Accuracy scale (TPRA) to assess treatment fidelity (Ingham &
Greer, 1992). IOA for all participants is summarized in Table 9.
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Table 9.
IOA collected across all participants for the intervention and pre and postintervention probe
sessions in Experiment I.

Textual
Responding
Probe
Sessions
Dictated
Written
Spelling
Probe
Sessions
Vocal
Phoneme
Segmentation
Probe
Sessions
Vocal
Phoneme
Blending
Probe
Sessions
Vocal
Phoneme
Segmentation
Intervention
Sessions

Participant A
% Sessions
% of
with IOA
Agreement
100%
100%

Participant B
% Sessions
% of
with IOA
Agreement
100%
99%
range:
95%-100%

Participant C
% Sessions
% of
with IOA
Agreement
100%
99%
range:
95%-100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

99%
range:
95%-100%

100%

97%
range:
85%-100%

100%

95%
range:
90%-100%

100%

97%
range:
95%-100%

100%

100%

47%

100%

50%

100%

63%

100%
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Results
The participants in this study emitted low numbers of correct textual responses and
dictated written spelling responses, and vocal phoneme blends before the intervention. In Phase
1, correct responses increased across all of the dependent measures after the participants learned
to vocally segment the component phonemes in two sets of CVC words. In the beginning of
Phase 2, the numbers of correct responses were variable across all three participants. High
numbers of correct responses emerged across all three participants after they learned to vocally
segment the phonemes in one five-word set of CCVC words.
Phase 1, Research Question 1
The first research question in this study considered if children would produce textual and
spelling responses after learning composite-to-component relationship through vocal phoneme
segmentation instruction.
Textual responses. The number of correct textual responses emitted pre and
postintervention are shown in Figure 4 and Appendix D. During the preintervention probe
session in Phase 1, Participant A emitted 1 correct textual response, Participant B emitted 0
correct textual responses, and Participant C emitted 8 correct textual responses. A second probe
was conducted after each participant learned to vocally segment five-words. Participants A, B,
and C’s correct responses increased to 13, 14, and 14, respectively during the second
postintervention probe. After learning to segment the second set of words, Participants A, B, and
C emitted 19, 19, and 17 correct responses, in that respective order. All participants emitted
criterion level correct responding after acquiring the second set of vocal segmentation responses.
Each participant emitted a high number of correct responses to the words in the novel set during
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the postintervention probe. Participant A emitted 18 correct responses, Participant B emitted 15
correct responses, and Participant C emitted 16 correct responses to the novel set of words.
Dictated written spelling responses. The number of correct dictated written spelling
responses emitted pre and postintervention are shown in Figure 4 and Appendix E. During the
preintervention probe session in Phase 1 Participants A, B, and C emitted 1, 0, and 10 correct
responses, correspondingly. After learning the first 5 vocal segmentation responses, Participants
A, B, and C’s correct response increased to 13, 15, and 19, in that respective order. A second
postintervention probe was conducted after the teaching the second set of vocal phoneme
segmentation responses. During the second postintervention probe, Participants A, B, and C
emitted 13, 18, and 20 correct responses, respectively. Increases in correct responding were seen
across Participants B and C, Participant A’s responding remained the same as the first
postintervention probe. A pattern of incorrect responding was noted in Participant A’s responses,
specifically writing the letters ‘g’ and ‘j’ in the place of one another. This pattern suggested that
the errors were not due to a lack of stimulus control for dictated spelling, but an error in the
stimulus control for the phoneme-grapheme correspondence with ‘g’ and ‘j.’
Phase 1, Research Question 2
The second question examined if component-to-composite vocal phoneme blending
responses would emerge as a function of learning composite-to-component vocal phoneme
segmentation. The number of correct vocal phoneme blending responses emitted in the pre and
postintervention probe sessions are shown in Figure 4 and Appendix F.
Vocal phoneme segmentation of taught and untaught words. During the
preintervention probe session in Phase 1 Participant A, B and C emitted 1,0, and 9 correct
responses, correspondingly. After learning the first 5 vocal segmentation responses, Participants
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A, B, and C’s correct response increased to 12, 16, and 11, in that respective order. During the
second postintervention probe Participants A, B, and C emitted 19, 19, and 17 correct responses,
respectively.
Phase 1, Research Question 3
The third question was raised to determine if teaching vocal phoneme segmentation for a
set of words would establish the stimulus control for vocally segmenting words with novel
phoneme combinations that have the same consonant and vowel patterns. Figure 5 shows each
participant’s correct and incorrect vocal phoneme segmentation responses for taught and
untaught words. Correct responses for untaught words emerged across all participants in both
Phase 1 and Phase 2 of the experiment.
Textual responses to novel set of words. During the preintervention probe sessions in
Phase 1, Participants A and B emitted 0 correct responses and Participant C emitted 1 correct
response. After learning the first set of CVC vocal segmentation responses, Participants A, B,
and C emitted 5, 5, and 4 correct responses to taught words, in that respective order. Participants
A, B, and C emitted 10, 11, and 8 correct responses to untaught words, correspondingly. A
second CVC vocal segmentation set was taught across all participants; each intervention set
included a unique combination of words during the second postintervention probe. Participants
A, B, and C emitted 9 correct responses to taught words. Participants A, B, and C emitted 10, 9,
and 8 correct responses to untaught words, respectively.
Phase 2, Question 1
In Phase 2, the first question was whether the stimulus control for textually responding
and spelling CVC words transfer to CCVC words. The numbers of correct responses were
variable across participants (see Figure 4, Appendix D). Participants A and B did not emit
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correct textual responses or dictated written spelling responses at criterion levels. Participant C’s
number of correct textual responses were at criterion level and her spelling responses did not
meet the response criterion.
Vocal phoneme blending. Interestingly all participants emitted high numbers of correct
vocal phoneme blending responses during the first probe session in Phase 2; Participants A, B,
and C emitted 15, 18, and 20 correct responses, in that respective order. These data indicated that
teaching the component to composite relationship for CVC words established the essential
stimulus control for vocal phoneme blending CVC and CCVC words.
Phase 2, Question 2
The second question in Phase 2 was to determine if correct textual and spelling responses
for CCVC words would emerge as a function of learning to vocally segment the component
phonemes in CCVC words.
Textual responses. In Phase 2 the numbers of correct responses were variable across
participants (see Figure 4, Appendix D). Participants A and B emitted correct textual responses
to CCVC words below the criterion level. During the first probe session in Phase 2 Participants
A, B, and C emitted 1, 12, and 16 correct textual responses, in that respective order. After
learning to vocally segment the component phonemes in one set of 5 CCVC words Participant
A’s correct textual responses increased to 18, Participant B’s correct responses increased to 19,
and Participant C’s correct responses increased to 17.
Dictated written spelling. During the first probe dictated written spelling probe session
in Phase 2, the numbers of correct responses were variable across participants (see Figure 4,
Appendix E). However, all participants emitted correct responses below criterion level.
Participants A, B, and C emitted 1, 4, and 14 correct spelling responses, in that respective order.
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Participant A’s correct spelling responses increased to 16, Participant B’s correct responses
increased to 16, and Participant C’s correct responses increased to 19.
Cumulative Number of Learn Units in Phase 1 Compared to Phase 2.
While the stimulus control for textually responding and spelling CVC words transfered to
CCVC words, it is important to note that the numbers of learn units needed to acquire the
stimulus control in Phase 1 was larger than the number required in Phase 2. The numbers of
intervention learn units to acquire stimulus control across CVC words in Phase 1 for Participants
A, B, and C were 300, 140, and 140 (see Figure 6). The numbers of learn units to acquire
stimulus control across CCVC words in Phase 2 for Participants A, B, and C decreased to 100,
80, and 60, in that respective order. These data indicate that CCVC segmentation built upon the
