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Abstract
PHONEMIC AWARENESS INSTRUCTION: EFFECTS OF LETTER
MANIPULATION AND ARTICULATION TRAINING ON LEARNING TO READ
AND SPELL
by
Nancy E. Boyer
Adviser: Professor Linnea Ehri

This study investigated the effect of two types of phonemic awareness instruct
on learning to read and spell words. English speaking preschoolers were taught to
segment words into phonemes using either letters or letters combinedtiitfaton
pictures. Participants possessed letter name knowledge but were nonread#ss prior
training. Triplets were formed based on similar scores on the segmentationeadirgyr
and vocabulary pretests and members were randomly assigned to three condigons: le
manipulation only (LO), letter manipulation plus articulation (LPA), and no tieatm
control conditions. LO children were taught letter-sound correspondences and use of
letters to spell phonemes in words. LPA children received LO training and troaddi
the use of articulatory pictures to spell phonemes. Control children remained in their
classrooms.

Posttests were administered one and seven days after training ended. The three
groups were compared in their ability to segment words into phonemes, to learn to read a
set of words over trials, to decode nonwords, to invent word spellings and to repeat
nonwords. Binomial logistic regressions and ANCOVAs were computed to assess t

effects of training. Results demonstrated that trained children outperfeongdls in



phoneme segmentation, spelling, word learning, nonword decoding and nonword
repetition. LPA children outperformed LO children in spelling on the one-day fosttes
but not on the seven-day posttest. LPA children outperformed LO children in phoneme
segmentation and word learning at both tests points and in nonword decoding on the one-
day posttest. Trained children demonstrated equivalent performance on the one-day
nonword repetition posttest

The results help to clarify the phonemic processes that underlie and support
reading words from memory, as portrayed in Ehri’s (1995) theory of sight worgngar
The favored explanation for the effect of articulatory training on word learnthgtist
enhanced the identities of phonemes within phonological representations and thid allowe
phonemes to become more securely attached to letters as connections wedtalforng
word learning. Superior performance of treatment groups over controls inmgpeat
nonwords suggests that learning to represent phonemes with letters improves

phonological short-term memory.
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Chapter 1
Introduction

Young children must overcome a number of challenges on their way to becoming
skilled readers. The first major challenge faced by beginning reafdany alphabetic
language, such as English, is the discovery of the alphabetic principien@&arly
Literacy Panel, 2008; Snow, Burns, & Griffin, 1998). The alphabetic principle involves
the knowledge that letters in written words systematically represesbunds in spoken
words. The ability to understand and use the alphabetic principle is criticahtbng
development because it provides the foundation necessary for the acquisition of skilled
decoding ability. Children who fail to master the alphabetic principle will encounte
difficulties with word recognition and text comprehension.

Mastery of the alphabetic principle depends on the acquisition of phonological
awareness skill, specifically phonemic awareness (Adams, 1990; Byrnédénérie
Barnsley, 1989; Snow et al, 1998). Phonemic awareness is a meta-linguistitskill w
involves the understanding that, within the English language, spoken words are
constructed of sequences of phonemes. When children possess phonemic awareness they
are able to attend to and manipulate the phonemes in spoken words (Liberman,
Shankweiler, Fischer, & Carter, 1974).

Research investigating the relationship between phonemic awarenessdamgl rea
ability has consistently demonstrated the important role that phonemic assapdags in
reading development (Ehri, Nunes, Willows, Schuster, Shanahan, & Yaghoub-Zadeh,
2001). Correlational research has found that children’s level of phonemic awasldtiess
and letter name knowledge, at the start of kindergarten, are strongly peediateading

achievement througH'®grade (Juel, Griffith, & Gough, 1986; Share, Jorm, Maclean, &



Mathews, 1984). The National Reading Panel (Ehri et al, 2001) conducted a meta-
analysis of experimental studies involving phonemic awareness interventtfsuad
that instruction in phonemic awareness skill benefited students’ decoding, speibing
comprehension skill. However, the relationship is reciprocal. Studies have also shown
that the processes involved in learning to read and spell strengthen phonemmessvare
(Byrne & Fielding-Barnsley, 1993; Ehri & Wilce, 1980, 1987a; Hohn & Ehri, 1983;
Mann, 1986; Share et al., 1984, Perfetti, Beck, Bell, & Hughes, 1987; Perin, 1983;
Santoro, Coyne, & Simmons, 2006).

Whereas the majority of young children acquire spoken language withfhidtte e
the same is not true of phonemic awareness which requires direct instractioost
children to acquire. The difficulty in acquiring phonemic awareness may be dwee to t
way in which speech is perceived. Spoken language is perceived as an unbroken flow of
sound with no distinction between the individual phonemes in words. Adjacent
phonemes in spoken words are coarticulated making it difficult to pronounce the
individual sounds separately without distorting them (Liberman, Cooper, Shankweiler, &
Studdert-Kennedy, 1967).

Because of the importance of phonemic awareness to reading development and
the difficulty of acquiring phonemic awareness without explicit instructtaos
important to develop effective instructional programs aimed at fostering pilonem
awareness in beginning readers. It is generally agreed that phoneneaesgacan be
increased with instruction and that phonemic awareness skill can transfer b redii

spelling. However, there is a lack of agreement as to the most effective instalict



approaches for optimizing phonemic awareness development and its transfding rea
and spelling.

One approach to phonemic awareness training which has been found effective in
increasing phonemic awareness, reading and spelling skill involves the attersfih
order to mark the phonemes in words (Bradley & Bryant, 1983; Ehri & Wilce,1987a;
Hohn & Ehri, 1983; Uhry & Shepherd, 1993). According to the National Reading
Panel’'s meta-analysis (Ehri et al., 2001) phonemic segmentation trainimgctbdes
letters results in greater increases in phonemic segmentation, reading, angl sié!
than phonemic segmentation training that does not include letters. Includirgy letter
during phonemic segmentation training may foster the acquisition of phonemenagsr
because alphabet letters are visible, concrete representations of tlemtrsmsnds that
make up spoken words. In addition, letter markers may allow children to hold phonemic
segments in memory and to inspect and manipulate them during training (Lindamood &
Lindamood, 1998). Including instruction in letter-sound correspondences during
phonemic segmentation training may increase transfer to reading andgspeglli
facilitating the transition from spoken language segmentation to writtendgag
segmentation.

Another approach to phonemic awareness training that has been found to
effectively increase phonemic awareness, reading, and spelling skgaoednto no
training involves teaching children to attend to their articulatory movendentsy
phonemic segmentation training (Castiglioni-Spalten & Ehri, 2003; Ehri & 51881,
Lindamood & Lindamood, 1998). During articulation training children are taught to

attend to the shape and position of their mouth, lips, and tongue as they articulate specifi



phonemes. The effectiveness of articulation training for enhancing phonemenassr

instruction and its transfer to reading and spelling is consistent with tioe thebry of

speech perception proposed by Liberman (1999). According to Liberman, the individual

phonemes that occur during speech production are created by a series of laliguistic

specialized articulatory movements. These specialized articulatorymeateare

considered to represent the only invariants of the phonemes that make up speech. As a

result phonemes are perceived based on the articulatory movements used thereate

rather than by the sounds that are created by the artuculatory movementaghiber

1999; Liberman et al., 1967; Liberman & Shankweiler, 1985). Articulation training may

cause children’s phonological representations to become more segmental and phonemic

in nature which should facilitate children’s ability to segment words into phonemes
While both types of instruction have been shown to facilitate the acquisition of

phonemic awareness and transfer to reading and spelling, the exact nature of the

contribution made by each type of instruction is unclear. It is possible tleatdett

articulation training may each make a separate contribution to the devatopime

phonemic awareness, reading and spelling development. This was an issue of interes

within this dissertation study.

The focus of this study was on phonemic awareness instruction. Two forms of
instruction were compared in order to investigate the effect of training on the pbhonemi
awareness, reading and spelling ability of beginning readers. One group of preschoole
was taught phonemic segmentation combined with explicit instruction in letter-sound
correspondences and letter manipulation (Letter manipulation only or LO condif

second group was taught phonemic segmentation combined with explicit instroction |



letter-sound correspondences and attention to articulatory movements (Letter plus
articulation or LPA condition). A third no treatment control group received regular
preschool instruction in their classrooms.

A battery of pretests was administered in order to determine childremtslgy
for participation in the study. In order to participate, children were required $egs
limited phonemic awareness ability and be capable of using their letterddgmtio
function at Ehri’s (2005) partial alphabetic phase of word reading. The tasks
administered during the pretest session included a name writing task, adetiag task,
a phoneme segmentation task, a nonword reading task, a word reading task, a
developmental spelling task, a vocabulary task and a nonword repetition task.

Both instructional conditions consisted of correspondence training followed by
segmentation training. During correspondence training, children werd talagsociate
15 target sounds with the letters used to represent them. In addition, the LPA group was
taught associations between sounds and the articulatory movements usee theneat
During segmentation training, children were taught to use either letteodtoletters and
articulatory movements in order to segment words.

