THE DEVELOPMENT OF PROSODIC TEXT READING AS A DIMENSIOQF
ORAL READING FLUENCY IN EARLY ELEMENTARY SCHOOL CHILDREN
by
JUSTIN MILLER
(Under the Direction of Paula J. Schwanenflugel and A. Michele Lease)
ABSTRACT

Prosodic text reading is widely considered one of the defining characteofkoral
reading fluency. The general purpose of this study was to examine the development
reading prosody throughout the years of primary reading acquisition ¢gtatieough 3).
Participants were 92 first-grade students who were part of a largerafttioty
development of reading fluency. Suprasegmental features of oral readingeasered
on three separate occasions throughout grades 1 and 2 (initial measuremetakever
during the spring of the first grade school year with follow-up assessomnsing
during the fall and the spring of second grade). A final outcome assessmentiwasd
during the spring of the third grade school year as well. Outcome measnsested of
formal assessments of oral reading fluency and reading comprehensiopedifie s
research objectives consisted of the following: (1) to determine whetherskenea
pausing over time serve a causal function for the development of larger pitclesh@)g
to determine the extent to which the growth of prosody during grades 1 and 2 is
predictive of oral reading fluency in grade 3; (3) to determine whether theéhgodbw

reading prosody during grades 1 and 2 is predictive of comprehension skill in grade 3;



and (4) to determine the extent to which the development of reading prosody adds to our
ability to account for reading fluency and comprehension outcomes beyond word reading
speed and accuracy. Path model tests found evidence of a relationship betweeasa decr

in the number of pauses during oral reading and the subsequent development of adult-like
pitch contours. Furthermore, outcome model tests indicated that while aspects of both
pause and pitch variables initially impacted oral reading fluency, only pitch contour
emerged as a significant predictor of fluency once word reading speedcamdcy were

taken into account. Finally, the cumulative effect of decreases in pausirigeainitial

pitch contour measurement predicted comprehension skill.
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CHAPTER 1
INTRODUCTION

Since the publication of the report of the National Reading Panel (2000), and
more recently the National Assessment of Educational Progress (NAE#aIgiady of
Oral Reading (2005), fluency research has experienced something ofed oéunterest.
Although recognition that the development of reading fluency holds substantial
importance is hardly a novel concept within the disciplines of psychology and education,
fluency has often been described as the “most neglected” reading skig(a, 1983).
The reasons for this, however, may have more to do with historical trends in the field of
psychology and the continuously evolving conceptions of fluency (i.e., the particular
subskills or qualities included in this aspect of reading performance), rathehéha
relative disinterest among researchers. In fact the foundations ofcleseagading
fluency can be traced back to the work of experimental psychologists during th&"ate
century. Admittedly, much of the research conducted in the late 1800s and early 1900s
characterized fluency primarily as “the immediate result of wordgr@tion proficiency”
and often neglected other components that are considered essential asheats\of f
today (National Reading Panel, 2000). Interest in fluency and other psychological
processes faded, albeit somewhat involuntarily, during the period from apptelyima
1910 to the middle 1950s, while behaviorism dominated American social sciences and
education. Although this resulted in the temporary suspension of research productivity

and progress in the field, the onset of the cognitive revolution in psychology during the



1960s, and particularly the 1970s, revived research efforts in reading processes and
sparked perhaps the most active era in the study of reading fluency. This phildsophica
shift recast research and theory on reading development and, consequently, positioned
skill acquisition, the development of expertise, and automatic processing asrtagypri
foci for decades to follow. Whereas the tradition of scholarship in reading fluency
continues today, current research has taken on a heightened practical impattance w
recent revelations concerning the development of reading fluency in childrets avié i
for academic success.
Importance and Associated Outcomes of Fluent Reading

The importance of fluency in the field of reading is derived largely frgrthél
recognized correlation between developed expertise in reading and comunes&isi
and (2) the relationship between fluency and overall educational achievement A larg
study examining the status of fluency achievement in American education cahyct
Pinnell, Pikulski, Wixson, Campbell, Gough, and Beatty (1995), in association with the
National Assessment of Educational Progress (NAEP), found that 44% of a mational
representative sample of grade students were disfluent with grade-level passages.
Furthermore, Donahue, Voelkl, Campbell, and Mazzeo (1999) found that 38% of fourth
grade students read below the “basic” level, which is defined as “partiamnatt
prerequisite knowledge and skills that are fundamental for proficient worklagesae.”
These figures are particularly alarming given the additional findingsajraficant
relationship between oral reading fluency and reading comprehension, as chégsure
overall reading proficiency on the main NAEP assessment. A follow-up stulgdrye,

Campbell, Grigg, Goodman, and Oranje (2005) yielded similar results, as 39% of the



nation’s fourth graders were characterized as disfluent and oral reasingyf again
shared a positive relationship with reading comprehension.

It follows that children who do not develop fluency early on in the schooling
process will likely experience difficulty learning important matdriam texts introduced
in later grades (Chall, Jacobs, & Baldwin, 1990; Lyon, 1997). This circumstancesappear
to be the direct result of the typical progression of school-based instructiohaldsiefs
school curriculum begins to shift and instructional emphasis in reading that was once
based upon text information generally known to children is replaced by text infonmati
that is new, children are not only expected to learn independently from text but face
significant risk of educational underachievement or failure should they lackghiead
skills to do so (Chall, 1996b). Indeed Rasinski, Padak, McKeon, Wilfong, Friedaur, and
Heim (2005) found that reading fluency continues to be a significant variable in
secondary students' reading and overall academic developgxaeatdingly, when the
National Research Council (Snow, Burns, & Griffin, 1998) issued its report on the
prevention of reading difficulties in young children not only did they recognize the
importance of achieving fluency with various texts, but also recommendedrregula
classroom assessment and effective instruction since “the ability ta afaning from
print depends so strongly on fluency” (p. 323).

Current Status of Research in Reading Fluency

Despite a substantial, cumulative body of research examining a multitude of
processes with suspected involvement in the development of fluent reading, and an
understanding of the educational outcomes associated with the ability to redg,fthent

construct of fluency has been criticized for lacking clear theoretrghtefinitional



consensus in the research literature. Kame’enui and Simmons (2001), for example,
characterized fluency as “a term so broad and unsatisfactory in meaatifigleéhinsight
and understanding are gained beyond mere use of the term” (p. 204). Although
theoretical disagreements may exist and definitions vary, the genecples

underlying research in reading fluency appear to be consistent (some evew toate
the aforementioned conflicts are more apparent than real). That fluency is a
developmental process representing an outcome of sublexical and lexicalgs@rebss
skills that are acquired during the elementary school years is ségnomogiestionable
(Fuchs, Fuchs, Hosp, & Jenkins, 2001). That it is comprised of some combination of the
elements of rate, accuracy, and “expression,” for the purposes of comprehgnsion i
commonly agreed upon as well. Definitional inconsistencies, however, are often a
reflection of advances in the field which involve mainly the inclusion of additioné ski
or qualities (e.g., prosodic, or “expressive,” reading) that were not considered in
traditional conceptions of fluenclfurthermore, an examination of early research
successfully illustrates the establishment of enduring theoretical certhaptemain
fundamental to the study of fluency at present. This certainly does not suggast that
single consolidated focus is currently guiding research efforts, but ratbers the
characterization of fluency as an overly fractured and disorganized ain€lriticisms,
however, are not entirely misplaced. General agreements notwithstandingadhe e
cognitive mechanisms and processes that index fluency, and the manner in which they do
so, appear to be unsettled theoretically and experimentally (Kame’enm&ds,

2001; National Reading Panel, 2000; Stanovich 2000).



Early Research and Definitions of Fluency

As Pikulski and Chard (2005) point out, defining reading fluency as a construct is
central to making important decisions about the ways in which fluency is studied.
Furthermore, the process of doing so creates an additional understanding of how the
study of fluency has evolved. A historical review of the term and its application,
conducted by the National Reading Panel (2000), traced the “changing concepts of
fluency” from “high-speed word recognition” fluency to processes that extendridey
word recognition” to “comprehension processes as well” (chap.3, p.6; Kame’enui &
Simmons, 2001). A more thorough treatment, however, would expand beyond the
National Reading Panel analysis and include selected examples otsadych, review
of essential theoretical principles, and a survey of definitions that have beent@des
over time.

Indeed the foundation of fluency research emphasized a contextually-based spe
component achieved as an outcome of automatic processing (Cattell, 1886). &lyecific
Cattell suggested that “when the words make sentences and the letters wardly, dot
the processes of seeing and naming overlap, but by one mental effort the subject ca
recognize a whole group of words or letters, and by one will-act choose the motiens t
made in naming them, so that the rate at which the words and letters are ealig is r
only limited by the maximum rapidity at which the speech-organs can be mgves#).
Additional studies have validated Cattell’s findings that speed of processingsprint
increased by orthographic, lexical, and semantic-syntactic informationhratolts (see
Barron & Pittenger, 1974; Doehring, 1976; Eichelman, 1970; Forster & Chambers, 1973;

Reicher, 1969; Wheeler, 1970) and children (see Biemiller & Levin, 1968; Gibson,



Osser, & Pick, 1963; Gibson, Barron, & Garber, 1972; Levin & Biemiller, 1968; Thomas,
1968). Sole emphasis on speed, however, is not necessarily a misguided focus since few
would argue that oral reading, even if perfectly accurate, could be consideredf fluent
were not rendered rapidly. Moreover, automatic, or speeded, performance fgsuma
permits higher-order processes such as comprehension or prosodic reading to ¢ake plac
G. Stanley Hall focused on the underlying processes of skilled readingj andve
formally introduced the concept of “automatization of function,” a term that he used to
refer to “the process whereby well practiced events are run off wilatesless
conscious control.” Hall (1911) spoke of this automaticity when he defined true reading
as “occurring when the art has become so secondarily automatic that it cagobteror
and attention can be given solely to the subject matter. Its assimilatraa reading and
all else is only the whir of the machinery and not the work it does” (p. 445). As a
consequence of this advanced processing, or automatization of function, skilled readers
are less dependent on processing the printed word and may instead focus on constructing
meaning.
This tradition of theory was continued by Huey (1908/1968) with the added
notion that fluent reading develops in stages, with characteristically uniqguega®ces
occurring at the different stages. Inherent to this belief was the idduthd reading
involved the gradual accumulation and synthesis of complex processes and skilts forme
through practice. Thus the development of reading fluency was dependent on increasing
the rate of processing through repetitive practice as “repetition proglgdsees the
mind from attention to details, makes facile the total act, shortens the timedacds

the extent to which consciousness must concern itself with the process” (p. 65).



Although early researchers are responsible for establishing much of the
conceptual, and even experimental, groundwork, most discussions of fluency tnace thei
modern theoretical foundations to the work of David LaBerge and S. Jay Samuels. The
seminal article on automatic information processing in reading by LaBedySamuels
(1974) represents the most comprehensive attempt at modeling the complex processe
involved in reading skill acquisition and is considered the most influential and widely
quoted of all the reading theories (Blanchard, Rottenberg, & Jones, 1989). Autgmaticit
theory suggests that children who have developed automatic word reading skllis rapi
process high-frequency words and decode new words quickly, allowing attention to be
shifted to reading for meaning. Evidence for this theory is speed- and actiokacly-
improvement in higher-level aspects of reading such as comprehension (Gough, 1996;
Miller & Schwanenflugel, 2006; Nicholson, 1999; Perfetti & Hogaboam, 1975;
Schwanenflugel, Hamilton, Kuhn, Wisenbaker, and Stahl, 2004). This conceptualization
of fluency has been the cornerstone of research in reading fluency fornao t
decades and its influence is evident in numerous definitions given since that time.

According to Wolf and Katzir-Cohen (2001), throughout the period between
LaBerge and Samuels’ (1974) automaticity theory and Carver’s (1991, 1997) rauding
theory (a theory that focuses on the links between fluency and comprehension through
emphasis on the different purposes of reading and their respective rates)ethaamg
was commonly defined as “that level of reading competence at which texdtelahcan
be effortlessly, smoothly, and automatically understood” (Schreiber, 1980, p. 177). A
survey of additional definitions revealed that many others incorporated theysasral

principles of automatic text reading skills for the purposes of comprehensiofi.dsowe



example,The Literacy Dictionarndefined fluency as “freedom from word identification
problems that might hinder comprehension” (Harris & Hodges, 1995, p. 95). Logan
(1997) characterized fluent reading as “speeded, seemingly effortiemspous, and
achieved without much consciousness or awareness.” Similarly, Meyer &ol ES199)
defined fluency as “the ability to read connected text rapidly, smoothly,leffgist, and
automatically with little conscious attention to the mechanics of readicly as
decoding” (p. 284).

Whereas the approach to fluency described above provides a more complete
enumeration of the behaviors involved in skilled reading and further incorporates the end
of goal of comprehension, difficulties arise in validating such definitions and
appropriately conceptualizing the underlying component structure of fluévaly &
Katzir-Cohen, 2001). Although some researchers support more simplistic defirofi
fluency such as “rate and accuracy in oral reading” because they allowafterease in
empirical validation (Shinn, Good, Knutson, Tilly, & Collins, 1992), others (e.g., Wolf &
Katzir-Cohen, 2001) contend that such emphasis “ignores the multi-dimensionality of
fluency” (p. 218). More recent definitions have expanded our understanding of fluency
beyond word reading automaticity and comprehension, and included the additional
element of prosodic or “expressive” oral reading. The National Reading 28066) (for
example, defined fluency as the ability to “read text with speed, accuracy and prope
expression” (chap. 3, p.1) and further included specific recognition that “fluencyagqui
the rapid use of punctuation and the determination of where to place emphasis or where
to pause to make sense of a text” (chap 3., p. 6). Alternatively, Pikulski and Chard (2005)

proposed a synthesis of the National Reading Panel and The Literacy Dictionary



definitions that reads as follows: “Reading fluency refers to efficiefectefe word
recognition skills that permit a reader to construct the meaning of texindylige
manifested in accurate, rapid, expressive oral reading and is applied during kasd ma
possible, silent reading comprehension” (p. 510). Still, Wolf and Katzir-Cohen (2001)
provided perhaps the most comprehensive working definition of reading fluency which
they derived from a combination of the developmental (Kame’enui, Simmons, Good, &
Harn, 2001) and systems-analysis perspectives (Berninger, Abbott, BillingdNagy,
2001). The authors characterize the beginnings of fluency as “the product ofi#the init
development of accuracy and the subsequent development of automaticity in underlying
sublexical processes, lexical processes, and their integration in singleeading and
connected text” which include “perceptual, phonological, orthographic, and
morphological processes at the letter, letter-pattern, and word levelgll as wemantic
and syntactic processes at the word level and connected-text level” (p. 2&9)t isft
fully developed, “reading fluency refers to a level of accuracy and rate dbeoding is
relatively effortless; where oral reading is smooth and accurate wréctprosody; and
where attention can be allocated to comprehension” (p. 219).
Syntactic Structure and Prosodic Extraction in Speech and Reading

The belief that the production of prosody is a reflection of the syntacticlsguct
of a given sentence is widely supported in the fields of linguistics and psychology
(Ferreira, 1993). According to models of prosodic structure (Nespor & Vogel, 1987,
Selkirk, 1986), syntax does in fact appear to influence the prosodic charasteristic
sentence but may do so indirectly. This indirect effect results becausataetisy

structure of a sentence ultimately influences the sentence’s organizatipnasodic



10

segments. For example, Ferreira (1993) points out that in models of prosodigstraict
syntactic-phrase boundary virtually forces a phonological-phrase boundatyis/ithe
reason that these boundaries are often the focus of various prosodic features, including
pitch fluctuation, pausing, and phrase-final lengthening. Although Ferreira’s (1993)
model demonstrated that prosodic timing patterns show a general correspdondence
syntactic structure, it also stressed that syntactic and prosodicistsuctay not
necessarily be identical.

Whereas the majority of research and theory on prosody has focused on speech
rather than reading, Koriat, Greenberg, and Kreiner (2002) propose that prppbelg a
during text reading reflects the structural framework established fasgdfsentences as
well. In fact, reading prosody may be more closely aligned with myatioal structure
than speech prosody (Goldman-Eisler, 1972). Goldman-Eisler found that during
spontaneous speech production less than one-third of breathing pauses occurregl at claus
boundaries; however, breath pauses almost always occur at such boundaries during oral
reading. Moreover, Koriat et al. (2002) found that prosodic reading appears to be derived
primarily from syntactic structure prior to, and independent of, semantic informa
Although the authors recognize that semantics may play a minor role in prdsady, t
suggest that reading may be more similar to speech comprehension than to speech
production. That is, individuals (even at very early perceptual stageskpomse/e to
structural cues in speech that are necessary for organizing informatiorogher t
construction of meaning (Koriat et al., 2002). Thus, the authors speculate that prosody

may serve an important representative function of early structural anahgthat this
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prosody is crucial for retaining information in working memory so that it mayllee
processed.
Prosodic Structures in Infant’s Understanding and Use of Language

Sensitivity to the use of prosodic features in speech is especially evideoiig y
children (Dowhower, 1991; Schreiber, 1987; Schreiber & Read, 1980). Research suggests
that infants not only use prosody as a primary cue to the syntactic structuee of t
language, but that their babbling mimics the prosodic characteristicsnhhretieeir
primary language as well (Kuhn & Stahl, 2003). Furthermore, Read and Schreiber (1982)
and Schreiber (1987) demonstrated an additional finding which suggested that children
appear to be more reliant on prosodic elements in oral language for determaaimiggn
than are adults.