previously established component-to-composite repertoire established in Phase 1 Skinner (1957,
p.107) used the term sharpening to describe the phenomenon of abstraction, particularly that it
occurs over time through the reinforcement of particular of a class. The fewer number of
numbers of learn units required across all participants in Phase 2 suggests a sharpening of
stimulus control (Skinner, 1957, p.107) accelerated learning of CCVC words compared to CVC
words.
Vocal Phoneme Segmentation Intervention
Figure 7 displays the data from the intervention sessions where the participants were
taught to vocally segment the component phonemes in composite words. In Phase 1. Participant
B emitted 0 correct responses during the first intervention session. A 0-s time-delayed errorless
learning tactic (Halle, Marshall, & Spradlin, 1979) was used to teach the first 5-word set of vocal
segmentation responses to participants. The 0-s time delay was used until the participant emitted
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100% correct responses across 2 consecutive sessions, then the tactic was removed and
instruction continued for the set of five-words under the original conditions.
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Figure 4. The solid black phase-change lines indicate that an intervention phase was conducted.
The dashed line indicates that the materials changed and no intervention sessions occurred
between sessions. This figure shows the number of correct (a) textual responses, (b) dictated
written spelling responses, and (c) vocal segmentation responses emitted during probe sessions
before and after the intervention. Participants were not given instruction for these response
topographies suggesting these behaviors emerged as a function of learning to listen to component
words and vocally produce the component phonemes. The acquisition of this component-tocomposite skill resulted in the transformation of stimulus function for component-composite
responses across vocal and printed stimuli.
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Figure 5.	
  The solid black phase-change lines indicate that an intervention phase was conducted.
The dashed line indicates that the materials changed and no intervention sessions occurred
between sessions. During the vocal segmentation probes, the participants were vocally presented
with a composite word. Participants listened to the word and then contingently voiced each
component phoneme in the order that corresponded to the word. The black bar represents correct
responses to words that were used during the intervention sessions. The gray bar shows correct
responses that emerged without instruction. The white bar shows correct responses for the same
word emitted during pre and postintervention. Participant C did not emit any of the same correct
responses across pre and postintervention probes for CVC words.
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Figure 6. A comparison of the numbers of learn units delivered during the intervention sessions.
All participants required fewer learn units in the CCVC condition that followed the CVC
condition.
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Figure 7. Correct responses during the intervention session for Participants A, B, and C. The
closed circles are the number of correct responses during learn unit instruction. Instruction
continued until the participant emitted 90% correct responses in a single session. The open
circles are correct responses during the 0-s second time delay errorless learning tactic. Criterion
during 0-s time delay sessions was 100% accurate responding across two consecutive sessions.
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Discussion
The purpose of this experiment was to identify an intervention for learners who did not
transfer stimulus control from the individual phonemes in a word to the whole word (i.e., could
not textually respond). All three of the participants in this study emitted high numbers of correct
(a) textual responses, (b) dictated written spelling responses, and (c) vocal phoneme blending
responses after the vocal phoneme segmentation intervention established the relationship
between component and composite responses. It is possible that teaching the composite-tocomponent skill established that a word is a stimulus that serves different functions in its
different forms. The intervention established a transformation of stimulus function between
composite and component repertoires, across printed and vocal stimuli (see Figures 1, 2, and 3).
Previous studies suggesting the use of phoneme segmentation as an intervention for
reading and spelling lacked the systematic isolation of this skill from larger treatment packages.
Furthermore, few studies looked at the relationship between multiple component-composite
responses (i.e., vocal segmenting, vocal blending, textual responding, and spelling) (Ball &
Blachman, 1991; Bradley & Bryant, 1985; Carnine et al., 1997; Geudens & Sandra, 2003; Juel et
al., 1986; Liberman, 1973; Lundberg et al., 1980; Mann & Liberman, 1984; Nation & Hulme,
1997; Share et al., 1984; Taylor, 1998). Before the intervention, stimulus control did not transfer
from component phonemes to a composite word, even after receiving 80 instructional trials. This
study provides a sequence and method to establish the relevant stimulus control so that learning
could occur.
Research on derived learning has established that stimulus classes emerge as a function
of experiences with stimulus control across different responses (Fiorile & greer, 2007; Gilic &
Greer, 2011; Greer et al., 2005). During the intervention, the participants needed to function as a
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listener and a speaker simultaneously by listening to the composite word and producing the
component phonemes. This rotation of listener and speaker behavior may have been the source
of the transformation of stimulus function across component and composite behaviors for both
printed and auditory stimuli. The results of this study implied that teaching vocal segmentation
acted as a multiple exemplar experience due to the cross-modal instruction rotating listening and
speaking behavior.
All 14 phonemes were not present in the sets of words used for each participant as the
independent variable. Yet, all three participants emitted correct responses during postintervention
sessions for words containing untrained phonemes, indicating that abstraction had occurred
across phonemes. Data collected after the participants completed the intervention showed that
the participants learned new textual responses and spelling responses at an overall similar rate
when compared with their classroom peers.
Some patterns of responding were noted across participants in Phases I and II. During the
dictated written spelling probe sessions all participants emitted some responses where they
overtly segmented the word presented by the experimenter while printing each grapheme. This
suggested that the intervention established the sub-vocal behavior needed to emit the speaker-asown listener responses needed for spelling. This aligned with previous research that speaker-asown listener behavior is important for learning how to spell (Mayer et al., 2007).
In Phase 1, Participant A emitted 13 correct dictated written spelling responses after
learning to vocally segment the phonemes in sets one and two. Participant A used the graphemes
‘g’ and ‘j’ interchangeably across her spelling responses, implying that she had not maintained
mastery of the phoneme-grapheme correspondence for those stimuli. The intervention used in
this study did not include printed stimuli and Participant A required a large number of
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intervention sessions before acquiring all of the responses to CVC words. These results
suggested that modifications to the procedure might be necessary for students who have histories
of not maintaining phoneme-grapheme correspondence.
During Phase 1 there was a procedural difference in Participant B’s instruction.
Participant B emited 0 correct responses during the first session and a 0-s time delay (Halle et al.,
1979) was used to teach the first set of vocal phoneme segmentation responses. Participant B’s
responses during the subsequent probe session were similar those of the other participants.
Participant B did not require a 0-s time delay for any other instructional sets and emitted
untaught vocal segmentation responses during the following probe, indicating the errorless
learning tactic was effective in establishing the same stimulus control as the learn unit.
In Phase 2 all participants required fewer instructional trials in order for responding to
emerge when compared with the instruction needed in Phase 1 (see Figure 6 for a comparison of
learn units for each participant). This suggests that the participants learned a general class of
component-composite behavior during Phase 1 and the intervention in Phase 2 continued to
shape the response class.
In Phase 2 the participants emitted a high number of incorrect responses that excluded
one of the four phonemes in their textual responses, dictated spelling responses, and vocal
phoneme segmentations for CCVC (see Appendix G). These data suggest that learning the
relationship between composite CVC words and its three corresponding component phonemes
did not fully transfer to words with four phonemes. During the Phase 2 vocal phoneme