Following training, the three groups were compared in their ability to segment

words into phonemes, to learn to read a set of words spelled with target lettergatsyer t
to decode nonwords, to invent nonword spellings, and to repeat nonwords. Posttests were
administered one day and seven days after training ended. Binomial logjstgsiens,
a form of the generalized linear model, and ANCOVAs were computed in order te asses

the effects of training.



A question of interest in the study was whether segmentation training involving
articulatory movement pictures and letters would prove superior to segmenttiorgt
involving letters only for teaching phonemic segmentation to preschoolers. Further
guestions of interest involved whether the segmentation training would transfer and
facilitate sight word learning as well as nonword decoding performanegasfér was

expected in the word learning task but not in the decoding task.



Chapter 2
Literature Review
Phonemic Awareness

For normally developing children, the task of acquiring spoken language
competence begins early in the course of development and is accomplished v rela
ease (Garton & Pratt, 1998; Snow et al.1998). By the start of their formalieducat
children possess the basic speaking and listening skills necessarg¢tiveff
communication. During the early period of language development, children tend to focus
on the ways in which speech is used in order to convey meaning. The main concerns of
the young language learner revolve around understanding the speech of others and
creating speech that can be understood by others.

One consequence of this early focus on meaning is that many preschoolers begin
their formal education possessing little or no explicit knowledge of the intérnetsal
features of their language. For these young children the processes inuapegch
production and comprehension have become largely automatic and unconscious
(Liberman, Shankweiler, Liberman, Fowler, & Fischer, 1977). While these ehiéde
capable of effectively communicating through spoken language, theygebylanable
to articulate the rules that guide their language usage. For examplg,cfolgnen may
be able to recognize the fact that ‘map’ and ‘mat’ are different wordsdahaey
different meanings but are unable to explain that the difference betweerotherus is
in the final sound. These children may also be able to produce sentences that are
grammatically correct while being unable to explain the syntactic rubestagproduce

these sentences.



The ability to explicitly reflect on and manipulate the internal structeetlfes
of spoken language is known as meta-linguistic awareness (Garton & Pratt, 4988; S
et al., 1998). When children possess meta-linguistic awareness they dce able
deliberately and consciously think about language as an object separatednm@aning
it conveys. The four areas of language in which meta-linguistic abilitgleaelop are
phonological, word, syntactic, and pragmatic (Tunmer, Herriman, & Nesdale, 1988).
This conscious awareness of the internal structural features of a langumey necessary
for effective speech production and perception. However, it is believed to pléiga cr
role in aiding the transition from spoken to written language. Phonological ansgrenes
specifically phonemic awareness, is the meta-linguistic skill whiclbéas shown to
have the most significant impact on early literacy development (Gartoat& P998;
Snow et al., 1998).

Phonological awareness is a spoken language skill defined as the abiligntb at
to and manipulate the sounds in spoken words separate from their meanings (Snow et al
1998). Phonological awareness is a general term which encompasses thsolarde
units of language - the word and the syllable - as well as the smallest sound unit or
phoneme. Phonemic awareness is a specific type of phonological awarenéss whic
involves the understanding that, within the English language, spoken words are
constructed of sequences of individual phonemes. Children who possess phonemic
awareness skill are able to consciously attend to and manipulate the individual phoneme
that make up spoken words. Phonemic awareness has been referred to by a variety of
different terms within the research literature, including phonemic asaptsbnemic

segmentation, auditory analysis, auditory discrimination, and phonological sénsitivi



The smallest unit of sound within spoken English is the phoneme. When taken
alone, the individual phonemes that make up the English language are meaningless.
However, phonemes can be systematically combined in order to create an indefinite
number of meaningful words. Phonemes are the sound units in spoken language that are
represented by the printed letters in written language. The English ¢engoiatains
more than 40 phonemes all of which are represented systematically by therdclet
the English alphabet. This is possible because correspondences between the phonemes i
spoke words and the letters in written words are not always one to one. Within the
English writing system, a single phoneme can be represented by ethgledestar or by
a combination of letters. As a result, there may be more letters in thagpéléa written
word than there are phonemes in the spoken word. For example, the written form of the
word shakeinvolves five letters while the spoken form of the word only contains three
phonemes - /sh/ - /a/ - /K/.

A hierarchical progression in children’s acquisition of phonological awareness
skill has been identified by researchers (Adams, 1990; Bryant, MaclesatieBr&

Crossland, 1990; Griffith & Olson, 1992; Lomax & McGee, 1987). Over time, children
move from a shallow understanding of the larger phonological units of language, such as
words and syllables, to a deeper understanding of the smallest phonemic units. eEvidenc
supports the view that phonemic awareness skill develops later than does th&oability
identify and manipulate syllables (Chaney, 1992; Liberman et al., 1974; Treiman &
Baron, 1981). Liberman, et al (1974) examined the phonemic awareness of 4, 5, and 6
year olds by requiring children to tap a wooden block once for each phoneme or syllable

in a spoken word. More children in each age group were able to successfully segment
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words into syllables than were able to segment words into phonemes. Thea@bility t
segment words into phonemes appeared at 5 years of age and the number of children who
were successful at phonemic segmentation increased from age 5 to age 6.

According to Adams (1990), children move through five levels of phonological
awareness on their way to acquiring phonemic awareness. During theditsvéls of
phonological awareness, children demonstrate the ability to attend to #reslengd
units in words. At the first level, children are able to remember familiarebym
(Maclean, Bryant, & Bradley, 1987). At the second level, children are able gnieeo
patterns of rhyme and alliteration. Children’s position at this level has besurad
through the use of categorization tasks, in which children are asked to determioedthe w
in a list that does not start with the same initial phoneme as the others (Bdsiggnt,
1983).

As children move through the last three levels they acquire an increasingly
sophisticated understanding of the phonemic structure of language. At the third level
children demonstrate an understanding that syllables can be divided into thiiueonns
phonemes. Children’s position at this level has been measured through the use of
blending and syllable splitting tasks. Blending tasks require that childremntlisteword
divided into its onset and rhyme or into its constituent phonemes and blend the sounds
into a recognizable word (Perfetti et al., 1987). Syllable—splitting tasksre that
children isolate the initial phonemes in words (Share et al., 1984). At the fourth level,
children demonstrate the ability to segment spoken words into their constituent

phonemes. Children’s position at this level has been measured through the us@&gf tappi
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tasks which require that children listen to a word and then tap a wooden block on the
table once for each phoneme in the word (Liberman et al., 1974).

At the fifth level, children demonstrate the deepest understanding of the phonemic
structure of words. They become able to add, remove and manipulate phonemes in
spoken words in order to create new words or pseudowords. These tasks require children
to segment words into their constituent phonemes, hold the phonemes in memory,
manipulate the phonemes and then blend the sequence of phonemes into a new word.

A wide range of measures has been developed for the assessment and instruction
of phonemic awareness in both children and adults. These tasks include:

1. Phoneme isolatiowhich involves hearing a word and being asked to say the

initial, medial or final sounds.

2. Phoneme segmentatiaich involves hearing a word and being asked to
pronounce all the individual sounds in the word.

3. Phoneme blendinghich involves hearing the individual sounds in order and

being asked to blend these sounds into a recognizable word.

4. Phoneme deletionhich involves hearing a word and being asked to delete the

initial or final sounds to form a new word.

5. Phoneme identityhich involves hearing a list of words and being asked to

identify the common sound that occurs across these words.

6. Phoneme categorizati@rhich involves hearing a list of words and being

asked to recognize the word with the odd sound.
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In the proposed study, a more advanced form of phonemic awareness will be
studied. Preschoolers will be taught to segment words into their separate phonemic
constituents in order to promote development at level 4 in Adams’ (1990) scheme.
Difficulty of Acquiring Phonemic Awareness

Whereas, normally developing children acquire spoken language witleflittie
the same is not true of phonemic awareness. The understanding that spoken words can be
broken down into their constituent phonemes is difficult for most young children to
acquire without explicit instruction. In fact, acquiring phonemic awaresiebsnay be
an especially difficult task for children who develop later reading disalilinow et
al., 1998; Chall, 1983; Gough & Tunmer, 1986; Scarborough, 1990, 2001).

Young children’s difficulty in acquiring phonemic segmentation skill is betleve
to be largely due to the way in which spoken language is perceived (Liberman, 1998).
The phonemes that make up words in spoken English are not articulated as individual,
discrete sound units. Rather, monosyllablic words are perceived as a single unit of
sound. For example, the word ‘cat’ is perceived as one unit of sound rather than as three
discrete units of sound, /c/ /a/ /t/. In addition, multisyllabic words are petcasva
series of sound units which roughly correspond to the number of syllables in the word.
For example, the word ‘sweater’ is perceived as two units of sound - /sverat/ -

This occurs because the phonemes that are adjacent to one another during speech
are coarticulated. Coarticulation means that the adjacent phonemes ard blehde
merged with one another in the speech stream. As a result of this coarticulation, spoke
language is perceived as an unbroken flow of sound with no distinction between the

individual phonemes in words (Liberman et al., 1967; Liberman et al., 1977). Because
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speech is perceived as an unbroken flow of sound, the phonemes which compromise
spoken English are not obviously perceived by either speakers or listeners.