Theoretical accounts of the prosodic structure of spoken language (Nespor &
Vogel, 1986; Selkirk 1983) propose a “hierarchy of elements ranging from miogae (t
minimal unit of sound used in phonology that determines syllable weight) and syllables
to intonational phrases and utterances” where elements in the hierarchy abesuedthe
level are derived from syntactic structure and serve as the domains whibinwarious
phonological rules apply (Gout, Christophe, & Morgan, 2004, p. 550). In other words,
prosodic words constitute phonological phrases (whose boundaries coincide with
syntactic phrase boundaries), which in turn constitute intonational phrases tinastare
often whole clauses (Gout et al., 2004). For purposes of clarity, th@hemological
phraserefers to any kind of prosodic level above the prosodic word (one or more
prosodic words, under the general rule of two to three prosodic words), whereas the

intonational phraseconsists of one or more phonological phrases (under the general rule
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of two to three phonological phrases). Hirsch-Pasek, Nelson, Jusczyk, Cassigdy, Drus
and Kennedy (1987) suggested that young infants perceive intonational phrase
boundaries. Specifically, they observed that infants listened longer to stiratdwshen
pauses were inserted at intonational phrase boundaries as opposed to when inserted at
other, non-boundary, points. Furthermore, numerous studies have demonstrated that
infants are sensitive to prosodic cues and syntactic boundaries that correspond with
phonological phrase boundaries (Christophe, Dupoux, Bertoncini, & Mehler, 1994;
Christophe, Mehler, & Sebastian-Galles, 2001; Gerken, Jusczyk, & Mandel, 1994,
Jusczyk et al., 1992). Gout et al. (2004) conducted a series of studies the resultk of whic
indicated that infants as young as 10 months old may use cues to phonological phrase
boundaries to segment connected speech as well.

According to Nazzi, Dilley, Jusczyk, Shattuck-Hufnagel, and Jusczyk (2005),
word segmentation, or the extraction of the sound patterns of words from the speech
signal, is a critical step in infant speech processing. Recent work exanmeifagtors
involved in early word segmentation highlighted the importance of prosodic cues,
particularly lexical stress at the onset of word segmentation, in identifong)
boundaries. The early acquisition and use of prosodic information is supported by studies
suggesting that infants between the ages of 6 and 9 months show a preference for “words
with the predominant English strong-weak (SW) stress patterngerter) over less
frequent weak-strong (WS) words (ermgport)” (Nazzi et al., 2005, p. 280; see also
Jusczyk, Cutler, & Redanz, 1993; Turk, Jusczyk & Gerken, 1995). In fact additional
studies (using various adaptations oflead-turn preference procediyreave

demonstrated that infants begin segmenting nouns with the SW pattern at apptpximate
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7.5 months, whereas they start segmenting WS nouns at 10.5 months (Jusczyk, Houston,
& Newsome, 1996b; see also Echols, Crowhurst, & Childers, 1997; Houston,
Santelmann, & Jusczyk, 2004; Johnson & Jusczyk, 2001; Morgan & Saffran, 1995).

Nazzi et al. (2005), conducted similar studies examining verb stress patigrns a
found a notable developmental lag in segmentation compared to nouns (13.5 months for
strong-weak consonant- or vowel-initial verbs and for weak-strong consonaait-init
verbs; and 16.5 months for weak-strong vowel-initial verbs). The authors suggested that
pitch accent and phrasal boundary distributions could account for some of the
performance differences between the studies. Specifically, prosodicesadysaled
that nouns were more likely to be clearly followed by a phrasal boundary andikebye |
to be preceded by a syllable bearing a pitch accent (Nazzi et al.). Accgydieglr
demarcation of noun stimuli as used in previous studies could account for infants’
relative ease in segmentation compared with verbs. Nevertheless, thesesstpdoat
the conclusion that infants are perceptually sensitive to prosodic cues in processing
speech.

Given the evidence demonstrating that children’s understanding of oral language
is to some extent dependent upon the use of prosodic features, one could reasonably
assume that prosody is an important determining factor in children’s abitigrive
appropriate meaning from text as well (Allington, 1983; Dowhower, 1991; Kuhn & Stahl,
2003; Schreiber, 1991). In fact, appropriate phrasing, intonation, and stress are all
considered to be indicators of fluent reading (Chomsky, 1978; Rasinski, 1990b; Samuels,
Schermer, & Reinking, 1992) and are further thought to reflect the otherwisblmvis

process of comprehension (Kuhn & Stahl, 2003). Specifically, Kuhn and Stahl assert that
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the ability to group text into syntactically appropriate phrases sigtifetsa reader has
an understanding of what is being read.
Contribution of Prosody in Reading Comprehension

Whereas prosodic reading is widely considered to be a hallmark of the
achievement of reading fluency (Dowhower, 1991; Kuhn & Stahl, 2003; Schwanenflugel
et al., 2004), the link between prosody and other aspects of the reading process remains
unclear. Although automaticity theory accounts for the accurate and e§attdesding
that is characteristic of fluent reading, and further provides an explanatipotémtial
increases in comprehension skill, it does not explicitly address the role of progbd
reading process. Kuhn and Stahl (see also National Reading Panel, 2000) suggest tha
prosodic text reading is a necessary condition, beyond automatic individual word
decoding, for adequate comprehension to occur. According to the authors, this reasoning
is based on the theoretical proposition that the development of reading prosody may
assist comprehension because prosodic reading is indicative of the ability emsegih
according to major syntactic/semantic elements. Support for this argueemdent, as
research demonstrates that comprehension may be related to skill in syiteading
(Young & Bowers, 1995) and comprehension improves when children are provided with
information about syntactic and semantic boundaries (Cromer, 1970; O’'Shea & Sindelar
1983). Consequently, prosody might serve an important function in the process of reading
by providing the bracketing of key syntactic and semantic boundaries that noigoaly s
the ability to group text into meaningful phrase units, but indicates that the hesdan

understanding of what is being read as well.
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That prosody may provide an important linguistic link between fluency and
comprehension is a relatively well-established concept in the researatuliee
however, evidence is somewhat inconclusive. Chafe (1988) suggested that to read a
sentence with intonation, one must assign syntactic roles to the words in theesentenc
The assignment of syntactic roles is a key component of microprocessing, or tak ment
parsing of a text into hierarchically ordered propositions (Kintsch, 1998). Schreiber
(1987) suggested that the explicit presence of prosodic cues might be one crucial
difference between speech and reading, and is one of the reasons that spsesttds ea
understand. Assuming that prosodic cues serve an important signaling function for
children in their processing of spoken language (Morgan, 1996), it follows that the
absence of such cues in print may partially account for the difficulty etaldren have
in parsing written text. However, Schreiber reported that evidence supportikg a i
between prosody and syntactic processing is weak, with some studies finding links
between the use of prosodic features and syntactic comprehension and others failing t
find such an effect.
Punctuation as a Cue to Prosodic Interpretation

Punctuation may serve as the visual cue to syntax-related prosody. Recently,
Steinhauer (2003) suggested that overt prosody in spoken language and implicit prosody
cued by punctuation during reading may have strong influences on sentence
comprehension by guiding syntactic parsing. Steinhauer conducted experiments
examining the processing of commas in silent reading to determine primbgther
commas served as orthographic triggers for covert, or subvocal, prosodic pHrasing.

these event-related brain potential studies, speech boundaries and conaiolkys rel
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elicited a similar online brain response, termedGlesure Positive ShifCPS).
According to Steinhauer, this finding supported a direct correspondence between
punctuation and implicit prosody, pointing to a common mechanism that allows
punctuation in written communication to take on the functions that prosody does for
speech.

In contrast, Chafe (1988) argued that although punctuation is intended to capture
major aspects of prosodic intent, prosodic features are not always welldilmyatext
punctuationFor example, he noted that grammar rules that govern the placement of
phrase-final commas between words in a series may dictate pauses in sdikie iz
came, he schmoozed, and he dazddatinot in sentences suchAsie wanted the one
with the red, white, and blue sprinkl€3uestion marks also exhibit prosodic uncertainty,
seeming to dictate a final pitch rise for the end of yes-no quegaansDid Melanie
go?),but not for wh-question@.g., Where did Melanie goNloreover,spoken
language consists of shorter speech segments (about 5 or 6 words) before pausing than
would be dictated by written punctuation, particularly for lengthy sentences.
Consequently, oral readers will introduce their own prosodic boundaries not signaled in
the text at all. Thus, because oral readers must abstract prosodic featureateatgnt
while reading aloud, one of the tasks children have in learning how to read aloud is to
learn the limits of punctuation as a cue to the underlying prosodic structure @xttthe t

Besides learning the limits of punctuation, elementary school childrenlare st
developing their understanding of prosody. Bates (1976), for example, found that
prosodic stress patterns are processed poorly by children as old as 8 ygars of a

Furthermore, Cutler and Swinney (1987) found that even 9- and 10- year-olds are not
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quite at adult levels in understanding the function of some contextual prosodic features
Thus, it is possible that children just learning to read may not be able to make full use of
the prosody engaged by oral reading.

Prosodic Measurement and Studies Examining the Role of Prosody in the Reading
Process

According to Dowhower (1991), scholars have identified at least six distinct
prosodic indicators related to expressive reading: (a) pausal intrusionsigb) ¢
phrases; (c) appropriateness of phrases; (d) phrase-final lengthehtegn{eal
intonation contours; and (f) stress. Taken together, these features aredlassif
suprasegmental because they extend over more than one speech sound and contribute to
meaningAs previously noted, appropriate use of such markers signifies a readetis abili
to apply syntactic knowledge to text and further demonstrates the ability to ptbduce
essential features of expressive oral language during reading, whaevprgsaccuracy
and speed.

Currently, the majority of available studies examining the development of oral
reading prosody have focused on measures such as descriptive ratings iof specif
prosodic features (Bear, 1992; Clay & Imlach, 1971). Clay and Imlach, fompéxansed
a rater to analyze separately the pausing, pitch, and stress present ihréedorgs of
seven-year-old children and found that children who made few and short pauses were the
best readers according to objective assessments of skill. In addition, gidyeshilled
readers completed declarative sentences with a declination in pitch. Howeagisde
statistical analyses were not carried out, it is unclear whether thdiffleitences were

reliable across children. Further, ratings can be unreliable acressfatsome prosodic



18

features because it is difficult for listeners to disentangle prosodicdemading issues
(Bear, 1992).

Although research employing direct measurement of reading prosody is
surprisingly sparse, several studies have attempted to examine prosodly tthireagh
spectrographic analysis. For example, Herman (1985) counted the presencetof speec
pauses of eight remedial fourth to sixth grade children as they carried ouéedeped
readings of a moderately difficult text and found that the number of pauses nigtddicta
by punctuation dropped considerably as a result of repeated reading. As noted earlier
punctuation may be only a very rough indicator of where pauses are appropriate and the
number of participants used in this study was quite small. Dowhower (1987) examined
the effect of repeated reading on oral reading prosodyfigrade children who read
accurately but in a slow and word-by-word manner. Students’ audio-taped oral readings
were analyzed spectrographically to determine the duration of each wordgtiredé
pauses between words, and the fundamental frequeng)ésr(subject-final and
sentence-final words. After repeated practice, children showed significprovements
in prosodic reading in terms of decreased inappropriate pausing within wordpor ma
syntactic units, increased sentence-final vowel lengthening (a prosadicfesarking
the end of a major syntactic unit; Cooper & Paccia-Cooper, 1980), and a ggeater F
declination occurring at the last syllable of a declarative sentence.

Schwanenflugel, Hamilton, Kuhn, Wisenbaker, and Stahl (2004) examined the
role of reading prosody in order to (1) characterize the development of prosailgrea
as a function of reading skill, and (2) test the model that prosody may serve @ala par

mediator between decoding and comprehension skills. Spectrographic analysis was
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conducted on the oral readings of a large sample of second and third grade children with
the purpose of investigating the following five prosodic features: (1) intdersal

pause length; (2) inter-sentential pause length variability; (3) ietreestial pause

length; (4) child-adult §/sentence profile match (based upon adult comparison sample
data); and (5) the sentence-fingldeclination. According to the authors, skilled readers
(as determined by standardized assessment of word reading efficiemeypured to

make shorter pauses both within, and between, sentences, with minimal variability
Further, good oral readers ended declarative sentences with discernablatevatyre

large pitch declinations, as noted in Clay and Imlach (1971) and Dowhower (1987).
Skilled oral readers matched adults in their overall prosodic contours as well. Howeve
although the authors found a clear connection between prosodic reading and word
reading efficiency, reading prosody itself added little to predicting celngmsion skills
beyond that accounted for by word reading efficiency alone. Consequentlyrdhey a
that reading prosody should be viewed as an indicator of the emergence of automati
word reading skills.

Whereas Schwanenflugel et al. (2004) successfully characterized priesadic
reading as a function of word reading efficiency in young children, thereramalaer of
possibilities for why the authors failed to find a significant relationship detweading
prosody and reading comprehension skill. First, that study focused on childrelirgrea
of a simple seven sentence pre-primer passage which consisted mainly r@itidecla
sentences. As a result, this text may have lacked the structural cdagnptekibreadth of
prosodic features necessary to establish the relationship with readingebemgon

skills. In other words, simple passages may not encourage children to mark pnogody i
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way that relates to comprehension. The falling fundamental frequency found for
declarative sentences may serve as the “default” for sentence prosodyyandtm
represent marked or contrastive prosody. It may be that, as texts becomemualexc
children draw on their prosodic resources in a way that is more reflective of
comprehension processes. There is also a minor possibility that developmemgal cha
resulting from use of a sample that consisted of a mixture of second and third grade,
obscured potential prosody-reading skill relations, given that speech proststy is a
under development to some extent at this age.

Miller and Schwanenflugel (2006) continued to examine the role of prosody in the
overall reading process and expanded their efforts to focus on the relationshimbetwee
the prosodic reading of syntactically complex sentences, reading speextaraty and
comprehension skill. As a follow-up to the Schwanenflugel et al. (2004) study, the
authors addressed a number of limitations identified in earlier studies, thempostaint
advancement, however, involved the use of a text that included redundant observations of
a more complete set of grammatical features than identified in previoasclesa
reading prosody.

The design of the Miller and Schwanenflugel study targeted the following
features which Chafe (1988) and Cooper and Paccia-Cooper (1980) suggested might
require a distinct prosodic reading in adults: basic declaratives, basiawpsytah-
guestions, yes-no questions, complex adjectival phrases, and phrase-final cBormas
example, intuitively it may seem that questions should be marked with a risihglpit
Chafe (1988) indicated that this is true for some question types only. Similarltipimtui

might dictate that commas should be marked with a pause, but Chafe suggested that not
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all commas need to be marked. Some, like phrase-final commas (Shelaesid being

run over, Paul jumped bagkmight need to be marked while others, such as commas in
complex adjective phrases (such asl#éinge, striped, yellow busjight not beFinally,
guotatives (such adVe oughta gd said Freddy were another type of sentence that
seemed to call on prosodic marking.

Therefore, prior to any investigation concerning prosody’s position in tdangea
process of children, the authors first used an adult sample to discern whichisyntact
features are marked prosodically and which are not. In agreement with preuvias,st
adult readers reliably marked basic declarative sentences with a pitciatiec!

Although it was suggested that basic quotatives may require a pause following a quote
(Cooper & Paccia-Cooper, 1980), adult readers did not pause following basic quotatives.
According to Chafe (1988), wh-question types may not require an upswing in pitch; in
support of this, the authors found that adults did not show a uniform treatment of this
structure, with many adults showing a moderate to large pitch rise and otlérgydte

end these questions with a pitch decline. Further, Chafe suggested that adujtssna

no questions with an upswing in pitch. Miller and Schwanenflugel (2006) found that
adult readers did in fact mark yes-no question types with a relativegyrigegin pitch.

