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Abstract

Exploring the Role of Prosody in Korean EFL High School Students’
Oral Reading Fluency
Jiseon Ryu
English Major, Dept. of Foreign Language Education

The Graduate School of Seoul National University

Oral reading fluency (ORF), defined as the ability to read text accurately,
quickly, and expressively, is considered a crucial skill for reading
comprehension success. Founded on the theoretical underpinnings of
information processing models and numerous empirical studies, ORF has drawn
much attention from reading researchers and educators. Given its significance,
various interventions have been developed and incorporated into the classroom,
alongside numerous assessment tools for measuring ORF in both first language
(L1) and second language (L2) contexts. However, there has been ongoing
criticism of ORF assessment tools for their exclusive focus on measuring reading
accuracy and rate, while neglecting the critical component of reading prosody.

Reading prosody refers to the melodic quality of oral reading such as
tempo, pauses, pitch, and rhythm. Research has shown that as readers become

more proficient and fluent in reading, their oral reading becomes smoother and



more speech-like, progressing from a word-by-word, hesitant manner to a more
fluid style. In addition, the importance of reading prosody has been underscored
as it plays a critical role in reading comprehension by holding information being
processed in working memory or acting as a cognitive scaffold for semantic
processing (Frazier et al., 2006). Even though little is known about reading
prosody so far, a growing body of research has shown that reading prosody is an
essential component of ORF and reading comprehension in L1 reading.

In the L2 context, ORF also has been increasingly establishing itself as a
legitimate component of reading skill, and evidence has been accumulated
suggesting its significant relationship with reading comprehension. However, the
research of reading prosody is at the beginning stage in the L2 context.

Therefore, the present study attempted to explore various aspects of the
roles reading prosody plays in L2 reading. First, it examined distinctive
characteristics of reading prosody features differing according to fluency skill.
Second, this research sought to evaluate the supposition regarding the
characterization of ORF, specifically assessing whether the combined factors of
reading accuracy and rate (i.e., text reading efficiency) and reading prosody can
be considered a single construct, known as ORF. Additionally, the investigation
aimed to examine the role of reading prosody in accounting for reading
comprehension.

A total of 90 Korean high school students learning English as a foreign

il



language (EFL) participated in the study. The students were subjected to a
battery of reading assessments to evaluate their decoding skills, text reading
efficiency (TRE), and reading comprehension. To examine and measure reading
prosody features, spectrographic analysis was employed as the methodology. By
employing a speech sound wave analysis tool such as Praat (Boersma &
Weenink, 2023), the visuo-graphic representation of sound waveform was
generated. The observation of this spectrogram made it possible to identify and
extract various prosodic features.

As a result of spectrographic analyses, six features of reading prosody
were extracted: intrasentential pause ratio (IntraP_ratio), intrasentential pause
duration (IntraP_duration), ungrammatical pause ratio (UGP_ratio),
intersentential pause ratio (InterP_ratio), overall intonation contour (Pitch_SD),
and pitch changes at the sentence-final position (Pitch_SF). These features were
subsequently analyzed using a series of one-way analysis of variance
(ANOVAS), confirmatory factor analysis (CFA), or a series of hierarchical linear
regressions.

The study found that pause-related variables such as IntraP_ratio,
IntraP_duration, and UGP_ratio were distinctively different among students with
different fluency skills, indicating that these variables may be indicative of a
student’s level of fluency. In contrast, it was found that Pitch SD did not exhibit

significant differences based on fluency level, suggesting that the overall pitch
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pattern may remain similar across Korean L2 readers regardless of their level of
fluency. Meanwhile, significant variations in pitch changes at the sentence-final
position and pause duration across sentences were only evident among higher
fluency groups, indicating that these changes primarily manifest among L2
readers who have attained a sufficient level of decoding and fluency.

In addition, it was found that reading prosody and TRE align and
contribute to the unified construct of ORF. However, among reading prosody
features, only pause-related variables were indicative of ORF.

Lastly, the present study demonstrated that reading prosody plays a
crucial role in predicting reading comprehension by acting as a mediator
between decoding skills and reading comprehension. However, the results
indicate that reading prosody did not account for additional variance in reading
comprehension beyond TRE, especially when TRE was given priority in the
order of entry in the hierarchical linear regression. When another regression
analysis was conducted to inspect the relationship between reading prosody and
TRE, a substantial overlap of these variables was detected, suggesting that the
effect of reading prosody on reading comprehension would be masked if TRE is
entered before reading prosody factors. In fact, when reading prosody was given
priority in the order of the entry in the regression analysis, it was found to remain
significant alongside TRE.

The current dissertation has important pedagogical implications for L2

v



reading instruction. The findings suggest that focusing on the development of
reading prosody is critical for enhancing L2 reading proficiency. L2 teachers
should consider incorporating activities that explicitly address reading prosody,
such as choral reading or repeated reading, into their instruction to help L2
learners improve their ORF. Given the mediating role of reading prosody in the
relationship between decoding skills and reading comprehension, instructors are
encouraged to integrate ORF monitoring activities using the ORF scale into their
assessment protocols. The current study’s outcomes can be leveraged to develop
a valid and reliable ORF scale as in previous studies.

Overall, the findings of this study highlight the importance of a
comprehensive approach to L2 reading instruction that targets ORF, especially
reading prosody to promote efficient and effective reading comprehension in L2

learners.

Keywords: L2 reading prosody, oral reading fluency, text reading efficiency,
spectrographic analysis, reading comprehension, reading assessment, second

language reading,

Student number: 2018-35246
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Chapter 1. Introduction

The current study aims to explore the roles of prosodic rendering that
Korean high school students learning English as a foreign language (EFL)!
make while they read aloud a text. To this end, the current study investigates the
reading prosody as one of the three components - accuracy, fluency, and reading
prosody - of oral reading fluency. This chapter provides an introduction to the
thesis by first highlighting the motivations that led to the study’s development.
Subsequently, the definition of terms and the research question that this study
aimed to address are presented. Finally, the chapter concludes by outlining the
structure of the thesis and providing a brief description of each of the following

chapters.

1.1 Motivation for the Study and Statement of the Problem

Oral reading fluency (ORF), defined as the ability to read text accurately,
quickly, and expressively, is considered a crucial skill for reading
comprehension success. The National Reading Panel report (NICHD, 2000)
brought ORF to the forefront of first (L1) and second language (L2) reading

research and education. In the past, ORF was overlooked as a reading skill

! In this thesis, the terms second language and foreign language are not differentiated and
used interchangeably since the two terms refer to any language acquired by a speaker in
addition to their native language.



(Allington, 1983; Dowhower, 1991), but it has since become one of the most
studied, assessed, and debated components of reading (Benjamin, 2012; Kim et
al., 2021b).

The importance of reading fluency as a fundamental aspect of reading
comprehension is widely accepted in current research (Kim 2020a, 2020b; Kim
et al., 2021b; Wolters et al., 2020). This understanding is based on information-
processing models that highlight the interplay between lower-level and higher-
level processing skills during reading (Fuchs et al., 2001). One of the classic
theories in cognitive psychology is the automaticity theory, which was posited
by LaBerge and Samuels (1974). The automaticity theory assumes that because
working memory capacity is limited, not all the information involved in reading
can be processed simultaneously. Therefore, lower-level processing skills such
as word recognition and syntactic parsing should be processed automatically,
allowing higher-level processing skills to be executed with minimal conscious
effort. If a reader devotes too much attention to lower-level processing, higher-
level skills such as comprehension may be hindered.

Unlike this bottom-up serial processing model where lower-level
processing skills constrain higher-level processing, Stanovich (1980) assumes
that human cognition could modulate this processing more flexibly. In the
interactive-compensatory model, he claims that higher-level skills such as

context facilitation can compensate for the lower-level processing when the



efficient execution of the lower-level skills is restrained. In a similar vein, the
verbal efficiency theory (Perfetti, 1988) claims that to the extent that word
recognition becomes efficient, reading comprehension can operate smoothly.

Although the above three theories slightly differ in explaining how
lower-level operates and how much it affects reading comprehension, it is
undeniable that they all highlight the critical role of low-level skills in reading
comprehension. In this regard, ORF has drawn the attention of numerous reading
scholars and educators since the automatic lower-level process can be
represented in readers’ accurate, efficient, and expressive reading (Fuchs et al.,
2001; Rasinski et al., 2011).

First and foremost, central to the research of ORF was the relation to
reading comprehension. A plethora of research has investigated whether ORF
could be a proxy for reading comprehension (Fuchs et al., 2001; Jenkins et al.,
2000, 2003; Kim et al., 2010; Marston et al., 1986; Ryu & Lee, 2021; Shinn et
al., 1992; Valencia et al., 2010; Wise et al., 2010). Based on the evidence on the
inherent relationship between ORF and reading comprehension, subsequent
studies have been conducted to investigate the relative importance of ORF in
comparison to other reading-related skills (e.g., listening, decoding, and
phonological awareness) (Baker et al., 2012; Baker et al., 2008; Danne et al.,
2005; Jenkins et al., 2000, 2003; Kim et al., 2014; Kim et al., 2010; Kim et al.,

2011; Kim et al., 2012; Kim & Wagner, 2015; Kim, 2015; Lee, 2020; Riedel,



2007; Roehrig et al., 2008; Silverman et al., 2013; Tilstra et al., 2009; Woo &
Jeong, 2018; Woo & Jung, 2012, 2017). In addition, thanks to the high
practicality and validity of its assessment, numerous longitudinal studies on
students’ reading development using ORF measurement outcomes have been
conducted, and thus have provided insight into the nature of ORF and reading
development. (Al Otaiba et al., 2009; Hintze & Silberglitt, 2005; Jenkins et al.,
2007; Kim et al., 2010; Kim et al., 2021a, 2021b; Kim & Wagner, 2015; Kim,
2015; Quirk et al., 2009; Solari et al., 2014; Speece & Ritchey, 2005;
Veenendaal et al., 2015).

As such, the importance of ORF in L1 reading development has been
extensively researched, thanks to the efforts of numerous scholars. The Direct
and Indirect Effects of the Reading model has recently identified ORF as a key
“proximal component (p.470)” that directly impacts reading comprehension
(Kim, 2020a, 2020b). Figure 1.1 shows that ORF is founded on word reading
skills and listening comprehension, and acts as a mediator between these skills
and reading comprehension. This research has provided compelling evidence for
the critical role of ORF in reading comprehension, highlighting its importance as

a key component of reading development.
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Figure 1.1 Direct and Indirect Model of Reading (DIER; Kim, 2020b)?

The growing recognition of oral reading fluency’s crucial role in reading

has prompted efforts to integrate it into L1 reading instruction and assessment. In

order to enhance children’s ORF, numerous intervention and instruction

programs have been proposed and actively investigated for their impact on ORF

development. Of particular interest is the instructional efficacy of repeated

reading instruction (Chang, 2012, 2019; Dowhower, 1994; Gorsuch & Taguchi,

2008, 2010; Lo et al., 2011; Taguchi et al., 2012; Taguchi et al., 2004; Therrien

2 Kim has replaced the commonly used phrase “oral reading fluency” with “text reading
Sfluency” to underscore that this ability extends beyond solely the oral mode, despite the fact that
it is commonly assessed through oral reading evaluations. (Kim 2020a, 2020b; Kim et al. 2021a,
2021b). Kim mentioned that this term is distinguished from text reading efficiency in that text

reading fluency encompasses the accuracy, speed, and prosody of reading text while text reading

efficiency refers to the construct which only includes the accuracy and speed of text reading.



& Kubina Jr, 2006; Yeganeh, 2013). Additionally, fluency-oriented reading
instruction, such as readers’ theater, has been shown to be effective in enhancing
ORF mostly in L1 contexts (Clark et al., 2009; Keehn, 2003; Lekwilai, 2014; Ng
& Boucher-Yip, 2010; Thienkalaya & Chusanachoti, 2020; Young & Rasinski,
2009).