segmentation probe session, Participant C emitted an error pattern where she identified the
consonant-consonant cluster as a single unit of sound (e.g., incorrectly segmenting the word stop
as st-o-p). After learning to vocally segment one set of CCVC words each participant emitted a
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high number of responses with four phonemes. These data also highlighted the value of
identifying the error in stimulus control in order to treat a particular reading difficulty.
The numbers of correct responses for each tested repertoire varied during the first probe
session in Phase 2. These results are consistent with previous findings by Lyons (2014) and
Cameron (2018) that the degree of BiN or UniN present in the learner plays a role in the
transformation of stimulus function across composite and component responding. Lyons (2014)
and Cameron found that participants who did not demonstrate a high degree of BiN required
more intervention sessions in order to learn composite to component textual responses (i.e.,
blending). Participant C had the full BiN capability and demonstrated the highest number of
correct untaught textual and spelling responses during the probe sessions in Phase 2. It is
possible that the presence of BiN resulted in the abstraction of stimulus control from words with
three phonemes in Phase 1 to words with four phonemes in Phase 2, however a larger sample
size is needed to draw this conclusion.
After the intervention each of the participants received textual responding and spelling
instruction in small groups with their peers and acquired new textual and spelling responses at a
similar rate when compared to peers who did not require the intervention. Changing the data
collection procedure to record correct and incorrect responses in the order that the responses are
emitted, rather than recording the overall number of instructional trials, would show changes in
the rate of learning after the experiment. Furthermore, if the rate of learning is increased it may
be more efficient to directly teach textual responses and spelling responses to CCVC words
instead of teaching CCVC vocal phoneme responding.
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There were several limitations in this current study. Additional participants would further
demonstrate the effectiveness of the vocal phoneme segmentation intervention by replicating the
effects of the intervention across more individuals. Another limitation of this study was the use
of a single preintervention probe session. While the probe session allowed for the comparison of
behavior before and after the intervention, a second preintervention probe session would have
offered control for increases in correct responding that could have occurred due to experience
with the stimuli.
The procedures for dictated written spelling, vocal phoneme segmentation, and vocal
phoneme blending all required the participants to respond to the vocal behavior of the
experimenter. Textual responses required the participants to attend to their own speech (i.e.,
saying each component grapheme either vocally or subvocally) and emit a composite vocal
response. This suggests that the stimulus control for attending to the component phonemes
speech of another person (i.e., vocal blending) transferred to listening to one’s own speech
(speaker-as-own listener behavior). However, an additional measure is needed in order to test for
a transfer of stimulus control.
Research Questions for Experiment II:
A second experiment was conducted in order to address the limitations in sample size and
preintervention control measures as well as the following questions: 1) Will other children, with
the same difficulties as the participants in Experiment I, acquire textual responses, spelling
responses, and vocal phoneme blending as a function of the vocal phoneme segmentation
intervention? 2) Does the vocal segmentation intervention establish the relevant stimulus control
for students to learn new textual responses through instruction? 3) Would a transformation of
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stimulus function across speech and writing emerge as a function of the vocal phoneme
segmentation intervention?
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CHAPTER III
EXPERIMENT II
Method
Experiment II was a systematic replication of the first phase of Experiment I. In
Experiment I each participant received 80 learn units of instruction prior to the intervention.
Analyzing the data from these instructional trials showed that each participant emitted 0 correct
responses across the first 5 response opportunities. A new screening protocol was adopted in
Experiment II in order to reduce the amount of instructional time needed to deliver treatment to
the participants. It is also important to note that it was difficult to distinguish whether the 80
learn units of instruction affected the participants’ performance in Experiment I during the
intervention. Reducing the number of trials conducted before selecting participants for the
intervention would address whether the 80 learn units of instruction played a role in the success
of the intervention. An additional preintervention probe session was also included in Experiment
II in order to add additional control for maturation of the participants. The sections below
address the changes from the first experiment that were included in order to address the
additional research questions, while all other portions of the experiment remained the same.
Participants
There were five participants in this experiment (see Table 10). Participants were selected
from the same classroom as Experiment I during the following school year (new incoming
Kindergarten students). The classroom had 22 students, one teacher, and two full day teaching
assistants. Participants A and B were typically developing. Participant C had an IEP and
Participants D and E were in the process of receiving an IEP. All participants were identified for
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the intervention after emitting 5 consecutive incorrect responses during instruction for textually
responding to and spelling CVC words.
Participant A was a 5.1-year-old female Kindergarten student. Participant A’s Brigance®
Screen score indicated her academic responses were typical for her age group at the time of the
test. Participant A did not demonstrate BiN or the unidirectional listener component of the
Naming capability. Participant A learned English as a second language but was not given the
WiDA Access 2.0 test. Participant B was a 6.1-year-old female Kindergarten student. Participant
B’s Brigance® Screen score indicated her academic responses were typical for her age group at
the time of the test. Participant B did demonstrate the unidirectional listener component of the
Naming capability but did not demonstrate BiN. Participant C was a 5.1-year-old female
Kindergarten student. Participant C’s Brigance® Screen score indicated her academic responses
were above average for her age group at the time of the test. However, the test was given in
preschool and she was not re-tested in Kindergarten. Participant C did not demonstrate BiN or
the unidirectional listener component of the Naming capability. Participant C learned English as
a second language and scored a 3 on the WiDA Access 2.0 test classifying her as an English
Language Learner. Participant C received free school breakfast and lunch. Participant D was a
5.9-year-old female Kindergarten student. Participant D’s Brigance® Screen score indicated her
academic responses were typical for her age group at the time of the test. Participant D did
demonstrate the unidirectional listener component of the Naming capability, but did not
demonstrate BiN. Participant D received reduced-cost breakfasts and lunches in school.
Participant D required a lot of instruction to learn her letter sounds and did not maintain
phoneme-grapheme correspondence after absences from school due to illness, weekends, and
vacation. Participant D was in the process of receiving an IEP. Participant E was a 5.7-year-old
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female Kindergarten student. Participant E’s Brigance® Screen score indicated she was likely to
have developmental or academic delays. Participant E had the unidirectional listener component
of the Naming capability, but did not demonstrate BiN. Participant E received free breakfasts and
lunches in school. Participant E required a lot of instruction to learn her letter sounds and would
not maintain phoneme-grapheme correspondence after absences from school due to illness,
weekends, and vacation. Participant E was in the process of receiving an IEP. Participant E
learned English as a second language and scored a 6 on the WiDA Access 2.0 which did not
qualify her for ELL services.
Participants were selected for this study because they had emitted a minimum of five
consecutive incorrect responses during instruction for both textual responding to and spelling
CVC words (Greer & Pereira Delgado, 2018). All participants could textually responding to the
phonemes in Table 1 at a rate of 40 correct per minute with 0 incorrect responses. Participants
could emit tact responses for the set of cartoon images in Appendix H. Each of the images had a
CVC name comprised of the phonemes and graphemes in Table 1.
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Table 10. Developmental and verbal behavioral description of participants.