The coarticulation of phonemes during speech benefits communication by
allowing for rapid, efficient speech production and perception. Coarticulationsallow
speech to proceed at a more rapid rate than could otherwise occur if phonemes were
produced as individual units of sound. In addition, coarticulation allows listeners to
accurately recognize words and understand sentences. If phonemes were not
coarticulated during speech production, listeners would be required to hold strings of
phonemes in memory until they could be organized into the appropriate words and
sentences. The heavy load placed on short term memory would make comprehension
slow and often inaccurate.

While coarticulation benefits speech it makes it difficult for children teldgv
an awareness of the phonemic structure of language. There are no matkerghai
flow of speech that would make the boundaries between phonemes easily discernable. In
addition, the adjacent phonemes in words share acoustic information making it
impossible to pronounce the individual phonemes in isolation without some distortion
(Liberman et al., 1977). For example, breaking the word ‘cat’ into its constituent
phonemes results in /cu/ —/ a /- /tuh/ not /c/-/a/-t/.

The dissertation study examined two types of phonemic awareness iostructi
designed to facilitate the development of children’s ability to detect thadndi
phonemes in words. One type of instruction taught children to mark the individual

phonemes in words with the letters that represent those sounds. The second type of
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instruction taught children to mark the individual phonemes in words with both the letters
that represent the sounds and the articulatory movements used to create the sounds.
Reciprocal Relationship Between Phonemic Awareness and Literacy @aisition

The fact that a relationship exists between phonemic awareness skill and early
reading and spelling development is well supported by research (Adams, 1990
Blachman, 2000; Ehri et al., 20Qliberman & Shankweiler, 198%.yon, Shaywitz, &
Shaywitz, 2003; Wagner & Torgesen, 1987; Williams, 1984). The exact nature of this
relationship has been an issue among researchers, specifically, whetteationship is
causal, and the directionality of any causal relationship.

Ehri (1979) proposed three possible relationships that might exist between
phonemic awareness and early reading and spelling skill. First, phonemeneassr
might be a prerequisite for reading and spelling acquisition. In this case pbonem
awareness would be necessary but not sufficient for the development of skilled readi
and spelling ability. Second, phonemic awareness might be a facilitator ofezatiyg
and spelling acquisition. In this case phonemic awareness would be beneficial but not
necessary for the development of skilled reading and spelling ability. Third, plconem
awareness might be a consequence of early reading and spelling acquisitios cdse
phonemic awareness would develop as a result of reading and spelling development.

Correlational studies have provided consistent evidence that phonemic awareness
may provide the foundation for the development of early reading and spelling. ability
One group of correlational studies compared children’s concurrent levels of phonemi
awareness, reading and spelling ability. These studies have consistariifiedla

strong positive correlation between phonemic awareness skill and reading dind spel
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ability when the skills are measured at the same point in time (Blachman, 1984;
Blaiklock, 2004; Bryant et al., 1990; Calfee, Lindamood & Lindamood, 1973; Gottardo,
Stanovich, & Siegel, 1996; Griffith, 1991; Juel et al., 1986; Nation & Hulme, 1997;
Perfetti et al., 1987; Tunmer & Nesdale, 1985).

Juel et al (1986) collected longitudinal data on a variety of measures related to
phonemic awareness, reading and spelling skill during first and second graast In f
grade, the correlation between phonemic awareness and word recognition was .81 and
between phonemic awareness and spelling was .72. In second grade, thi&gocorrela
between phonemic awareness and reading was .54 and between phonemic awareness and
spelling was .67. These findings suggest that children’s level of phonemic awarenes
may have a strong influence on reading and spelling ability during firsieandd grade.

Nation and Hulme (1997) examined the relationship between several measures of
children’s phonological, reading and spelling skill during the first thraesyaef grade
school. Phonemic segmentation was found to be highly correlated with both reading
(.59) and spelling (.57), after controlling for age. Hierarchical multggeassion
analyses were computed in order to predict reading and spelling abilitgtfeom
phonological awareness measures. The multiple regression analyses cigubtisdt
phonemic segmentation accounted for a statistically significant amounigoleuni
variance in both reading (5%) and spelling (9%) scores. This finding suggéstkalha
the measures of phonological awareness investigated within the study, phonemic
segmentation was the best predictor of spelling and reading ability doeirfigst three

years of school.
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Another group of longitudinal correlational studies has examined the contribution
of children’s early phonemic awareness skill on their later reading anthgpell
achievement (Blaiklock, 2004; Bradley & Bryant, 1983; Hoien, Lundberg, Stanovich &
Bjaalid, 1995; Liberman et al., 1974; Muter, Hulme, Snowling, & Taylor, 1997; Muter &
Snowling, 1998; Perfetti et al. 1987; Scarborough, 1990, 2001; Share et al., 1984,
Tunmer et al., 1988). These studies involve measuring phonemic awareness prior to the
start of formal reading instruction in order to assess the level of phonemenass
before reading instruction exerted any influence. This procedure allowsigaties of
the possibility that phonemic awareness is a cause of enhanced developmennhgf readi
skill when children subsequently enter school and are taught to read and it rules out the
alternative possibility that reading ability accounts for the observedeatftes in
phonemic awareness.

The finding that children’s level of phonemic awareness prior to the start of
formal reading instruction is predictive of later reading and spelling\aaient has
been consistently replicated across these studies. Children who demonsteatéetels
of phonemic awareness prior to the start of formal reading instruction tend to deteons
higher levels of reading and spelling achievement up to two years later. eGhildo
demonstrate lower levels of phonemic awareness prior to the start of foadialye
instruction tend to demonstrate lower levels of reading and spelling achisvente
two years later.

Share et al (1984) found children’s letter-name knowledge and phonemic
awareness at the start of kindergarten to be the two best predictors ohthildagling

and spelling achievement at the end of kindergarten and first grade. Datasmnays
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performed using a single composite reading achievement score whicheatexi by
combining participants’ scores on the reading and spelling measures. Melgpdesion
analyses showed phoneme segmentation to be one of six measures that made a unique
contribution to the prediction of the composite reading achievement variance.

Taken together, the results from these correlational studies indicatesthag
relationship exists between phonemic awareness and early reading and spelling
development. The findings suggest that, within an alphabetic orthography such as
English, the ability to segment spoken words into their constituent phonemes may be a
prerequisite or a facilitator for early reading and spelling developmeraddition, the
findings indicate that phonemic awareness does not develop simply as a consefjuence
acquiring reading and spelling skill.

Among the correlational studies, the longitudinal studies provide the strongest
evidence that phonemic awareness may exert a causal influence onaghirly ead
spelling development. This is because the longitudinal studies control for ths effec
other variables, such as IQ and reading ability. However, drawing direct causal
interpretations based on the findings from correlational studies is problemadicier to
acquire direct evidence regarding the possible causal directionality célationship
between phonemic awareness and early reading and spelling acquisition, we must
examine the findings from experimental training studies with random assngamd
control groups.

A number of experimental training studies have been conducted aimed at
examining the effect of phonemic awareness instruction on reading and spelling

achievement (Ball & Blachman, 1991; Bradley & Bryant, 1983; Byrne & Figldi
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Barnsley, 1991; Byrne, Fielding-Barnsley & Ashley, 2000; Castiglioni-Sp&ltEhri,
2003; Cunningham, 1990; Ehri & Wilce, 1987a; Fox & Routh, 1984; Hatcher, Hulme, &
Ellis, 1994; Hohn & Ehri, 1983; Iversen & Tunmer, 1993; Lundberg, Frost, & Petersen,
1988; Ryder, Tunmer, & Greaney, 2008; Uhry & Shepherd, 1993; Vadasy, Sanders, &
Peyton, 2006; Williams, 1980). The finding that instruction aimed at strengthening
phonemic awareness has a beneficial impact on reading and spelling aemekam
been consistently replicated across training studies despite the wide gadesigns
represented within these studies. For example, the studies vary in the number ahd type o
phonemic awareness skills that are taught to participants, as well as innthethe
phonemic awareness skills are taught alone or in conjunction with other readtad rel
skills.

A meta-analysis conducted by the National Reading Panel (Ehri et al., 2001)
examined 52 studies that met their criteria for an experimental tratoichg SThe
outcome measures of primary interest were phonemic awareness, readipgliamgl sA
variety of moderator variables were included in the meta-analysis, sucttieipaat
characteristics and properties of the phonemic awareness instructiocip&airti
characteristics included reader level i.e., normally developing, at risksatuledl
readers and grade level i.e., preschool, kindergarten, first grade, and second tktbugh s
grades. The properties of phonemic awareness instruction included the number of
phonemic awareness skills taught i.e., single, two, or three or more and manner of
instructional delivery i.e., individual, small group, or classroom.