In terms of assessment, ORF has also garnered significant attention
among education practitioners as a measure of reading ability due to its quick
and straightforward administration, its well-established correlation with reading
comprehension, and its capacity to provide useful diagnostic information
regarding students’ reading development. To this end, norms for ORF have been
developed and consistently updated to facilitate the diagnosis and monitoring of
students’ progress in reading (Hasbrouck & Tindal, 1992, 2006, 2017). A
plethora of assessment kits and programs, such as AIMSWEB (Shinn & Shinn,
2002), informal reading inventories (e.g., Roe & Burns, 2010; Leslie &
Caldwell, 2021), curriculum-based measures (CBM; Deno & Fuchs, 1987),
Dynamic Indicators of Basic Early Literacy Skills (DIBELS; Good III &
Kaminski, 2002), Gray Oral Reading Test (GORT; Wiederhold & Bryant, 2012),
and Woodcock Reading Mastery Tests III (WRMT; Woodcock, 2011), have
emerged in the field and are commonly employed to assess children’s reading
development.

Notwithstanding the advantages of ORF as an assessment tool and its



popularity among educators, the method used to measure it has been a topic of
debate from the outset. The prevailing approach to assessing ORF involves
counting the number of words students read accurately in a minute (Words
Correct Per Minute; WCPM). However, this method has been heavily criticized
by Samuels (2007), who argues that WCPM merely measures “the speed of
barking at print (p.563),” and Morris et al. (2013) who contend that reading rate
should be evaluated in “the reading-for-meaning-context (2013, p. 62).”

Another critique of the assessment of ORF stems from empirical
evidence on the existence of word callers and gap fillers (Hamilton & Shinn,
2003; Knight-Teague et al., 2014; Meisinger et al., 2009; Meisinger et al., 2010;
Quirk & Beem, 2012). Word callers are individuals who exhibit good reading
fluency but minimal comprehension, while gap fillers are defined as those who
display the opposite pattern of reading (Duke & Carlisle, 2011). Although the
extent to which word callers and gap fillers exist among L1 readers is yet to be
established, the percentage of these reader groups is known to increase over time
(Meisinger et al., 2010; Schwanenflugel & Knapp, 2015). Moreover, Quirk and
Beem (2012) reported that a wider gap may exist between reading fluency and
reading comprehension among L2 readers, with 55.5% of total participants
exhibiting this gap in their study. Since the significance of ORF as a reading skill
is founded on its association with reading comprehension, the validity of ORF

assessment may only be supported by the concurrent relationship with reading



comprehension. In other words, the mere existence of word callers and gap
fillers in the reader profile has made it difficult to justify the assessment of ORF.

Lastly, it should be noted that a critical issue of validity arises from the
inconsistency between the concept of ORF and the methods used to evaluate it.
While the definitions of ORF may differ across studies, they typically include
three key aspects: reading rate, reading accuracy, and reading prosody. To
address this issue, a widely accepted definition of ORF was proposed by Kuhn,
Schwanenflugel, and Meisinger (2010) as follows:

Fluency combines accuracy, automaticity, and oral reading prosody,

which, taken together, facilitate the reader’s construction of meaning. It is

demonstrated during oral reading through ease of word recognition,

appropriate pacing, phrasing, and intonation (p. 240).

Considering this perspective, reading prosody is widely recognized as a
fundamental component of ORF (Kuhn et al., 2010; Schwanenflugel &
Benjamin, 2016; Wolf & Katzir-Cohen, 2001). However, many widely-used
OREF assessment tools have traditionally excluded the measurement of reading
prosody, leading to ongoing criticisms of the validity of measuring only WCPM.
Hence, it has been argued that the inclusion of reading prosody in ORF
assessments is essential for a comprehensive understanding of a student’s overall
reading abilities (Godde, 2020; Kim et al., 2021a; Kuhn et al., 2010; Wolters et
al., 2020)

To date, insufficient attention has been devoted to reading prosody in

reading research in comparison to other components. The exclusion of reading



prosody from ORF research can be attributed to two primary reasons. Firstly,
while measuring ORF traditionally involves a straightforward and apparent
approach (i.e., WCPM), a distinct definitional and methodological consensus for
evaluating reading prosody has yet to be established. Upon closer examination of
existing ORF rating scales, it becomes evident that they are built on divergent
assumptions regarding reading prosody. For instance, the creators of the National
Assessment of Educational Progress (NAEP) Oral Fluency Scale primarily
focused on phrasing, arguing that it could encapsulate other aspects of prosody
such as intonation, stress, and pauses (Pinnell, 1995). Meanwhile, Zutell and
Rasinski’s (1991) Multidimensional Fluency Scale included four reading
prosody components: expression and volume, phrasing, smoothness, and pacing.
More recently, Benjamin et al. (2013) employed spectrographic analysis to
identify two distinct components of reading prosody: intonation and pausing.
These different subcomponents suggest that the scales were developed based on
varying hypotheses about the nature and characteristics of reading prosody in
oral reading.

Another reason for the exclusion of reading prosody from ORF
measurement may be the longstanding view that WCPM is a strong predictor of
reading comprehension. Despite ongoing debates on the validity and reliability
of WCPM measurement, its predictive power has consistently been demonstrated

in numerous studies (Fuchs et al., 2001; Jenkins et al., 2000, 2003; Kim et al.,



2010; Marston et al., 1986; Ryu & Lee, 2021; Shin & McMaster, 2019; Shinn et
al., 1992; Valencia et al., 2010; Wise et al., 2010; Yeo, 2010). For instance,
Yeo’s (2010) meta-analysis reported a medium to large effect size (» = .69) for
the relationship between reading comprehension and ORF, and a more recent
meta-analysis by Shin and McMaster (2019) found a similar mean effect size (r
=.63). Given the robustness of WCPM as a predictor of reading comprehension,
it may have been perceived as unnecessary to include reading prosody as an
additional measure in ORF assessment tools. However, this view may overlook
the potential contribution of reading prosody to the reading process, as well as
the importance of developing more comprehensive measurement tools that can
capture multiple aspects of reading fluency.

Empirical studies have provided evidence indicating that incorporating
reading prosody can enhance the predictive power of ORF for reading
comprehension (Benjamin & Schwanenflugel, 2010; Miller & Schwanenflugel,
2006, 2008; Valencia et al., 2010). For instance, Valencia et al. (2010) reported
that adding prosody to a WCPM measure improved the predictability of ORF for
reading comprehension, particularly in upper elementary grades where WCPM
becomes less effective as a predictor of overall reading ability. Moreover,
researchers have explored the possible mechanisms underlying the relationship
between reading prosody and reading comprehension, although this area of

inquiry remains relatively understudied (Wade-Woolley et al., 2022; Wolters et
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al., 2020). Also, it is increasingly accepted that a causal relationship between
reading prosody and reading comprehension exists (Groen et al., 2019; Klauda &
Guthrie, 2008; Miller & Schwanenflugel, 2006, 2008; Veenendaal et al., 2016).

Similar to L1 research, recent studies in L2 reading have indicated that
OREF is a critical predictor of L2 reading comprehension and an essential skill to
develop (Ahn & Kang, 2016; Ching Pey et al., 2014; Crosson & Lesaux, 2010;
Jeon, 2012; Kang, 2011, 2020, 2021; Kim, 2012; Lee, 2014; Lee & Chen, 2019;
Lee, 2018, 2020; Newell et al., 2020; Ryu & Lee, 2021; Saiegh-Haddad, 2003;
Shin, 2021; Shin, 2018). However, L2 studies on ORF have mainly focused on
reading rate and accuracy, without considering the role of reading prosody.
Despite the crucial role of reading prosody in L1 reading, its contribution to L2
reading remains largely unexplored. Thus, a critical need exists for investigating
the role of reading prosody in L2 reading comprehension, as this can provide
insights into the unique challenges that L2 readers face and inform the
development of effective L2 reading instruction.

Accordingly, this research endeavors to investigate the role of reading
prosody in L2 reading, and more specifically, to scrutinize the characteristics of
L2 reading prosody features that may exhibit variance contingent upon reading
proficiency levels. Moreover, the predictive validity of reading prosody in L2
reading is evaluated through an examination of its relationships with other ORF

components and reading comprehension. To achieve these goals, the study
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employs a spectrographic analysis approach, which facilitates the objective
observation and measurement of prosodic features by generating a visual
representation of waveforms that exhibit variation over time (Benjamin &
Schwanenflugel, 2010; Benjamin et al., 2013; Miller & Schwanenflugel, 2006,
2008; Schwanenflugel et al., 2004; Schwanenflugel et al., 2015). This
methodology could provide a more detailed and nuanced understanding of
prosodic features compared to subjective or manual rating methods. By
investigating the role of reading prosody in L2 reading, this study could

contribute to the development of effective L2 ORF assessment and instruction.

1.2 Definition of the Terms

In this section, a comprehensive elucidation of the technical terminology
and measurements employed in the data collection process is provided.

1. Oral reading fluency: oral reading fluency (ORF) is an umbrella
term that encompasses its three components - reading rate,
accuracy, and reading prosody.

ii. Text reading efficiency: in the present study, text reading
efficiency (TRE) was used to refer to the construct which is
comprised of reading rate and accuracy only, and does not
include reading prosody. Its index is Words Correct Per Minute

(WCPM) which indicates the number of words a reader can
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1il.

1v.

accurately read within one minute. This term has been
introduced and adopted in the literature (Kim et al., 2021a,
2021b) to distinguish it from ORF and highlight that ORF is a
broader term that includes reading prosody as well as reading
rate and accuracy.

Decoding skill: it refers to the ability of a reader to convert
written symbols (i.e., letters and letter combinations) into their
corresponding sounds, and then blend those sounds together to
form recognizable words. It is a fundamental component of
reading proficiency and is often associated with early reading
development (Gough & Tunmer, 1986; Wolf & Katzir-Cohen,
2001). As in the previous studies (Kim et al., 2021b; Miller &
Schwanenflugel, 2006; Schwanenflugel et al., 2004), the
decoding skill was measured by using a reading battery (i.e.,
Woodcock Reading Mastery Test III - Word Identification
subtest) that specifically target word-level decoding abilities.
Fluency skill: in this study, fluency skill was used as an index
for reading proficiency. As an operational definition, it refers to
the ability to read words and sentences fast and accurately. As
in the previous studies on L1 reading prosody, this skill was

utilized as a criterion to categorize the participants into different
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Vi.

Vii.

Viil.

skill groups (Benjamin & Schwanenflugel, 2010; May, 2014;
Miller & Schwanenflugel, 2006). Following the previous
studies, the composite score for fluency skill was derived by
combining the decoding scores and TRE of the participants, via
principal component analysis. The resultant score was used to
establish three groups, based on which the investigation into the
variation of reading prosody features was conducted.
IntraP_ratio: any temporal gap that lasts longer than 100ms is
considered a pause (Benjamin, 2012; Dowhower, 1991; Miller
& Schwanenflugel, 2006, 2008). IntraP_ratio refers to the
percentage of pauses readers made within the sentence. It is
calculated by dividing the number of pauses by the total number
of spaces within a sentence.

UGP _ratio: it refers to the percentage of ungrammatical pauses
readers made within the sentence. The pauses which deviated
from phrase and clause boundaries were counted, divided by the
total number of spaces within a sentence.

IntraP_duration: it refers to the total duration of pauses made in
a sentence.

InterP_duration: it refers to the duration of pauses from the end

of a sentence to the following sentence.
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iX. Pitch_SF: it refers to the pitch changes at the end of the
sentence. To calculate its index, the pitches at the final peak and
the endpoint of a declarative sentence were measured. The
difference between these two values was determined by
subtracting the endpoint pitch from the last peak pitch.

X. Pitch_SD: it refers to the overall intonation contour of a
sentence. To determine its index, the pitch was measured at the
peak of each word in a sentence, and the standard deviation of
these values was calculated. This resulting value was then

divided by the total number of sentences that participants read.

1.3 Research Questions

With the aforementioned problems and the necessity of the study, this
thesis aims to examine whether reading prosodic features have different
characteristics depending on fluency skill, whether reading prosody and text
reading efficiency align and contribute to the unified construct of ORF, and
whether reading prosody can be valid predictors of reading comprehension.