Participant
Gender

A
Female

B
Female

C
Female

D
Female

E
Female

Kindergarten

Kindergarten

Kindergarten

Kindergarten

Kindergarten

Age

5.1

6.1

5.1

5.9

5.7

Free/Reduced

No

No

Free

Reduced

Free

IEP

No

No

Yes

In Process

In Process

Learned

Yes

No

Yes

No

Yes

N/A

N/A

3

N/A

6

Typical

Typical

May be
academically
talented

Typical

Likely to have
developmental
or academic
delays

No

No

No

No

No

No

Yes

No

Yes

Yes

No

Yes

No

No

No

Grade

Lunch

English as a
Second
Language
WiDA
ACCESS
Brigance
Screen III
Classification
Bidirectional
Naming (BiN)
Unidirectional
Naming
(Listener)
Observational
Acquisition of
New Operants
Note. The Brigance Screen III is typically administered to each student within the first month of
beginning Kindergarten. Participant C received her Brigance Screen III the previous school year.
The WiDA ACCESS test is given to any student who comes from a home where A non English
language is predominantly spoken. Students with a WiDA Score below a 4.5 is classified as an
ELL. Participants A, C, E, and F learned English as a second language. This information was
obtained from the parents/guardians of each of the participants.	
  

73

	
  
Dependent Variables and Data Collection
All dependent variables and data collection procedures in the first phase of Experiment I
remained the same with the following additional measures.
Dictated written spelling. An additional postintervention probe was conducted with
novel CVC words after the participants completed the intervention. These words were the same
words used in the novel textual responding probe (see Table 6 and Appendix I). Both probe
sessions were conducted after the participants completed the intervention.
Transformation of stimulus function across saying and writing. The participants were
given writing materials at the beginning of the probe session. The experimenter presented one
image for each of the cartoon stimuli in Appendix H at a time and asked to write the name of the
character. All participants had learned he names of these characters before the intervention. The
image remained visible until the participant completed the written response or until 5 s had
passed without any responses. The participant was given one opportunity to respond to each of
the cartoon characters for a total of 5 response opportunities in one session. A correct response
was defined as correctly spelling the name of the stimulus after visually observing and tacting
the image. Written responses were considered correct or incorrect using the same criterion as the
dictated written spelling responses. Correct responses were marked with a plus (+) and incorrect
responses were marked with a minus (-) (see Appendix J)
Cumulative number of correct textual responses during instruction before and after
the intervention. All participants were selected for this study because they did not learn to
textually respond from learn unit instruction that occurred before the intervention. After the
intervention, learn unit instruction resumed in the same manner as before the intervention. Data
were recorded for each participants’ correct and incorrect responses to instruction before and
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after the intervention and graphed to show the slope. A low slope indicated little or no behavior
change (i.e., little or no learning) from instruction, and a steep slope indicates more change from
instruction (i.e., learning had occurred) (Kazdin, 2011).
During learn unit instruction the participant was presented with a printed CVC word (see
Appendix K for lists of words used for each participant). The instructor pointed to each
grapheme while the participant emitted each corresponding component phoneme, the instructor
then slid her finger from left to right below each letter and waited for the participant to say the
composite word. Correct responses were defined as the participant emitting each component
phoneme sound followed by the composite sound and were marked with a plus (+). Incorrect
responses were defined as emitting a composite word that did not have a one-to-one match with
the component graphemes in the printed word or emitting no response within 5 s of the
antecedent. Incorrect responses were marked with a minus (-).
Independent Variable and Data Collection
The independent variable remained the same as the independent variable in Experiment I,
Phase 1. Data were collected on the latency of vocal phoneme segmentation responses for the
participants in Experiment I after the completion of the intervention. Response latency was
measured by recording the duration between the antecedent and the completion of the response.
All participants in Experiment I had a mean latency under 2 s ( see Table 11). An additional step
was added to the intervention for participants who did not vocally segment the component
phonemes in their training sets (see Table 12) under 2 s. After learning to vocally segment the
component phonemes for the words in the intervention set, additional instructional sessions were
conducted in which the participants responses would only be reinforced if they were emitted with
a latency under 2 s. If the participant emitted a response with latency higher than 2 s the
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instructor corrected the response by re-presenting the antecedent until the participant emitted the
response within 2 s. Corrected responses were not reinforced.
Table 11.
Participants A, B, and C from Experiment I’s response latency for vocal phoneme segmentation.
Word Segmented
Participant A
Participant B
Participant C
cud
1.8 s
2.36 s
1.61 s
jip
1.49 s
3.37 s
1.54 s
pom
1.4 s
2.03 s
1.9 s
pat
1.42 s
2.03 s
1.8 s
dug
1.62 s
2s
1.45 s
kit
1.62 s
2.2 s
1.5 s
jot
2.3 s
1.27 s
1.5 s
pad
1.47 s
1.74 s
1.43 s
tug
1.14 s
1.29 s
1.3 s
jap
1.18 s
1.73 s
1.34 s
Mean
(in seconds)
1.51 s
1.96 s
1.52 s
Note. Participants from Experiments I were given 10 words to vocally segment. A stopwatch was
started after the experimenter finished delivering the antecedent and was stopped when the
participant finished delivering the response. The duration of each response is reported above.
Responses were added and divided by the total number of responses to calculate the mean. These
data were used to set fluency criterion for Participants A and D.
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Table 12.
The CVC words used during intervention.
Intervention Phase 1
cud
pog
kig
hup
jat

Intervention Phase 2
jot
kip
jid
pad
tug

Intervention Phase 3
jap
jip
pam
pat
kit

Participant B

pad
dug
jap
pog
kit

pam
jop
jid
jip
kig

N/A

Participant C

cud
jip
pam
pad
tug

pom
hup
jat
kit
kig

jod
kip
jid
gup
dug

Participant D

jod
pad
pat
hup
kig

tug
kit
dug
pam
jip

jat
gup
cud
jid
jat

Participant E

jot
jop
pam
jid
tug

dug
pog
pad
kip
kig

cud
jat
jod
pom
gup

Participant A

Note. Words were selected based on the students’ responses during the preceding probe sessions.
Each set had a unique combination of words.
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Design
A multiple probe design (Horner & Baer, 1978) was used across participants to test the
effects of learning to vocally segment the component phoneme from composite words on (a)
textual responses, (b) dictated spelling responses, (c) vocal phoneme blending responses, (d)
transformation of stimulus function across saying and writing and (e) untaught vocal phoneme
segmentation responses. Each participant received a minimum of two preintervention probes in
order to control for maturation as a source of increased correct responses. Participants entered
the intervention in a delayed manner with each participant only beginning the intervention after
the previous participant had completed the intervention. Each intervention set was unique,
meaning no participant received the same combination of words as another participant.
Interobserver Agreement
IOA was collected and calculated in the same manner as Experiment I. IOA for all
participants is summarized in Table 13.
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Results
The functional relation between the vocal phoneme segmentation intervention and the
acquisition of correct textual and spelling responses found in Experiment I, Phase 1, was
replicated in this study. Additionally, data recorded during regular class instruction before and
after the intervention showed that vocal phoneme segmentation established the relevant
composite-to-component stimulus control that allowed the participants to learn from learn unit
instruction. Results for the test of transformation of stimulus function from saying to writing the
names of the stimuli were varied across participants and are discussed in this section.
Research Question 1
The first question in this experiment was to test if a new group of children with the same
difficulties would acquire textual responses, spelling responses, and vocal phoneme blending as a
function of the intervention.
Textual responses. During the first preintervention probe sessions Participants A, B, C,
D, and E emitted 0, 3, 0, 0, and 2 correct textual responses, correspondingly (see Figure 8,
Appendix L). During the second preintervention probe, Participants A, C, D, and E produced the
same number of correct responses as the first preintervention probe. Participant B’s number of
correct responses decreased from 3 to 2. After learning the first set of vocal segmentation
responses, Participants A and C both emitted 0 correct responses, Participants B, D, and E
increased correct responding to 13, 3, and 6, respectively. All participants’ correct number of
textual responses increased after learning to segment component phonemes in the second set of
words. Participants A, B, C, D and E’s correct responses increased to 5, 17, 8, 8, and 14, in that
respective order. Participant B emitted the criterion level of correct responses and did not receive
any intervention sessions after this probe. After learning the third set of vocal segmentation

80

	
  