The results of the meta-analyses showed that phonemic awareness instruction

increases phonemic awareness and facilitates reading and spellingtiaoquitivas



19

also shown that the effectiveness of phonemic awareness instruction is influenced by
some of the variables that differed across studies. For example, the tohpsfenemic
awareness instruction to reading and spelling was found to be influenced by reader
ability. Transfer effects for reading were statistically lafge younger at risk readerd (

= 0.86) than for normally achieving € 0.47) and older disabled readets=(.45). The
impact of phonemic awareness instruction on reading for preschoolers wasligspecia
large @ = 1.25). These findings indicate that phonemic awareness instruction benefited
the reading achievement of all three groups, with younger groups benefiraghan

the others. Transfer effects for spelling were large and similar fkatl = 0.76) and
normally achieving readerd € 0.88) but were small and not statistically significant for
disabled readersiE 0.15). These findings indicate that while phonemic awareness
instruction benefited the spelling achievement of at risk and normally achie@adegrs it
had no significant impact on the spelling achievement of disabled readers.

The finding that phonemic awareness instruction benefits reading and spelling
achievement does not support the view of phonemic awareness as a simple consequence
of reading and spelling development. Instead, the results of the experimantagt
studies provide evidence that phonemic awareness plays a causal role iraearty re
and spelling development. However, evidence from another group of experimental
studies reveals that the relationship between the skills runs in the oppostierdaisc
well (Byrne, 1992; Ehri, 1979, 1998/orais, Alegria, & Content, 1987; Williams, 1984).

The acquisition of reading and spelling skill, within an alphabetic orthography,
appears to influence the development of phonemic awareness (Byrne & Fielding-

Barnsley, 1993Ehri & Wilce, 1980, 1987a; Hohn & Ehri, 1983; Mann, 198antoro,
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Coyne, & Simmons, 2006; Share et al., 1984; Perfetti et al., 1987; Perin, 1983). When
children receive early reading and spelling instruction, they are trained gdpres that
draw attention to the individual phonemes in words. For example, in order to decode
unfamiliar words children are taught to pronounce the individual sounds represented by
letters in spellings and to blend these sounds into a recognizable word. In addition,
during early writing instruction children are taught to identify the individual soumds
spoken words in order to select letters corresponding to these sounds to write words.

Byrne & Fielding-Barnsley (1993) evaluated an instructional prograrmgB&r
Fielding-Barnsley, 1991) which attempted to increase kindergartners’ phonemic
awareness by teaching them to classify words based on shared sounds — phoneme
identity. One year after the end of the program, only the children who were goledsre
and spellers could successfully delete phonemes from initial consonant clustas. |
concluded that the children had acquired this particular phonemic awarenessaskill as
result of developing skilled reading and spelling ability.

Children’s understanding of the phonemic structure of spoken words is influenced
by their developing knowledge of the English orthographic system (Ehri & WIi8&9;
Perin, 1983). It has been demonstrated that children draw upon their knowledge of the
conventionally correct spellings of words during their attempts at phonemic
segmentation. Children who know the correct spelling of a word will often use the
number of letters in the word’s spelling in order to determine the number of phonemes in
the word’s pronunciation (Tunmer & Nesdale, 1982). According to Perin (1983), both
good and poor spellers are able to use their knowledge of English orthography during

phonemic segmentation tasks. She found that more segmentation errors were made, by
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both good and poor spellers, when there were more letters than phonemes in words than
when there were equal numbers of letters and phonemes in words. Ehri (1993) suggests
that this is because children have retained the spellings of words in memory by
connecting graphemes to phonemes. As a result, spellings influence how readers
conceptualize the phonemic structure of words.

Ehri and Wilce (1980) found that children who knew the correct spellings of the
words ‘pitch’ and ‘rich’ segmented ‘pitch’ into four phonemes and distinguished /t/ but
they segmented ‘rich’ into three phonemes that did not distinguish /t/. Their
segmentations were not simply a result of counting the number of letters iorthe w
Children had to produce sounds as part of the segmentation response, and they did not
separate the digraph CH into two sounds but pronounced only one sound. According to
Ehri and Wilce (1980), one phoneme was distinguished because both letters were secured
to this single phoneme in memory.

In conclusion, evidence supports the view that the relationship between phonemic
awareness and early reading and spelling is bi-directional and reciproedlire. An
examination of the literature in this area shows that prereaders who poss¢ss gr
phonemic awareness excel in early reading and spelling development, andrhetions
aimed at increasing phonemic awareness facilitates early remdingpelling
development. In addition, research shows that the processes involved in the development
of skilled reading and spelling enhance the development of phonemic awareness.
Phonemic Awareness and the Alphabetic Principle

The relationship between phonemic awareness and early reading and spelling

development results from the crucial role that phonemic awareness plays in the
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acquisition of the alphabetic principle (Adams, 1990; Blachman, 2000; Snow et al.,
1998). Discovery of the alphabetic principle is considered to be the first maliengea
faced by beginning readers of any alphabetic language. Within an alphabetic
orthography, the spellings of printed words are created from letters trerhayistlly
represent the phonemes in the corresponding spoken words. Once beginning readers
acquire insight into the alphabetic principle they are able to understand how the sounds in
spoken words are systematically represented by the letters in wratda.w

While English is an alphabetic orthography, a direct one to one correspondence
does not always exist between the letters in word spellings and the phonemes in word
pronunciations. Learning to read and spell in English requires that children deal with
variety of complexities not found in more transparent writing systems. Thenpstady
does not address the more complex aspects of the English orthographic systesal. Inst
children were taught to create phonetic spellings by mapping the apfeaphabet
letters to the sounds they heard in word pronunciations.

A combination of phonemic awareness and letter knowledge is necessary in order
for young children to acquire insight into the alphabetic principle (Byrne KliRge
Barnsley, 1989, 1990; Griffith & Klesius, 1992). In turn, phonemic awareness and an
understanding of the alphabetic principle provide children with the foundation necessary
for the development of skilled reading and spelling ability (Liberman & Shafdwvei
1985; Perfetti, 1985; Rozin & Gleitman, 1977). When beginning readers possess
phonemic awareness skill they are able to attend to and manipulate the individual sounds
in spoken words. Once beginning readers possess an understanding of the alphabetic

principle, they are able to use their letter-sound knowledge in order to map tfseimette
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written words onto corresponding sounds in spoken words. In this way, the two skills
support the development of the early decoding and spelling skill necessary for the
development of skilled word recognition and text comprehension.

Evidence supporting the view that phonemic awareness plays an important role in
children’s acquisition of the alphabetic principle comes from both correlational and
experimental training studies (Bradley & Bryant, 1983; Byrne & Fielagsley,

1989; Griffith & Klesius, 1992; Jorm & Share, 1983; Juel et al., 1986; Tunmer &
Nesdale, 1985; Tunmer et al., 1988). Two correlational studies that examined the
relationship between children’s level of phonemic awareness skill and their
understanding of the alphabetic principle were conducted by Tunmer & Nekaiakg (

and Tunmer et al. (1988). In both studies, pseudoword decoding was used in order to
measure children’s knowledge of the alphabetic principle. Skilled pseudoword decoding
requires both phonemic awareness skill and knowledge of the letter-sound
correspondences. Tunmer and Nesdale (1985) measured phonemic segmentation ability
and reading achievement at the end of first grade, after the childrerckaddesome

formal reading instruction. In a second study, Tunmer et al., (1988) measured the
phonemic segmentation ability of nonreaders at the beginning of first grdagsgain at

the end of first and second grades. Pseudoword decoding ability was also mdasured a
the end of first and second grades.

The two studies reported very similar findings. Tunmer and Nesdale (1985)
found a significant positive correlation=£.49) between phonemic segmentation and
pseudoword decoding ability at the end of first grade. All the children who passed the

pseudoword decoding task passed the segmentation task and all the children who failed
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the segmentation task failed the pseudoword decoding task. The Tunmer et al. (1988)
study found a significant positive correlation=(44) between the two skills at the end of
first grade. Children who demonstrated lower levels of phonemic segmentatin abil
consistently demonstrated lower levels of pseudoword decoding ability. The mdsult
both studies indicate that beginning readers must possess some level of phonemic
awareness skill in order to develop an understanding of the alphabetic principle.

Byrne and Fielding-Barnsley (1989) performed a series of training exg@sm
designed to investigate the types of knowledge required in order for nonreaders to
demonstrate an understanding of the alphabetic principle. Children were ceshsader
have acquired insight into the alphabetic principle when they demonstrated the
understanding that the sounds in words could be represented by letters and that the same
letter represents the same sound regardless of the sound’s position in a word. Throughout
the training experiments, children received instruction designed to intretse
phonemic segmentation skill and knowledge of letter-sound correspondences. As a
whole, results of the training experiments indicated that both phonemic awaaadess
knowledge of letter-sound correspondences were necessary in order for noriceaders
develop an understanding of the alphabetic principle.