Thus, the current study is guided by the following research question:

1. Does Korean EFL high students’ reading prosody (e.g., intrasentential

pause ratio, ungrammatical pause ratio, intrasentential pause duration,
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intersentential pause duration, pitch changes at the end of the sentence,
and overall intonation contour) differ depending on their fluency skill
levels?

2. Is ORF a unitary construct that encompasses both reading prosody and
text reading efficiency or do these two components represent
dissociable skills?

3. To what extent do reading prosody features account for reading
comprehension?

3-1. To what extent does reading prosody account for reading
comprehension after controlling for decoding skills?

3-2. Does reading prosody play a mediating role between decoding
skills and reading comprehension?

3-3. To what extent does reading prosody account for reading
comprehension after controlling for TRE?

Based on the theoretical and empirical research, the hypotheses for the

study are formulated as follows:

Research Question One:

Hypothesis 1: Prior research conducted in the L1 context has
demonstrated notable variations in reading prosody
features, such as pause frequencies (e.g., Miller &

Schwanenflugel, 2008), pause duration (e.g., Binder et al.,
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2013), overall intonation contour (e.g., Benjamin &
Schwanenflugel, 2010), pitch changes at the end of
sentences (e.g., Miller & Schwanenflugel, 2006), with
respect to readers’ proficiency levels. These studies have
found that as readers’ proficiency, encompassing decoding
skill and text reading efficiency, increases, significant
differences in these prosodic aspects emerge. Based on the
findings of the previous studies, it was hypothesized that
in L2 readers, each cohort with different fluency skills
would differ in every aspect of their prosodic passage

reading.

Research Question Two:

Hypothesis 2: Even though there has been consensus on the definition of
OREF as encompassing reading speed, accuracy, and
reading prosody (Kuhn et al., 2010), research specifically
focused on the ORF construct itself is limited. What is
known from a few previous studies utilizing factor
analyses on reading prosody (e.g., Benjamin et al., 2013;
Kim et al., 2021a) is that pitch- and pause-related factors

are related but distinct components. Conversely, a more
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advanced factor analysis study examining the ORF
construct itself found that ORF, consisting of reading
speed and accuracy, pitch factors, and pause factors, is a
robust construct (Kim et al., 2021b). Therefore, a
hypothesis was formulated as follows: the amalgamation
of text reading efficiency and reading prosody would form
an indivisible construct of oral reading fluency in L2
reading, in accordance with the widely accepted definition

of this term.

Research Question Three:

Hypothesis 3-1: Previous studies have provided evidence that reading
prosody contributes to the explanation of reading
comprehension variance, even when controlling for
decoding skill (Binder et al., 2013; Miller &
Schwanenflugel, 2008; Sabatini et al., 2019). However,
the extent to which reading prosody explains variance in
reading comprehension can vary depending on the
developmental stage of readers and languages under
investigation. Nevertheless, given that the primary

function of reading prosody is to facilitate the
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Hypothesis 3-2:

comprehension of meaning in written text (Frazier et al.,
2006; Kuhn et al., 2010; Kim et al., 2021a), the
subsequent hypothesis was postulated: in L2 readers,
individual differences in prosodic reading of passages
would account for unique variance in reading
comprehension, even when accounting for differences in
decoding skills.

Extant research and theories on the role of reading
prosody in reading comprehension have speculated that
built upon the decoding skill, reading prosody aids
reading comprehension by helping to hold information
being processed in working memory (Frazier et al., 2006;
Kuhn et al., 2010; Schreiber, 1991, Schwanenfluegel et
al., 2004). Although the directionality of the relationship
between reading comprehension and reading prosody in
the L1 reading context remains uncertain (i.e., whether
reading prosody is an outcome of reading comprehension
or a contributor to reading comprehension), the following
hypothesis is proposed: in L2 readers, reading prosody
would mediate the relationship between decoding skills

and reading comprehension.
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Hypothesis 3-3: In line with Hypothesis 3-1, in general, previous studies
have shown that reading prosody could predict reading
comprehension abilities of L1 learners even beyond what
is accounted for by reading speed and accuracy at the text
level (Miller & Schwanenflugel, 2006; Benjamin &
Schwanenflugel, 2010). Even though several L1 previous
studies revealed inconsistent results (e.g.,
Schwanenflugel et al., 2004), the following hypothesis
is proposed based on the general findings in this field: in
L2 readers, individual differences in prosodic passage
reading will account for unique variance in reading
comprehension, even beyond differences in accurate and

speedy passage reading.

1.4 Significance of the Study

The current study aims to expand the knowledge base on L2 reading
prosody by examining the extent to which reading prosody features vary in
relation to decoding and text-reading skills. Moreover, by investigating the
association between reading prosody and reading outcomes (text reading
efficiency and reading comprehension) in L2, this study could provide valuable

insights into the underlying mechanisms of L2 reading. Despite the centrality of
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reading prosody in the definition of ORF, prior research has mainly focused on
reading speed and accuracy, while reading prosody has been relatively
understudied. In particular, research on reading prosody in L2 is scarce, and its
associations with and contributions to ORF and reading comprehension have yet
to be explored. Therefore, this study aims to address these gaps and shed light on
the role of reading prosody in various aspects of L2 reading.

Furthermore, the study’s use of spectrographic analysis allows for a more
nuanced understanding of the role of reading prosody in L2 reading. Using
spectrographic analysis instead of L1-based reading fluency scales is significant
because it allows for more precise and objective measurements of L2 reading
prosody features. This approach enables the identification of unique
characteristics and patterns of L2 reading prosody, providing valuable insights
into L2 reading prosody development. Furthermore, the use of spectrographic
analysis can provide more specific and accurate information to L2 readers,
allowing for targeted interventions and support. From this viewpoint, another
pedagogical implication would be drawn. According to Mislevy et al. (2017), the
validity of an assessment tool can be claimed if it is developed based on the
evidence drawn from the observation of the performance of the construct. Hence,
an L2 ORF scale based on direct observation of reading prosody features would
justify its validity if the scale is developed by examining the interrelationships

among the observable variables and their relevance to the ORF construct. In this
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sense, the current study has the potential to serve as a foundation for the
development of an effective L2 ORF assessment tool that can inform
instructional practices and ultimately contribute to the enhancement of L2
reading development.

Assessment of ORF has been widely employed in the L1 classroom due
to its practicality and usefulness. When it comes to the assessment of ORF in L2,
Grabe and Jiang (2013) suggest that measuring various aspects of ORF can
provide teachers with a “fine-grained (p.192)” understanding of students’
reading development. In this regard, reading prosody, which Kuhn et al. (2010)
argue is “at the heart of the development of reading skill (p.239),” should be
integrated into the reading assessment in general. In the EFL context where
reading skill is mainly evaluated through silent reading, incorporating ORF,
particularly reading prosody, into the reading assessment can act as a
developmental window for professional educators and teachers to provide timely
and suitable reading interventions. The current study can shed light on how
reading prosody features vary depending on reading proficiency and how they
are linked to reading comprehension, thus providing L2 reading teachers with a

framework for effective instruction and valid assessment.

1.5 The Outline of the Thesis

The current dissertation comprises six chapters. The first chapter
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provides an overview of the study’s background and outlines the research
problem and questions. Furthermore, it highlights the significance of the study
and defines the terms used throughout the research. Chapter 2 presents a
comprehensive review of the literature related to theoretical frameworks and
empirical studies on ORF, with a specific emphasis on reading prosody. In
Chapter 3, the research methodology is explained, including details on the
participants, the overall assessment procedures for reading abilities, as well as
the specific methods for measuring reading prosody, and the data analysis
method. Chapter 4 presents the results of the study, while Chapter 5 delves into a
detailed discussion of the findings. The dissertation concludes with Chapter 6,
which summarizes the key findings and provides pedagogical implications.
Limitations of the study are also discussed, and recommendations for future

research are suggested.
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Chapter 2. Literature Review

This chapter presents the theoretical underpinnings that informed the
present study and provides a comprehensive review of the literature on ORF and
prosody. As reading prosody is considered one of the key elements of ORF, the
first section outlines the theoretical framework of reading fluency, followed by a
review of the literature on reading prosody and the relationship between reading

prosody and comprehension.

2.1 Oral Reading Fluency

This section presents a systematic review of the theoretical frameworks
and empirical literature on ORF. The section critically evaluates the role of
reading prosody in ORF and examines its relationship with other key fluency

constructs, such as accuracy and rate.

2.1.1 Theoretical Frameworks of Oral Reading Fluency

The concept of ORF has been elucidated through the lens of information-
processing theories. This section provides an overview of three interconnected
theoretical frameworks that contribute to the understanding of fluent reading: the
automaticity theory, the verbal efficiency theory, and the interactive and
compensatory model.

The automaticity model, first proposed by Laberge and Samuel in 1974,
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is a seminal theory in the field of reading that has significantly influenced the
current understanding of reading processes. This model asserts that reading is
primarily a process of automatic word recognition, in which fluent reading is
attained through the establishment of automaticity in word recognition. The
fundamental concept driving the model is that reading is a hierarchical process in
which the automaticity of lower-level processes, such as word recognition,
enables the allocation of cognitive resources to higher-level processes. The
automaticity model posits that once a skill is described as automatic at a macro
level, the underlying subskills and their relationships must also be automatic.
The initial phase of this process is focused on the visual code and the
“unitization (p. 298)” of visual stimuli, which can range from individual letters
to whole words or even common phrases. Over time and with practice, the visual
features of these stimuli become unitized and are perceived as a single entity. As
this process continues and letter perception becomes more automatic, attention to
early visual coding processes decreases. This decrease in attentional demand
allows cognitive resources to be redirected to other areas, such as the semantic or
meaning code, resulting in a greater capacity to comprehend written language
with greater speed and accuracy.

While the automaticity model has made significant contributions to the
field of reading, it has been subjected to criticism for its limited account of the

reading process and its insufficient attention to the complex interplay between
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word recognition and comprehension. Some scholars contend that the model
oversimplifies the intricacies of reading by disregarding the influence of higher-
order cognitive processes, such as syntax and semantics, on reading
comprehension (Perfetti & Hart, 2002; Seidenberg, 1997). Others have suggested
that the model neglects the crucial role of contextual and background knowledge
in facilitating word recognition and comprehension (Adams, 1990; Stanovich,
1980).

The verbal efficiency model, proposed by Perfetti in 1985, posits that
skilled readers have greater “verbal efficiency” in processing words and
language. This efficiency is achieved through the development of larger and
more robust lexical entries for frequently encountered words. In other words,
skilled readers can quickly and accurately recognize familiar words because they
have developed more efficient connections between the visual, phonological, and
semantic processing systems in the brain. The model suggests that the ability to
recognize words is dependent on two factors: the quality of the representations of
the words in the reader’s mental lexicon, and the strength of the connections
between these representations and other relevant information such as context,
background knowledge, and syntactic structures. This allows skilled readers to
comprehend the meaning of the text quickly and accurately.

Lastly, Stanovich’s interactive-compensatory model, which emerged in

1980, is a conceptual framework that offers insights into the intricate process of
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reading. The theory posits that reading is a multifaceted process that entails
bottom-up and top-down processing. The former involves the decoding of
individual words and their meanings, while the latter involves drawing upon
prior knowledge and experiences to comprehend and interpret the text.
Interactive models posit that information is synthesized from these multiple
knowledge sources simultaneously, and the compensatory assumption states that
a deficit in one knowledge source leads to increased reliance on other sources,
regardless of their position in the processing hierarchy. Therefore, struggling
readers with weak context-free word recognition skills benefit from an additional
contextual expectancy process to aid word identification. However, this
additional facilitation comes at a cost, as the conscious expectancy process
consumes attentional capacity, leaving fewer cognitive resources for
comprehension operations that integrate larger text units.

Conversely, proficient readers excel at context-free word recognition.
Skilled readers have effectively automatized the recognition of words and
subword units to a greater extent compared to individuals with reading
difficulties. Moreover, they possess better phonetic segmentation and recoding
abilities, enabling rapid word decoding even when visual recognition fails. The
rapid context-free word recognition proficiency mitigates their dependence on
conscious expectancies derived from preceding sentence context, thereby

liberating attentional resources for the execution of higher-level integrative
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comprehension processes.