Chafe also suggested differentiated reading of internal comma strusjeesying that
pauses are not marked at commas in a seriesi{eppy, playful, curious),.but may be
marked for phrase-final locations (e.@ne afternoon, near a pond..However, it was

found that adult readers generally did not pause at either structure. Overallehdive
findings concurred with Chafe’s basic point that that punctuation does not seem to drive

prosodic readings in adults.
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Most importantly, Miller and Schwanenflugel (2006) found that skilled child
readers seemed to be heading toward a prosodic rendering that was similastd adult
findings presented regarding the prosody-reading skill relationships showedl gene
similarity to those described in previous studies and added some new findings as well.
Like Clay and Imlach (1971) and Schwanenflugel et al. (2004), the authors found that
good readers made short pauses; however, new information regarding children’s
treatment of internal punctuation extended our current understanding and indicated that
good readers kept pauses short at internal commas across a variety of sepésnce ty
basic declaratives, basic quotatives, and yes-no questions), but less skildzd déc
not. Similarly, agreement was also evident with Clay and Imlach, Dowhower (H9@l7),
Schwanenflugel et al. that skilled readers ended declarative sentericaswatked
declination in pitch. However, Miller and Schwanenflugel added the observation that
skilled readers show comparatively large pitch rises following yes-noiguesthus,
the hypothesis that reading prosody is a feature that emerges oncenchédde acquired
quick, accurate, and automatic word- and text-level reading skills (LaReSgenuels,
1974; Perfetti, 1985) showed strong support, as reading skill was related to short and
more adult-like pause structures, large declinations at the ends of declaaatiMasger
pitch rises following yes-no questions.

Similar to the Schwanenflugel et al. (2004) study, Miller and Schwanenflugel
(2006) also tested an additional hypothesis that, once prosodic reading washestablis
this prosody of syntactically complex sentences might make a unique coaotritouti
comprehension skill beyond that accounted for by quick and accurate text reading alone.

As mentioned previously, this view was based on previous research that suggested



23

prosodic reading may provide important syntactic and semantic feedback to #re read
which may ultimately assist comprehension (Cromer, 1970; Kuhn & Stahl, 2003; O’Shea
and Sindelar, 1983). The authors found support for this hypothesis, but only for specific
pitch features. That is, children who showed large declinations at the ends of basic
declarative sentences and larger pitch rises following yes-no questiond tereethose
whose comprehension skills were higher. Pausing, however, was unrelated to
comprehension skills beyond that accounted for by rapid and accurate text reading.
Taken together, the Schwanenflugel et al. (2004) and Miller and Schwanenflugel
(2006) studies were successful in characterizing prosodic reading asiafuheceading
skill and provided better evidence for the role of prosody on reading comprehension
compared to previous research. Although neither study found an independent effect of
pause structures on reading comprehension once reading speed and accuracgnvere tak
into account, their findings for pitch change were somewhat mixed. That is, while
Schwanenflugel et al. found no effect for sentence-fipadelinations for declarative
sentences on reading comprehension, they did, however, note a small, but significant
effect of child-adult Fcontour match. Children whose general pitch contour was similar
to that of the average adult tended to have higher reading comprehension skills.iHoweve
they reached the ultimate conclusion that prosody, on the whole, did not add much to the
ability to predict children’s reading comprehension beyond that accounted for by
individual word decoding skills. Alternatively, Miller and Schwanenflugel dematest
a somewhat more general effect of sentence-final pitch change on reawipigchension
skill. The reason for this is believed to be the result of a focus on syntacticafjezom

sentences and the use of a passage which was a closer match to childrat’seading
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skill level. Regardless, the findings presented suggest that differentsasppaisody
may be distinctly related to different aspects of the reading prdaess pauses may
signal general difficulties with decoding skills. By contrast, largeesee-final pitch
changes (where appropriate) appear to be an important variable in theiqgmesfict
reading comprehension skill.
Purpose of the Present Study

Current research considers fluency to be comprised of (1) accuracy in decoding,
(2) automaticity in word recognition, and (3) the appropriate use of prosodicefeatur
such as stress, pitch, duration, and appropriate text phrasing, all of which are assumed t
facilitate text comprehension (Kuhn & Stahl, 2003; Wolf & Katzir-Cohen, 2001). While
there is a rich literature about the systematic development of automaticegognition
skills (Ehri, 1995; 1998) and the contribution of accurate word recognition to reading
comprehension (Johns, 1993; Stanovich, 2000), relatively little is known about prosody.
According to Chall’s (1996b) stages of reading development, the development of
prosodic text reading occurs in the second of six proposed stages called cafiandti
fluency, or “ungluing from print” (p. 18). During this stage readers “confihat is
already known to develop their fluency and, having established accurate decdtsng ski
in the previous stage, must now develop automaticity with text (Chall, 1996b; Kuhn &
Stahl, 2003). Presumably, as their reading becomes increasingly fluid, childetopde
the ability to represent what is read in ways that imitate the tonal and rbhyhpects of
conversational speech. To do this requires use of prosodic features that include
appropriate phrasing, pause structures, stress, rise and fall pattergsnarad

expressiveness. In a sense, then, this model supports a multi-dimensional viewcgf fluen
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and suggests that the development of accurate decoding and automatic word recognition
in connected text creates the conditions necessary for prosodic reading to\datir
research suggests that skilled readers are more likely to read prosddita&

Imlach, 1971; Dowhower, 1987; Herman, 1985; Miller & Schwanenflugel, 2006;
Schwanenflugel et al., 2004) and that prosody may make additional contributions to
comprehension skill beyond those accounted for by quick and accurate word reading
skills alone (Cromer, 1970; Kuhn & Stahl, 2003; Miller & Schwanenflugel, 2006;
Schwanenflugel et al., 2004; O’Shea & Sindelar, 1983; Young & Bowers, 1995), the full
range of prosodic features that might be implicated remains unclear. motbeat

present there are no systematic studies examining the development of prostidic rea
independently, or in relation to the acquisition of other skills involved in fluent reading.
According to Chall’'s model, children are expected to develop automaticity andtelym
prosodic text reading skills during the confirmation and fluency stage which spans fr
the end of first grade to third grade. However, the lack of empirical evidence totsuppor
this assertion represents a critical theoretical gap in the achievehshilled reading.

The purpose of this study was to examine the development of prosodic, or
expressive, text reading during grades 1 through 3. Given that prosody is widely
considered one of the defining characteristics of fluent reading and believed ltpdes/e
a result of the successive acquisition of word- and text-level automaticihgdhe early
elementary school years, it is of critical theoretical, and potentradtyuctional,
importance to establish its place in the reading process. A longitudinaliangalys
necessary to determine the growth trajectory of prosodic reading throughgeathef

primary reading development and makes possible comparisons with skill development in
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other areas as well. A “long-term” longitudinal design is considered a morepaiape
method for the current investigation not only because it offers several advamntages
cross-sectional research (e.g., information about onset, continuity, predictionttane w
individual or subgroup change), but given the relatively complex nature of the construct
to be studied as well. Specifically, a longitudinal study of prosodic growttsdffe
benefits of establishing more clearly the emergence of oral readirgdgnosearly
elementary school readers and also allows for the observation of how the development of
prosodic reading proceeds during the process of skilled reading acquisitios.iayhi
creating a context for prosodic reading in relation to the development of otlse(esky.,
word and text reading automaticity, comprehension skill) as they occur within an
individual or groups of individuals allows one to make predictions and formulate/confirm
hypotheses about the process of learning to segment and mark text. This gltimatel
permits a more complete understanding of the role of prosody in reading theory.
Although longitudinal research may be costly and time-intensive, and furthdsemay
subject to considerable sample attrition, it is particularly conducive to thevabee of
specific growth trends as they unfold in real-time. Neither crossasatmor two-wave
studies provide a sufficient basis for studying development, particularly egénd to
the subtle changes that may be present in reading development and evident in prosodic
growth.

Given that we were interested in examining the role of prosody in the overall
reading process, children were administered a battery of assestméntsluded
measures of word reading efficiency, oral reading fluency, and reaaimgrehension

(in addition to prosodic measurements). Data were collected on five sepaad®os
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beginning during the spring of first grade and ending during the spring of the thded gra
school year. The current study proceeded in two analytic phases. Firgt,neeessary to
determine which prosodic features might be relevant for a developmentab$tud

reading prosody. Although a variety of syntax- and punctuation-based prosodicsfeature
have been discussed in previous research on reading and/or speech prosody as markers
that evidence distinct prosodic interpretations, it is unclear which of thesestea

display stable/logical patterns of change throughout the years ofrpiezaling

acquisition. In the first phase, a small-scale exploratory longitudinatsasidlising a

portion of the total sample) was carried out to examine the full scope of feattires w
potential relevance to the developmental study of reading prosody and to determine
which features would be targeted for more thorough investigation in the larger
longitudinal study. Once a set of target features was selected basedionditigs fof the
preliminary analyses, we then proceeded with the full, large-scale lomgitstiidy of

the development of prosodic text reading (hereafter referred to as Phase@)rpdse

of Phase 2 was three-fold and concerned the following: (1) an examination of the manner
in which prosodic features develop in the process of skilled reading; (2) whether, and the
extent to which, the early development of prosodic reading on simple passages predict
the development of fluent reading and comprehension as outcomes; and (3) an analysis of
how decoding skills might impact the relationships between the early development of

prosodic text reading and subsequent reading fluency and reading compreherision skil
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CHAPTER 2
METHOD

Participants

Participants were 92 first-grade students (40% male, 60% female; meaf age =
years, 2 months; SD = 4 months; range = 6 years, 4 months — 8 years, 1 month) who were
part of a larger study of the development of reading fluency. The studentsrwelted
in one of five schools in northeast Georgia (2 high-poverty public schools, 2 rural public
schools, and 1 private parochial school). Only children who were not currently receiving
special services for English language learners were included in the studybifgicts
(separate from the 92 noted above ) were excluded a priori because they were unable to
read the target passage at a level from which meaningful prosodic meassreoushbe
obtained. An additional 8 subjects (separate from the 92 noted above) were removed
because their recordings were of insufficient quality to conduct prosodiysenal
Approximately 63% of the children were African-American, 20% European-isarer
13% Hispanic-American, and 4% of unknown ethnicity. Children enrolled in the public
education system came from schools in which approximately 72% of the students
qualified for free or reduced lunch programs.

In addition, 34 adults from the children’s communities provided oral reading
samples. These recordings were collected for the purpose of obtaining baseowic
measurements for use as a point of comparison with child reading prosody. Adalts we

recruited from schools, neighborhood restaurants, stores, and other public venues in
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proximity to the children’s schools. Balanced numbers of middle- and working-clas
male and female adults were sampled. Adult subjects were recruited hy hskey felt
comfortable reading a children’s passage aloud. They were paid $10 for their
participation.
General Reading Assessments and Procedures

As part of the larger study of the development of reading fluency, all ssibject
were administered a battery of reading assessments which includetrferasares of
word reading efficiency, oral reading fluency, and reading comprehensitial. Ini
measurements were taken during the spring of the children’s first gramte gehr with
follow-up assessments occurring at four additional time points: during the satohd
grade (mean age = 7 years, 7 months), winter of second grade (mean age =97 years
months), spring of second grade (mean age = 8 years, 2 months), and a final measurement
in the spring of the third grade school year (mean age = 9 years, 1 month)mksgsss
were appropriately counterbalancgach that half the subjects received the word reading
efficiency and oral reading fluency measures in the first half of therpathd half
received the reading comprehension assessment first. Several additiasatenavere
administered as well; however, they were not relevant in the context of thetwtesky
because they were completed on a different day than the measures reportedthere
collection assistants were trained on administration and scoring procedures to t
standard of 100 percent agreement with the lead assistant on all readingastsess
immediately prior to collection at each data collection wave. An illustratidimeodverall

design and assessments administered at each time point can be found in Figure 2.1.
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Word reading efficiency assessmdrd.obtain an independent estimate of word
reading efficiency, children were administered the Test of Word Readiicge&ty
(TOWRE), Sight Word Efficiency and Phonemic Decoding Efficiency subtests
(Torgesen, Wagner, & Rashotte, 1999). The Sight Word Efficiency (SWE) subtest
assesses the number of real words correctly read from a list within 45 secondaswhe
the Phonemic Decoding Efficiency (PDE) subtest measures the number of prabence
phonetically regular nonwords that can be accurately decoded within 45 seconds. Form
A and B were administered alternating across time points. Children wea#yinit
assessed during the spring of first grade using the TOWRE-Form A whictepeated
during the subsequent fall of second grade time point. Form B was administered during
the winter of second grade, Form A during the spring of second grade, and fimally Fo
B during the spring of third grade. Thus the test administrations yielded aail &\«

B-A-B pattern (with summer vacation occurring between the first two astrations).
Concurrent validity estimates reported in the test manual have a median of .@tlés Gr

1 through 3. Alternate form reliabilities have a median score of .97 in Grades 1 through 3.
Raw scores from each subtest were used as indicators of word reading andgdecodin
efficiency.

Oral reading fluency assessmenhe Gray Oral Reading Tests, Third Edition—
Form A was administered during the initial spring of first grade assessmaliiain an
estimate of skill in reading connected text. Subsequent measurements madéeise of
Gray Oral Reading Tests, Fourth Edition—Forms A and B that were aéidraatoss
time points and mimicked the pattern described above. Specifically, children were

administered the Gray Oral Reading Tests, Fourth Edition—Form A durindltbé fa
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second grade, Form B during the winter of second grade, Form A during theadpring
second grade, and Form B again during the spring of third grade assessmeanh At
time point,children were presented with a series of passages to read aloud and were
scored on the rate and accuracy of their reading. Rate and accuracyv&reresmbined
to yield a standard fluency score for each passage read. The sum of tlirialgiessage
fluency scores was used as an indicator of connected text reading ability.

Reading comprehension assessméneé Reading Comprehension subtest of the
Wechsler Individual Achievement Test (WIAT) was administered to obtain a
independent measure of reading comprehension skill. This subtest consistses afse
printed passages, each of which increases in complexity and is followed lallan or
presented question. The subtest contains both literal and inferential comprehension
qguestion types. The children were instructed to read a passage, listen to tloa questi
presented by the examiner, and then provide an oral response in his, or her, own words.
The test was discontinued once a child missed four consecutive items as dirgbeed by
test manual. The WIAT measures reading comprehension as children’stalalitswer
guestions about the text, a skill which many teachers consider a key indicatadiofyr
comprehension (Richardson, Anders, Tidwell, & Lloyd, 1991). The test manual reports
validity estimates at third grade with a median of .78 with other readingrebension
tests and a median reliability estimates of .91 in this age range (WIAT, 1992aWhe
score, determined by the number of individual questions answered correctly, seaed as

indicator of reading comprehension skill.
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Reading Prosody Assessment and Procedures

Stimuli and procedure3he longitudinal study of the development of prosodic
text reading was embedded within the context of the larger developmental strdly of
reading fluency. To conduct this investigation of reading prosody it was nectssa
select measurement points for which identical assessments were ashexhéstd
consistent prosodic measurements could be carried out over time. Consequently, we
selected 3 out of the original 5 time points based on the administration of the Grray Ora
Reading Tests. Measurements began during the mid-spring (March-Ma} gfdide
(time 1) and proceeded at roughly six month intervals with follow-up assessmentg duri
the mid-fall (September-November) of second grade (time 2) and the mid-spanch(M
May) of second grade (time 3). Prosodic measurements conducted during thérstitial
grade assessment were taken from children’s reading of the first pastag&ady Oral
Reading Tests, Third Edition-Form A (GORT-3; Wiederholt & Bryant, 1992).
Subsequent measurements during the fall second grade time point and spring second
grade time point made use of the same passage; however this passage washiralv the t
in the updated Gray Oral Reading Tests, Fourth Edition-Form A (GORT-4; WWatd&
Bryant, 2001). This passage was selected because it was highly decodableveetd all
for the assessment of prosodic reading in the absence of numerous decoding errors.
Moreover, because this passage appeared in both the GORT-3 and GORT-4, it allowed
for consistency of the target passage across time points. Furtherredesgtthical
manual reported that this passage is appropriate entry-level matedhilflven at the
first and second grades. Readability analyses were conducted using thektesid

Grade Level Formula and the Spache Readability Index. Readabilityowamited and
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averaged across indices, yielding an estimated grade level of 1.97. Examine&tsdrovi
the students with general directions to read the passage as quickly andasstine}i

could. In addition, the passage was introduced with the following instructions: “This
story is about two people in a family. Read the story to find out what happens to them.”
The passage was presented as formatted in the student booklet and shown below:

A man got out of the car.

He had a pretty box under his arm

A little girl ran from the house to meet him.

“Hello, Father,” she said.

“Do you have a surprise for me?”

Father said, “I have something for a good girl.”

The girl laughed, “I am very good.”

The measurement design for the developmental study of reading yprmodtbe seen in
Figure 2.2.