responses, correct responding increased across Participants A, C, D, and E’s responses to 14, 18,
16, and 16 during the probe session conducted. Participants C, D, and E emitted criterion level
responding and did not receive any more intervention sessions. Participant A emitted correct
vocal phoneme segmentation responses for all of the 20 CVC words, however the latency
between the antecedent and completion of the participant’s response was long (mean 10.75 s,
range 4-28 s). The rate criterion of completing a response within 2 s of receiving the full
antecedent was used for the next instructional phase. Participant A’s correct textual responses
increased to 18. During the novel word postintervention probe session, Participants A, B, C, D,
and E emitted 18, 12, 11, 11, and 16 correct textual responses. All participants emitted
significantly higher numbers of correct responses to the novel words when compared to
preintervention responding. These data strengthen the relationship between the independent
variable and the increase in correct responding across the dependent variable.
Dictated written spelling responses. The number of correct dictated written spelling
responses each participant emitted during pre and postintervention probe sessions are shown in
Figure 8 and Appendix M. During the first preintervention probe sessions Participants A, B, C,
D, and E emitted 5, 13, 0, 0, and 0 correct dictated written spelling responses. Participant B, C,
D, and E emitted the same number of correct responses during the second preintervention probe.
Participant A’s correct responses decreased from 5 to 2 during the second preintervention probe.
After learning to vocally segment the first set of words Participants A and B emitted 19 and 16
correct responses. Both of these responses met predetermined criterion. The participants still
received the intervention, but did not complete another postintervention probe using these stimuli
in order to limit the number of exposures to the stimuli. Participants C, D, and E’s correct
responding increased to 1, 4,and 6, in that respective order, after learning to segment the first set
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of stimuli. Participants C, D, and E’s correct responses increased to 7, 14, and 8 after learning to
segment the second set of stimuli, and increased to 12, 20, and 15 after learning to segment the
third set of stimuli. Participants C and E emitted a pattern of incorrect responding in their
spelling where similarly formed letters were substituted for one another. A decision was made to
end the intervention because the error pattern suggested that the errors were due to an error in
stimulus control for phoneme-grapheme correspondence and not a lack of essential stimulus
control for dictated spelling. Participants A, B, C, D, and E emitted 19, 18, 14, 15, and 15 correct
dictated written spelling responses for the set of novel words. All participants emitted
significantly higher numbers of correct dictated spelling responses for novel words when
compared to preintervention responding.
Vocal phoneme blending. The number of correct vocal phoneme blending responses
emitted during pre and postintervention probes are shown in Figure 8 and Appendix N. During
the first preintervention probe sessions Participants A, B, C, D, and E emitted 0, 3, 0, 1, and 0
correct responses. Participants A and C’s correct responses remained at 0 in the second
preintervention probe. Participants B and C’s correct responses decreased to 2 and 0 in the
second preintervention probe. Participant E’s correct responses increased to 2 in the second
preintervention probe. A third preintervention probe was conducted for Participant E and her
correct responses remained stable with 2 correct responses. After acquiring the first 5 vocal
segmentation responses, Participants A, B, D, and E’s correct responses increased to 4, 10, 5, and
6, in that respective order. Participant C’s responses remained at 0 correct. After learning the
second set of vocal phoneme segmentation Participants A, B, C, D, and E’s correct responses
increased to 6, 12, 4, 6, and 10, in that respective order. Participant B had emitted criterion level
correct responding across textual responses and dictated written spelling and therefore did not
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receive any additional intervention sessions. After learning the third set of vocal phoneme
segmentation responses Participants A, C, D, and E’s number of correct responses increased to 9,
10, 11, and 10. Participant A was taught to vocally segment previously acquired vocal phoneme
segmentations within 2 s. After the rate training, Participant A’s correct responses increased to
18. The bidirectionality between component and composite vocal responses emerged when the
response is fluent (i.e., with a short response latency).
Research Question 2
The second question aimed to examine if the vocal segmentation intervention established
the relevant stimulus control for students to learn new textual responses through instruction. All
participants did not acquire textual responses through instruction before the intervention (see
Figure 11). Participants A’s and B’s cumulative number of correct responses before the
intervention had a low slope and Participants C, D, and E’s cumulative number of correct
responses before instruction had no slope. After the intervention all of the participants’ numbers
of cumulative correct responses had a steep slope indicating that the intervention established the
relevant stimulus control for learning to occur.
Research Question 3
The third question was to examine if the vocal phoneme segmentation intervention
transformed the stimulus function from saying to writing. Figure 10 shows the number of correct
responses in which participants wrote the name of the novel cartoon stimuli in Appendix H.
Transformation of stimulus function from saying to writing. Participants A, B, C, D,
and E emitted 1, 3, 0, 0, and 0 correct responses during the first preintervention probe, in that
respective order. Participants B, C, D, and E’s responses remained stable in the second
preintervention probe. Participant A’s correct responding increased to 2 responses in the second
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preintervention probe. A third preintervention probe was conducted for Participant A; she
emitted 1 correct response in this probe. After learning the first set of vocal segmentation
responses, Participants A, B, C, D, and E emitted 4, 2, 0, 0, and 0 correct responses. A second
postintervention probe was conducted after learning an additional set of vocal segmentations.
Participants A, B, C, D, and E emitted 3, 3, 11, 1, and 1 correct response during the second
postintervention probe. After learning the third set of vocal segmentation responses, Participants
A, C, D, and E emitted 5, 3, 5, and 1 correct responses, correspondingly.
Vocal Phoneme Segmentation of Taught and Untaught Words
Figure 9 shows each participant’s correct and incorrect vocal phoneme segmentation
responses to operants that were taught and operants that had not been taught during the
intervention sessions. These data replicated the findings of Experiment I, Phase 1 and II, that
teaching vocal phoneme segmentation for a set of words resulted in the abstracted stimulus
control for vocal phoneme segmentation for words with the same consonant and vowel patterns.
Vocal Phoneme Segmentation Intervention
Figure 12 shows the instructional sessions for the independent variable. Participant A
demonstrated mastery for vocal phoneme segmentation after learning 2 sets, but did not answer
fluently until receiving instruction for an additional set and required instruction for fluency.
Participant B required two instructional sets, similar to the participants in Experiment I.
Participant C emitted 0 correct responses during the first intervention session. A 0-s time-delayed
errorless learning tactic (Halle, Marshall, & Spradlin, 1979) was used to teach the first five-word
set of vocal segmentation responses. The 0-s time delayed was used until the participant emitted
100% correct responses across 2 consecutive sessions. The tactic was removed and instruction
for the set of five words was resumed until the participant emitted 90% correct responding in a
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single session. Participant B emitted an error pattern during instruction for the third set of words,
specifically discriminating between the final consonants in similar words (e.g. kig, kip, kit). A
tactic to increase the number of response opportunities for those words was implemented.
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Figure 8. This graph shows the number of correct (a) textual responses, (b) dictated written
spelling, and (c) vocal phoneme blending responses. Each of these responses emerged after the
intervention. The black line indicates that intervention sessions occurred between the phases. The
dashed line indicates that the materials were changed and no intervention sessions took place.
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Figure 9. This graph shows the number of correct vocal phoneme segmentation responses.
During the probe session participants listened to a composite word and vocally produced the
component phonemes.
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Figure 10. These bars show the number of correct responses for the measure of transformation of
stimulus function across saying (tacting the images) and writing (spelling the name of the
image). During this probe the participant was shown an image of a cartoon with a contrived CVC
name. Participants were taught the names of the images prior to the intervention. During this
probe, participants emitted spelling responses under the control of the picture stimuli.
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Figure 11. This figure shows the cumulative number of correct responses to learn units pre and
postintervention. Each data point moves up the Y-axis after each correct response. The steep
slope seen after each phase-change line indicated that the participants’ behavior was sensitive to
change from instruction after the intervention was completed.
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Figure 12. This figure shows the data points plotted for each intervention session. During
fluency phases, previously mastered operants were taught and reinforced if emitted within the
fluency criterion. Participant C emitted an error pattern with set 3, increased opportunities to
respond were given for those operants.
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Discussion
The results of this study confirmed the findings from Experiment I. All participants in
this study did not learn textual responses or dictated written spelling responses through
instruction before the intervention. After the interventions correct textual responses, dictated
written spelling responses, and vocal phoneme blending responses emerged as a function of
learning composite-to-component vocal phoneme segmentation. The participants acquired the
composite-to-component vocal phoneme segmentation repertoire after receiving instruction for
segmenting the phonemes in sub-sets of words. All participants emitted high numbers of correct
textual responses and spelling responses to novel words during the final postintervention probe
session. These responses showed that the stimulus control for textually responding and spelling
was abstracted to novel words. The additional preintervention probe conducted before this
experiment strengthened the relationship between the independent and dependent variables by
controlling for maturation.
Data displayed in Figure 11 show the participants’ cumulative number of correct and
incorrect textual responses during instruction before and after the intervention. Postintervention
instruction continued until the participants demonstrated mastery for that particular textual
responding objective. Instruction stopped once the participant demonstrated mastery for the
objective. These data show that the vocal segmentation intervention established the relevant
stimulus control that allowed the participants to learn new textual responses from instruction.
While each participant required different numbers of learn units to master the textual responding
objective (see Appendix O), the overall low number of required learn units suggests that teaching
CCVC textual responding through direct learn unit instruction could be more efficient since it
could occur in a group rather than a one-to-one setting.
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In Experiment I all of the participants learned to vocally segment the component