While the three theories differ in their respective approaches to
explaining or emphasizing key aspects of reading, they all converge on the
notion that proficient reading is characterized by the ability to process language
with both speed and accuracy and to flexibly adapt processing strategies to suit
the demands of the text.

Building upon this premise, it has been highlighted that ORF serves as an
indicator of overall reading proficiency (Adams, 1990; Fuchs et al., 2001). While
reading a text aloud, the reader undergoes a transformation where written letters
are converted into phonological representations. This phonological information
is then used to access the oral vocabulary stored within the lexical memory.
Furthermore, the reader seamlessly integrates both lexical and syntactic
information at various levels, encompassing intra- and inter-sentence structures
(Rasinski et al., 2012). In essence, when readers engage in fluent oral reading,
these cognitive components are rapidly orchestrated in a seemingly effortless and
unconscious manner. Therefore, the shared tenets of the information-processing
theories highlight the critical role that ORF plays in supporting and advancing

proficient reading performance.

2.1.2 The Constructs of Oral Reading Fluency

OREF is typically operationalized as having three components, namely
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reading rate, reading accuracy, and reading prosody (Kuhn et al., 2010). As
previously discussed, there is a general consensus among reading researchers
that proficient reading depends heavily on accurate and automatic word
identification (Ehri, 1995). Indeed, scholars in the field of fluency widely
acknowledge that accurate and automatic word identification is a pivotal aspect
of fluent reading and that supporting factors such as phonemic awareness and
letter naming play a critical role in cultivating accuracy and fluency over time
(Ehri, 1995; Kuhn et al., 2010; Kuhn & Stahl, 2003; Wolf & Katzir-Cohen,
2001).

Reading prosody, on the other hand, is responsible for conveying the
refined meanings that readers derive from texts, utilizing components such as
intonation, stress, tempo, and appropriate phrasing to bring the text to life
(Hudson et al., 2008; Kuhn et al., 2010). Rather than reading a text in a flat and
unvarying tone, readers who possess good prosodic skills apply elements of
natural language to the material they are reading. In doing so, they move beyond
mere word recognition and deepen their comprehension.

While prosody is often treated as a separate construct from accuracy and
rate, it is actually closely linked to these dimensions of fluency. For example,
research has shown that readers who demonstrate good prosody also tend to have
higher accuracy and rate scores (Benjamin & Schwanenflugel, 2010; Miller &

Schwanenflugel, 2006; Alvarez-Caifiizo et al., 2018, 2020). For instance, in the
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study conducted by Miller and Schwaneneflugel (2006), it was shown that
readers who read inaccurately are likely to read slowly because they pause and
stumble over words, thereby spending more time reading.

To date, research on reading prosody has been limited in exploring the
dimensionality or internal structure of ORF and its components (Godde et al.,
2020; Wolters et al., 2020). Whether text reading efficiency and reading prosody
are unitary, or two related yet distinct skills remains largely unknown (Kim et
al., 2021b). Kim et al. (2021b) who investigated the dimensionality of ORF by
bifactor and trifactor analyses found that it is best described as a
multidimensional structure, specifically a trifactor structure composed of a
general ORF factor, two local factors (i.e., Ratings and Pause), and three specific
factors (i.e., Prosody: Ratings and Pause, Prosody: Pitch, and Text Reading
Efficiency). Also, it indicated that the general ORF factor that captures common
ability across text reading efficiency and various aspects of reading prosody was
found to be the most reliable, and predicted reading comprehension across time
points from Grade 1 to Grade 3 of L1 readers (Kim et al., 2021b).

Furthermore, although previous studies have established a relationship
between text reading efficiency and reading prosody (Benjamin et al., 2013;
Paige et al., 2014), the nature of this relationship may differ depending on the
specific aspects of reading prosody examined. For example, pause structure

indicators of reading prosody such as ungrammatical pauses are moderately to
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fairly strongly related to text reading efficiency, while pitch-related prosody
indicators have little or weak relations with text reading efficiency (Binder et al.,
2013; Kim et al., 2021a, 2021b; Wolters et al., 2020).

Even though previous studies in L1 reading have provided insight into
OREF itself, there is a need for further research to deepen our understanding of
the multidimensional nature of ORF and its constituent factors, particularly with
respect to the interplay between text reading efficiency and reading prosody in
the L2 reading context. While some research has explored this phenomenon in
the context of L1 reading, comparatively little attention has been paid to the
construct of ORF in the L2 reading domain. Hence, a comprehensive
investigation of ORF constructs and their interrelatedness is warranted, as it has
the potential to shed light on the mechanisms underlying L2 reading

development.

2.2 The Nature of Reading Prosody

Prosody, often referred to as the “music of language,” is a critical
component of phonology that deals with suprasegmental aspects of speech,
including stress, pauses, pacing, and pitch (Dowhower, 1991; Schreiber, 1991).
The role of prosody in speech differs from its role in reading (Godde, 2020;
Guaitella, 1999). However, it is essential to examine the literature on speech

prosody because the understanding of how reading prosody operates is primarily
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grounded in theories and studies in the field of speaking. Therefore, this section
begins by exploring how prosody, originally seen as a speech characteristic, is
connected to reading. Next, it examines how reading prosody has been assessed
and utilized in research and education. Finally, the section delves into each

reading prosody feature studied in reading research.

2.2.1 Connection of Speech Prosody to Reading Prosody

As for how prosody works in speech, theories and empirical studies have
posited the simultaneous interplay between prosody and syntactic structures.
(Cooper & Paccia-Cooper, 1980; Ferreira, 1993; Goldman-Eisler, 1972; Koriat
et al., 2002; Levelt, 1989; Selkirk, 1986). Selkirk (1986) has presented a
prominent speech production model which suggests that prosodic structure is a
hierarchical system, in which distinct components are arranged in multi-level
phrases. The underlying assumption of this prosodic model is that syntactic
structure governs prosodic structure. For example, the clause boundary compels
the intonational boundary, while the phrase boundary influences the
phonological phrase boundary. This mechanism triggers phonological
phenomena at the phrase or clause boundary, such as pauses, pitch changes, and
phrase lengthening.

While Selkirk’s (1986) model assumes the constraining role of syntax on

prosody, there have been divergent views on how syntax affects prosodic
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systems across scholars. For example, some scholars have been in line with
Selkirk, suggesting a direct impact of syntactic structure (Cooper & Paccia-
Cooper, 1980; Levelt, 1989), whereas others have suggested that prosodic
structures are only loosely mapped onto syntactic structure (Ferreira, 1993;
Frazier et al., 2006) or syntax alone cannot account for prosodic phenomena
(Allbritton et al., 1996). Taking into account the body of literature on speaking
prosody, it becomes apparent that the grammatical structure of sentences exerts
an influence on the prosodic structure. However, the exact nature and extent of
this influence remain a topic of ongoing scholarly discussion.

In the act of reading, individuals tend to apply similar patterns of prosody
that are used in everyday speech, as noted by Schreiber (1980, 1987, 1991). Such
patterns are internally represented through the process of inner speech, in which
readers apply the rhythm and melody that is inherent to prosody, not only in oral
language but also in silent reading (Ashby, 2006; Fodor, 2002). Hirotani, Frazier,
and Rayner (2006) who investigated phrasing and intonation in reading
underscore the critical importance of prosody in the following statement:

That reading should be parasitic on the mechanism underlying the
comprehension of the spoken language should not surprise us. What
would be shocking is if the rich structuring provided by the intonational
system could simply be set aside during reading (p.439-440).

Furthermore, Goldman-Eisler (1972) argued that reading prosody is near

to an ultimate reflection of grammatical structures, and Koriat et al. (2002) claim
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that reading prosody is “a window to structural processing (p.270).” Koriat et al.
(2002), in particular, examined the pause structure in order to provide evidence
for the structural precedence hypothesis. In the structural precedence hypothesis,
it is assumed that readers extract syntactic information from sentences and use
the information to guide semantic analysis for text comprehension. By
examining the pause pattern of young adults’ reading, they concluded that
reading prosody reflects the outcome of structural analysis, and helps to keep the
outcome in working memory while semantic information is processed.

Not only at the syntactic level, but prosody also serves in the semantic
process of reading. At the word level, for example, prosody facilitates the
semantic processing of words by disambiguating compound nouns from
adjective-noun pairs (e.g., BLACK-bird vs. black-BIRD) (Kitzen, 2001; Whalley
& Hansen, 2006). Even the meaning of a heteronym such as CONduct and
conDUCT can be distinguished in the sentence by putting stress on the different
syllables (Chafe, 1988; Wade-Woolley & Wood, 2006). Above the word level,
prosody carries readers’ intention by putting emphasis on important words in the
sentence, and it is used to express readers’ emotions by a rise-and-fall pattern
(Laver, 1994). Also, depending on the sentence type, readers tend to lower or
raise their voices at the end of the sentence. Therefore, it seems theoretically
evident that reading prosody is interwoven with different aspects of reading

comprehension.
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Despite the critical role that prosody plays in reading, it has been a
neglected component in reading research until relatively recently. Rather, only
the segmental components of reading, namely phonological awareness - the
ability to comprehend the sound units of words - have been heavily scrutinized
in studies on reading development, particularly within the context of intervention
studies for dyslexia over the past few decades (Al Otaiba et al., 2009; Barker et
al., 1992; Carlisle & Katz, 2006; Kim et al., 2013; Nagy et al., 2003;
Schatschneider et al., 2004; Wagner et al., 1994; Wolf & Bowers, 1999).

So far, the investigation of prosody has yielded two distinct lines of
research: prosodic sensitivity and reading prosody. The former area has studied
the relationship between prosodic sensitivity and reading. Prosodic sensitivity,
also referred to as prosodic awareness (Chan & Wade-Woolley, 2018) refers to
the skills and capacities involved in recognizing, analyzing, and comprehending
the characteristics of speech prosody. Although there are relatively few studies
examining how prosodic sensitivity affects the reading process, converging
findings have shown that prosodic awareness contributes to reading skills
independently of phonological awareness (Goodman et al., 2010; Goswami et
al., 2010; Holliman et al., 2008, 2010; Jarmulowicz et al., 2008; Kim & Petscher,
2016; Whalley & Hansen, 2006). Based on the systematic review of prosodic
sensitivity in the reading process, Wade-Woolley and Heggie (2016) have

argued that readers’ knowledge of suprasegmental features, in addition to
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phonological awareness, should be included as a predictor in explaining the
development of reading skills.

In another line of reading research, scholars have investigated the role of
prosody generated in oral reading. This strand of research, which initially
emphasized ORF in the areas of reading instruction and assessment, has
consistently demonstrated that children who possess accurate and efficient oral
reading skills tend to read with “good” prosody (Benjamin et al., 2013; Rasinski
et al., 2009; Sabatini et al., 2019; Kuhn et al., 2010). In this research area,
reading prosody refers to the prosodic rendering that makes an oral reading
sound like real-life speech. As children become more proficient and fluent in
reading, their oral reading becomes smoother and more speech-like, progressing
from a word-by-word, hesitant manner to a more smooth style (Benjamin et al.,
2013; Kuhn et al., 2010; Schreiber, 1991).

To better understand what constitutes good quality of reading prosody,
the next section reviews the methods used to measure reading prosody and the

prosodic features that have been examined in previous studies.

2.2.2 Assessment of Reading Prosody
In the L1 reading context, fluency rating scales have been developed and
broadly used to examine and assess children’s reading prosody in research and

practice (Thomson & Jarmulowicz, 2016). Among widely utilized rating scales
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is the National Assessment of Educational Progress (NAEP) Oral Fluency Scale
(Pinnell et al., 1995). In Table 2.1, the specific points and their description of the
scale are demonstrated.