ApparatusOral reading recordings were obtained for the target GORT passage
with the goal of acquiring high quality recordings suitable for prosodic analiisese
recordings were obtained using a variety of equipment, a Sony TCD-D100 digital
audiotape (DAT) cassette recorder, a Sony ECM-717 Stereo Unidirectiamrapkbne,
or a Dell Inspiron 5100 notebook computer, Sound Devices USBPre 1.5 Microphone
Interface, and a Sony ECM-717 Stereo Unidirectional Microphone. USBPre 1.5is a
complete, portable hardware interface for computer-based digital recoidlinfjthese
means of recording have been used in previous research examining reading (m@sody

Miller & Schwanenflugel, 2006; Schwanenflugel et al., 2004). A shareware version of
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GoldWave digital audio editor was used to create individiaadfiles. Noise reduction
procedures were utilized to filter background interference. Prosodic analyhiese
recordings was conducted usiArpat v4.3.07.Praatis a comprehensive speech
software package designed to analyze, synthesize, and manipulate digdaldatee
(Boersma & Weenink, 2004).
Procedures for Selecting Developmentally Relevant Prosodic Features

Although theory suggests that prosodic reading develops as text reading skills
become increasingly automatic, the exact features that index the devefalnature of
prosodic text reading and the manner in which they do so has not yet been determined.
Therefore, it was particularly necessary to include, and survey, thedpk ®f known
features with potential developmental importance in order to identify those prosodic
structures that would be targeted in the large-scale study. To this end, anamlimi
exploratory longitudinal analysis was conducted with a small sample ofeshiahd a
wide assortment of prosodic features (both syntax- and punctuation-based) that have been
identified or implicated in previous research on reading and/or speech prosody as marke
that evidence distinct prosodic interpretations. Selection decisions were ba&gthen (
extent to which a particular feature was one that displayed a pattern of cvangene,
and (2) the extent to which a particular feature demonstrated a distinct pnesating
that was evident over the course of development and consistent with the suggested
“target” reading as determined in previous research (see Clay &Hmla71;
Dowhower, 1987; Miller & Schwanenflugel, 2006; Schwanenflugel et. al., 2004). If,
however, it was clear within this smaller sample that specific prosodiadsdtiled to

show clear developmental trajectories (in other words, those for which ao ernabn-
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existent role in reading developmeatrossskill levels was apparent and that further
precluded any theory-based hypothesis or rationale for such an observationjiacd dis
readings, then such features did not warrant further attention and were @dnmtte
larger study.

To accomplish this, redundant observations of a variety of prosodic features were
targeted for in-depth analysis using a smaller sample of children ofisagading
levels. A total of 30 children (33% of the total sample) with complete oral reddiag
were randomly selected from the larger sample of children particigatthg
longitudinal study. Selected participants demonstrated a sufficient ranggdoig
ability (25"-99" percentiles) as evidenced by their performance on the Test of Word
Reading Efficiency (TOWRE; Torgesen, Wagner, & Rashotte, 1999) taken during the
initial spring of first grade assessment. Furthermore, an independgriesatast
confirmed that there were no significant differences between the 30 subjectedséor
the preliminary analyses and the remainder of the sampple70) on this initial
TOWRE measurement. Prosodic measurements were taken from the taRjet GO
passage in the manner described above beginning with the spring of first grade
assessment and continuing during the fall and spring of second grade.

The following linguistic features were targeted for spectrographasorement
based on the suggestions of Chafe (1988) and Cooper and Paccia-Cooper (1980) that
these structures might require distinct prosodic readings in adults, and the subsequent
experimental validation of such readings in adults and children (Clay & Imlach, 1971,
Dowhower, 1987; Miller & Schwanenflugel, 2006; Schwanenflugel et al., 2004): (1)

basic declarative pitch, or fundamental frequengy, (|¢clination, (2) intrasentential
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pause duration, (3) intersentential pause duration, (4) yes-no question pitch rise, and (5)
phrase-final comma pause duration. Beyond these previously established measures,
additional measurements were made that focused on the intonation contours of key
syntactic segments and vowel elongations in sentence-final positions.

The basic declarative sentence-fingtlEclination was determined by isolating
the target area on the spectrograph and measuring the pitch change, in BeftorfH
the final pitch peak to the end of the sentence. This was viewed as preferableyo simpl
measuring the fall in pitch on just the final word in the sentence because tisatensia
declination often fails to describe the fall in pitch heard at the end of a senteace¢he
final word is unisyllabic (e.gA man got out of the cawhere the meaningful difference
is noted between the wortlee andcar). Magnitude of Edeclination was determined by
subtracting the final from the peak fundamental frequency. Measurementsakeren
the following three basic declarative example sentences and the meandéfar
was used as an index of sentence-final declination:

1. A man got out of the car.
2. He had a pretty box under his arm.
3. Alittle girl ran from the house to meet him.

Intrasentential pause duration (in milliseconds) was measured for theqerese
pausal intrusions, or inappropriate pauses within words or syntactical units, loc&ied in t
first three sentences of the text. Pause lengths were determined bly viseating a
spectral slice at the limits of the pause interval and noting the durationiseaahds.

Only pause durations exceeding 100 ms were included because they could be reliably

measured. In addition, pause measurements were restricted to a maximuion déirat
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3000 ms as required by general testing protocol established for this studestitcsion
was imposed to prevent excessive pausing during oral reading and to fadilithtents
passage completion by providing assistance when necessary. Intrasepaesga
measurements were taken from the first three sentences of the passagethecaus
sentences were of the same type (declarative) and this kind of analysiscislgrly time
consuming. Mean pause durations were obtained by averaging across sentences.
actual number of inappropriate, or extraneous, pauses was recorded as walahas
an alternative measurement of intrasentential pausing.

Intersentential pause duration, or the mean length of pauses between sentences,
was measured similarly to those within sentences. Intersentential pagtesiwere
determined by visually demarking the spectrograph at the limits of serfiaatpauses,
noting durations (in milliseconds), and averaging across all sentencegastage.
Again, only measurements exceeding 100 ms were included and pause measurements
were restricted to a maximum duration of 3000 ms as required by general pestogpl
established for this study.

Yes-no question pitch inclination was measured in a similar way to the basic
declarative pitch declination; however, where the structure ended with a pigeh,
measurements were made from the preceding pitch valley to the final peglon@nl
example of this feature type is available in the passage and, consequentlggtiis si
measurement served as the index for yes-no question pitch rise.

Phrase-final comma pause duration measurements were determinedbytisiic
spectrograph at the appropriate phrase boundaries and recording the pause length

occurring between the ending of the word preceding the comma and the start ofdthe w



38

following it (e.g., betweeRratherandshg. Measurements were made for each of three
phrase-final commas included in the passage and averaged across observatibos. Dura
constraints were identical to those of intrasentential and intersententiespaus

According to Snow and Coots (1981), intonation contours are regarded “as
prominent prosodic markers of the natural units of language” (p. 26). Thétermation
contourgenerally refers to the pattern of pitch changes in the voice; however, local
intonation contours are those fall-rise patterns that occur specificallgtacsc phrase
boundaries within the sentence and at the terminal marker (Dowhower, 1987). Intonation
contour was determined by isolating each word in the target sentence aswtingethe
Fo at the vocalic nucleus (the voiced portion of the word that produytes$ that word.
These measurements allowed for the creation of a prosodic profile that provide
information about pitch changes over an entire sentence as well as at syntactic
boundaries. Measurements were made for each of the first three semehegsassage.
The prosodic profile of each child was correlated with the mean prosodic proéleexbt
from the adult sample, and the resulting correlation was taken as the chiléadatth
for that individual.

Phrase-final lengthening refers to the lengthening of the lasssttesyllable of a
phrase and is considered a reliable prosodic marker as well (Dowhower, 188,7; Kl
1975, 1976; Snow & Coots, 1981). Specifically, Cooper and Paccia-Cooper (1980) and
Klatt (1975, 1976) demonstrated that fluent speakers and readers elongatd stress
vowels most notably in sentence-final positions compared to other phrasal boundaries.
Sentence-final vowel elongation was measured by isolating the stressddnvthedinal

word of a sentence and recording its voiced duration (in milliseconds). This prosodic
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feature was measured in each of the first three sentences of the @esbégehe yes-no
guestion feature as well. Duration measurements were averagedsarr@sges and
served as an index of sentence-final vowel lengthening.

Once a set of measurements was obtained for all prosodic featureslaetbsse
time points, we were able to examine the target readings and growth treadk of e
individual structure and minimize the total number of prosodic features (baseel on t
criteria explained above) that would be targeted for more thorough study. Vneatias
preliminary data, a person-period data set was created which contained meassicd#
each prosodic feature for each of the three waves of data collection fosalhjgts. In
this exploratory analysis we were interested in (1) determining whicbgioostructures
demonstrate sensible patterns of change over time, and (2) examiningithégpart
change trajectories of each feature to both characterize the speqkcdahibe
developmental trend and to make certain that the trends were consistent \wltbhesta
target readings. This can be accomplished in a number of different ways.| Carefu
examination of the sample descriptive statistics was carried out forteactui® to
ensure that the values obtained across time points were of expected diréc{iemgli
pitch inclination vs. declination, short duration vs. long duration) and that the
measurements were indicative of an appropriate change trajectory. Eamtipfeature
was separately examined for trend by means of repeated measures ANQ¥IA ¥¢e
constructed orthogonal polynomial contrasts that were useful in determininggite=d
of change over time and the relative contribution of each polynomial component (i.e.,
linear, quadratic, cubic) of the trend. In addition, we also carried out consecugve tim

comparisons, or “profile” contrasts, to determine whether each consecuote/pdint
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was significantly different from the immediately previous time pointefBiescriptive
accounts were presented for each feature (where appropriate) as wedlasauns for
doing so were based on the beliefs that (1) a more complete understanding of
developmental prosody (at least as it concerns the variables currently undegatioa)
could be obtained through qualitative examination of emergent patterns in the data, and
(2) procedural observations (e.g., those concerning appropriate measuremequésghni
obtained throughout the initial measurement process could also be necessaryrfgr mak
informed selections decisions regarding the specific prosodic features tdugedin
the full study. Taken together, the combination of sample statistic and repeaseniesea
analyses, along with qualitative descriptions affords a comprehensive pteseaof the
preliminary data useful for the purpose of variable selection. In order fotuacea be
eliminated from further analysis, either a lack of change or a theorgticglistified
change would need to be evident across subjects, and/or a particular prosodic
interpretation would need to be unclear across subjects or inconsistent with the
established target. Furthermore, feature elimination due to issues of emeastwould
be considered a justification as well.
Selection Decisions Based On the Findings from the Preliminary Analysis of Prosodic
Features

Means, standard deviations, and ranges for each prosodic variable at each tim
point can be found in Table 2.1. Plots for each prosodic feature can be seen in Appendix
A. While the majority of features displayed mean values that were of agisopri

magnitude, directionality, and indicative of change over time, a review of both the
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descriptive statistics and results from the repeated measureseansiliggested some
need for variable modification and/or elimination.

Mean measurements for the sentence-figadelination were appropriately
expressed as negative values and displayed a general pattern of change in which the
magnitude of the declination increased over time. Such observations are thltpretic
sound and consistent with previous research suggesting that skilled readers end
declarative sentences with marked declinations in pitch, with the size of theateali
varying as a function of skill (Clay & Imlach, 1971; Dowhower, 1987; Miller &
Schwanenflugel, 2006; Schwanenflugel et al, 2004). Examination of the results of the
repeated measures analysis revealed a significant linear develojpmesratauring
grades 1 through & (1, 29) = 6.087p = .020, partial efa= .173. The effect size,
however, was rather small. Additional time comparisons revealed that the mean
difference between performances at times 1 and 2 was not significan8({157744)
while the mean differences in performance between times 1 and 3 (14 4220) and
times 2 and 3 (13.000,= .020) were both significantly different from each other. Thus,
while the development of sentence-final pitch declination appears to proceed in a
generally linear manner with the magnitude of the declination becomireg kg
children become more skilled, performance during the fall of second grade (time 2)
represents something of a disruption in progress as children in our sample may have
experienced a minor loss in this type of prosodic interpretation between schsol yea
One particular observation regarding the sentence-final declination, howesgenather
interesting. Although this feature demonstrated an expected pattern of grewth, t

magnitude of the initial measurement (-25 Hz) was much larger than we would have
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anticipated. Therefore, it may be that sizeable declinations in pitch at the ends of
declarative sentences are in fact evident in the oral reading of childrearrearly age
and increase somewhat over time, meaning that the developmental trend may not
necessarily originate from a relatively flat, or non-existent, prosotigpretation.

Investigation of intrasentential pausing consisted of two separate (thoughlyela
measurements: a calculation of the average pause duration in millisecondslgndfa
the total number of pausal intrusions made during oral reading. Our reasons for doing this
were due in large part to a general uncertainty as to which method might providsthe
measurement and a concern over the potential for reporting misleadiltg ndsn
using the pause duration measurement as opposed to the total number of pauses. A brief
example is included for clarification purposes. Suppose Child A’s reading eahsfst
extraneous pauses with durations of 172, 312, 236, 1293, 482, 647, and 125 milliseconds,
the average of which would be 467 ms. Alternatively, Child B recorded only 1 extraneous
pause of 500 ms in duration. Given this information few could argue that the two readers
are more or less equivalent in terms of fluency (a child whose reading istehaeatby
7 interruptions would certainly be considered less fluent than a child who read with only
1 interruption); however, it would appear that the two readers performed similsety
the mean duration value is presented alone. Furthermore, a review of the descripti
statistics showed negligible declinations in intrasentential pause duratiotnoeda
mean difference of 95 ms between times 1 and 3). The total number of pausal intrusions,
on the other hand, appeared to decline steadily over the course of development. In fact,
results of the repeated measures analysis for this particular fdatnomstrated a

significant linear trend and a moderate effect dtzd,, 29) = 29.523p < .001, partial
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etd = .504. Furthermore, pairwise comparisons revealed significant mean diéferenc
between all time point combinations (mean difference = 1@80007 for time 1-time

2; mean difference = 3.438,<.001 for time 1-time 3; mean difference = 2.083,.003

for time 2-time 3). That a reduction in the number of pausal intrusions is evident over the
course of development is somewhat expected; however, the strength and claigty of t
finding serves as an important theoretical illustration and highlights a @btenti

connection between skill development (i.e., the development of automatic decoding and
word reading skills) and prosody. Consequently, in light of the information presented
above the total number of pauses was retained as an indicator of intrasentesitigl pa

and the duration measurement was discarded.

An examination of the descriptive statistics for both the intersentential and
phrase-final comma pause durations revealed general patterns of changaewer ti
which the mean pause values decreased throughout the course of development. The
observed trends for these features were indicative of prosodic renderinigsdime
increasingly consistent with the appropriate “target” readings asndeed in previous
research (see Dowhower, 1987; Miller & Schwanenflugel, 2006; Schwanenflugk] e
2004). Intersentential pause duration measurements displayed a linear treindeaadt
a small to moderate effect size as wel(1, 32) = 11.039 = .002, partial efa= .256.
Although children’s between-sentence pause durations decrease consigianthyef
initial measurement taken during the spring bfjlade, only the extreme difference
between the means at time 1 and time 3 was significant (14/-4.002). Mean
differences between times 1 and 2 and times 2 and 3 were not significant p47.547

and 100.36p = .173, respectively). Results for the phrase-final comma pause feature were
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similar to those of the other pause features, demonstrating a signifisgarttiend and a
small to moderate effect size (1, 32) = 12.199 = .001, partial efa= .276. Review of
the time comparisons revealed that while the mean difference in perforbetneen
times 1 and 2 was not significant (43.p6; .406), differences between times 1 and 3
(189.88,p=.001) and times 2 and 3 (146.p2; .006) were significant. Overall, this
finding suggests that for young readers commas may be viewed as oblgigiadyg to
pause; however, the observed decease in pause duration over time could indicate that
children may no longer feel driven to mark every comma with a pause as #ugigre
skills develop. Having met the criteria for inclusion in the full study (i.e., detratios
of theoretically sound patterns of change and evidence of distinct prosodic reatdgs), t
intersentential and phrase-final comma pause durations were included for subsequent
analyses.