phonemes in two sets of words in order for correct component and composite responses to
emerge across the untaught response topographies. In this experiment Participant B required two
sets and Participants A, C, D, and E required three sets. There were several possible explanations
for the variability in the number of interventions sets required across participants. Three of the
participants in this study learned English as a second language and therefore had existing
instructional histories for different phoneme-grapheme correspondence. These participants had
difficulty emitting the component phonemes possibly because their native language did not
include some of the vowel sounds targeted in this intervention (Brice, Carson, & O’Briend,
2009; Cho & Park, 2006; Goldstein & Washing, 2001). In this experiment there was also more
variability among the participants’ verbal behavior developmental cusps and capabilities, which
could also have affected the need for variations in instruction during the intervention (Frank,
2018). Three of the participants qualified for government subsidized free or reduced lunches.
Low socioeconomic status and language differences are both factors in the rate of acquiring
reading skills (Carroll et al., 2005; Heaton & Winterton, 1996).
There were some procedural differences in the instruction for the independent variable
across participants. Participant C did not emit any correct responses during the first intervention
session and a 0-s time delay was used in the same manner as it was used for Participant B in
Experiment I, Phase 1. Participant C demonstrated an abstraction of stimulus control for
untaught vocal phoneme segmentations during probe sessions which indicated that the 0-s time
delay tactic established the relevant stimulus control for vocal phoneme segmentation.
Instruction was delivered for decreasing the response latency during vocal phoneme
segmentation for Participants A, C, and D. Participants B and E did not require any additional
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instruction for vocally segmenting the component phonemes in composite words under 2 s.
Figure 8 displays Participant A’s textual responses and vocal phoneme blending responses before
and after fluency instruction occurred; no additional vocal phoneme segmentations were taught
in between those sessions. These data show that fluency of composite-to-component responding
is a factor in the transformation of component and composite responding across vocal and
written stimuli.
An additional measure was added to test for a transformation of stimulus function across
saying and writing. The participants could tact the cartoon stimuli (Appendix H) before the
intervention and the emergence of correct written responses after the intervention would indicate
that the stimulus control had transferred from saying the name of the stimulus to writing the
name of the stimulus. However, during this probe session self-dictation occurred wherein the
participants wrote down the graphemes that corresponded with their own speech. During the
dictated written spelling probe the participants wrote down the graphemes that corresponded
with the speech of the instructor. Participants A and D demonstrated a full transformation of
stimulus function to written behavior and emitted correct responses for all five of the stimuli.
Participants C and E showed a transfer of some stimulus control, while Participant B’s
responding did not change after the intervention. The errors each participant emitted during
postintervention responding reflected the articulation errors made by the participant (e.g., writing
‘jid’ instead of ‘jit’). These data suggest that the accuracy of one’s echoic repertoire (i.e., the
point-to-point match between the speech of two speakers) plays a role in the transformation of
stimulus function across vocal and written repertoires.
It is possible that the 80 learn units of instruction did affect the maintenance of phonemegrapheme correspondence for the participants. Participants C, D, and E needed a large number of
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learn units to acquire and maintain phoneme-grapheme correspondence for the targeted
graphemes before the intervention. Participant D required some re-teaching of the graphemes m,
p, and u after the intervention and Participant E needed additional instruction for the grapheme u
(she told the experimenter that she ‘forgot the letter’). Since all participants in Experiment II had
fewer exposures to graphemes in the shortened screening procedure this may have been a factor
in the poor maintenance for those three participants
One limitation in this study was the amount of time required for all participants to enter
and receive the intervention. Initially participants entered the study as they acquired the
phoneme/grapheme correspondence for the target phonemes. However, Participants D and E
acquired those skills close together. An instructional design using dyads would have given the
participants access to the intervention sooner. Another limitation in this study was the lower
numbers of IOA compared to the first study. Although IOA did not regress below 30% for any of
the measures, the classroom structure in Experiment II made it more difficult for two instructors
to conduct sessions with IOA than it had been during Experiment I. The use of video or audio
recording equipment to conduct IOA was not viable in this experiment as it was difficult to
distinguish between certain phonemes from recordings.
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CHAPTER IV
GENERAL DISCUSSION
In Experiments I and II, I trained students who could not learn to textually respond and
spell to listen to a set of composite words and vocally segment the component phonemes in those
words. After teaching each set of vocal phoneme segmentation responses, I measured the number
of correct textual and spelling responses as well as other collateral behaviors. The purpose of
these experiments was to identify the sources of stimulus control for textual responding and
dictated written spelling for students who presented with the particular learning problems like the
ones I studied, and find an intervention to establish the relevant stimulus control.
In Experiment I, Phase 1, I found that correct textual responses, dictated written spelling
responses, and vocal phoneme blends emerged after the intervention without any direct training
for those responses. Previous research has shown that ‘collateral behaviors’ can emerge as a
function of acquiring another operant (Cameron, 2018; Choi, Greer, & Keohane, 2015; Du et al.,
2017; Gautreaux, 2005; Greer, Yuan & Gautreaux, 2005; Lyons, 2014). The function of the
operant transforms to other related functions and causes untrained collateral behaviors to emerge.
Textual responses, dictated written spelling responses, and vocal phoneme blends were collateral
behaviors that emerged because the participants had acquired the operant behavior of segmenting
the component phonemes in a composite word. When collateral behaviors emerge, it can be a
function of a single stimulus eliciting multiple responses or multiple stimuli eliciting a single
response. Each of the dependent variables tested in this experiment involve responses in a vocal
or written topography to stimuli in printed or auditory form.
In Experiment I, Phase 2, each of the participants emitted variable numbers of correct and
incorrect responses for CCVC words after learning to vocally segment the phonemes in CVC
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words during Phase 1. This suggested that the learning history and capabilities of each
participant played a role in the abstraction of stimulus control for composite-to-component vocal
phoneme segmentation from CVC words to CCVC words. These results align with Lyons’
(2014) findings that some children will acquire collateral responses after learning the compositeto-component segmentation as a listener response and Cameron’s (2018) finding that some
require direct training as a speaker. In Experiment I, Phase 2, each participant emitted the lowest
number of correct responses during the preintervention probe session for vocal phoneme
segmentation. Participants A and B deleted the second consonant in CCVC words entirely during
vocal phoneme segmentation, while Participant C responded to the two initial consonants as a
single unit of sound (e.g., segmenting stop as st/o/ p). After the participants learned to vocally
segment each of the four phonemes in CCVC words, correct responses emerged across all of the
dependent variables. During the intervention, the participants learned to discriminate between
phonemes in a word and therefore could identify the phonetic parts of the word. This highlighted
that the collateral behaviors emerged for CCVC words as a function of learning the componentto-composite relationship between phonemes and words.
Experiment II was a systematic replication of Experiment I, Phase 1 (Sidman, 1960).
Participants with the same difficulties in learning to textually respond and spell were taught to
vocally segment the component phonemes in sets of composite words and collateral responses
emerged in the same manner as in Experiment I. These data strengthened the internal validity of
the intervention as well as the external validity since some conditions had changed. The
participants in Experiment II were given intervention sooner after demonstrating difficulties with
learning and the intervention had the same effect on untrained responses. Experiment I only
examined the emergence of correct untrained responses. Textual responses had been selected as
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dependent variables since they were not learned from instruction during the intervention; no
direct teaching occurred during the intervention. Therefore, the data in Experiment I did not
specifically address whether the intervention changed how the participants learned new operants.
Lyons (2014) found that teaching participants the composite-to-component segmentation
responses as a listener accelerated the rate of learning new textual responses. Experiment II
demonstrated that establishing the operant behavior for listening to a composite word and
vocally producing the segmented component phonemes (i.e., a speaker response) also established
the stimulus control that allowed the participants to learn new textual responses from instruction.
Lyons (2014) and Cameron (2018) showed that textual responding to phonetically
transparent words was mediated by speaker-as-own-listener responses. These studies described a
learning sequence where a reader initially listens to his or her own overt production of the
component phonemes and then emits the composite word and over time is able to covertly emit
the behavior. It has been suggested that a similar process occurs in spelling whereby a writer
dictates each sound to one’s self and then transcribes the sound (Cameron, 2018; Lyons, 2014;
Mayer et al., 2007). During the dictated written spelling probe sessions in Experiment I the
participants were observed vocally segmenting the word while transcribing many of the words
during the session. In Experiment II, during the probe sessions for transformation of stimulus
function from saying to writing, the participants were required to say the name of the printed
cartoon before spelling the name. During these probe trials the participants were required to
listen to their own speech in order to emit the spelling response. The results aligned with
previous research that showed that the participants’ written responses matched their own
articulation of the stimuli names, including errors in producing the names of the stimuli (Treiman
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& Bowman, 2015) and provided a measure for the role of speaker-as-own-listener behavior in
spelling.
Implications
The findings of these two experiments corresponded with research in the field of reading
showing that phoneme segmentation is a strong predictor for developing early reading and
spelling skills (Boyer & Ehri, 2011; Muter et al., 1998; Nation & Hulme, 1997). Muter et al.,
(1998) found that phoneme segmenting was more predictive of early reading and spelling skills
than Intelligence Quotient (I.Q.). However, between many of the studies on phoneme
segmentation there is a great deal of variability in what defines phoneme segmentation (i.e., the
type of skill that is taught). Additionally, programs that teach phoneme segmentation
simultaneously teach students to use 3-dimensional materials or physical body movements along