As a holistic scale, it provides a 4-point scale that distinguishes word-by-
word oral reading (e.g., /-point: Reads primarily word—by—word. Occasional
two—word or three—word phrases may occur — but these are infrequent and/or
they do not preserve meaningful syntax. Lack expressive interpretation. Reads
text excessively slow) to expressive, meaning-based oral reading (e.g., 4-point:
Reads primarily in larger, meaningful phrase groups. Although some
regressions, repetitions, and deviations from the text may be present, these do
not appear to detract from the overall structure of the story. Preservation of the
author’s syntax is consistent. Some or most of the story is read with expressive

interpretation. Reads at an appropriate rate.).
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Table 2.1

NAEP Oral Reading Fluency Scale (Pinnell et al., 1995)

Rating Description

4 Reads primarily in larger, meaningful phrase groups. Although some regressions,
repetitions, and deviations from the text may be present, these do not appear to detract
from the overall structure of the story. Preservation of the author’s syntax is consistent.
Some or most of the story is read with expressive interpretation. Reads at an
appropriate rate.

3 Reads primarily in three—and four—word phrase groups. Some smaller groupings may
be present. However, the majority of phrasing seems appropriate and preserves the
syntax of the author. Little or no expressive interpretation is present. Reader attempts
to read expressively and some of the story is read with expression. Generally reads at
an appropriate rate.

2 Reads primarily in two—word phrase groups with some three—and four—word
groupings. Some word—by—word reading may be present. Word groupings may seem
awkward and unrelated to the larger context of the sentence or passage. A small
portion of the text is read with expressive interpretation. Reads significant sections of
the text excessively slow or fast.

1 Reads primarily word—by—word. Occasional two—word or three—word phrases may
occur — but these are infrequent and/or they do not preserve meaningful syntax. Lack
expressive interpretation. Reads text excessively slow.

Pinnell et al. (1995) developed this scale on the basis of the theoretical
rationale that fluent reading entails automatic word reading and syntactic
parsing, which are prerequisites for successful reading comprehension. In light
of the author’s intention, the scale seems to assume that a fluent reader should be
able to phrase a group of words in a meaning unit and understand what the text is
about. The NAEP scale was used and validated in reading research (Smith &
Paige, 2019), and scale scores were shown to be related to other indicators of

reading skills (Danne et al., 2005; Pinnell et al., 1995; Valencia et al., 2010).
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Another popular reading prosody rating scale is the Multidimensional
Fluency Scale developed by Zutell and Rasinski (1991). Unlike NAEP Oral
Reading Fluency Scale, this is an analytic scale that provides more specific
information on the four dimensions of reading prosody (i.e., expression and
volume, phrasing, smoothness, and pacing). The dimensions and the description
for each score are presented in Table 2.2.

For instance, each construct is assessed on a 4-point scale as follows:
Expression and Volume from 1-point (Reads in a quiet voice as if to get words
out. The reading does not sound natural like talking to a friend.) to 4-point
(Reads with varied volume and expression. The reader sounds like they are
talking to a friend with their voice matching the interpretation of the passage.),
Phrasing from 1-point (Reads word-by-word in a monotone voice.) to 4-point
(Reads with good phrasing; adhering to punctuation, stress and intonation.),
Smoothness ranging from1-point (Frequently hesitates while reading, sounds out
words and repeats words or phrases. The reader makes multiple attempts to read
the same passage.) to 4-point (Reads smoothly with some breaks, but self-
corrects with difficult words and/or sentence structures.), and Pace from 1-point
(Reads slowly and laboriously.) to 4 (Reads at a conversational pace throughout

the reading.).
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Table 2.2

Multidimensional Fluency Scale (Rasinski et al., 2009)

Dimension 1 2 3 4
Expression Reads in a quiet Reads in a quiet Reads with volume Reads with varied
and voice as if to get ~ voice. The reading and expression. volume and
Volume words out. The sounds natural in ~ However, expression. The
reading does not  part of the text, but sometimes the reader sounds like
sound natural like the reader does not reader slips into they are talking to
talking to a friend. always sound like expressionless a friend with their
they are talking to  reading and does  voice matching the
a friend. not sound like they interpretation of
are talking to a the passage.
friend.

Phrasing Reads word-by- Reads in two-or Reads with a Reads with good
word in a three-word mixture of run-ons, phrasing; adhering
monotone voice.  phrases, not mid-sentence to punctuation,

adhering to pauses for breath, stress and
punctuation, stress and some intonation.
and intonation. choppiness. There

is reasonable stress

and intonation.

Smoothness Frequently Reads with Reads with Reads smoothly
hesitates while extended pauses or occasional breaks ~ with some breaks,
reading, sounds out hesitations. The in thythm. The but self-corrects
words and repeats  reader has many reader has with difficult
words or phrases.  “rough spots.” difficulty with words and/or
The reader makes specific words sentence structures.
multiple attempts and/or sentence
to read the same structures.
passage.

Pace Read slowlyand  Reads moderately Reads fast and Reads at a
laboriously. slowly. slow throughout conversational

reading. pace throughout
the reading.

The authors of the scale made it on the basis of the observation of

students’ reading and teacher feedback, and the scale has been revised several

times so far (Paige et al., 2012; Rasinski et al., 2009). Evidence for the validity

of the scale has shown that scale scores can be a predictor of reading
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comprehension (Kim et al., 2021a, 2021b; Rasinski et al., 2009). For example,
Rasinki et al. (2009) reported that the scale scores can account for significant
variance in the reading comprehension ability of students at three grade levels.
Specifically, the proportion of variance that was jointly accounted for by the
scale scores was found to be .402, .432, and .326 for the third, fifth, and seventh
grades, respectively.

Lastly, Benjamin et al. (2013) developed a reading fluency scale based
on their spectrographic observation of reading prosodic features called the
Comprehensive Oral Reading Fluency Scale (CORF). A detailed description of

the CORF is presented in Table 2.3.
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Table 2.3

Comprehensive Oral Reading Fluency Scale (Benjamin et al., 2013)

Automaticity Expression

Rating  WCPM?® Rating Appropriate Rating Natural pausing
intonation

8 137+ 4 Makes noticeable pitch 4  Pauses may be used to
variations throughout to convey meaning.
communicate meaning. Makes Between-sentence pauses
appropriate and consistent end- are short but natural.
of-sentence pitch changes. Unexpected pauses occur
One or two exceptions may less than once per
exist. sentence.

6 107-136 3 Varies pitch appropriately and 3 May have brief unexpected
makes appropriate end-of- pauses once or twice per
sentence pitch changes most of sentence, but pauses seem
the time. to be used mainly to
Some flatness may exist, but distinguish phrases and
intonation effectively sentences.
communicates meaning overall. Longer pauses are rare and

only momentarily interrupt
the flow of the text.

4 78-106 2 Intonation is frequently flat or 2 Frequent pausing within
does not match the punctuation sentences
or meaning/phrasing of the May also have some
text. lengthy pausing between
Shows appropriate pitch sentences.
variation on a few sentences May pause often between
but is flat or unnatural on many phrases or three-or four-
others. word groupings.

Overall impression is that
intonation does not effectively
communicate meaning.

2 <78 1 Reads with flat or other 1 Reading is broken and
unnatural intonation effortful with numerous
throughout. pauses throughout.

Does not mark sentence
boundaries with distinct pitch
changes, except occasionally.

Reads primarily in groups
of one-or two words
without pausing.

Note. “The authors of the scale state that the WCPM values were derived from the benchmark
(Hasbrouck & Tindal, 2017) set by the L1 3rd grade as a reference. Hence, when a test taker is in
a different grade level, the alternative standard for WCPM will be applied.
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This scale consists of three dimensions, each with four levels. One
dimension is Automaticity based on words correct per minute, and the other is
Expression based on two prosodic dimensions: Appropriate Intonation and
Natural Pausing. A child who receives a rating of 4 on the Appropriate
Intonation subscale is able to “make noticeable pitch variations throughout the
reading to communicate meaning and use appropriate and consistent end-of-
sentence pitch changes, with only a few exceptions.” In contrast, a child who
receives a rating of 1 “Reads with flat or other unnatural intonation throughout,
does not mark sentence boundaries with distinct pitch changes, except
occasionally.” On the Natural Pausing dimension, a rating of 4 indicates that
“Pauses may be used to convey meaning. Between-sentence pauses are short, but
natural. Unexpected pauses occur less than once per sentence on average” A
rating of 1 suggests that “Reading is broken and effortful with numerous pauses
throughout. Reads primarily in groups of 1-2 words without pausing.”

The scale was designed to be consistent with definitions of fluent reading
as quick, accurate, and expressive reading. Furthermore, the developers of this
reading fluency scale emphasized their objective to enhance the existing fluency
rating scales by addressing their perceived limitations (Benjamin, 2012;
Benjamin et al., 2013). Notably, these limitations were attributed to the fact that
the preexisting scales lacked grounding in the spectrographic characteristics of

early reading. As a result, this new scale was meticulously designed to
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incorporate and consider such crucial spectrographic elements to provide a more
comprehensive and accurate assessment of reading fluency.

These three reading fluency scales were developed based on observation
and experimental research on the L1 readers’ oral reading and designed to
capture various characteristics of fluent and prosodic reading of L1 readers.
While L1 oral reading fluency scales are useful and dependable for evaluating
reading fluency, they cannot be used to assess L2 reading fluency accurately due
to possible differences in reading prosody features between L1 and L2 readers.

To obtain a valid evaluation of L2 reading fluency, a more precise and
unbiased approach to evaluating reading prosody, such as utilizing speech wave
analysis tools should be employed instead of subjective rating scales. These tools
generate spectrograms, which graphically represent sound waveforms and enable
the identification of various prosodic features. Researchers have used Praat
(Boersma & Weenink, 2023) to examine the association between prosodic
variables related to reading proficiency and other reading skills (Benjamin, 2012;
Benjamin & Schwanenflugel, 2010; Benjamin et al., 2013; Binder et al., 2013;
Cowie et al., 2002; Miller & Schwanenflugel, 2006, 2008; Schwanenflugel &
Benjamin, 2016; Alvarez-Cafizo et al., 2015). The spectrographic analysis
allows for the measurement of pause duration and ratio in milliseconds and pitch
changes across various scales. This tool is also user-friendly and can be

programmed for automatic analysis using the Praat scripting language. Even
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though there is sparse research using this method (Benjamin, 2012; Miller &
Schwanenflugel, 2006), seminal works conducted by Schwanenflugel and
colleagues pioneered this approach to examine reading prosody factors and have
provided insight into this field (Benjamin, 2012; Benjamin & Schwanenflugel,
2010; Benjamin et al., 2013; Binder et al., 2013; Cowie et al., 2002; Miller &
Schwanenflugel, 2006, 2008; Schwanenflugel & Benjamin, 2016; Alvarez-
Caiizo et al., 2015).

Because the current study was designed on the foundation of the studies
contributed by Schwanenflugel and colleagues, the findings of their research
need to be reviewed in detail. In the next section, the findings of the previous
studies that analyzed the prosodic features spectrographically are presented and
in particular, the results relating to each suprasegmental component are

reviewed.

2.2.3 Characteristics of Prosodic Features

The present section focuses on each of the reading prosody features,
namely pause and pitch, which have been examined through the use of
spectrographic analysis. It is worth noting that, despite the importance of reading
prosody for comprehension and fluency, only a limited number of studies have
employed this methodology to explore these features. Table 2.1 provides an

overview of the existing literature, including the language under scrutiny, the
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grade level of the participants, and variables that have been measured through
spectrographic analysis, such as pause, pitch, and intensity. Subsequently, the

literature on the aforementioned pause and pitch features is reviewed.
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2.2.3.1 Pause Features

As investigated in Koriat et al. (2002) study, the pause structure has
drawn particular attention in the research on reading prosody. In the studies of
L1 readers, Binder et al. (2013) examined the reading prosody of adults of low
literacy and especially, attempted to observe their pause patterns more closely.
The researchers collected pause data from various positions of sentences such as
between words, after adjectival commas, after phrase final commas, after
sentence final commas, and after a quotative. The results of the ANOVA
analysis indicated that less skilled readers tended to pause longer than skilled
readers (p <.001). Specifically, adults with low literacy skills paused longer
between words, after adjectival commas, and after phrase-final commas
compared to skilled readers. When inappropriate pausing within words and
sentences was examined, the results show that low-literacy readers had longer
and more inappropriate pausal intrusions than skilled ones within a word or a
sentence.