Contribution of Phonemic Awareness to Word Reading and Spelling Develapent

Beginning readers of an alphabetic orthography can employ a numbeeodmiff
strategies in order to read words (Ehri, 1994). The strategies used in orddr to rea
unfamiliar words include prediction, analogy, and decoding while familiar woed€ad
from memory. The effective use of all of these strategies is dependent eadbe r

possessing phonemic awareness, insight into the alphabetic principle, and knowledge of
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letter-sound correspondences. Reading an unfamiliar word by prediction involves
combining partial letter cues from the word’s spelling with context cuestfiem
surrounding text in order to determine the word’s identity. In order to use prediction, a
beginning reader must be able to match a few of the letters in the written wo el few

of the sounds in the possible pronunciation. Reading an unfamiliar word by analogy
involves recognizing that the unfamiliar word contains a spelling patterrsthailar to

the spelling pattern contained in a familiar word. For example, reading ‘¢tatch’
recognizing its similarity to ‘match’. In order to use analogy, a beggreader must be
able to segment both spelling and pronunciations of familiar and unfamiliar wards int
smaller units such as onset-rime segments.

Reading an unfamiliar word by decoding involves sounding out each grapheme in
the word’s spelling and then blending the sounds to produce a recognizable
pronunciation. Beginning readers can also decode words by pronouncing larger spelling
patterns within a word and then blending these larger sound units into a recognizable
pronunciation. When readers become skilled decoders they are able to accndately a
consistently identify unfamiliar words. Each successful decoding of an urgdamdrd
provides beginning readers with the opportunity to fully analyze the relaijpbstween
all the letters in the word’s spelling and the sounds in the word’s pronunciation. After
several successful decoding attempts, an unfamiliar word becomes a sigjlaing/aro
longer needs to be decoded when it is encountered.

Familiar words are read from memory and any word that can be read from
memory is considered to be a sight word. Sight words are secured in memory through

the connections that are made between the letters in the written word and the sounds in
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the word’s pronunciation (Ehri, 1980, 1992; Ehri & Wilce, 1987b; Rack, Hulme,
Snowling, & Wightman, 1994; Reitsma, 1983). When a reader encounters a word that is
partof their sight word vocabulary, information regarding the word’s spelling,
pronunciation, and meaning is automatically accessed in memory. A readetriz®id
vocabulary supports the speed and accuracy of word recognition necessacgdéssill

text comprehension.

The strategies used in order to spell words are similar to those used in order to
read words (Ehri, 1997). Unfamiliar words can be spelled by invention or by analogy
and familiar words are spelled from memory. Spelling an unfamiliar wonaMeytion,
requires that children segment words into their constituent sounds and then match the
appropriate letters to the sounds (Griffith, 1991). When children invent spellings they
create spellings that may be phonetically accurate but not conventionadlgtcoroung
children lack the orthographic knowledge required to produce conventionally correct
spellings of words so they rely on their phonemic awareness and knowledger-of lette
sound correspondences in order to invent phonetic spellings of words (Read, 1975).
Because of this, phonemic awareness may play an even more important role in early
spelling than it does in early reading (Perin, 1983; Snowling & Hulme, 1991).

Spelling an unfamiliar word by analogy requires that children retriewe fro
memory the spelling of a familiar word with a similar pronunciation to that of the
unfamiliar word. Children must be able to recognize the shared spelling patteheand t
determine which letters differ between the two words. Spelling by anedggyres that
children are able to segment pronunciations into onset and rhyme units as well as

recognize the similarities and differences between words.
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Familiar words are spelled by retrieving the conventionally corpstlirsg of the
word from memory. The conventionally correct spellings of words are secured in
memory by the connections between sounds in the word’s pronunciation and letters in the
word’s spelling. These connections are made through repeated successpikaitem
reading and spelling a word.

The use of phonemic information during spelling tasks can be seen in the spelling
errors of beginning readers (Bryant & Bradley, 1980; Read, 1975). Two typeslioigspel
errors, phonetic and non-phonetic, have been identified. Phonetic spelling errors preserve
the sound structure of the target word. For example, the word ‘cake’ spelled as ‘kak’
Non-phonetic spelling errors bear no relationship to the sound structure of the targe
word. For example, the word ‘cake’ spelled as ‘dngb’. Frith (1980) proposed that young
spellers make non-phonetic spelling errors because they lack phonemic segmentati
skill. These children are unable to determine the letters that correspond to the ghoneme
in words because they cannot accurately segment words into their constituent phonemes

In sum, it is apparent from the above descriptions that the ability to segment
pronunciations of words into subsyllabic and phonemic units is central to the various
ways that words are read and spelled. In the present study two forms of phonemic
awareness instruction were developed in an effort to strengthen the tedfesfey of
phonemic segmentation training on the reading and spelling ability of beginadeyse
One form of phonemic awareness instruction incorporated letter-sound trairting wit
training in phonemic segmentation. The other form of phonemic awareness instruction
incorporated letter-sound and articulation training with training in phonemic

segmentation. It was expected that both the letter and the articulatongnaobuld
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facilitate beginning readers’ ability to form the letter-sound/sounédrletinnections
necessary for the development of skilled reading and spelling ability.
Phonemic Awareness Instruction

Because of the important role played by phonemic awareness during earlg readin
and spelling development and the difficulty of acquiring phonemic awareness without
explicit instruction, it is important to develop effective instructional programed at
fostering phonemic awareness in beginning readers. It is genenabdapat phonemic
awareness can be increased through training and that phonemic awarenes®mesgmcti
transfer to reading and spelling achievement (Ehri et al., 2001).

A number of experimental training studies have demonstrated that children as
young as preschool and kindergarten benefit from training aimed at fggpdoenemic
awareness (Ball & Blachman, 1991; Bradley & Bryant, 1983; Byrne & Fielding
Barnsley, 1991; Castiglioni—Spalten & Ehri, 2003; Cunningham, 1990; Ehri & Wilce,
1987a; Fox & Routh, 1984; Hohn & Ehri, 1983; Lundberg et al., 1988; Ryder et al.,
2008; Santoro et al., 2006; Vadasy, Sanders, & Peyton, 2006). The National Reading
Panel’'s meta-analysis (Ehri et al., 2001) examined the effect of phonemenass
instruction across the grade levels — preschool, kindergarten, first grddsscamd
through sixth grades. According to the results of the meta-analysis, theowys gvho
started with the least phonemic awareness, the preschoolers and kindetgartners
demonstrated the greatest gains in phonemic awareness. It is importaetttahothile
the effect size for the phonemic awareness outcomes of preschoolers was+a2d&7(),
the value’s reliability is low because it was created from only two congpartisThe

effect size for the phonemic awareness outcomes of kindergadrres45) involved
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more comparisons (N = 39) and was statistically larger than for both fidergrd =
0.48) and second — sixth gradeis=(0.70).

According to an analysis of the reading outcomes, all the grade levels &nefit
significantly from phonemic awareness instruction. The effect sizes forgantieers,
first graders, and second through six graders 0.48 — 0.49) were all statistically
significant but did not differ statistically from each other. The effeetfaz
preschoolersd = 1.25) was statistically larger than for the other grades, showing that
they received the greatest gains.

The studies which included preschoolers did not measure the transfer of phonemic
awareness instruction to spelling. An analysis of the spelling outcomes fathér
grade levels shows that kindergartners (0.97) received the greatest benefit from
phonemic awareness instruction followed by that of first grader(52). There was
no transfer to spelling for second through six gradirs@.14).

In the present study, the participants were preschoolers who received phonemic
awareness instruction. The effectiveness of this training was assegsptanemic
awareness posttests. In addition, transfer to sight word reading and develbpmenta
spelling tasks were assessed following training. Based on previous studees, it
expected that effect sizes would be large when trained children were cdrtgpare
children who did not receive this training.

Despite evidence supporting the beneficial effects of providing beginnidgreea
with instruction aimed at fostering phonemic awareness skill, there is aflagkeement
as to the most effective instructional approaches for optimizing phonemic avgarenes

development and transfer to reading and spelling. This is due to the variety of
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instructional variables included in experimental training studies. Two insinatt
approaches which have received attention from researchers and which aceishef f
this dissertation study involve combining phonemic segmentation training with
instruction in alphabet letters and articulatory movements

Phonemic awareness training with alphabet lettersOne instructional
approach involves combining phonemic segmentation training with children’s knowledge
of alphabet letters. Both correlational and experimental training stualiescbnsistently
demonstrated a link between phonemic awareness and various aspects of cleltieen’s
knowledge (Byrne & Feilding-Barnsley, 1989, 1990; Caravolas, Hulme, & Snowling,
2001; Foy & Mann, 2006; Griffith & Klesius, 1992; Mann & Foy, 2003; Share et al.,
1984). For example, Griffith and Klesius (1992) found that phonemic awareness and
letter name knowledge accounted for 30% of the variance for the implicit undangtandi
of the alphabetic principle and 50% of the variance for the explicit understandimg of t
alphabetic principle. Standardized regression analysis found that phonemic asvarenes
and letter name knowledge had an equal influence on the implicit understanding of the
alphabetic principle. A scatter plot of the relationship between phonemicreasarand
letter name knowledge indicated that phonemic awareness is rarely daqufre
absence of letter name knowledge.