with the skill, making it difficult to distinguish which part of the intervention is effective (Boyer
& Ehri, 2011; Elkonin, 1963; Tyler, Osterhouse, Wickham, McNutt, & Shao, 2014). The results
of Experiments I and Experiments II trained phoneme segmentation by teaching the participants
to listen to a component word and vocally produce each component in the absence of another
stimulus or behaviors. The results of this study imply that it is likely the learned relationship
between composite words and their component parts that facilitate the development of reading
and writing skills.
Previous studies on teaching the segmentation of composite words have supported the
notion that collateral behaviors are more likely to develop if phoneme-grapheme correspondence
is already learned (Ball & Blachman, 1985; Boyer & Ehri, 2011; Byrne & Fielding-Barnsley;
1989, Muter et al., 1998). Byrne and Fielding-Barnsley (1989) posited that phoneme-grapheme
correspondence combined with phoneme awareness skills are needed for a child to acquire the
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alphabetic principle. The alphabetic principle is often defined as an ‘understanding’ that spoken
words are made up of smaller units of sound, which correspond to print (Bochner, 2012; Gillon,
2004; National Early Literacy Panel, 2008; National Reading Panel, 2000; Vellutino & Scanlon,
2002). A heuristic approach to the alphabetic principle is to view it as establishing a relationship
between speech and print (Catania, 2013). The results of Experiments I and II, along with
research by Lyons (2014) and Cameron (2018) suggest that the relationship between speech and
print can be established by teaching the correspondence between composite words and their
component phonemes to children that demonstrate phoneme-grapheme correspondence. Each of
the dependent measures in Experiments I and II required the participants to respond to
component and composite forms of printed and spoken words. After learning the relationship
between spoken composite words and their component phonemes, the participants could respond
to the component and composite parts of spoken and printed words. These findings suggest that
the component and composite relations between whole words, in both printed and spoken form,
and their parts may be the source of essential stimulus control for textual responding and
spelling.
Skinner’s (1957, p.66) discussion of early reading instruction included a description of
how reader behavior must shift from having procedural functions (seeing and saying responses to
words) to having verbal functions (print affects the behavior of the reader). These verbal
functions require the reader to establish a relationship between the printed word, spoken word,
and previously established listener behavior. For example, a reader may see the printed word cat,
say the word cat, and listen to his or her own speech several times before stating, “a cat has fur
and whiskers.” During the probe sessions for transformation of stimulus function across saying
and writing, the participants were emitting newly emerged spelling responses with verbal
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behavior that had been established before the intervention. This suggests that behaviors with
verbal function may develop from this intervention. Anecdotally, some of the participants would
ask for the meaning of a word or create their own meanings for words read during the probe
sessions for textual responding. These behaviors also support the notion that the collateral
behaviors that emerged after the intervention had a verbal function.
Difficulties with reading and writing that occur early in children’s education at the word
level often persist across grades and inhibit the development of other literacy skills (Elliott &
Grigorenko, 2014; Stanovich, 1986). Bochner (2012) emphasized the need for identifying
children with deficits in phonological and phonemic awareness early in their education and
providing those children with interventions that are individualized. Interventions need to be
individualized for the specific learner in terms of their learning capabilities (Cameron, 2018;
Lyons, 2014) as well as the particular error in stimulus control that results in the learning deficit.
In Experiments I and II, the error in stimulus control was remediated by teaching the participants
to listen to composite words and segment the component phonemes. The intervention was
individualized for each participant by using errorless learning tactics (Halle, Marshall, &
Spradlin, 1979), different numbers of instructional sets, and fluency training (Lindsley, 1992).
The results demonstrated that students who demonstrate phoneme-grapheme correspondence but
do not learn to read and spell, can learn after the essential stimulus control for responding is
established through the vocal phoneme segmentation intervention.
Limitations
In Experiment I a single preintervention probe session was conducted across each of the
dependent variables. Although the students had not demonstrated learning for textual responding
or spelling after 80 instructional sessions conducted over the course of several days, the use of a
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single preintervention probe did not provide enough control for maturation of the participants.
This limitation was addressed in Experiment II; each participant began the intervention after
demonstrating stable levels of responding across a minimum of two preintervention probe
sessions.
Across both Experiments I and II all of the participants were female. Although the
specific degree of differences in learning to read between male and female genders is debated
(Quinn & Wagner, 2016) a sample that would have included both boys and girls would have
been ideal. One potential reason for the homogeneity of gender in this sample was due to the
nature of classroom. The participants in both studies were selected from a single inclusive
general and special education classroom. A large number of boys in the classroom during both
school years had been students in the district preschool program and a large number of girls had
attended local daycares or preschool programs. The district preschool’s curriculum included
instruction for a) phoneme-grapheme correspondence, b) phonological awareness skills, and c)
phonemic awareness skills. Research has shown that early training in skills related to these skills
were predictive of success in reading in later grades (Alexander et al., 1991; Bond & Dykstra,
1967; Brady, Fowler, Stone, & Windbury, 1994; Chall, 1967; Ehri, 1992; Rack, Hulme,
Snowling, & Whitman, 1994). It is possible that the instruction delivered to most of the boys in
the classroom in preschool was a factor in the sample of students that did and did not
demonstrate difficulties learning to read and write in kindergarten.
Future Research
In Experiment II, a participant initially selected for the intervention was dropped from the
study after she was not learning the vocal phoneme segmentation responses for some of the
words in her intervention set. The participant was emitting a specific error pattern in which she
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was substituting the phonemes g and d with the phonemes k and t, correspondingly, when that
phoneme was the final sound in the word (e.g., pronouncing kig as kick and cud as cut). This
particular sound substitution is called final consonant devoicing. Final consonant devoicing has
been seen children between 2 and 3-years-old, bilingual English and Spanish speakers, and in
different dialects of American English (Dyson, 1988; Goldman & Swasey Washington, 2001;
Moran, 1993; Treiman & Bowman, 2015; Wolfram & Schilling-Estes, 2015). Because the
participants devoiced the final consonants in these words, the component phonemes did not
match the composite word (i.e., there was no point-to-point match between the phonemes and the
word). Instruction was modified to directly teach a) textual responses, b) dictated written
spelling, c) vocal phoneme segmentation, and d) vocal phoneme blending responses for a single
set of words. Directly teaching each of those responses established the correspondence between
the component parts of the word and the composite word, despite the phonemes sounding
dissimilar in the participant’s articulation of the word. After teaching these responses for three
sets of words, the participant learned new textual responses during learn unit instruction in the
same manner as the participants in Experiment II (see Appendix P). These data support the
findings that learning the relationship between composite words and their component parts
established the stimulus control needed to learn from instruction. These data also support the
notion that difficulties in learning to read are idiosyncratic. Identifying the essential stimulus
control for reading allows instructors to deliver instruction that is distinctive to the learner’s
missing instructional histories that are the source of difficulty in learning to read.
Adding an assessment for echoic responses (i.e., point-to-point matching of the phonemes
between the words of the participant hears and says) before the intervention could have indicated
that the intervention in Experiment II would not have been effective for the dropped participant.
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Including an assessment of echoic responding in the future could inform instructors if the
prerequisite skills are present for a particular intervention and inform the type of intervention
selected for a particular learner. Information about error patterns in echoics may also inform
instructors about which words should be targeted during the intervention. Ten of the words
targeted in this study had g, d, or t as the final consonant. Changing the words targeted during
intervention to words sets without final consonants that are often devoiced would modify
instruction in a manner that is culturally responsive to different dialects (Bailey Austin, 2015;
Hill, 2009; Hollie, 2013; Wheeler & Swords, 2006).
In Experiment I, Phase 2, instruction for CCVC vocal phoneme segmentation was taught
after the participants had learned to segment CVC words. Previous studies have also shown that
separate instruction is needed in order to acquire textual and spelling responses for CCVC words
(Boyer & Ehri, 2011). In Prager’s (2007) study, the instructional sequence of Reading Mastery®
was rearranged to teach textual responses for words containing more letters earlier in instruction.
Future research could include instruction for vocally segmenting the phonemes in CVC and
CCVC words earlier in instruction in order to target an abstraction of stimulus control across
three and four phoneme words earlier in instruction. Prager’s (2007) study compared CV, VC,
CVC, and CVVC words that contained between two and three phonemes, so it is also possible
that responding to words with three phonemes is a prerequisite skill for responding to words with
four phonemes. Future studies could compare the sequence used across both phases in
Experiment I, with a new sequence teaching vocal phoneme segmentation to word sets that
include CVC and CCVC words.
Conclusion
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The results of Experiments I and II show that teaching the composite-to-component
correspondence between words and phonemes through the vocal phoneme segmentation
intervention resulted in the emergence of other component-composite behaviors for printed and
spoken words. The participants emitted correct a) textual responses, b) spelling responses, and c)
vocal phoneme blends as a function of learning to listen to a composite word and vocally
segment the component parts. Furthermore, the results from Experiment II showed that learning
the composite-to-component correspondence between words and phonemes established the
necessary stimulus control to learn textual responses in a way that was not previously possible.
While the emergence of behaviors with true verbal function was not clearly established in these
experiments, the results suggest that further research could establish that relationship. The
present study identified that establishing the relationship between composite words and their
component parts establishes the essential stimulus control for textual responding and spelling.
The identification of this stimulus control is an important step that can help educators develop
and implement interventions for the idiosyncratic difficulties that children demonstrate in
learning to read and write.
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Appendix A