Children’s readings of the yes-no question feature were somewhat sothase
of the sentence-final declination in that the appropriate prosodic interprdtasaeable
pitch inclination) was present at the initial measurement. However, valid osncer
regarding the acceptability and reliability of this feature neab the criteria established
for variable selection were present. Specifically, although the obtained vauesf
appropriate directionality across measurements (positive valuegirgflagitch
inclination), the developmental profile was relatively erratic with #ngdst magnitude
recorded during the spring of §irade assessment. Performance appeared to dip
considerably during the fall of thd“qyrade school year (perhaps reflecting a loss of
ability over the summer between school years) and failed to fully rebgwee end of

the 2% grade. Not only did the results of the repeated measures analysis fditl @ yie
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significant developmental treriél(1, 29) = .473p = .497, partial efa= .016, but the
pairwise comparisons revealed that there were no significant differestveseln any of
the time point combinations as well (mean difference = 9860201 for time 1-time 2;
mean difference = 4.96p,<.497 for time 1-time 3; mean difference = -4.883,.344
for time 2-time 3). Furthermore, analysis of the yes-no question was considered
problematic from a measurement perspective as well, given that thed€kaRT
passage contains only one observation of this feature. Measurements for all other
prosodic variables are obtained by averaging over redundant observations, a procedur
which we feel adds to the reliability of the measurement. Taken together, énealo$
consistent developmental change and the potential for inconsistencies in measurem
were grounds for eliminating the yes-no question features from further catsider
Examination of phrase-final vowel elongation yielded results similar toaghag
guestion feature in that this variable failed to demonstrate a pattern of changiene
and was characterized by significant measurement difficulties &sSpetifically, the
growth trajectory was flat, or non-existent, as duration measurements agreoints
were found to be within 10 ms of each other. Repeated measures analysis confirmed the
absence of a significant growth trefd1, 29) = 2 .573p = .120, partial efa= .082, and
indicated that only the mean difference between Time 2 and Time 3 was sigr{Hficant
8.000,p = .020; the mean differences between Time 1-Time 2 and Time 1-Time 3 were
not significant with obtained values of .332 and .120, respectively). Furthermore, we
experienced considerable difficulty isolating the vowel sounds and measuiing the
elongations given that the durations were rather minute (often less than 100ms) and the

vowels frequently blended with surrounding sounds. Our lack of experience with this
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type of measurement in the context of oral reading meant that we had no cleaioimdicat
of what the “target” reading should be or what constituted an acceptable measure
value as well. Due to the noted lack of developmental change and concerns about our
ability to obtain reliable measurements for this feature it was negdes@move phrase-
final vowel elongation from the study.

Finally, analysis of the mean values for the child-adgittdatour match across
measurement points revealed a clear pattern of change in which the oveaaliqros
envelope of children’s oral reading increasingly approximated that of adthtshei
passage of time. The initial correlation between child and adult prosodic cowesirs
moderate (.527); however, the correlations increased steadily throughout theofourse
development suggesting that there is in fact a general “target” prosodic conmihich
developing readers strive. Repeated measures analysis of the childyadatck
demonstrated a significant linear trend over tifél, 29) = 26.149 < .001, partial efa
=.474, and, in the context of the other prosodic features analyzed, a somewhat larger
effect size was observed for this feature as well. Additional time cosoparrevealed
significant mean differences between times 1 and 3 (-A82)01) and times 2 and 3 (-
.093,p = .016); however, the mean difference between performances at time 1 and at
time 2 was not significant (-.06p,= .136). Overall, we were satisfied that this variable
met the criteria for retention.

In sum, this preliminary phase of the study served an important function in that it
allowed us to identify those prosodic features that were relevant for apeeital
study of prosodic reading. The sentence-finad€lination, intrasentential pause total,

intersentential pause duration, phrase-final comma pause duration, and childradult F
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contour match demonstrated significant linear patterns of change ovehaitweeste both
distinct and consistent with the “target” prosodic interpretations establisipgevious
research (see Clay & Imlach, 1971; Dowhower, 1987; Miller & Schwanenflugel, 2006;
Schwanenflugel et. al., 2004). Consequently, they were retained for furtheisanalys
Furthermore, this characterization of the development of prosodic text reading is
particular theoretical importance in that it suggests that prosodyistiawously
evolving feature of oral reading with an obvious presence early on in the reading.process
Absence of evidence showing smooth and consistent change over time combined with
significant measurement issues resulted in removal of the yes-no question aad phras
final vowel elongation features.
Procedures for Longitudinal Analysis of the Development of Reading Prosody and 3rd
Grade Outcomes

In this second phase, attention was restricted to those features identified in t
preliminary analysis as showing evidence of developmental change and gisisudic
readings (sentence-finag Beclination, number of intrasentential pauses, intersentential
pause duration, phrase-final comma pause duration, and child-adohteur match).
The reading prosody of all 92 children participating in the longitudinal studyh&as
examined beginning with the spring of first grade assessment and cagtimangh the
fall and spring of second grade time points. An additional outcome assessment,
conducted during the spring of the third grade school year, was included in this large
scale study as well. Outcome measures included formal assessmentsesdcral
fluency and reading comprehension. The design for this analysis can be seeman Fig

2.3.
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The purpose here was to characterize the onset and development of prosodic
reading throughout the years of primary reading acquisition (grades 1ht8purg
relation to the acquisition of various component reading skills (e.g., word reading
efficiency, oral reading fluency, reading comprehension), and with exgdigiparisons
to theoretical accounts of reading development, in general, and prosodic development, in
specific. Longitudinal data affords not only the opportunity to observe how the
development of reading prosody proceeds, but also the opportunity to confirm or create
hypotheses that may be of substantial theoretical and practical impofanegample,
skill-based differences in the expressiveness aspect of same-age childagimg
support the possibility that prosody may develop after successful accumulatemoos
lower-level skills. Furthermore, additional outcome measures would demoris&ate
general effect of prosodic reading ability on performance and permitacsops
between the development of reading prosody and other aspects of reading acttieveme

Outcome Reading AssessmeWs. added one additional time point to the design
of our study which was comprised of the assessments administered during thefspring
third grade time point from the larger longitudinal study of oral reading fludrey
reason for including these outcome measures is based upon our stated objectives to
examine how the early development of reading prosody predicts both the abilitgl to rea
fluently and reading comprehension skills at the end of grade 3. For these outcome
assessments the following measures were given:

(a) Oral reading fluency outcome assessmé&he Gray Oral Reading Tests,

Fourth Edition (GORT-4)--Form B was administered to obtain an estimatadihge
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fluency skill in reading connected text. Form B does not include the passageaitémgete
prosodic analysis.

(b) Reading comprehension outcome assessi@aittlren were administered the
Reading Comprehension subtest of the Wechsler Individual Achievement TeSE WIA

obtain an independent estimate of reading comprehension skill.
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Table 2.1
Descriptive Statistics for Preliminary Analysis of Prosodic Features
Prosody Feature N Minimum  Maximum M SD
Basic Declarative {-Change (Hz)
Time 1 30 -66 -1 -25 16
Time 2 30 -69 7 -23 20
Time 3 30 -82 -15 -36 21
Intrasentential Pause Duration (ms)*
Time 1 30 0(0) 1419(21) 404(5) 267(5)
Time 2 30 0(0) 1640(20) 383(4) 348(4)
Time 3 30 0(0) 1110(9) 309(2) 279(2)
Intersentential Pause Duration (ms)
Time 1 30 311 1765 637 331
Time 2 30 113 1672 575 440
Time 3 30 78 1388 479 297
Yes-No Question F#Change (Hz)
Time 1 30 -13 189 29 41
Time 2 30 0 90 19 18
Time 3 30 0 111 24 25
Phrase-final Vowel Duration (ms)
Time 1 30 76 115 88 9
Time 2 30 61 135 85 17
Time 3 30 74 112 93 10
Phrase-final Comma Pause Duration (ms)
Time 1 30 0 1109 314 296
Time 2 30 0 1475 300 304
Time 3 30 0 684 140 154
Child-Adult iy Contour Match
Time 1 30 .041 157 527 .203
Time 2 30 170 .864 595 .166
Time 3 30 463 .836 .688 .094

Note Values included in parentheses reflect the dasez statistics for the raw number of intraseidn
or extraneous, pauses recorded during oral rea@limge 1 = Spring of f grade, Time 2 = Fall of*?
grade, Time 3 = Spring of2grade as outlined in the assessment design fanéasurement of prosodic
text reading.
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Figure 2.1
Layout and assessment design for the developmental study of oral reading fluency

Spring £ Grade Fall 2" Grade Winter 2° Grade Spring 2° Grade Spring ¥ Grade

TOWRE-Form A TOWRE-Form A TOWRE-Form B TOWRE-Form A TOWRE-Form B
GORT-3, Form A GORT-4,Form A GORT-4,FormB GORT-4, Form A GORT-4, Form B
WIAT-RC WIAT-RC WIAT-RC WIAT-RC WIAT-RC




Figure 2.2
Selected assessment points for the measurement of prosodic text reading

Spring F' Grade Fall 2" Grade Spring 2°¢ Grade

TOWRE-Form A TOWRE-Form A TOWRE-Form A
GORT-3, Form A GORT-4, Form A GORT-4, Form A
WIAT-RC WIAT-RC WIAT-RC

Note Passage 1 on GORT-3, Form A and Passage 3 on GORJrm A are identical.
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Layout and assessment design for the full developmental study of prosodic text reading

(Phase 2)

Spring f' Grade

Prosodic
measurement on
GORT-3, Form A
(passage 1)

TOWRE-Form A
WIAT-RC

Fall 2° Grade

Prosodic
measurement on
GORT-4, Form A
(passage 3)

TOWRE-Form A
WIAT-RC

Spring 2° Grade

Prosodic
measurement on
GORT-4, Form A
(passage 3)

TOWRE-Form A
WIAT-RC

Spring ¥ Grade
Outcome Assessment

Sum of passage
fluency scores on
GORT-4, Form B

WIAT-RC

Note Passage 1 on GORT-3, Form A and Passage 3 on GOR3rm A are identical.
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CHAPTER 3
ANALYSES AND RESULTS

Analyses were specifically designed for the purpose of achieving the fiofjowi
four research objectives: (1) to determine whether decreases in pausenduratitime
serve a causal function for the development of larger pitch changes; (2) toidetidren
extent to which the growth of prosody during grades 1 and 2 is predictive of orabreadin
fluency in grade 3; (3) to determine whether the growth of reading prosady duades
1 and 2 is predictive of comprehension skill in grade 3; and (4) to determine the extent to
which the development of reading prosody adds to our ability to account for reading
fluency and comprehension outcomes beyond word reading speed and accuracy.

Prior to conducting any analyses we created scatter plots and screendtids o
on all prosodic variables. Kline (2005) presents a common “rule of thumb” for
identifying univariate outliers in which scores that are more than 3 standaatiaevi
from the mean are considered extreme. Using this standard we detefmain&? t
subjects displayed an extreme value for one of the five prosodic variables in isompar
to the mean value for that variable at a given measurement point. Extremeneiees
dispersed across time points and variables as follows: 1 subject on the sentnce-fi
declination at Time 1, 2 subjects on the internal comma pause at Time 1, 2 subjects on
the intersentential pause at Time 2, 2 subjects on the internal comma pause 2t Ti
subject on the Fmatch at Time 2, 1 subject on the sentence-final declination at Time 3, 1

subject on the intersentential pause at Time 3, 1 subject on the internal commd pause a
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Time 3, and 1 subject on the fatch at Time 3. Since statistics derived from data that
include outliers will often be misleading, each of these values was condtraide
standard deviations from the mean. Means, standard deviations, and ranges for each
prosodic variable at each time point for the complete longitudinal sample can be found in
Table 3.1.

Given the absence of a single systematic developmental study of reexindyp
in the research literature, the first objective, aimed to place the dewalbpfrprosodic
text reading in the context of the development of related reading skills. Chall (1986b) a
Kuhn and Stahl (2003) suggest that children must first solidify decoding and word
reading capabilities prior to rendering the rhythmic and tonal aspects aagaduring
oral reading. Thus, decreases in pause duration may in fact reflect sucazpsggitian
of word reading skills rather than serve as a true indicator of reading pr&adgoal
was to examine whether pause and pitch features emerge simultaneouslther whe
pause features are first to develop and play a causal role in the subsequent agmtelopm
of pitch changes.

The second and third objectives concerned the extent to which the cumulative
effects of the development of reading prosody predicted fluent reading and
comprehension skills in grade 3, a year later. Specifically, we were tetkras
determining what separate impact was evident for pause and pitch on these sutcome
Presumably, if prosody is evidenced primarily by changes in pitch, rather than by
decreases in pause duration, then we might expect pitch to be a stronger pretmtfor of
fluency and reading comprehension (given that prosody is considered a higher-order

component of fluency and that fluency is so closely related to comprehension skill).
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However, it is also possible that the impact of the development of pause and pitch
variables might vary depending on the particular outcome under consideration.

Finally, for the fourth objective, we were interested in examining thevelat
contributions of the development of pause and pitch features on both fluency and
comprehension outcomes beyond the impact of word reading speed and accuracy.
Essentially, our goal was to determine the extent to which the development ngreadi
prosody adds to our ability to account for later fluency and comprehension skills when
word reading skills are considered as well. If word reading skill elimiratakers any
of the previously established relationships between the development of prosody and
various reading outcomes (objectives 3 and 4) then we may conclude that prosody has
relatively little, or only very specific, additional impact on fluency and cefmgmsion.

If, however, it becomes apparent that either the development of pause or pitch, or both,
continues to exert a significant influence on reading outcome measures despite the
presence of word reading skills, then we may conclude that the development of reading
prosody is a true additional predictor of fluency and comprehension skill in grade 3.

Analyses were conducted in sequential steps related to the four stated abjective
and where each set of new analyses built upon those that were carried out previously.
Path modeling procedures (a variant of the SEM approach used to provide estimates of
the magnitude and significance of hypothesized causal relationships betweemtare or
variables) were identified as the methods through which the achievement of these
objectives would be possible. However, before carrying-out these path model malyse

more thorough review of our data was required.
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Variable Selection, Description of Data, and Criteria Specification for Path Model Tests
Given that the validity of the SEM approach depends on meeting certain
assumptions regarding the data that are analyzed, a presentation of bagitwaescr
information about the data on which an SEM analysis is based is essential§Hoyle
Panter, 1995). Specifically, such a description should include information about the
distributions of individual variables and the multivariate distribution of the vasaible
the model(s) to be estimated. Furthermore, Tanaka (1993) and Hoyle and Panter (1995)
suggest that authors specify which indexes of overall fit are to be presentedladd i
an interpretation of said indexes prior to reporting the results of SEM anadysedi.a
Variable selectionSample size considerations mandated that we simplify our
approach to modeling prosodic development considerably for the remaining analyses.
According to Kline (2005), with fewer than 100 cases almost any type of SEMianalys
could be considered untenable unless the model evaluated is rather simplistic ignts des
(pg. 15). We simplified our design in two ways:
First, we eliminated our second prosodic measurement (taken during the fall of
2" grade) and created an adjusted design with evenly spaced measuremes iote
approximately 1 year in duration. The adjusted model focused on prosodic measurements
taken during the spring of'jrade and spring of'2grade assessments with an additional
outcome assessment completed during the spring of‘tgea8le school year. The
adapted design can be seen in Figure 3.1. Furthermore, along with changes in design
structure, it was necessary to focus on observed, rather than latent, prosobdiessand
reduce the overall number of variables used in these analyses as well. Ingfursadel

simplicity we elected to use single indicators of pause and pitch. Consequently, we
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selected the intrasentential pause and child-aduobitour match variables for all
remaining model tests. These particular prosodic features were ddlectise

ANOVAs had suggested that they were the most robust features included in this
developmental study of prosodic text reading with significant linear tientiep < .001
level and effect sizes of .504 and .474, respectively. In addition, preliminary factor
analyses of all prosodic variables using a principle components extraction rmax/a
rotation demonstrated that these two variables were high loaders (above .800) on their
respective factors. Significant correlations were found between messuseat the
spring of £ grade and spring of'2grade time points for each of these features as well
(.773 between intrasentential pause measurements and .363 bejwesnlt
measurements). Furthermore, on conceptual grounds, intrasentential pausenatahF
are fairly “global” indicators of pause and pitch. Specifically, thenktch represents the
overall prosodic profile and incorporates sentence-final declination within its
measurement (results of Schwanenflugel et al. demonstratedtéh to be a significant
predictor of comprehension skill as well) while the intrasentential pausarasdor all
irrelevant pauses unconnected to punctuation. Finally, both,tmat€h and the
intrasentential pause measurements were collected from the samatseteet in the
selected GORT passage.

Description of dataLISREL 8.8 for Windows (Joreskog & Sorbom, 2006) was
used for preliminary data screening procedures and to conduct all remaodettests.
Means, standard deviations, and skewness and kurtosis values for all variabtedincl
in the model tests are presented in Table 3.2. In addition, correlations between all

variables are presented in Table 3.3. A review of the univariate summarycstétist
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continuous variables revealed that the means and standard deviations were ofygenerall
expected values. Furthermore, analysis of the skewness and kurtosis valueditiiatate
all variables were approximately normally distributed (values lesg2fjan

Normality of the individual variables, however, does not guarantee multivariate
normality. The joint distributions of all combinations of variables must be normatlas w
(a condition that is assumed for most estimation procedures used in SEM). Since
nonnormality can result form the presence of outliers in the data, DeCarlo’s (1993) ma
was used to screen for multivariate outliers prior to screening for midtewarormality.
According to Kline (2005), it is possible for a case to be considered a multivarigge out
if the pattern among variables for a given subject is atypical in the sddgspite the
absence of extreme values on any variable individually). Based on the 5 observati
with the largest Mahalanobis distances, a measure of how far an observatiorsowalue
the variables are from the multivariate mean of all variables, it apiredrhere were no
single multivariate outliers in the data set (all values below the ciftio&ll6.34).
Finally, to assess the assumption of multivariate normality PRELIS outpatsecalled
the “relative multivariate kurtosis” statistic. General recommeadatsuggest that values
< 2.0 are indicative of normal multivariate distributions and, consequently, the obtained
relative multivariate kurtosis value of 1.26 indicated approximate multivarianeatior
with the current data.