In the same vein, Alvarez-Caiiizo et al. (2018) investigated how the
pause duration varies depending on its position and reading proficiency of
Spanish L1 children in the longitudinal design. They reported that differences in
reading skills made significant differences in the pause duration made in word,
phrase, and sentence boundaries, indicating pauses became shorter with higher

graders. Also, the findings drawn from another longitudinal study (Miller &

49



Schwanenflugel, 2008) were in line with those of Alvarez-Cafizo et al. (2018).
They found that intersentential pauses of second graders were shorter than first
graders by 127 milliseconds and pauses at commas significantly diminished by
253 milliseconds with higher grade levels. From these results, they claimed that
the duration of appropriate pauses occurring at the phrase and sentence
boundaries could be an indicator of reading development. However, in a more
recent study (Alvarez-Cafiizo et al., 2020), the authors found inconsistent results,
reporting that the duration of appropriate pauses made in phrase or clause
boundaries did not significantly differ across different groups of children, while
the pause duration made in the absence of punctuation marks tended to be
shorter for higher graders.

Other attempts were made in order to examine the effect of sentence type
on pause duration (Miller & Schwanenflugel, 2006; Alvarez-Cafiizo et al., 2018).
The results pointed out that in general pause duration did not vary with the
sentence types. For example, in the study conducted by Miller and
Schwanenflugel (2006) where pauses were measured in different types of
sentences (e.g., declarative sentences, declarative quotatives, yes-no questions,
adjective commas, and phrase final commas), shorter pauses were general
characteristic of better readers, regardless of sentence types, with duration
decreasing as skill level increased. In a more recent study for Spanish

monolingual children, Alvarez-Caiiizo et al. (2018) investigated how the pause
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duration varies with sentence type and length. As stimuli, a narrative text which
included short and long declarative, exclamatory, and interrogative sentences
and two types of pause duration data such as grammatically appropriate pauses
and pauses made at punctuation marks were measured. Regardless of sentence
type, the overall pause duration was longer as readers’ grades were lower. The
results of both studies indicate that the duration of pauses during reading is not
significantly influenced by the type of sentence being read. Rather, the reader’s
level of proficiency appears to be the primary determinant of pause duration.
Other than pause duration, the frequency and ratio of pauses within
sentences were also measured and collected to examine reading fluency. In a
longitudinal study, Miller and Schwanenflugel (2008) found the number of
pauses, not duration, was a highly reliable indicator of developmental prosodic
change. When the relationship with other prosodic and reading skills was
examined, the pause ratio was essentially and contemporaneously associated
with children’s decoding skills. The pattern of pauses also plays a role in the
development of adult-like intonation. In another study (Benjamin &
Schwanenflugel, 2010), the same result was drawn, suggesting pausal frequency
is deeply related to other reading skills, such as overall intonation contour,
decoding skill, and reading comprehension. Alvarez-Caiiizo et al. (2020) also
found the same role of inappropriate pausal intrusions as a developmental

indicator as that of Miller and Schwanenflugel (2008). When the impact of
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lexical frequency on the number of pauses was examined in the study, the
researchers found that more pauses are made in reading low-frequency words
than in high-frequency words, which confirms the role of decoding skills in
making pauses.

To encapsulate, the pause structure has drawn particular attention in
research on reading prosody, with low-skilled readers having longer and more
inappropriate pausal intrusions than skilled readers. Pause duration at the phrase
and sentence boundaries can be an indicator of reading development, with
shorter pauses being characteristic of better readers. The frequency and ratio of
pauses within sentences have also been measured to examine reading fluency,
suggesting that the number of pauses is a highly reliable indicator of
developmental prosodic change in L1 reading. Therefore, it can be concluded
that reading prosody is an important component of reading comprehension, and
especially pause patterns seem to be an important index of L1 reading

proficiency.

2.2.3.2 Pitch Features

Although the study of the perception and production of intonation in
language research has been going on for many years, the mechanisms connecting
these two processes are still not fully understood (Wade-Woolley et al., 2022).

As the role of pitch in reading ability has garnered increasing interest in recent
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years, several studies have provided insight into the relationship between
intonation and reading comprehension.

One of the earliest studies to observe the connection between proficient
reading and the appropriate use of intonation was conducted by Clay and
Imalach (1971). They found that skilled readers tend to end declarative sentences
with a fall in pitch. Furthermore, several studies have highlighted the role of Fo
variability, which refers to the range of fundamental frequency that a speaker
uses, as a key indicator of English proficiency (Backman, 1979; Levelt, 1989;
Rhee et al., 2003).

Several studies have consistently suggested that pitch-related factors are
significant predictors of reading comprehension and fluency in L1 settings
(Benjamin & Schwanenflugel, 2008, 2010; Kim et al., 2021a, 2021b; Miller &
Schwanenflugel, 2006, 2008; Wolters et al., 2020; Alvarez-Caiiizo et al., 2018,
2020). For instance, Miller and Schwanenflugel (2006, 2008) found that skilled
readers were more likely to use falling pitch at the end of declarative sentences,
and the magnitude of pitch declination increased with reading skill. Additionally,
changes in pitch were a significant predictor of reading comprehension, even
after controlling for reading fluency skills.

Benjamin and Schwanenflugel (2010) also found significant differences
in Fo changes at the sentence-final positions among low, middle, and high

fluency groups. Furthermore, the participants of the study tended to render more
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adult-like intonation as text difficulty increases, and the middle- and high-
fluency groups were significantly more adult-like than the low-fluency group.
Additionally, Cowie et al. (2002) studied the effect of intonation on reading
comprehension among children with and without reading difficulties. They
found that children with reading difficulties had a harder time comprehending
the meaning conveyed by intonation changes in speech.

Similar results have been found when investigating the reading prosody
of Spanish L1 readers. Alvarez-Cafiizo et al. (2020) found significant differences
in final pitch declination in declarative sentences across reading fluency groups
among Spanish-speaking children in the third and sixth grades. In reading
interrogative sentences, children with less reading comprehension had smaller
pitch changes. In line with this, Alvarez-Caiiizo et al. (2018) investigated how
the development of reading prosody varies with sentence type and length among
Spanish-speaking children in the third and fifth grades in comparison with
adults. They found that the children’s general intonation contour was highly
related to reading fluency and comprehension.

Overall, the literature suggests that pitch-related factors, particularly
intonation contour and Fo changes at the sentence-final position, are significant
predictors of reading comprehension and fluency in the L1 setting. However, it is
unclear whether this holds true for L2 learners of English, such as L2 Korean

speakers. According to research by Kang and Rhee (2011), it has been observed
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that L2 Korean English learners tend to use a flattened and monotonous form of
intonation compared to native English speakers. This implies that the Fo range
can be a defining characteristic that distinguishes between native speakers and
L2 speakers, thus suggesting that pitch changes might not become a significant
predictor of reading fluency and comprehension in the L2 reading study. In
addition, another evidence of the overall flat intonation of Korean English
learners came from Kang’s study (2013) which investigated Fo range differences
among Korean English learners with and without immersion education
experiences. The findings indicated that even though Forange differences were
noticeable compared to other prosodic elements such as speech rate and pause
length, it was still challenging to distinguish between Korean L2 speakers with
and without immersion education experiences only with intonation contour. This
suggests that a narrower Fo range could be attributed to the influence of the
native language (Scherer, 2000). Alternatively, if Korean EFL learners achieve a
certain level of high English proficiency, it is possible that pitch changes may
become more distinctive and serve as a prominent characteristic during their
speech (Backman, 1979; Rhee et al., 2003).

Based on the available literature, it is not entirely clear whether the
narrower Fo range of Korean English learners is primarily influenced by the
Korean language or overall English proficiency. However, the existing evidence

does suggest that pitch-related features may not be reliable distinguishing
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characteristics.

In conclusion, while the literature consistently shows that pitch-related
factors are significant predictors of reading comprehension and fluency in the L1
setting, more research is needed to determine whether this holds true for L2
learners of English, such as Korean EFL readers. Research should continue to
explore the relationship between pitch-related factors and reading ability among

L2 learners of English.

2.3 Reading Prosody and Reading Comprehension

This section provides a literature review on the relationship between
reading prosody and reading comprehension. The review focuses on seminal
empirical studies that explore the contribution of reading prosody to reading
comprehension. Additionally, the review examines issues regarding the
directionality of the relationship between reading comprehension and reading

prosody.

2.3.1 Reading Prosody as a Predictor of Reading Comprehension

Reading comprehension is a complex phenomenon in which a number of
knowledge is drawn and executed simultaneously. For successful reading
comprehension, readers should activate phonological and semantic knowledge to

decode words, access the mental lexicon, parse sentences into propositions and
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integrate overall information suitable to the discourse context (Kintsch, 1998).
As mentioned in section 2.2.1, prosody serves an important role in the meaning-
making process by interacting with syntactic and semantic features.

To date, several studies have provided evidence of the contribution of
reading prosody to reading comprehension. For instance, Schwanenflugel et al.
(2004) conducted a study to examine the relationship between reading prosody,
decoding abilities, and reading comprehension. However, the findings revealed a
relatively weak association between reading comprehension and prosodic
features, indicating that factors related to reading prosody did not account for a
significant amount of the variance in reading comprehension. Specifically, all of
the prosodic features combined accounted for a mere 3% of the total variance in
reading comprehension, and the adultlike Fo contour (with a weight of .19) was
found to have an indirect effect on reading comprehension.

Miller and Schwanenflugel (2006) conducted a study to explore the
bidirectional associations between reading prosody, reading fluency, and reading
comprehension. In the investigation of the predictive role of reading prosody in
relation to reading comprehension, they discovered that of all the factors related
to reading prosody, only pitch changes in questions and declarative sentences
(i.e., the pitch factor) contributed to an additional amount of variance (AR =
6.7%) in reading comprehension beyond what could be accounted for by fluency

skills alone. This finding implies that prosody serves to facilitate readers’
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comprehension abilities.

In their investigation of the impact of text difficulty on reading prosody,
Benjamin and Schwanenflugel (2010) found that reading prosody significantly
predicted reading fluency, with pause ratio and sentence-final Fo changes
emerging as significant variables. Additionally, when examining the relationship
between reading prosody and reading comprehension, the study revealed that
reading prosody factors continued to account for the significant variance in
reading comprehension (R = 5.5%) even after controlling for reading fluency.
The reading prosody variable that emerged as significant in predicting reading
comprehension was sentence-final Fo changes.

In a longitudinal study, Miller and Schwanenflugel (2008) investigated
developmental characteristics of reading prosody and its effect on subsequent
reading fluency and comprehension. Analyzing data from children in grades 1 to
3 over a three-year period, the researchers employed a path analysis and found
that intonation contour, rather than pausal intrusion, was a better predictor of
later reading fluency and comprehension. Based on these findings, the authors
concluded that the overall pitch contour is the primary indicator of fluent,
prosodic oral reading, which is consistent with the results of previous studies
(Miller & Schwanenflugel, 2006; Ravid & Mashraki, 2007; Schwanenflugel et
al., 2004).

In addition to spectrographic analysis, studies utilizing rating scales have
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also provided evidence of a relationship between reading prosody and
comprehension, albeit with varying degrees of strength (Paige et al., 2014;
Sabatini et al., 2019). Paige et al. (2014) employed the Multidimensional
Fluency Scale, an analytical tool, to evaluate the prosodic features of ninth-grade
students’ oral reading. The study revealed a substantial correlation between
prosody and comprehension, as evidenced by a correlation coefficient of » =.71.
Furthermore, the results demonstrated that prosody accounted for 40.4% of the
variation in silent reading comprehension, with vocabulary contributing an
additional 9.7%.

In contrast to this substantial variance accounted for by reading prosody,
Sabatini et al. (2019) discovered that reading prosody had a marginal effect on
reading comprehension. The study utilized the NAEP fluency scale, a holistic
measure of reading prosody, to assess the correlation between prosody and
comprehension in fourth-grade students. The findings showed a moderate
correlation coefficient (» = .59) between prosody and comprehension. However,
when multiple regression was employed to assess the predictive value of various
reading fluency measures, including reading rate, accuracy, and prosody, the
impact of reading prosody on reading comprehension was found to be
marginally significant (p = .062).