The expectation that combining letter knowledge with phonemic awareness
training should increase transfer to reading and spelling is suggested by evidenc
indicating that young children use their knowledge of alphabet letters in ordadto re
words, even at the earliest phases of reading development (Ehri & Wilce, 1985, 1987b;

Laing & Hulme, 1999; Rack et al., 1994; Roberts, 2003; Treiman & Rodriquez, 1999).
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Ehri & Wilce (1985) investigated the strategies used by children atehtfezading
levels in order to learn to read words. Kindergartners at three different réabig
were taught to read two types of word spellings. The reading levels inclietedgers,
who could read no words, novice readers, who could read a few words, and veteran
readers, who could read several words. The children at each reading levalugbted
read two types of word spellings — simplified phonetic and visually distinct. The
simplified phonetic spellings involved letters which corresponded to the sounds in the
words’ pronunciations. The visually distinct spellings involved letters which were
visually distinct but had no correspondence to the sounds in the words pronunciations.
The results demonstrated that prereaders were better at learning tioeregsually
distinct spellings than were the novice and veteran readers. In contrast, tfeeamubi
veteran readers were better at learning to read the simplified phspeliings than were
the prereaders. This finding supports the view that children shift from a visual word
reading strategy to a phonetic word reading strategy early in thdingedevelopment.
This shift from the use of visual information to the use of phonetic information during
word learning is dependent on children acquiring some knowledge of letter-sound
correspondences.

Ehri (2005) proposed that children pass through four phases of word reading on
the way to developing sight word reading ability. Each phase is charadtbyizhe
amount of alphabetic knowledge available for children to use during word reading. The
phases are pre-alphabetic, partial alphabetic, full alphabetic, and considdilpdiabetic.
During the pre-alphabetic phase, children remember how to read words by making

connections between some salient visual features of a word and the word’s meaning o
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pronunciation. Word reading at this phase does not involve the use of letter-sound
correspondences.

As early as the partial alphabetic phase, young children remember how & rea
word by forming connections between a few of the letters in a word’s spatithgome
of the sounds in the word’s pronunciation. This is known as phonetic cue reading. In the
full alphabetic phase, children remember how to read words by forming connections
between all the letters in a word’s spelling and all the sounds in the word’s prdramci
Once children reach this phase they are able to accurately decode unfaondsr ¥in
the consolidated alphabetic phase, children use their knowledge of the common spelling
patterns that occur across words in order to facilitate sight word reading.

Phonemic awareness training does not need to involve alphabet letters in order to
have a positive effect on the development of phonemic segmentation, reading and
spelling ability (Cunningham, 1990; Fox & Routh, 1984; Lundberg et al., 1988; Torneus,
1984; Treiman & Baron, 1983). However, evidence indicates that using letterg durin
phonemic awareness training facilitates the acquisition of phonemic segoreskat
and the transfer to reading and spelling above that of phonemic awareness tinaining
does not include letters (Ehri et al., 2001; Hohn & Ehri, 1983). The National Reading
Panel’s (Ehri et al., 2001) meta-analysis found that phonemic awareneasstioistr
which involved alphabet letters resulted in greater increases in phonemenass
reading, and spelling skill than did phonemic awareness training in which children we
taught to manipulate phonemes without letters.

Several studies have examined the effect of using letters in order to mark the

phonemes in words during segmentation training (Bradley & Bryant; 1983; Ehri &
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Wilce, 1987a; Fuchs, Fuchs, Thompson, Al Otaiba, Yen, Yang, Braun, & O’Connor,
2001; Hohn & Ehri, 1983; Uhry & Shepherd, 1998)ohn and Ehri (1983) compared
phonemic segmentation training in which letters were used in order to mark the sound
units of words with phonemic segmentation training in which blank markers were used in
order to mark the sound units of words. At the end of training, children who were taught
to use letters in order to segment words demonstrated greater increases inghonem
segmentation ability than did children who were taught to use blank markers.

Another study, conducted by Ehri and Wilce (1987a), investigated the effects of
training kindergarten students to create phonetic spellings of words. Children who
received spelling training demonstrated greater phonetic cue readiry thlaifi did
children who received training in letter-sound correspondences alone. Spelflimgtra
also resulted in increased phonemic segmentation and spelling recognition skil

Santoro et al (2006) provided kindergartners with phonological awareness
instruction combined with training in letter-sound correspondences and the rehding
decodable CVC words. One instructional group received additional instructionimgwrit
and spelling and the other instructional group received additional instruction aimed at
increasing vocabulary and comprehension. The spelling group outperformed the
storybook and control groups on the spelling, word attack and nonword reading posttest
measures.

The use of alphabet letters in order to mark the phonemes in words during
segmentation training may facilitate the development of phonemic awatmwase
alphabet letters are visible, concrete representations of the transient sounskehap

spoken words. Letter markers may aid children in holding phonemic segments in
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memory and in inspecting and manipulating them during training (Lindamood &
Lindamood, 1998). Hohn & Ehri (1983) proposed that being able to refer to letters
during segmentation training may help children develop a clearer understandindhabout t
size of the sound units which represent phonemes.

Combining phonemic awareness instruction with explicit instruction in letter-
sound correspondences has also been found to have a beneficial effect on phonemic
awareness, reading and spelling ability (Ball & Blachman, 1991; Bradlery&iB
1983; Byrne & Fielding-Barnsley, 1991, 1993; Castle, Riach & Nicholson, 1994; Hatcher
et al., 1994; Ryder et al., 2008; Santoro et al., 2006; Vadasy et al., 20080t,
instruction that combines the two types of training results in greater sesréa
phonemic awareness, reading and spelling than does either type of trainingBddré
Blachman (1991found that providing kindergarten students with training in phonemic
awareness, letter names and letter- sound correspondences resulted aasignifi
increases in early reading and spelling skill compared to providing letter treatruc
alone. In addition, providing letter instruction alone did not result in significantisese
in phonemic awareness, reading and spelling skill compared to the no treatment control
condition.

Hatcher et al. (1994) conducted a longitudinal intervention study within the
context of regular classroom instruction. Seven year old poor readers werelyandom
assigned to one of four conditions — reading with phonology, reading alone, phonology
alone, and no treatment control. The phonology alone group demonstrated the greatest
increase in phonemic awareness but the reading with phonology group demonstrated the

greatest increase in reading and spelling ability. The findings indicatehtiaemic
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segmentation instruction may have the greatest impact on reading and shdlliiwgen
it occurs in the context of instruction aimed at increasing knowledge afdettad
correspondences.

Instruction in letter-sound correspondences may facilitate childraetsatis to
segment words into their constituent phonemes through its impact on the nature of
children’s phonological representations (Treiman & Bourassa, 2000). The |iyssibi
a relationship between phonological representations and phonemic awareness has bee
proposed within a number of theories (Elbro, Borstrom, & Petersen, 1998; Metsala &
Walley, 1998; Snowling, Hulme, Smith & Thomas, 1994). As children learn letter-sound
correspondences their phonological representations may become more segnakental
phonemic in nature. In addition, children’s phonological representations may become
linked to the letters that are used to create written words.

In conclusion, phonemic segmentation instruction that makes explicit the
connection between the phonemic structure of words and the alphabet letters which
represent phonemes may aid children in making the transition from spoken to written
language. Cunningham (1990) found that phonemic segmentation instruction that
explicitly taught young children about the value, application and utility of ph@anemi
awareness for reading resulted in greater transfer to reading thamgiyg t&8aching
children to segment and blend phonemes. Instructional activities, such as the use of let
markers in order to create phonemic spellings of words, serve the purposend placi
phonemic segmentation skill into the context of early reading and spelling tasks. Thi
study incorporated training in letter-sound correspondences and the use ofdetters a

markers within both phonemic awareness training conditions.
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Phonemic awareness training with articulatory movements Another
instructional approach involves combining phonemic awareness instruction withgraini
aimed at teaching children to attend to their articulatory movements cipeegh
(Lindamood & Lindamood, 1998). Specifically, children are taught to attend to the shape
and position of their mouth, lips, and tongue as they articulate specific phonemes.
Mirrors and mouth pictures are used during training in order to allow children torexami
and manipulate their mouth movements.

There are theoretical reasons for believing that teaching children veele of
their articulatory movements during phonemic awareness instruction miggptiathe
acquisition of phonemic segmentation skill and transfer to reading and spdilias |
been proposed that phonemes are perceived based on the articulatory movements by
which they are produced not based on the sounds that are produced by the articulatory
movements (Liberman, 1999; Liberman & Mattingly, 1985; Liberman & Shankwveiler
1985; Liberman et al., 1967). Phonemes which are adjacent to one another within the
speech flow share acoustic information. Because of this, the sound of each individual
phoneme is context dependent and will vary based on the phoneme’s position within the
speech flow and on the other phonemes which surround it. This means that each time a
phoneme is produced during speech it can be represented by a slightly differentisound.
contrast, individual phonemes are produced by a specific set of articulatory mavement
regardless of the surrounding context.