Treatment of missing data (approximately 18% in the entire data set) was
addressed through the method of multiple imputations using the Expectation-
Maximization (EM) algorithm (Dempster, Laird, & Rubin, 1977), a genesahiive

algorithm for computing maximum likelihood estimates from incomplete da@EM
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algorithm is used to obtain estimates of population means and covariances which
LISREL then uses to obtain starting values for the maximum likelihood procedure.
Although ML is the default method of estimation in LISREL, it is the most widely
researched estimator and it works well under a variety of conditions (ealj. sample
size) as well. Furthermore, characteristics of the data, such as appeoxiniavariate
normality (described previously), suggest that ML is the appropriatea&in
procedure.

Fit Criteria. Based on the combination of recommendations proposed by Hoyle
and Panter (1995) and Hu and Bentler (1999) the following fit indexes were chosen to
evaluate model fit: Minimum Fit Function Chi-square, Goodness of Fit Index,(GFI)
Non-Normed Fit Index (NNFI), Comparative Fit Index (CFl), and Root Mean Square
Error of Approximation (RMSEA). The LISREL GFI is a measure of the prapodf
the observed covariation that is accounted for by the model. Hoyle and Panter (1995)
recommend including this index to complement presentation gf ttatistic as
measures of overall fit. A GFI value exceeding .95 is considered an indicatiadef m
fit. In addition to indexes of overall fit, Hoyle and Panter (1995) recommendegimal
of incremental fit indexes (specifically Type 2 and Type 3 indexes) in @dessess
model fit with reference to some type of baseline model (something that thguate
value does not indicate). Type 2 indexes represent the proportion of increased fit the
hypothesized model shows over the null model and incorporate the expected values of the
chi-square under the central chi-square distribution. The NNFI was selectdyjps 2
index using a cut-off value of at least .95. Type 3 indexes represent the proportion of

increased fit the hypothesized model shows over the null model and incorporate the
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expected values of the chi-square under the noncentral chi-square distribution. ;The CFlI
selected as a Type 3 index, compares the noncentrality parameters of thenirge
baseline models. The ML-based estimate of the CFl is especially ptevnen sample
size is small as well. Again, Hu and Bentler (1999) recommend a CFI value of .95 or
above. Finally, the RMSEA is a highly recommended fit index that provides a
standardized measure of the lack of fit of the population data to the model. Desie=d valu
of this index are low and Hu and Bentler (1999) recommend a cut-off close to .06.

With a thorough description of our data complete (demonstrating that we have
met the underlying assumptions of SEM concerning the distributional chatcsesf
the data) and criteria for evaluating model fit established, we proceetiteduwi
remaining objectives and model tests.
Analysis of Prosodic Development in Sequence and in the Context of Reading
Development

Our first objective was to examine the relationship between pause and pitch
features over time using several logically-based theoretical smmddet primary interest
was in determining whether decreases in the presence of pausal intrusions ®@vesrgm
a necessary initial condition for the onset and development of more adult-like pitch
contours to occur, or whether these prosodic features grow more or less in unison. In this
analysis, we focused on those prosodic features (intrasentential pause Grad ik
contour match) that were considered the most robust indicators of pause and pitch as
noted in the variable selection section. Path diagrams of all theoretical nmbels

tested can be found in Figure 3.2.
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The first model tested, called the Independence model, was essentially a null
model which assumed that no cross-lagged effects would be found between the number
of pausal intrusions present during oral reading and the development of pitch contour at
subsequent time points, and instead implies that pausing will only contribute to pausing at
the subsequent time point and pitch contour will only contribute to pitch contour at the
subsequent time point. The Independence model was examined first becaushet was t
null model and represented the benchmark used to evaluate ensuing model tests. As
expected, each path included in this model was significant pt<h81 level. This
finding suggested that the number of pausal intrusions made during the sprirgradd
was significantly related to the number of pausal intrusions observed duringitigeadpr
the 2% grade school year. Similarly, the child-adujtgentour match measured during
the spring of T grade was significantly related to thedentour during the spring of%
grade. Overall model fit to the observed data, however, was considered mafdB)es
8.25 p =.041), GFI = 0.96, NNFI = 0.90, CFI = 0.95, RMSEA = 0.14. Path weights,
standard errors, aridralues for the Independence model are summarized in Table 3.4.

According to Chall (1996Db), as reading becomes increasingly less haltihgppe
as evidenced by decreases in the number of pausal intrusions that result from the
acquisition of automatic decoding skills, children develop the ability to represanisv
read in conversational tones. This would suggest that automatic decoding, and,
consequently, decreases in pausing, might precede the development of pitch changes and
perhaps serve a causative function for the emergence of pitch features &souell
second model, labeled the Skill Development model, we hypothesized that pausing may

be more related to difficulties with decoding at the word level, and that the presfeanc
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substantial number of pauses during text reading reflects a level of dysflnahcy t
precludes the development of true prosodic interpretation as evidenced by ithastuat
pitch. Thus, once pausing is of minimal occurrence, thereby indicating the acbrgvem
of speeded and accurate oral reading, we should observe the development of more
appropriate pitch contours during oral reading.

Results supported this skill development hypothesis and the overall fit of the
model to the observed data was excellgnt2) = 1.27 p = .53), GFI = 0.99, NNFI =
1.02, CFIl = 1.00, RMSEA = 0.0. Whereas the initial measurements for pausal intrusions
and R contour continued to demonstrate significant influences on their respective
measurements at the subsequent time ppiat.01), the additional path between pause at
time 1 and pitch contour at time 2 was significant aptkeO1 level as well. Essentially,
this finding suggests that there is an inverse relationship between the number of pausal
intrusions observed during the spring 8fgtade measurement and children’s ability to
produce adult-like pitch contours during the spring of {gyeade school year. A
reduction in the number of inappropriate pauses, a reflection of the achievement of
speeded and accurate oral reading, appears to impact the subsequent measurement of
prosody in pitch. A summary of the path weights, standard errors vahaes for the
Skill Development model is presented in Table 3.4. The chi-square differencédekst (
was then applied for comparison of fit between the Independence model (the most
restrictive model representing the null hypothesis) and the Skill Developmeni (@ode
less restrictive model). The resulting statistic illustrated a sogmif difference between

the models and a rejection of the null hypothegig; (1) = 6.98p < .01. Thus, the
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inclusion of the additional skill development path resulted in a significant improvement
over the Independence model given the difference in degrees of freedom.

We also considered a third model, labeled the Reciprocal Effect model, which
suggested that a cross-lagged relationship may exist between the numbealof paus
intrusions and the child-aduly Fhatch correlation. A cross-lagged relationship would be
evident in the current investigation if pausing at the initial time point imgauteh
contour at the subsequent time pa@nt pitch contour had a significant impact on
pausing at the subsequent time point as well. In other words, the two variables might
have a reciprocal effect, where appropriate pitch profiles are dependent upzasdsan
the number of pausal intrusions, and decreases in the total number of pausal intrusions
observed during oral reading are dependent upon previous pitch profiles. Results
demonstrated that the paths of the nested Skill Development model were signifibant a
p < .01 level; however, the additional path betwegndatour at time 1 and pause at time
2 (representing the reciprocal effect) was not significant. A summahe gfeth weights,
standard errors, arntdralues for the Reciprocal Effect model are summarized in Table
3.4. Although a review of the fit indices suggests exceptional model fit to thevetbser
data,y® (1) = 0.18 p = .67), GFI = 1.00, NNFI = 1.04, CFIl = 1.00, RMSEA = 0.0, the
lack of significance for the reciprocal path between the initial pitch comeasurement
and the number of pausal intrusions at the subsequent time point indicates a lack of
support for the reciprocal effect theory. Furthermore, comparison between thpBac
Effect and Independence models revealed a significant diffeyéne€2) = 8.07 p < .05,

indicating better fit than the null model, given the cost in degrees of freedom.
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Comparison between the Reciprocal Effect and Skill Development models, however,
revealed no significant difference between modélg; (1) = 1.09,p = .30.

Taken together, the model tests and comparisons demonstrated that both the Skill
Development and Reciprocal Effect models were better representation©btéreed
data than the Independence, or null, model. However, the Skill Development model
emerged as the best fit to our observed data given that the lack of sigafraated for
the reciprocal path between pitch contour at time 1 and pause at time 2 failed to support
the reciprocal effect hypothesis.
Analysis of Prosody as a Predictor of Reading Fluency and Reading Comprehension

The model tests for objectives 2 and 3 addressed the extent to which the
cumulative effects of pause and pitch development were subsequently related teoutcom
measures of oral reading fluency and reading comprehension, respeé&aaiymodel
used the Skill Development model as a starting point to explain the relationshgzbet
the pause and pitch aspects of prosody, and then examined the individual contribution of
the pause and pitch variables as predictors of later achievement. Given that prosodic
reading is widely considered one of the defining features of fluent readingpuld
expect the development of prosody to be predictive of fluency at the end of third grade.
However, what impact the rate of prosodic development may have on fluency
achievement is unknown. If decreases in pausing precede the development of pitch
changes as Chall (1996b) and Kuhn and Stahl (2003) have suggested (and as was
demonstrated in previous model tests), it may be that the cumulative effecteaifiyhe
development of pause structures predict fluency in a different way than latgeshan

pitch. Moreover, should decreases in pausing serve simply as a proxy for tivememe
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of automatic word decoding skills, leaving pitch changes as the true indication of
prosodic text reading, then it could be that changes in pitch might be more predictive of
fluent reading than are decreases in pausing. In terms of reading corselasnan
outcome, Miller and Schwanenflugel (2006) demonstrated that although skill based
differences were evident in both the pause and pitch aspects of prosody, pitchidluctua
was related to increased reading comprehension skill in third grade chilleeaas

pause duration was not. Yet, it remains to be seen whether the rate of prosodic
development has any impact on later comprehension skills. If in fact the development of
changes in pitch appears to be indicative of greater levels of fluencyowddhat we

would also find pitch changes to be more predictive of greater levels of compoghassi
well (given the strong relationship between fluency and comprehension). The pat
diagrams for these models can be found in Figures 3.3 and 3.4.

As expected, paths of the nested Skill Development model within the Fluency as
Predicted Outcome model were significant atghke.01 level. Furthermore, results
demonstrated that while the indirect cumulative effect of decreases iarttieenof
pausal intrusions over time was a significant predictor of fluency in grgoe () the
indirect cumulative effect of the development of appropriate pitch contour was not
significantly related to fluency as an outcome measure. Given that defiratidns
measures of oral reading fluency often consist of reading rate and@ccanaponents it
is not surprising that a decrease in the number of pausal intrusions (perhapstiamefl
of the achievement of automatic decoding and word reading skills) predeactfuancy.
However, in light of previous research by Miller and Schwanenflugel (2006) and

Schwanenflugel et al. (2004) which demonstrated that pitch features werd telate
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increased reading comprehension skills (whereas pauses were not) it ishhabmew
surprising that the development of pitch contour is not predictive of fluency as well
(considering the strong relationship between fluency and comprehension)afiéere
however, critical differences between the current investigation and tfowseenantioned
studies particularly concerning the developmental nature of the presemhatian of
prosody and the fact that previous studies used somewhat older groups of children with
prosodic and outcome measurements that were taken concurrently. Moreover, since
previous analyses have suggested that decreases in pausing appear to precede the
development of pitch, it may be that pitch contour could become a significant predictor of
fluency later on in development. Additional results of the model test, however, iddicate
that the direct relationships between both pitch contour and pause at time 1 and fluency a
time 3 were significant at the< .01 level. Thus, it is also possible that in terms of pitch
contour the developmental aspect may not be as important as initial ability. Thé overa
fit of the Fluency as Predicted Outcome model to the observed data wasrexce(®)
=1.27 p=.53), GFI =0.99, NNFI = 1.02, CFI = 1.00, RMSEA = 0.0. Path weights,
standard errors, artdralues for the Fluency as Predicted Outcome model are summarized
in Table 3.5

The Comprehension as Predicted Outcome model shared many similathies wi
the previous model discussed. Again, the skill development paths were signifitent at t
p < .01 level. Furthermore, whereas the indirect cumulative effect of decnegsesal
intrusions over time was a significant predictor of comprehension skill in graae 3 (
.01), the indirect cumulative effect of the development of appropriate pitch contour was

not a significant predictor of later comprehension skill. However, the Compreheassi
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Predicted Outcome model differed from the Fluency as Predicted Outoodet in that

while the direct relationship betweep¢ontour match at time 1 and comprehension at

time 3 was significanty(< .01), the direct relationship between the number of pausal
intrusions at time 1 and comprehension at time 3 was not significant. Thus, it appears tha
while both the pause and pitch variables predict comprehension skill in grade 3, the
manner in which they do so differs considerably. The absence of a significant cugnulat
effect of pitch development on comprehension suggests either that initial pitch contour
(and not the rate of development) is the most crucial indicator of later compoghensi

skill and that good comprehenders use pitch as a comprehension mechanism from the
outset, or that the hypothesized delay in the development of pitch relative to the
development of pause structures (skill development hypothesis) precludes aasignifi
finding given the time frame of this study. Alternatively, cumulative deae in the

number of pausal intrusions during oral reading (a developmental trend indicating
possible acquisition of automatic decoding and word reading skills) predicts late
comprehension skill, whereas the initial number of pausal intrusions does not. The overall
fit of the Comprehension as Predicted Outcome model to the observed data was
exceptional and identical to that of the Fluency as Predicted Outgd(@¢= 1.27 p =

.53), GFI =0.99, NNFI = 1.02, CFl = 1.00, RMSEA = 0.0. A summary of the path
weights, standard errors, andalues for the Comprehension as Predicted Outcome

model can be found in Table 3.6.
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Analysis of the Relationship between Prosody, Word Reading Efficiency, and Reading
Fluency and Reading Comprehension Outcomes

The remaining model tests, for objective 4, concerned an examination of the
individual contributions of both the development of prosodic text reading and word
reading abilities in predicting oral reading fluency and reading corapsedn during the
spring of the % grade school year. Specifically, we wanted to address the extent to which
the development of reading prosody adds to our ability to account for reading fluency and
comprehension outcomes when children’s word reading skills are included as well. To
accomplish this, we added the TOWRE Sight Word Efficiency raw scores frams i
and 2 to each of the outcome models tested previously. Essentially, if the prosodic
features included in these models are in fact predictoré gf&le outcomes we expected
that the significant relationships demonstrated in previous model tests would remai
powerful despite the inclusion of the word reading skill variable. Howeverhéreihe
pitch contour variable or the intrasentential pause variable (or both) no longetgaedi
the reading fluency and reading comprehension outcomes, or predicted these ®utcome
a different way, we may reasonably conclude that the impact of automaticeaaling
skills accounts for the altered influence of these prosodic features on outcaswgese
of reading achievement and may therefore be the primary contributor te feauting
performance as well. Our original intent was to include only paths reflectingheoth t
direct and indirect effects of word reading skill on reading fluency and reading
comprehension outcomes. That is, we planned to test these models without any paths
between the prosodic variables and the TOWRE measurements. However, doing so

resulted in generally poor model fit and the modification indices suggested that it wa
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necessary to include paths between the pause and TOWRE variables. Consegeiently, w
created additional paths (those which we felt had some justifiable reason for being
included) in each model that examined the relationship between the number of pausal
intrusions and the development of word reading speed and accuracy at the subsequent
time point, and also between the number of pausal intrusions and word reading speed and
accuracy at the same time point. The path diagrams for these models can be found in
Figures 3.5 and 3.6.