To summarize, the existing literature on L1 reading prosody suggests that

there is a connection between reading comprehension and reading prosody.

59



However, the extent of this relationship appears to differ based on the method
used to measure reading prosody (i.e., spectrographic analysis or rating scales),
the developmental stages of reading, and levels of reading proficiency. The
inconsistency in the findings across studies highlights the need for further

research in this area (Wolters et al., 2020).

2.3.2 The Directionality of the Relationship between Reading Prosody and
Reading Comprehension

There have been concerns regarding the directionality of the relationship
between reading prosody and reading comprehension (Chafe, 1988; Veenendaal
et al., 2016). In other words, the relationship between reading prosody and
reading comprehension has been a subject of ongoing inquiry, with the question
remaining unresolved as to whether reading prosody serves as a contributor to
reading comprehension or, conversely, represents an outcome of reading
comprehension.

A longstanding view is that reading prosody facilitates syntactic and
semantic processing, thereby assisting reading comprehension (Frazier et al.,
2006; Hirotani et al., 2006; Kuhn et al., 2010; Schreiber, 1991; Schwanenflugel
et al., 2004). Frazier et al. (2006) posited that prosody provides the basic
structure for “holding an auditory sequence in memory (p. 248)” during reading

or speaking. Aligned with the aforementioned contentions, Fodor’s (1998, 2002)
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influential research on syntactic parsing during the process of reading presents a
compelling argument that challenges the notion that prosody has a restricted role
in the interpretation of syntax, even when reading silently. Through the
presentation of concrete instances, Fodor demonstrates how “implicit” prosody
has a significant impact on the decision-making process related to syntax.

In the empirical study, Schwanenflugel et al. (2004) supported the
unidirectional relationship by investigating two models to explain the
relationship between reading comprehension and reading prosody. In the first
model, reading prosody acted as a mediator between decoding skills and reading
comprehension, whereas the second model incorporated the reverse relationship.
The study found that the unidirectional influence of reading prosody on reading
comprehension was significant, but there was no evidence of a reversed
relationship in which reading comprehension predicted the reading prosody. In a
similar vein, Fernandes et al. (2018) conducted a longitudinal study on the
development of reading prosody among Portuguese-speaking children, and their
findings indicate that the extent to which reading prosody contributes to reading
comprehension is partially significant, contingent upon decoding abilities.
Moreover, the study revealed a lack of a bidirectional relationship between
reading prosody and reading comprehension.

On the other hand, Chafe (1988) suggested that prosody is an

epiphenomenon of reading comprehension. To read prosodically means that
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readers can comprehend what they are reading, thereby making it sound smooth
and natural (Stahl & Kuhn, 2002). Thus, the ability to read prosodically
encompasses reading comprehension skills as well as efficient decoding skills.
With respect to the effect of reading comprehension on prosodic reading,
Klauda and Guthrie (2008) posited that a bidirectional relationship exists
between prosody and reading comprehension. They suggested that the ability to
comprehend the macrostructure of a text facilitates the appropriate use of
prosodic features in reading. Similarly, Ravid and Mashraki (2007) demonstrated
that in Hebrew-speaking fourth-grade children, reading prosody plays a crucial
role in reading comprehension, and vice versa. Veenendaal et al. (2016)
conducted a study investigating the development of reading prosody and also
found that the bidirectional model fits the data better than the unidirectional
model. Specifically, the bidirectional model indicated that the relationship
between reading prosody and reading comprehension is different depending on
the grade level. The study revealed that, in addition to decoding efficiency,
reading comprehension played a significant role in contributing to the
development of text reading prosody from the fourth grade to the fifth grade.
Remarkably, the findings of this study revealed that a significant association
between reading prosody and reading comprehension only manifested in the
higher grades, specifically in the fifth and sixth grades. Thus, it can be inferred

that a certain level of proficiency in prosody should be achieved to facilitate
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comprehension effectively.

The present review highlights the ongoing debate surrounding the
relationship between reading comprehension and reading prosody, suggesting a
complex and multifaceted connection between these two variables. While
previous research has attempted to shed light on this relationship, the synthesis
of the existing literature reveals several gaps in our understanding, particularly in
the context of L1 reading comprehension. Despite recent advances in the field,
little is known about how reading prosody operates in reading comprehension,
thus underscoring the need for further research into the underlying mechanisms

that drive this association, both in L1 and L2 contexts.
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Chapter 3. Methodology

The aim of the current study is to investigate characteristics of L2 reading
prosody varying according to the L2 fluency skills, and the contribution of L2
reading prosody to L2 ORF and L2 reading comprehension. This chapter
provides a detailed description of the participants, reading materials, and
assessment procedures utilized in the study. Additionally, the chapter outlines
the overall methodology used to measure and process the reading prosody
features. Data analysis procedures are also presented towards the end of this

chapter.

3.1 Participants

Before recruiting participants, ethical approval for the study was obtained
from the Seoul National University Institutional Review Board. Participants
were recruited using online participant recruitment and paper flyers placed in
each high school®.

Through the recruitment process, 121 Korean EFL high school third

graders were selected for this study. The participants were high-school third

3 In return, all participants received a small gift of about 3000 won. Prior to beginning the study,

all participants were provided with a participant information sheet and asked to sign a consent form
(Appendix A).
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graders in Gyeonggi province, Korea, who had received formal education for
about ten years. Unlike prior research primarily focused on L1 young readers’
reading prosody characteristics (Benjamin & Schwanenflugel, 2010; Kim et al.,
2021a; Miller & Schwanenflugel, 2006, 2008), the relatively higher-grade level
was chosen considering the participants’ decoding efficiency. Previous studies
have claimed that efficient decoding is a prerequisite skill to be attained in order
to measure participants’ reading prosody (Benjamin & Schwanenflugel, 2008,
2010; Kim et al., 2021a; May, 2014; Miller & Schwanenflugel, 2006, 2008;
Schwanenflugel et al., 2004). Otherwise, inefficient word reading could be
confounded with prosodic features, making it difficult to extract readers’
prosodic characteristics. Consequently, to ensure that participants exhibited a
requisite level of word reading accuracy and efficiency, the higher-grader L2
learners were judged as suitable candidates for the study.

In order to select the participants who have enough decoding skills to
read the target passages for measuring ORF and reading prosody, decoding skill
measurement was implemented in advance and the scores were used as the cutoff
standard. The detailed procedure for measuring decoding skills is presented in
the following section 3.2.2.

In the prior study conducted by Miller and Schwanenflugel (2008), they
used the standard score drawn from the Test of Word Reading Efficiency

(TOWRE) sight word test, and participants whose scores are between the 25th
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and 99th percentiles were included in the study. Unlike the previous study, the
current study used students’ raw scores as a cutoff score because the Woodcock
Reading Mastery Test (WRMT) III does not provide standard scores for L2
readers. Therefore, through the descriptive analysis of the word reading
assessment, the outliers were excluded from the study and those who distributed
between the 25" and 99" percentiles participated in the following experiments.
As aresult, the data of 90 students’ word reading scores were entered into the
analysis, and the selected students proceeded to participate in other reading
assessments.

The participants in the final entry were attending a high school in Ansan
(n=68), Anyang (n=7), and Seongnam (n=15) cities in Gyeonggi province. All of
the participants were aged between 17 and 18, and more than half of the students
(n=50) were female, and the others were male (n=40).

Among the participants, only two students had been to English-speaking
countries to learn English. One student had resided in an English-speaking
country for 7 years and attended Kindergarten and elementary school. The other
student received education in a secondary school for three years. These
participants were included in the study mainly because they were within the

normal distribution.

3.2 Reading Assessment and Procedures
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In this section, the assessment procedures used in the current study are
outlined. First, the general assessment procedure is presented. Then, the
measurement procedures for decoding skill, text reading efficiency (i.e.,

WCPM), and reading comprehension are described.

3.2.1 General Assessment Procedure

The data collection process was carried out over a period of four months,
from April to July 2022. The assessment included measures of decoding skill,
text reading efficiency, and prosodic reading, reading comprehension.

For the measurement of decoding skills, text reading efficiency, and
prosodic reading, the participants were asked to read a series of words and texts
aloud, which took approximately 30 minutes. They were assessed individually in
a quiet room at their schools. To ensure accuracy and consistency, the
assessments were conducted by the researcher of this study. The participants’
oral reading was recorded using a ZOOM recorder model HIN for later analysis.

To measure the participants’ reading comprehension, the reading sections
of the Mock College Scholastic Ability Test (MCSAT) were utilized. These tests
were specifically designed by local education offices and the Korean Institute for
Curriculum and Evaluation (KICE) to evaluate the reading comprehension
abilities of Korean high school students. The tests were administered in a group

setting on March 24, April 13, and June 9, with each school’s teachers acting as
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proctors. After the tests, the participants were given formal test reports, and their

reading scores were obtained with their consent.

3.2.2 Decoding Skill Measurement

To measure the decoding skills of the participants, the Woodcock
Reading Mastery Test III - Word Identification subtest was utilized. This test is
comprised of 46 words that increase in difficulty. Participants were asked to read
the words aloud on a one-on-one basis, and a point was given only if a whole
word was pronounced correctly. Incorrect syllable pronunciation, disjointed
syllables, or no response resulted in no points being granted (Binder et al., 2013).
The test continued until the participants could not pronounce four consecutive
words correctly. The number of correctly read words was counted to calculate
the word reading score. The raw scores from the test were used as an indicator of
decoding skills, and 90 participants were selected according to their scores, as
mentioned in Section 3.1. To ensure interrater reliability, two raters graded the
test scores, with the primary rater being the researcher of this study and the
second rater being an English teacher with a master’s degree in phonetics. The
Cohen’s Kappa value for decoding skills was 0.819 (p < .05), indicating strong

agreement between the raters.

3.2.3 Text Reading Efficiency Measurement
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The Woodcock Reading Mastery Test III — Reading Fluency subtest was
used to measure the participants’ text reading efficiency (TRE). Two passages
from Grades 5 and 6 with Flesch-Kincaid Grade Level (FKGL) readability
indices of 4.5 and 4.3 respectively were utilized for this purpose. The Lexile
indices for these texts ranged between 610 to 800. This text difficulty was
chosen based on the results of the previous study (Ryu & Lee, 2021), suggesting
that these levels of the text would be not too easy or too difficult for Korean high
school students. Prior to reading the passages, participants were informed that
comprehension questions would follow their reading and they should answer the
questions without seeing the text. The aim of including comprehension questions
was to evaluate participants’ reading fluency while attempting to comprehend
the text. To familiarize participants with the passages, brief introductions were
provided in Korean by the researchers before they began reading as follows:

You are about to read a short passage about the insect. In the text,
the facts and information about the insect are presented, like the
number of species and the ways they perceive their surroundings
and socialize with others. While you are reading aloud, you should
try to understand what the text is about. After you finish the reading,
1 will ask several questions about the text to check your
comprehension. Also, you don’t have to read as fast as you can. 1
would like you to read aloud as you normally would if you were
reading it to your little siblings or friends.
Following the assessment, the participants’ reading rate was quantified in

terms of words read correctly per minute (WCPM), which was computed by

multiplying the total number of words by 60, and then dividing the product by
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the total reading time in seconds. The average WCPM obtained from the two
passages was utilized in the subsequent data analysis. The consistency of the
WCPM measurement was established through interrater reliability analysis using

Cohen’s Kappa coefficient (k= 0.867, p <.05).

3.2.4 Reading Comprehension Assessment

In order to assess participants’ reading comprehension, three separate
English reading tests were administered. Specifically, participants were given
subsets of the MCSAT on three different occasions: March 24, April 13, and
June 9. These subsets were developed by the office of Seoul and Gyeonggi
education as well as the Korean Institute for Curriculum and Evaluation (KICE),
and contained 28 test items intended to measure a wide range of L2 reading
skills, including identifying main ideas, extracting factual information, and
making inferences. The items were scored using a two or three-point scale based
on item difficulty, with a total possible score of 65 points. The reading section of
each test lasted approximately 37-38 minutes and included various text genres,
such as correspondence, fiction, articles, and expository texts. The mean score of
the three reading comprehension assessments was used as a variable for the
participants’ reading comprehension ability.