Massaro and Chen (2008) challenged the view that speech perception is rooted in
motoric behavior at the phonemic level. They proposed that the articulatory mosement

used to create a specific phoneme can vary as much or more than the sound theatlis crea
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for that phoneme. In fact, vocal tract imaging and tracking techniques usexhtmex
American speakers’ production of the phoneme, /r/, demonstrated that a variety of
different tongue shapes can be used to produce a recognizable /r/ sound (Sli@tmiGa
Guenther, Perkell, & Curtin, 2005). Massaro and Chen (2008) proposed that the open
syllable (V, VC and CV) acts as a more invariant perceptual unit than the phonbime. T

is based on the consistent coarticulation of the phonemes that make up the open syllable
rather than on the articulatory movements involved in the production of the phonemes
that make up the open syllable.

However, a recent experimental study has provided partial support for the view
that the articulatory movements used to create phonemes contribute to tiptigreafe
those phonemes (D’Ausilio, Pulvermuller, Salmas, Bufalari, Begliomini & Fadi@@0).
Transcranial magnetic stimulation was used to examine the role of the maoéar cor
during speech perception. The areas of the motor cortex controlling the lips (lapii1)
the tongue (TongueM1) were stimulated while participants completed a phoneme
discrimination task. The four phonemes involved in the task were /b/ and /p/, labial
sounds involving lip movements and /d/ and /t/, dental sounds involving tongue
movements. The study demonstrated that lip-articulated phonemes weréeid éasifer
than tongue-articulated phonemes when the LipM1 area was stimulated and tongue-
articulated phonemes were identified faster than lip-articulated phoveimeasthe
TongueM1 was stimulated. These findings provide support for the view that the motor
cortex makes a specific contribution to speech perception. However the researche

proposed that this contribution occurs as part of a larger network.
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Based on the view that articulatory movements are involved in the perception of
phonemes, it makes sense to propose that training children to attend to the articulatory
gestures used in order to produce phonemes during speech should have positive benefits
for the development of phonemic segmentation, reading, & spelling skill (Libema
Mattingly, 1985). Training preschoolers to attend to the articulatory movemenéseha
used to create specific phonemes may impact the quality of the phonological
representations held by these children. Articulatory training may fo&teletvelopment
of a representational system that is phonemic in nature and which supports children’s
attempts to segment words into phonemes. Knowledge of the articulatory movements
that are used to create specific phonemes may also provide children with irdorthat
helps them determine the boundaries between the phonemes in words.

Articulatory awareness training may benefit reading by facititgtine connection
forming process believed to be necessary for sight word reading. Ehri (1892) ha
proposed that sight words are stored in memory based on phonetic representations that
are constructed from the connections formed between the letters in a worlit's) el
the sounds in a word’s pronunciation. If the articulatory movements used to produce the
sounds in words provide the basis for these phonetic representations, then increasing
beginning readers’ ability to attend to their articulatory movements shineidyghen
their ability to make the connections necessary for sight word learning.

Several studies have found evidence indicating that pre- and beginning readers,
who have not received articulation training, may attend to the place of arboudéti
phonemes during word learning tasks (Rack et al., 1994; Laing & Hulme, 1999). A

training study conducted by Rack et al. (1994) investigated the early vaonthig of
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beginning readers. Young children, who were unable to decode CVC words, were taught
to read two types of cue word spellings for each target word in a series. d begw

word spellings of each target word differed from the phonetic spelling of tet t&ord

by only one letter. For the phonetic cue spellings, the letter that differephweastically
similar to the letter it replaced in the phonetic spelling of the target wandth& control

cue spelling, the letter that differed was phonetically dissimilar téettes it replaced in

the phonetic spelling of the target word. For example, the phonetic cue spelling for

word beaverwasbfr and the control cue spelling wiasr. The beginning readers in the

study had more success in associating the phonetic cue spelling with the tacyttam

in associating the control cue spelling with target word.

Examinations of young children’s invented spellings have indicated that
beginning readers can use articulatory information to inform their atteonptsdte
phonetic spellings of words (Read, 1971, 1975; Treiman, 1985). Beginning readers are
able to use their letter name knowledge in order to gain articulatory irtfomtlat aids
them in creating invented spellings of words (Read, 1971; 1975). In addition, analyses of
children’s spelling errors demonstrated that the place of articulation tebdgtreserved
within children’s spelling errors (Treiman, 1985).

While there is theoretical support for the view that articulation training can
increase the beneficial effects of phonemic awareness instruction,negpti training
studies have provided conflicting evidence as to the effectiveness of combmitugpt
types of instruction. Several studies have examined the effects of providing ptionemi
awareness training with or without articulation training and have found noisagnif

difference between the groups on measures of phonemic awareness and @admg (
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Wise, Ring, & Johnson, 1997; Wise, Ring, & Olson, 1999; Wise, Ring, Sessions, &
Olson, 1997). However, it is important to point out that these studies involved older
reading disabled childrent2o 5" grade) and therefore the findings may not apply to
younger or normally achieving readers. In addition, it is difficult to detexitie exact
contribution that the articulation training may have made to participant'sageadd
spelling development due to the variety of instructional elements included widse t
studies

In contrast, studies involving younger participants have demonstrated the
beneficial effects of combining phonemic awareness instruction with attanukraining
for phonemic awareness, reading and spelling skill (Castiglioni-Spaltdmi&aD03;

Ehri & Sweet, 1991). Ehri and Sweet (1991) used articulatory pictures in orderto teac
kindergarten students to segment words into phonemes. The study found that the
articulation training increased children’s phonemic awareness abilitstigiani —

Spalten & Ehri (2003) compared segmentation training involving the manipulation of
blocks with segmentation training involving attention to articulatory movements and
found that both methods helped beginning readers acquire segmentation and spelling
skill. However, only segmentation plus articulation training was found to result in
increased sight word reading skill.

In conclusion, there is both theoretical and research evidence supporting the
importance of providing beginning readers with phonemic awareness instruction
combined with instruction that aids children in forming the connections between the
sounds in spoken language and both the articulatory gestures used to produce these

sounds and the alphabet letters used to represent these sounds. However, mdre researc
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is needed in order to determine the separate contributions made by letter knowledge and
articulatory awareness, in the context of phonemic segmentation training, for the
development of phonemic awareness, reading and spelling skill. This was the prima

purpose of this dissertation study.
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Chapter 3
Rationale and Hypotheses for the Study

The present study is a replication and extension of a study performed by
Castiglioni-Spalten and Ehri (2003) in which kindergartners were taughetalaither
to articulatory movements or to sounds as they manipulated blocks during phonemic
awareness training. Castiglioni-Spalten and Ehri (2003) hypothesized thatgestioty
phonemic awareness training would improve novice readers’ ability to read and spell
compared to students not receiving training. However, it was expected tiangeac
novice readers to attend to articulatory movements would result in a greatgrtabili
read and spell words than teaching readers to attend to sounds.

The kindergartners (N = 45) who patrticipated in the Castiglioni-Spalten and Ehri
(2003) study were in the partial alphabetic phase of word reading (Ehri, 2005) as
indicated by their having limited phonemic awareness and little if argddegskill.

The kindergartners who qualified to participate in the study were matcheanto for

triplets, based on similar scores on the segmentation, word reading, and vocabulary
pretests. The members of each triplet were randomly assigned to each adehe thr
conditions: the mouth (articulatory) treatment condition, the ear (sound) tréatme
condition, or the no treatment control condition. The kindergartners who participated in
the mouth treatment condition were taught to associate their mouth movemenightith e
mouth pictures representing 16 target sounds. The children were then taught to
pronounce the individual phonemes in a series of two, three and four phoneme words and
pseudowords and to select the appropriate mouth picture that corresponded to each

phoneme. The kindergartners who participated in the ear treatment condition wete taug
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to pronounce the individual phonemes in the same series of words and pseudowords and
to represent each phoneme with a wooden block. The kindergartners in the no treatment
control condition remained in the regular classroom.

Both treatment conditions involved one pretest session, three to six training
sessions, an one-day posttest session and a seven-day posttest session.nd\hmchini
testing was individually administered to participants. All the sessiorsllbstween 20
and 30 minutes. The one-day posttest took place on the day after the last training session
and the seven-day posttest took place one week later.