Results of the Fluency as Predicted Outcome model (TOWRE included) iddicate
that the general structure of the skill development hypothesis between prosodilesaria
remained valid with all paths significant at {he .01 level. As expected, performance on
the TOWRE at time 1 significantly impacted performance at time 2 agpvel01). The
cross-lagged relationship between the number of intrasentential pauses hand
word reading speed and accuracy at time 2 was not significant; however, ilbaskipt
between the number of pausal intrusions at time 2 and word reading speed and accuracy
at time 2 was significant at tipe< .05 level. Furthermore, examination of the outcome
relationships revealed several additional findings of definite theoranpairtance. First,
both the direct relationship between children’s initial word reading ability aeddeal
reading fluency, and the indirect cumulative influence of the development of word
reading speed and accuracy on oral reading fluency were found to be sigificant
.05). However, with the introduction of the TOWRE into the model, neither the indirect
relationship between the cumulative effect of decreases in the number df pausa
intrusions and later fluency nor the direct relationship between the number of pausal

intrusions at time 1 and oral reading fluency at time 3 remained signifi¢exit.cBntour,
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in contrast, emerged as a significant additional predictor of oral readerg¥lin grade

3. Specifically, both the initial pitch contour measurement and the indirect curaulati
effect of the development of appropriate pitch contour demonstrated significant
relationships with the fluency achievement outcome meapure(ql for each). In

previous analyses we suggested that decreases in pausing may initiatekbenaent of
pitch aspects of prosody, and further that pausing may be closely linked with word
reading skills. Results of this model test suggest that this supposition maydm and,

in fact, word reading skill appears to account for the contribution of decreases mgpausi
with respect to fluency in grade 3 observed in the previous fluency outcome model,
leaving pitch contour as a significant additional predictor. Path weights, siaardars,

andt values for the Fluency as Predicted Outcome model (TOWRE included) are
presented in Table 3.7. The overall fit of the model to the data was considered marginal
to good? (6) = 11.59 9 = .072), GFI = 0.97, NNFI = 0.97, CFl = 0.99, RMSEA =
0.098.

The findings for the Comprehension as Predicted Outcome model (TOWRE
included) shared some similarities with those of the fluency model; however, amiport
distinctions were evident. Again, the skill-development relationships between prosodic
variables remained significarm € .01) and performance on the TOWRE at time 1
significantly impacted performance at time 2 as wek (01). Though the initial
TOWRE measurement was not a significant predictor of comprehension in grade 3, the
cumulative effect of the development of word reading speed and accuracy over time
significantly predicted comprehension skill at the end of thgrade school yeap

.05). These results are somewhat different from those of the fluency modetimhwatti
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TOWRE measurements demonstrated highly significant associationsteithilliency
achievement. Additional differences between outcome models with inclusion of the
TOWRE concerned the relative contributions of the pause and pitch variables once word
reading speed and accuracy were taken into account. Despite inclusion of the TOWRE
the indirect cumulative effect of decreases in the number of pausal intrusionisnaver
demonstrated a significant influence on later comprehensionskillds). The direct
relationship between the initial number of pausal intrusions and comprehension skill,
however, was not significant. Alternatively, whereas the direct relatiphstween the

initial pitch contour measurement and comprehension skill in grade 3 was found to be
significant at thg < .01 level, the indirect cumulative effect of the development of
appropriate pitch contour did not predict later comprehension skill. Thus, inclusion of the
TOWRE did not alter the previous findings from the Comprehension as Predicted
Outcome model. Overall, the data were well fit by the mgdéb) = 9.75 p = .14), GFI
=0.97, NNFI = 0.97, CFI = 0.99, RMSEA = 0.079. A summary of the path weights,
standard errors, anidralues for the Comprehension as Predicted Outcome (TOWRE
Included) model can be found in Table 3.8.

In summary, it appears that the relative influence of the development of pause a
pitch features varies according to the particular outcome, once word readid@efdee
accuracy is taken into account. Introduction of the word reading skill variable to the
Fluency as Predicted Outcome model eliminated the significance of both theadatec
indirect influence of pause on oral reading fluency. Instead, both the initial valicge
skill level and the cumulative effect of the development of word reading skal feend

to be significant predictors of later fluency achievement. Furthermotehataddition
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of the TOWRE, pitch contour emerged as an additional significant predictor of oral
reading fluency. Thus, in terms of fluency as an outcome, pitch contour appears to hav
additional influence whereas pause does not. Conversely, the results of the
Comprehension as Predicted Outcome model were not affected by inclusion of the word
reading skill variable. Specifically, both the initial pitch contour measunearel the
cumulative effect of decreases in pausal intrusions remained as additgoifedat

predictors of reading comprehension skill. The development of word reading skily sim

served as yet another predictor as well.
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Table 3.1
Descriptive Statistics for Full Developmental Study of Prosodic Reading
Prosody Feature N Minimum  Maximum M SD
Basic Declarative j-Change (Hz)
Time 1 62 -78 12 -21 17
Time 2 69 -76 7 22 19
Time 3 86 -82 -7 -30 16
Intrasentential Pause Total
Time 1 62 0 21 6 6
Time 2 69 0 20 6 5
Time 3 86 0 12 3 3
Intersentential Pause Duration (ms)
Time 1 62 309 2494 755 514
Time 2 69 113 2658 817 585
Time 3 86 78 1409 544 286
Phrase-final Comma Pause Duration (ms)
Time 1 62 0 1630 391 385
Time 2 69 0 1721 410 375
Time 3 86 0 692 188 160
Child-Adult /Ry Contour Match
Time 1 62 .041 .840 530 .191
Time 2 69 -.024 .864 549 189
Time 3 86 .352 .864 .663 .101

Note Time 1 = Spring oflgrade, Time 2 = Fall of"2Grade, Time 3 = Spring of2grade as outlined in
the layout and assessment design for the full deweéntal study of prosodic reading. The differennds
at each time point are the result of missing ddilivmost often was due to poor recordings. Asstbdy
progressed so did the technology and quality obtlaéreading samples.
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Table 3.2

Means, Standard Deviations, Skewness, and Kurtosis Values for Variables Used in Model
Tests (n=92)

Variable M SD Skewness Kurtosis
Intrasentential Pause

Time 1 7.457 5.894 0.824 -0.291

Time 2 2.837 3.100 1.129 0.397
Child-Adult /iy Match

Time 1 0.510 0.175 -0.462 -0.296

Time 2 0.660 0.099 -0.590 0.472
TOWRE-Sight Word Efficiency (raw score)

Time 1 43.696 15.221 0.259 -0.148

Time 2 57.859 13.623 -0.288 -0.342
GORT-Fluency (sum score)

Time 3 52.761 18.317 0.508 0.558
WIAT-Reading Comprehension (raw score)

Time 3 21.967 4.819 -0.532 -0.532

Note Time 1 = Spring oflgrade, Time 2 = Spring of2grade, and Time 3 = Spring df §rade as
outlined in the adjusted layout and assessmengési the full developmental study of prosodicttex
reading.
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Table 3.3

Correlations between variables used in model tests

Variable 1 2 3 4 5 6 7 8
1. Intra Pause 1 --

2. Intra Pause 2 T73%* -

3. k Match 1 -.384** - 215  --

4. iy Match 2 -.359** - 313* .363* --

5. TOWRE 1 - T74% - 721* 294* | 396** --

6. TOWRE 2 -.798** - 745** 379** 383** .864** --

7. GORT-Fluency -.593** -.627* 270 .182  .770* .770** --

8. WIAT-RC -.365** - 556** .400** .,240* .538** .627** .518** --

Note K, Match = Child-adult Fcontour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusion§WRE = Raw score on the Sight Word Efficiency

Subtest of the Test of Word Reading Efficiency (TRB), GORT-Fluency = Sum Score on the Gray Oral
Reading Tests, Fourth Edition (GORT-4), WIAT-RC aviRscore on the Reading Comprehension subtest
of the Wechsler Individual Achievement Test (WIAThe number after the variable name corresponds to

the time point at which the measurement was taken$pring of i grade, 2 = Spring of"2grade). p <
.05, *p < .01.
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Table 3.4
Path Weights, Standard Errors, and t Values for Paths Models Examining the
Relationship between Pause and Pitch Variables

Model/Path Weight SE t
Independence
Fo Match 1— Fy Match 2 0.39 0.098 3.98**
Intra Pause 4 Intra Pause 2 0.81 0.062 13.06**
Skill Developmernt
F Match 1— Ry Match 2 0.28 0.101 2.76**
Intra Pause 4 Intra Pause 2 0.81 0.062 13.06**
Intra Pause + Fy Match 2 -0.27 0.101 -2.66**
Reciprocal Effect
R Match 1— Fy Match 2 0.28 0.101 2.76**
Intra Pause 4 Intra Pause 2 0.84 0.067 12.49**
Intra Pause + R, Match 2 -0.27 0.101 -2.66**
Fo Match 1— Intra Pause 2 0.07 0.067 1.04

Note R, Match = Child-adult Fcontour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusionfe Mumber after the variable name correspondsto th
time point at which the measurement was taken$pring of £ grade, 2 = Spring of'2grade). p < .05,
critical value= 1.96; **p < .01, critical value = 2.58.
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Table 3.5
Path Weights, Standard Errors, and t Values for the Fluency as Predicted Outcome
Model

Model/Path Weight SE t

Skill Development Component
F, Match 1— Fy; Match 2 0.28 0.101 2.76%*
Intra Pause 4 Intra Pause 2 0.81 0.062 13.06**
Intra Pause & Fy Match 2 -0.27 0.101 -2.66**

Fluency as Predicted Outcome

Direct Effects

Fo Match 1— Fluency 0.22 0.081 2.73**
Intra Pause 1 Fluency -0.38 0.128 -2.98**
Indirect Effects

Fo Match 2— Fluency 0.10 0.077 1.30
Intra Pause 2» Fluency -0.34 0.122 -2.78**

Note K, Match = Child-adult Fcontour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusionk)eiicy = The sum of the individual passage sconethe
GORT-4, Form B administered during the spring ef # grade school year. The number after the variable
name corresponds to the time point at which thesomeanent was taken (1 = Spring 8fdrade, 2 =

Spring of 2 grade). p < .05, critical value= 1.96; **p < .01, critical value = 2.58.
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Table 3.6
Path Weights, Standard Errors, and t Values for the Comprehension as Predicted
Outcome Model

Model/Path Weight SE t

Skill Development Component
F, Match 1— Fy; Match 2 0.28 0.101 2.76%*
Intra Pause 4 Intra Pause 2 0.81 0.062 13.06**
Intra Pause & Fy Match 2 -0.27 0.101 -2.66**

Comprehension as Predicted Outcome
Direct Effects

Fo Match 1— WIAT-RC 0.35 0.086 4.05**
Intra Pause + WIAT-RC -0.01 0.250 -0.040
Indirect Effects

Fo Match 2— WIAT-RC 0.02 0.095 0.21
Intra Pause 2> WIAT-RC -0.50 0.129 -3.88**

Note K, Match = Child-adult Fcontour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusionsAWRC = The raw number of points earned on the
Reading Comprehension subtest of the Wechslerithday Achievement Test administered during the
spring of the % grade school year. The number after the variabfeencorresponds to the time point at
which the measurement was taken (1 = Spring'afrade, 2 = Spring of'2grade). p < .05, critical value
=1.96; **p < .01, critical value = 2.58.
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Table 3.7
Path Weights, Standard Errors, and t Values for the Fluency as Predicted Outcome
Model (TOWRE Included)

Model/Path Weight SE t

Skill Development Component
Fo Match 1— F, Match 2 0.27 0.104 2.59**
Intra Pause 3 Intra Pause 2 0.79 0.065 12.12**
Intra Pause & Fy Match 2 -0.29 0.104 -2.79%*
TOWRE 1— TOWRE 2 0.62 0.075 8.26**
Intra Pause > TOWRE 2 -0.15 0.096 -1.56
Intra Pause 2> TOWRE 2 -0.23 0.073 -3.13**

Fluency as Predicted Outcome

Direct Effects

F Match 1— Fluency 0.15 0.067 2.24*

Intra Pause 4 Fluency -0.13 0.083 -0.96

TOWRE 1— Fluency 0.43 0.132 3.26**
Indirect Effects

Fo Match 2— Fluency 0.15 0.068 2.20*

Intra Pause 2> Fluency -0.16 0.104 -1.53

TOWRE 2— Fluency 0.39 0.142 2.74**

Note F, Match = Child-adult F-contour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusion§WRE = Raw score on the Sight Word Efficiency
Subtest of the Test of Word Reading Efficiency (TREY), Fluency = The sum of the individual passage
scores on the GORT-4, Form B administered duriegsfiting of the 8 grade school year. The number
after the variable name corresponds to the timetgiwhich the measurement was taken (1 = Spfidd o
grade, 2 = Spring of"2grade). p < .05, critical value= 1.96; **p < .01, critical value = 2.58.
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Table 3.8
Path Weights, Standard Errors, and t Values for the Comprehension as Predicted
Outcome Model (TOWRE Included)

Model/Path Weight SE t

Skill Development Component
F, Match 1— Fy; Match 2 0.28 0.104 2.68**
Intra Pause 4 Intra Pause 2 0.79 0.065 12.11**
Intra Pause & Fy Match 2 -0.27 0.103 -2.62**
TOWRE 1— TOWRE 2 0.64 0.073 8.82**
Intra Pause + TOWRE 2 -0.12 0.092 -1.30
Intra Pause 2> TOWRE 2 -0.24 0.068 -3.50**

Comprehension as Predicted Outcome
Direct Effects

F, Match 1— WIAT-RC 0.30 0.084 3.57**

Intra Pause 3 WIAT-RC -0.19 0.159 -1.19

TOWRE 1— WIAT-RC 0.11 0.154 0.65
Indirect Effects

Fo Match 2— WIAT-RC 0.05 0.093 0.54

Intra Pause 2> WIAT-RC -0.32 0.128 -2.50*

TOWRE 2— WIAT-RC 0.37 0.184 2.01*

Note F, Match = Child-adult F-contour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusion§WRE = Raw score on the Sight Word Efficiency
Subtest of the Test of Word Reading Efficiency (TRB. WIAT-RC = The raw number of points earned
on the Reading Comprehension subtest of the Wadmnslirzidual Achievement Test administered during
the spring of the"3grade school year. The number after the variabfeencorresponds to the time point at
which the measurement was taken (1 = Spring'afrade, 2 = Spring of'2grade). p < .05, critical value
=1.96; **p < .01, critical value = 2.58.



Figure 3.1

Adjusted layout and assessment design for the full developmental study of prosodic text

reading (Phase 2)

Spring F' Grade

Prosodic
measurement on
GORT-3, Form A
(passage 1)

TOWRE-Form A
WIAT-RC

Spring 2° Grade

Prosodic
measurement on
GORT-4, Form A
(passage 3)

TOWRE-Form A
WIAT-RC

Spring 3 Grade
Outcome Assessment

Sum of passage
fluency scores on
GORT-4, Form B

WIAT-RC

Note Passage 1 on GORT-3, Form A and Passage 3 on GOR3rm A are identical.
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Figure 3.2
Path models tested to examine the relationship between intrasentential pause and child-
adult Ry contour match

Model 1: Independence Model

Time 1 Time 2
.39
Fo Match 1 » [ Match 2
Intra Pause 1 p| Intra Pause 2
.81

Model 2: Skill Development Model

Time 1 Time 2
.28
Fo Match 1 Fo Match 2
-.27
Intra Pause 1 p| Intra Pause 2
.81

Model 3: Reciprocal Effect Model

Time 1 Time 2
2€
Fo Match 1 Fo Match 2
=27 .07
Intra Pause 1 Intra Pause 2
.84

Note K, Match = Child-adult Fcontour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusionfe Mumber after the variable name correspondsto th
time point at which the measurement was taken$pring of ' grade, 2 = Spring of'2grade).
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Figure 3.3
Path model tested to examine the relationship between intrasentential pause, child-adult

Fo match, and oral reading fluency

Model: Oral Reading Fluency as Predicted Outcome

Time 1 Time 2 Time 3

Fo Match 1 Fo Match 2
.10
-.27
Fluency
Intra Pause 1 p| Intra Pause 2 -34
-.38

Note F, Match = Child-adult F-contour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusionie Mumber after the variable name correspondseto th
time point at which the measurement was taken $pring of £' grade, 2 = Spring of"2grade). Fluency =
The sum of the individual passage scores on the G@REorm B administered during the spring of tffe 3

grade school year.
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Figure 3.4
Path model tested to examine the relationship between intrasentential pause, child-adult

Fo match, and reading comprehension

Model: Reading Comprehension as Predicted Outcome

Time 1 Time 2 Time 3

Fo Match 1 Fo Match 2
.02
-.27
WIAT-RC
Intra Pause 1 p| Intra Pause 2 -50
-.01

Note F, Match = Child-adult F-contour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusionie Mumber after the variable name correspondseto th
time point at which the measurement was taken$pring of £' grade, 2 = Spring of'2grade). WIAT-

RC = The raw number of points earned on the Readamprehension subtest of the Wechsler Individual
Achievement Test administered during the sprinthef3® grade school year.
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Figure 3.5
Path model tested to examine the relationship between intrasentential pause, child-adult
Fo match, and oral reading fluency with inclusion of the TOWRE

Model: Oral Reading Fluency as Predicted Outcome
Time 1 Time 2 Time 3

.15

/T

Fo Match 1 Fo Match 2

-.29 Fluency

.79
Intra Pause 1 p| Intra Pause 2
-.15
-.23

62 A

TOWRE 1 TOWRE 2

Note F, Match = Child-adult F-contour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusion§WRE = Raw score on the Sight Word Efficiency
Subtest of the Test of Word Reading Efficiency,®@ (TOWRE). The number after the variable name
corresponds to the time point at which the measentmas taken (1 = Spring of grade, 2 = Spring of
2" grade). Fluency = The sum of the individual pgesscores on the GORT-4, Form B administered
during the spring of the®grade school year.
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Figure 3.6
Path model tested to examine the relationship between intrasentential pause, child-adult

Fo match, and reading comprehension with inclusion of the TOWRE

Model: Reading Comprehension as Predicted Outcome
Time 1 Time 2 Time 3

.30

/77

Fo Match 1 Fo Match 2

-.29 WIAT-RC

.79
Intra Pause 1 p| Intra Pause 2
-.12
-.24

64 Y

TOWRE 1 TOWRE 2

Note F, Match = Child-adult F-contour match, Intra Pause = Total number of senéential pauses
recorded during oral reading (pausal intrusion§WRE = Raw score on the Sight Word Efficiency
Subtest of the Test of Word Reading Efficiency (TRB. WIAT-RC = The raw number of points earned
on the Reading Comprehension subtest of the Weadnslidual Achievement Test administered during
the spring of the "8 grade school year. The number after the variafteencorresponds to the time point at
which the measurement was taken (1 = Spring'afrade, 2 = Spring of'2grade). p < .05, critical value
=1.96; **p < .01, critical value = 2.58.
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CHAPTER 4
GENERAL DISCUSSION

The present research represents the first known “long-term” developstedia
of prosodic text reading in early elementary school children. In conducting this
investigation our overall objectives were several and included the following: (1) to
determine whether decreases in pausing over time serve a causal fundten for
development of larger pitch changes; (2) to determine the extent to which the growth of
prosody during grades 1 and 2 is predictive of oral reading fluency in grade 3; (3) to
determine whether the growth of reading prosody during grades 1 and 2 isiyeeatfict
comprehension skill in grade 3; and (4) to determine the extent to which the development
of reading prosody adds to our ability to account for reading fluency and compoghensi
outcomes beyond word reading speed and accuracy.