Prepared data sheet used during pre and postintervention probes for Experiments I and II
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Appendix B

Prepared data sheet used during pre and postintervention probes during Experiment II.
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condcuted across all 20
CVC words for:
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Phase II

This flowchart described each probe session conducted across Phases I and II in Experiment I
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Appendix D
Phase 1

Participant A PostSet 1
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PostCCVC

15
10
Number of Correct Textual Responses

5
0
Participant B
Pre-

20

PostSet 1

PostSet 2

Novel
Set

PreCCVC

PostCCVC

15
10
5
0
Pre-

Participant C
20

PostSet 1

PostSet 2

Novel PreCCVC
Set

PostCCVC

15
10
5
0
1

2

3

4

5

Probe Sessions

6

7

8

9

Participants A, B, and C’s correct textual responses to CVC and CCVC words in Experiment I.
These correct textual responses were untaught and emerged as a function of the vocal
segmentation intervention.
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APPENDIX E

Phase 2

Phase 1

Number of Correct Dictated Written Spelling Responses
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Participants A, B, and C’s correct dictated written spelling responses. across CVC and CCVC
words in Experiment I. These correct responses were untaught and emerged as a function of the
vocal segmentation intervention.
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APPENDIX F
Phase 1

Number of Correct Vocal Phoneme Blending Responses
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Participant’s A, B and C’s correct vocal phoneme blending responses to CVC and CCVC words
in Experiment I. During the probe, the experimenter presented thee component phonemes and
the participant emitted the corresponding component word (e.g., c...u...d...cud).
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APPENDIX G
Participant A
PreNumber of Incorrect Responses Containing Three Phonemes

20
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PostCCVC
Set 1

Textual Responses
Dictated Written Spelling
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The bars on the graph show the number of errors across (a) textual responses, (b)
dictated written spelling responses, (c) vocal phoneme segmentations, and (d) vocal phoneme
blends, which contained three phonemes or graphemes. Stimuli used in the first portion of
Experiment I were CVC words and contained three phonemes. Words in these sets were CCVC
words that contained four phonemes. These responses suggest that responses did not generalize
from CVC to CCVC responding across all repertoires and participants.
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APPENDIX H
Novel Visual Stimulus

Name of Stimulus
Pim

Gam

Jit
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Cag

	
  	
  

	
  

Dut

Note. These images were taught to each participant before the intervention using lean unit tact
instruction. Instruction was conducted in 20 learn units sessions. The names of the stimuli were
CVC words that contained the targeted graphemes and phonemes. One exemplar of each was
used during probe sessions. Multiple exemplars were created for each character in order to rotate
the irrelevant features (size, color) and maintain the relevant features (form). Using multiple
exemplars reduced the likelihood that the participant would emit a response to an irrelevant
feature (e.g., write ‘red’ for a character that was the color red rather than writing the name of the
character).
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APPENDIX I

Data sheet used to test for the abstraction of stimulus control for textual responding and spelling
to novel words that were not used during the intervention or probe sessions.
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Appendix J

Data sheet used to record the participants’ correct and incorrect responses during the probe for
written responses under the control of visual stimuli.
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APPENDIX K
am
at
cam
cat
com
cot
dam
did
dig
dim
dit
dom
dot
gam
gat
git

got
had
ham
hat
him
hit
hog
hot
id
ig
im
it
lad
lam
lim
lit

lot
mad
mag
mat
mid
mit
mod
mom
om
ot
tad
tag
tam
tid
tim
tod

gom
log
tom
tot
ad
ag
cad
cag
cod
dad
dag
dog
gad
gag
od
og

The words in this list were used during instruction across all Participants before and
after the intervention.
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APPENDIX L
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Participants’ correct textual responses to CVC words in Experiment II. These correct textual
responses were untaught and emerged as a function of the vocal segmentation intervention.
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APPENDIX M
Post- Novel
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Participants A, B, and C’s correct dictated written spelling responses. across CVC and CCVC
words in Experiment I. These correct responses were untaught and emerged as a function of the
vocal segmentation intervention.
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APPENDIX N
Participant A
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Participants’ correct vocal phoneme blending responses to CVC words in Experiment II. During
the probe, the experimenter presented thee component phonemes and the participant emitted the
corresponding component word (e.g., c...u...d...cud).
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APPENDIX O
Participant
A
B
C
D
E

Number of Learn Units to Master Reading Objective
20
29
30
52
25

Number of learn units delivered during instruction after the intervention. Instruction continued
until the participant demonstrated mastery of the textual responding objective.
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APPENDIX P

Cumulative Number of Correct Responses to Learn Units Presented
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Learn Units Presented

A Participant was dropped from Experiment II when she was not learning the vocal phoneme
segmentation responses during the intervention sessions. A modified MEI instruction was
delivered across a) textual responding, b) dictated written spelling, c) vocal phoneme
segmentation, and d) vocal phoneme blending. After learning these responses for three sets of
words, the participant demonstrated learning during learn unit instruction for textual
responding.
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