The tasks administered during the posttest sessions included a phoneme
segmentation task, a decoding pseudowords task, an invented spelling task, and a word
reading task. The modified Yopp (1988) segmentation task was administered during
both the one-day and seven-day posttest sessions in order to assess the effeeb of the
types of phonemic awareness training on children’s ability to segment wardleirt
constituent phonemes. The procedures employed during the posttest segmentation task
differed from the procedures employed during the phonemic awareness traihiag. T
was done for the purpose of examining whether children were able to genéalize t
construct of phoneme segmentation from the phonemic awareness training to the novel
posttest phoneme segmentation task. The one-day posttest segmentation task involved 15
words — one VC, two CV, eight CVC and four words containing consonant clusters. The
seven-day posttest segmentation task involved 14 words — one VC, two CV, seven CVC
and four words containing consonant clusters. All the words in both word lists were
constructed from the sounds encountered during training. The experimenter pronounced

each word and the children attempted to pronounce each phoneme in the word. During
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the seven-day posttest, children who correctly segmented the first word wezquicgd
to segment any more of the words. The phoneme segmentation task was scored based on
the total number of phonemes segmented correctly.

The pseudoword decoding task was administered during the one-day posttest
session in order to assess the effect of the two types of phonemic awarenegsdrai
children’s ability to decode unfamiliar letter strings. In order to ssfels decode
nonwords children must be able to pronounce the appropriate sound for each letter in the
nonword’s spelling and to blend the sounds into an accurate pronunciation. During the
pseudoword decoding task, children were asked to read five CVC pseudowords
constructed from the sounds encountered during training. The pseudoword decoding task
was scored based on the total number of correct responses.

The invented spelling task was administered during both the one-day and seven-
day posttest sessions in order to assess the effect of the two types of plaanaraness
training on children’s ability to invent phonetic word spellings. In order to suatgss
invent phonetic word spellings children must be able to break word pronunciations into
their constituent phonemes and to match the appropriate letter to each phoneme. The
word list for the invented spelling task consisted of five words and two nonwords. All of
the words on the list included consonant clusters and were constructed from the sounds
encountered during training. During the invented spelling task, children wetetadt
to write either the correct spellings or the sounds they heard for each word. The
experimenter pronounced each word and said the word in a sentence. The child repeated
the word and then wrote the word. The task was scored based on the total number sounds

represented phonetically.



45

The word reading task was administered during both the one-day and seven-day
posttest sessions in order to assess the effect of the two types of phonemmesasvare
training on children’s word reading ability. According to Ehri (1995), children pesgr
through four phases on their way to developing sight word reading ability. Each of the
phases is characterized by the amount of alphabetic knowledge childrereate g
during word reading. In order to participate in the Castiglioni-Spalten and2BbB8)
study children were required to be in the partial alphabetic phase of word raatheg
start of training. Children in the partial alphabetic phase of word reading e iieir
limited knowledge of letter names and sounds with their limited phonemic segiorenta
ability in order to read words. At this phase children remember how to read words based
on connections formed between only a few of the letters in a word’s spelling aadtom
the sounds in the word’s pronunciation. This is known as phonetic cue reading and
results in frequent misreadings of words with similar spellings. Children movéhie
full alphabetic phase of word reading as their knowledge of letter-sound correspEmden
becomes more complete and their ability to segment words into their constituent
phonemes becomes more sophisticated. At this phase children remember how to read
words based on connections formed between all the letters in a word’s spellingtihed al
sounds in the word’s pronunciation. This allows children to accurately decode unfamiliar
words and results in consistently correct word reading. A major question addresse
the Castiglioni-Spalten and Ehri (2003) study involved whether either form of phonemic
awareness training would be sufficient to move children from the partial atphtbthe

full alphabetic phase of word reading.
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The word list employed during the one-day posttest word reading task was
constructed of eight words each of which began with /s/. The word list employed durin
the seven-day posttest word reading task was constructed of eight wdrdd eddoch
began with /f/. The words for both lists were constructed from the sounds encountered
during training and many of the words contained consonant clusters. During thefirst tr
the experimenter read each word to the children, used the word in a sentence, and had the
children repeat the word. During the next five trials the experimentsemes the word
to the children and the children attempted to read the word. If the children readdhe wo
incorrectly the experimenter read the word to them. The task continued fordlgeotri
two perfect trials. The word reading task was scored based on the total nundrezcif c
responses and on the total number of correct or incorrect responses that shsirénad lea
sounds with the target word. The latter score provides a measure of phonetic cygg readin

The results of the study demonstrated that both types of phonemic awareness
training were effective for increasing children’s phonemic segmentahd spelling
ability. However, only when children were trained to attend to their articulatory
movements during phonemic segmentation training did phonetic cue reading ability
increase significantly. It was suggested that attending to articplamrements may
facilitate the process of making connections between the letters imgpelhd the
sounds in pronunciations that allows written words to be secured in memory.

Pilot Study

A pilot study was conducted in order to inform the present dissertation study. The

pilot study extended the Castiglioni-Spalten and Ehri (2003) study by invesditfa

effect that combining phonemic segmentation training with letter trainingréodl@ation
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training would have on beginning reader’s phonemic awareness, reading, and spelling
development. The pilot study compared two types of phonemic awareness instruction.
The letter manipulation only condition involved providing kindergartners with phonemic
segmentation training combined with instruction in letter-sound corresponderes. T
letter plus articulation condition involved providing kindergartners with phonemic
segmentation training combined with instruction in letter-sound correspondeéaces a
articulatory movements.

Both of the instructional conditions examined within the Castiglioni-Spalten and
Ehri (2003) study were equally effective for increasing kindergartnerstyatalinvent
phonetic word spellings despite the fact that neither condition involved lettengyaini
The researchers proposed that the children in their study may have combimed lette
knowledge they possessed at the start of the study with segmentation training they
received during the study in order to invent phonetic word spellings. In an effort to
strengthen the transfer effects of phonemic segmentation training on clsildbdity to
create phonetic word spellings, both training conditions in the pilot study rdceive
explicit instruction in letter-sound correspondences and the use of letters as sound
markers. It was expected that combining phonemic segmentation instructioatteith |
training would make explicit for children the connection between the sounds in word
pronunciations and the letters used to represent these sounds in word spellings.

The results of the Castiglioni-Spalten and Ehri (2003) study demonstrated that
only articulation training resulted in increased levels of phonetic cue realoiiity for
the children who participated in their study. One possible explanation for thisgfiisdi

that the articulation training provided during the study supported phonetic cue regpding
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increasing children’s ability to form connections between the letters ith spmilings and
the sounds in word pronunciations. It was expected that incorporating letter tratoing
phonemic segmentation instruction in the pilot study would strengthen tramséading
even more by facilitating beginning reader’s ability to use letter culesning to read
words. It is possible that letter training and articulatory training may sepa@rate,
independent contributions to the word learning processes of beginning readersisIf thi
true, then both instructional conditions should result in increased phonetic cue reading
ability. However, letter plus articulation training should result in greateeases in
phonetic cue reading ability than letter training alone.

Another possible explanation for the effect of articulation training on word
reading ability is that teaching children to attend to their articulatory ments may
facilitate phonetic cue reading through its effect on phonological memoryculation
training may enhance phonological memory and in turn phonological memory may play
an important role in word reading. In order to examine the possible effeacafaditn
training on phonological memory, The Children’s Test of Nonword Repetition
(Gathercole & Baddeley, 1996) was added to the pilot study as a pre- and posttest
measure. If articulation training facilitates the development of phonalagiemory,
then children in the letter plus articulation condition should demonstrate higher scores on
the posttest than on the pretest measures of nonword repetition and also higher scores
than children in the letter manipulation only condition. Alternatively it is also pessibl
that both articulation and letter training may benefit phonological memory in wiseh ca

children in both conditions should demonstrate similar scores which are higher on the
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posttest measure than the pretest measure of nonword repetition, and also higher than t
control group.

The pilot study also attempted to address several limitations of the ©astig|
Spalten and Ehri (2003) study. One possible limitation involved the length of the
instruction provided to children during training. During the study, instruction time was
limited to a maximum of six sessions of 20 to 30 minutes in length. The results
demonstrated that children who participated in the instructional conditions wert® abl
acquire phonemic awareness within this time frame. However, none of the children wa
able to attain mastery levels of performance on the phonemic awarenessgosties
pilot study attempted to address this issue by increasing training to sesems®f 30
minutes in length. It was expected that providing children with more instructioreal
would result in more children attaining mastery levels of performance on the ghonem
awareness posttests. It was also expected that increasing the timansipenphonemic
segmentation training would facilitate greater transfer of satatien skill to word
reading and spelling ability.

Another feature of the Castiglioni-Spalten and Ehri (2003) study which may have
prevented children from attaining mastery levels of phonemic awarenéssraagrce
involved the design of the segmentation training. During segmentation trainingtfor
instructional conditions, children were informed of the number of phonemes in each word
prior to being asked to segment the word. Informing children of the number of phonemes
in words rather than requiring them to determine the number of phonemes may have
interfered with the learning process. This issue was addressed within trstyaliot

through the inclusion of a final word review phase. The word list for this phase was
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constructed by mixing two and three phoneme words taken from the previous word lists.
During this phase, children were required to d