Results of the preliminary phase of the study illustrated that various palise a
pitch features of oral reading prosody appear to develop in a generallyniaeaer
throughout the years of primary reading acquisition. Specifically, we foeadyst
decreases in the number of pausal intrusions present in children’s oral readingever ti
along with diminished durations in both intersentential and phrase-final comma aauses
well, all of which became increasingly consistent with “target” regglestablished in
previous research (see Clay & Imlach, 1971; Dowhower, 1987; Miller &
Schwanenflugel, 2006; Schwanenflugel et al., 2004). Furthermore, pitch features

demonstrated steady developmental patterns as we observed a geresasgiircthe
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magnitude of sentence-final pitch declination throughout our measurements and pitch
contours that became increasingly similar to those of adults by the end 8 gnade.
Each of these pitch renderings was consistent with those established in presganshre
as well (see Clay & Imlach, 1971; Dowhower, 1987; Miller & Schwanenflugel, 2006;
Schwanenflugel et al., 2004). Such characterizations are of extreme ttaoretic
importance given this type of systematic investigation had never been atlempt
previously and our understanding of prosodic development up to this point (particularly
in terms of trend) has been purely speculative. Although Chall’'s (1996b) model of
reading development suggests that prosodic text reading skills develop during the
confirmation and fluency stage, which spans from the end of first grade to kel ¢ne
absence of any empirical evidence in the research literature to suppadgbition and
elaborate on the explicit nature of prosodic development represents a dréaaitical

gap in the achievement of skilled reading. However, findings from the présent s
provide support for Chall’s model along with preliminary evidence regarding the
particular growth patterns of selected prosodic features in childreh’seacang.

In exploring the development of prosodic text reading in broader context we were
interested in determining the specific relationship between the pause and p&cis a$
prosody. That is, our objective was to ascertain whether the pause and pitch variables
selected for the model tests (intrasentential pause and child-adohteur match)
develop simultaneously and independent of each other, whether decreases in the number
of intrasentential pauses precedes the development of appropriate pitch csiliour (
development), or whether a reciprocal relationship exists between the twoesa(mldh

that pause impacts the subsequent development of pitch and pitch impacts the subsequent
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development of pause). According to Chall (1996b) and Kuhn and Stahl (2003), prosodic
text reading emerges in large part after children have solidified autoteatding and

word reading capabilities. Inherent in this theory is a skill development abpi@a
understanding prosodic reading which suggests that as children’s oral readingebe
increasingly fluent, they develop the ability to represent what is read smthatyimitate

the tonal and rhythmic aspects of conversational speech. It follows thatséscirethe
number of pausal intrusions that result from the acquisition of automatic decoding and
word reading skills might precede the development of adult-like pitch contour and
perhaps serve a causal role in the emergence of pitch features. adodell tests

focused on three potential relationships concerning the development of pause and pitch
features (independence, skill development, and reciprocal effect) with reinitelly
supporting the skill development theory described above. Indeed, we found that while the
initial pause and pitch measurements taken during the spriribgpéde impact

performance on their respective variables one year later (reflecéiripmttependence”
aspect of the model tests), the initial pause measurement was found to influence
subsequent development of pitch contour as well (evidence for the skill development
relationship). Furthermore, our model tests failed to find a significant reaiproc
relationship between the early development of pitch contour and later decnethees |
number of pausal intrusions present during oral reading. Thus, support for the skill
development theory was evident. Results suggested that the intrasentential pause
measurement may, in fact, serve as a proxy for the achievement of automdtic wor
reading skills and that the acquisition of these skills could serve an importamt tfode |

later development of pitch during oral reading.
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Establishing the relationship between the development of pause and pitch
prosodic features was a necessary first step prior to conducting the rejmaoudel tests.
Once the skill development relationship was identified we proceeded with addigstsal t
that examined the extent to which the cumulative effects of the developmeadioigre
prosody predicted fluent reading and comprehension skills during the spring35f the
grade school year. Specifically, our purpose was to determine the respdttimeces of
the development of pause and pitch on these reading outcome measures. Given the skill
development relationship between the pause and pitch variables described above, we
theorized that if prosody is more accurately characterized by theogeweht of pitch
contour (as opposed to decreases in pausing which instead might reflect thenaehtev
of automatic word reading skills) then pitch might emerge as a more robustqredi
later fluency and comprehension skill. Such a belief was derived from thelgenera
consensus within the research literature that prosody is a higher-order congfonent
fluency and the recognition that fluency and comprehension are strongly r&asedts,
however, were somewhat mixed with respect to this theory and the various reading
achievement outcomes.

We found that while the indirect cumulative effect of decreases in the number of
pausal intrusions during grades 1 and 2 predicted oral reading fluency in grade 3, the
development of pitch contour was not a significant predictor of later fluency. Although
this result runs contrary to theory, there are at least two possible eiglariat this
finding. First, it may be that decreases in pausing are simply a more pbpredictor of
oral reading fluency when compared to the development of pitch contour. In fact, many

traditional definitions of fluency consist only of rate and accuracy components, and the
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measure of fluency used in this study itself is basically an indicatexbifdading speed
and accuracy. Furthermore, our assumption that pitch might be a more robust predictor of
oral reading fluency was actually based on previous research by Miller and
Schwanenflugel (2006) and Schwanenflugel et al. (2004) in which pitch variables were
found to be significant predictors of reading comprehension (not of fluency spggifica
Given the strong correlation between fluency and comprehension skill, we hypethesi
that pitch would serve as a predictor of fluency as an outcome in a similanatatydid
for comprehension. Based on the results of this analysis, however, such an assumption
may have been unfounded. Second, and somewhat related, is the notion that the
development of pitch contour could emerge as a significant predictor of fluency in the
future. Specifically, if the skill development hypothesis holds, it may be that the
development of pitch features is somewhat delayed and that our study did not cover the
appropriate time span to observe the desired effect. If prosodic meassramaent
continued during the8grade school year it may have been possible to obtain different
results. Still, we were able to find significant relationships between both tia¢ paiuse
and pitch measurements and oral reading fluency. One final possibility to coadiusr
while both the initial number of pausal intrusions present in oral reading and the
cumulative effect of decreases in pausing are significant predictorgeatit in grade 3,
only the initial pitch contour measurement is an important predictor of later yluenc
Thus, the developmental aspect of pitch contour may not be as meaningful in terms of
predicting fluency achievement.

With respect to reading comprehension as an outcome the results of our model

test yielded generally similar results to the fluency model explaineccabwerall, we
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found that both the indirect cumulative effect of decreases in pausing throughout the
course of development and the initial pitch contour measurement significantlyt@dedic
comprehension skill at the end ¢f §rade. That the development of pitch contour did not
impact reading comprehension, however, was somewhat surprising in light of previous
research that demonstrated significant relationships between various picbSea
(including child-adult i contour match) and comprehension (see Miller &
Schwanenflugel, 2006; Schwanenflugel et al., 2004). It is worth mentioning that neither
the Miller and Schwanenflugel, nor the Schwanenflugel et al. studiesreecaprosody
developmentally. Additional minor differences exist between the presentatesea the
aforementioned studies as well (e.g., previous studies used somewhat older groups of
children). Nevertheless, possible explanations for these findings are sothase of

the fluency outcome model. It may be that our study did not continue for the necessary
duration to capture such a cumulative effect for pitch given a delay in thgesmerof
appropriate pitch contour due to the skill development relationship between pause and
pitch variables. Alternatively, it is also possible that the initial pitch contour
measurement, and not the developmental aspect of pitch, is simply a moreiaifluent
predictor of later comprehension skill.

The final outcome model tests incorporated word reading speed and accuracy as
an additional predictor to the original fluency and comprehension models. One pggssibil
that remained to be explored was whether, and the extent to which, reading prosody
added to our ability to account for reading achievement outcomes despite inclusion of the
word reading skill variable. In the previous models we theorized that intrasehtent

pausing could be a proxy for automatic word reading skills. If true, it seemedthitly
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the effect of intrasentential pausing on fluency and comprehension would be usurped by
the word reading speed and accuracy component in the models. However, if word reading
skill impacts the separate influences of decreases in pausing and pitchsctianigely,

then this might suggest that the same skills are responsible for each typedigros

marker. Still, there was some uncertainty about the precise effect tithtemoling speed

and accuracy would have on the pitch aspect of the model tests with respect to the
outcome measures.

As anticipated, with the inclusion of word reading speed and accuracy to the
fluency outcome model, results indicated that both the initial pause measuremdret and t
indirect cumulative effect of decreases in pausing were no longer predittarsncy in
grade 3. The initial word reading skill measurement, along with the indirect atiweul
effect of the development of word reading skills, however, were found to be strong
predictors of later fluency achievement. Furthermore, pitch contour emerged as a
additional predictor beyond word reading speed and accuracy. We found that both the
initial pitch contour measurement and the indirect effect of the development thilaelul
pitch contour over time impacted fluency performance at the end ofthe8e school
year. These findings were theoretically sound and generally consistieihev
conclusions of previous research on reading prosody which suggested that pitck feature
may be the “true” indicators of prosodic text reading and, further, that the &bilit
produce appropriate pitch interpretations during oral reading predicts futfoenpeance
in reading fluency and other reading-related skills as well (Clay &dml1971;

Dowhower, 1987; Miller & Schwanenflugel, 2006; Schwanenflugel et al., 2004).
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With respect to the reading comprehension outcome model, inclusion of word
reading skill to the model test did not alter any of the previously establislédnships
between the pause and pitch variables and comprehension. We found that children’s
initial pitch contour measurement and the indirect cumulative effect of desrea
intrasentential pausing continued to impact later comprehension skill. Mordwyer, t
indirect cumulative effect of the development of word reading automaticidycped
comprehension at the end &t grade as well. That identical results were obtained for the
two comprehension outcome models suggests that our original findings were accurate
and that the inclusion of word reading skill does not appear to affect the prediction of
comprehension in the same way as was evident in the fluency model. Thus, our obtained
results seem to contradict certain conclusions put forth by previous resemchng the
relationships between aspects of prosody and reading comprehension. Unlike the current
study, Miller and Schwanenflugel (2006) and Schwanenflugel et al. (2004) failed to fi
an independent effect of pause structures on reading comprehension once reading speed
and accuracy were taken into account. Our finding that decreases in the numberlof pausa
intrusions over time was associated with comprehension skill is a unique result and it
may be that other studies did not find such an effect because they did not examine pause
structures developmentally. The combined findings from the aforementioned shaddies
support a general effect for pitch features on comprehension that was affirthed i
present study as well. However, our results suggest that the developmeatabépitch
contour may not be as powerful as the initial child-adgilh&tch correlation in

predicting later comprehension skill. Thus, it appears that children who aredode g
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comprehenders mark basic sentence structure through pitch from the onset of the
achievement of reading fluency.
Summary and Implications for Educational Practice

We feel that the information presented here may have practical valuecterea
who monitor their students’ oral reading development. The results of this studgaare ¢
in demonstrating generally linear growth patterns for key pause and pitciieros
features that are evident throughout grades 1 and 2. Furthermore, results alsbtsagge
the early development of pause structures, specifically concerning obdenredses in
the number pausal intrusions during oral reading, appears to impact subsequent
development of appropriate pitch contour. An understanding of the processes involved in
the development of prosodic text reading alone holds considerable value for educators
particularly because such information increases awareness about wiggschreay occur
in their students’ reading expression over time. It follows that a more astanc
understanding of the development of oral reading prosody may also foster more
reasonable expectations regarding expressiveness aspects of childgding aad
permit teachers to construct lessons that appropriately assist this pmyesssiell. For
example, teachers may wish to focus more resources on building students’ automati
word reading skills in *tgrade and early”?grade. The likely result of which will be
seen as a reduction in excessive pausing during oral reading that mayelftspat the
development of adult-like pitch profiles. In conjunction with modeling techniques, these
combined efforts might be a rather effective means for producing prosade&rse Most
importantly, given the mounting evidence that the development of reading prosody has

significant implications for fluency and comprehension outcomes, educators might
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reasonably conclude that children whose oral reading mimics the rhythmic ahd tona
gualities of language might be fully fluent and capable of understanding whae#tey
Limitations of the Present Study and Future Research

The current investigation of the development of reading prosody has several
issues that serve as limitations regarding the conclusions that can be drawn. The
relatively small sample size available for the present research id@@usthe most
significant and pervasive limitation of this developmental study of prosodicet@ating
in early elementary school children. Not only was a reduction in model complexity
necessary given our limited sample size, but the strength of our conclusions bdsed on t
model tests may have suffered as well. Our original intent was to exdmine t
development of various pause and pitch features at three separate measurement points
throughout grades 1 and 2, along with an additional outcome measurement taken at the
end of the % grade school year. However, we were compelled to drop the faff of 2
grade prosodic measurement (thus retaining the springrtle and spring of'2grade
prosodic measurements) and select the single best indicators of pauseland pit
(intrasentential pause total and child-adylténtour match) for use in the model tests.
Although the elimination of one of the prosodic measurement points and a reduction in
the total number of pause and pitch variables examined in this study allowed us to
conduct model tests that would produce reliable results, we were unable to evaluate
models that included a more complete set of prosodic variables. Consequently, a more
thorough understanding of the complex relationship between pause and pitch
development and subsequent reading achievement outcomes could not be obtained from

the analyses included in this study.
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One additional limitation concerns the overall design of our study. It mdabe t
a more appropriate longitudinal design would include prosodic measurementsehdt ext
beyond the $and 29 grades, continuing into thé’3jrade as well. Increasing the time
duration of the longitudinal design might allow for a more accurate poripaytad
development of prosodic text reading and further make possible the detection of any
delayed effects (particularly concerning pitch features) that mightge throughout the
years of primary reading acquisition.

Future research should directly address the limitations described abovengecuri
a large sample is essential for nearly all complex modeling techniquesahde
appropriate for examining the development of prosodic text reading using multipl
indicators of pause and pitch at each measurement point. When designing a “Idng-term
longitudinal study (whether it concerns the development of reading prosody ohany ot
topic) one should make certain of the number of subjects that will be required for the
proposed analyses while being mindful of the potential for significant sampi@mtt
and any additional problems (e.g., technological difficulties associated wéaimiolgt
oral reading samples) that may reduce the total effective sample sied.d2rospective
studies should also consider the theoretical importance of examining prosodic
development into grade 3 and implement measurement designs that extend over a more
inclusive period of reading development. One final consideration with respect to these
recommendations for future research is the time required to conduct the individual
prosodic measurements once the oral reading samples have been collected. &Vith larg
samples and several waves of data collection the task of producing a usabét datéd

become daunting. As technology improves research involving the direct measurement of
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prosody may become less time intensive; however, at present significaantime
personnel resources are required. This circumstance must be factored intceearehr

endeavors.
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APPENDIX A

Plots Depicting the Development of Selected Prosodic Features DuringsGradd 2
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