When the readability analyses were conducted for the texts included in

the test subsets, it was revealed that the first and second test subsets had similar
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levels of readability, whereas the texts in the third subset were found to be more
readable. Despite this difference in readability, the means of the participant’s
scores on the three tests were similar (Test 1, M=42.424, SD= .944; Test 2,
M=42.408, SD= 1.09; Test 3, M=41.12, SD= 1.09). Therefore, the three test
scores obtained from the reading assessments were averaged and then included
in the subsequent analyses. Table 3.1 presents the results of the FKGL

readability analysis conducted on the texts used in the tests.

71



Table 3.1

A Flesch-Kincaid Grade Levels of MCSAT RC Passages

Item Test 1 Test 2 Test 3
Number (March, 24th) (April, 13th) (June, 9th)
18 6.5 10 4.5
19 5.6 4.9 3.7
20 11.8 8 3.7
21 18 13.4 53
22 9 13.4 6.3
23 13.8 16.3 8.8
24 10 11.3 7.6
25 9.8 9.5 6.4
26 9.1 13 7
27 3.9 6.6 52
28 7.4 34 2.6
29 14.3 15.6 8.4
30 12.2 12.8 10.5
31 11.1 13.4 9.4
32 11.3 6.9 7.6
33 13.9 10 8.7
34 11.3 12.3 7.6
35 14 16.7 8.7
36 9.6 12.3 8
37 10.2 15.4 5
38 14.3 17.3 9.5
39 13.8 12 7
40 11.5 9.4 6.3
41 13.6 14.3 6.3
42 4.4 5.1 3.8
Mean 10.51 11.05 6.69

Note. MCSAT = Mock College Scholastic Ability Test; RC = Reading Comprehension; These
tests were developed by the education office of Seoul and Gyeonggi and KICE in order.

72



3.3 Reading Prosody Measurement

To assess the participants’ L2 reading prosody, two narrative passages
which were adapted from a prior study on L1 reading prosody (May, 2014) were
employed (Appendix B). Previous studies suggested that texts should be highly
decodable but have challenging structures for comprehension (Benjamin &
Schwanenflugel, 2010; May, 2014). Decodability was considered an essential
factor in measuring prosody since calculating the prosody of a reading error is
not meaningful. When the preliminary analysis was conducted, the results
revealed that an overall accuracy rate of text reading was about 99%, which is
suitable for prosody assessment. Furthermore, the readability levels of the
passages were determined using the FKGL readability index, with the first
passage having an index of 4.9 and the second passage having an index of 6.7.
These levels were deemed appropriately challenging for Korean high school
students based on the findings of a previous study (Ryu & Lee, 2021). Therefore,
these texts were considered appropriate for extracting and evaluating the
prosodic features in the participants’ reading in English. Also, before participants
read aloud the text, they were told brief explanations about the passages as in the
text reading efficiency assessment.

In light of the extensive effort required for sound analyses, this study
followed the precedent of prior research on L1 reading prosody by analyzing

three sentences from each passage (Benjamin, 2012; Benjamin &
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Schwanenflugel, 2010; Benjamin et al., 2013; May, 2014; Miller &
Schwanenflugel, 2006, 2008; Schwanenflugel et al., 2004). The chosen
sentences are highlighted in Appendix B. Prosodic features were extracted and
analyzed using Praat (Boersma & Weenink, 2023), while the basic measurement
procedure replicated that of prior studies (Benjamin, 2012; Benjamin &
Schwanenflugel, 2010; Benjamin et al., 2013; May, 2014). To ensure the
reliability of the measurements and analyses, randomly chosen 100 sentences
were evaluated by the second rater. These values are reported in each section of
the prosody assessment.

In accordance with previous studies (refer to Table 2.1), the selected
variables for this study include the ratio of pauses within a sentence, the ratio of
ungrammatical pausing, the duration of intrasentential pauses, the duration of
intersentential pauses, fundamental frequency (Fo) change at the ends of
sentences, and intonation contour. While previous L1 reading prosody studies
have examined three or four variables at most, the current study investigates all
the variables that have been suggested to be linked to reading fluency or

comprehension in earlier research.

3.3.1 Intrasentential Pausal Ratio/Duration

Most of the previous studies which investigated reading prosody in L1

reading have reported that pause factors (e.g., frequency, ratio, and duration)
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were closely associated with reading fluency and comprehension. As seen in
Table 2.1, pause factors were assessed in most of the studies and their
significance was confirmed. Hence, the frequencies and duration of pauses were
selected as prosodic variables in this study.

Consistent with the methodology of prior studies (Benjamin, 2012;
Benjamin & Schwanenflugel, 2010; Benjamin et al., 2013; Cowie et al., 2002;
Dowhower, 1991; Kang & Johnson, 2018; Miller & Schwanenflugel, 2006,
2008; Alvarez-Cafiizo et al., 2018), any temporal gaps exceeding 100ms or a flat
waveform lasting more than 100ms on the spectrograph were regarded as pauses.
When judging pauses, the current study adopted the guidelines from Benjamin’s
previous research on reading prosody (2012):

1. Pausing is defined as any spectrographic flat waveform lasting longer
than 100 milliseconds.

2. Respiratory events such as breaths are included in the definition of
pausing.

3. A significant reduction in intensity or the absence of clear formant
markers are reliable indicators of pausing.

4. Hesitation and pre-articulation, which refer to delays in the production
of speech sounds, are considered to be types of pausing in speech
analysis.

. The omission of words is not considered a type of pausing.

6. If a participant produces a phrase or a word without error and
subsequently pauses and repeats it, the interval between the end of the
initial phrase or word and the start of the repetition is considered a pause,
provided that it lasts longer than 100 milliseconds. Similarly, a pause
lasting over 100 milliseconds between the end of the phrase and the start
of the next phrase is also considered a pause.

W

To account for the variation in the number of words across the six

sentences of the two passages, a pause proportion per passage was calculated
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instead of pause frequencies. The total number of pauses within sentences or
words for each participant was counted and then divided by the total number of
spaces between words. The resulting ratio for each sentence was then averaged
across the six sentences to obtain a mean pausal ratio per participant.

The duration of pauses was calculated by measuring the interval of each
pausal intrusion, adding up the intervals, and dividing the sum by the total
number of sentences. These pause ratio and duration variables are referred to as
IntraP_ratio and IntraP_duration in the present study.

The preliminary analysis was conducted with a sample of 25 cases, and
discussions between the primary and the secondary raters were held in video
conferences to address any pertinent issues. Afterward, the secondary rater
assessed 100 sentences, and the results were compared to those of the primary
rater. To determine the level of agreement between the ratings, Cohen’s Kappa
was used, indicating substantial agreement between the raters (k = 0.808, p

<.05).

3.3.2 Ungrammatical Pause Ratio

In addition to pausal intrusions, the ungrammatical pause ratio (i.e.,
UGP_ratio) was measured. These pauses were defined as pauses made by
participants in places that did not correspond to syntactic boundaries or other

points in the sentence required for meaning or emphasis (Benjamin, 2012;
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Benjamin & Schwanenflugel, 2010; May, 2014). Any pauses occurring within a
word or after reading errors were also considered ungrammatical. For example,
in the sentence “She could not find a pineapple,” any pauses within the sentence
were considered ungrammatical as in the previous studies (Benjamin, 2012;
Benjamin & Schwanenflugel, 2010; May, 2014). In contrast, in a sentence like
“Kate went to the grocery store, but she could not find a pineapple,” a pause
between “store” and “but” would be deemed acceptable because the juncture
between the clauses, as well as the presence of a comma, indicate a break in the
sentence. Figure 3.1 presents a visual representation of the pauses observed on

the spectrogram of Praat.
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Figure 3.1 Spectrographic Representation of Measurement of Pause Features
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In the figure, while reading the sentence “By the time Mary reached the
frightened animal, the koala was...”, the participant seemed to pause at four
specific points: between “the” and “time”, “time” and “Mary”, “the” and
“frightened”, and finally, “animal” and “the” However, the first pause between
“the” and “time” did not qualify as a pause since the time interval between these
two words was less than 100ms. The remaining pauses had durations of 179ms,
2670ms, and 353ms, respectively, and were therefore considered as pauses.
Among these pauses, the pauses between “time” and “Mary”, as well as between
“the” and “frightened”, were deemed ungrammatical pauses since they occurred
at positions other than phrasal boundaries.

To calculate the UGP _ratio, the occurrences of ungrammatical pauses
were tallied and subsequently divided by the total number of spaces present in
the sentence. The resulting mean value, obtained by averaging across the number
of sentences, was employed as the designated UGP_ratio index.

Following the assessment of 100 sentences by the second rater, a
comparison was made between the results obtained by the primary and
secondary raters. Cohen’s Kappa was utilized to assess the level of agreement

between the two sets of ratings, which revealed a significant level of agreement

(k= 0.858, p < .05).

3.3.3 Intersentential Pause Duration
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Punctuations such as question marks, exclamation marks, commas, and
periods are known to guide readers to modulate their pitch and pause while
reading. In line with previous studies, the duration of temporal gaps in ms
between sentences was measured as an index of reading prosody. These temporal
gaps were identified as flat waveforms on the spectrograph between the end of a
sentence and the beginning of the next sentence. The temporal intervals between
sentences were aggregated and subsequently divided by the total number of
sentences, yielding the computed InterP_duration. Cohen’s Kappa was utilized
to assess the level of agreement between the two sets of ratings, which revealed a

significant level of agreement (k = 0.820, p <.05).

3.3.4 Pitch Changes at the Sentence-final Position

Previous studies have reported a positive correlation between reading
proficiency and the magnitude of the drop in fundamental frequency (Fo) at the
end of a declarative sentence (Benjamin & Schwanenflugel, 2010; Benjamin et
al., 2013; Miller & Schwanenflugel, 2008; Schwanenflugel et al., 2004). This
measurement was obtained by subtracting the last Fo from the last pitch peak,
which was typically measured in Hertz.

In contrast to previous studies, the current study utilizes a different scale
for measuring Fo changes. Previous studies used the Hertz scale to measure pitch

changes and reported that pitch changes are a significant feature. However, the
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literature on phonetics suggests that when measured in Hertz, pitch movements
tend to be larger for female voices, as their pitch range is generally higher and
wider than that of male voices (Graddol, 1986; Hermes & van Gestel, 1991).
Consequently, Hirst and Looze (2021) caution against using the Hertz scale to
measure a speaker’s pitch range or pitch movements, recommending instead the
use of logarithmic scales such as semitones or octaves. In addition, studies using
the semitone scale found no significant cross-gender difference in Fo ranges or
modulations (Henton, 1989).

To date, the previous studies on L1 reading prosody have primarily
focused on children aged seven to twelve. In these studies, the pitch changes
measured in Hertz might have been found to be valid variables as the
participants were young children who had not undergone voice changes.
However, in the current study, the participants were 12% graders who were more
or less young adults. Therefore, to measure Fo changes in the current study,
semitones (re 100 Hertz)* were employed instead of measuring in Hertz.

In addition, to identify and extract the vocal nucleus from the last word
and the last Fo, a script developed by de Jong and Wempe (2009) was utilized.
The measurement of pitch changes is illustrated spectrographically in Figure 3.2,

where the word “appearances” is depicted as comprising four syllables with their

4 Semitones can be calculated using the following formulas and the reference pitch is 100Hz in
this study. Semitones = logy(frequency/reference pitch) *12
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respective peaks marked in the first tier below the spectrogram. Since the vocalic
nucleus of the word was located at the second syllable [p1], the mean Fo was
measured at that position. Subsequently, another Fo was measured at the last

point of the intonation line of the syllable [sos].
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Figure 3.2 Spectrographic Representation of Measurement of Sentence-final
Pitch Declination

When measuring Fo changes, guidelines outlined by Benjamin (2012)

were taken into account;

1. The pitch peak of a sentence is defined as the vocalic nucleus of the final
word, for which the mean pitch is measured.

2. To determine the final pitch of a sentence, the pitch at the termination of
the last word is measured.

3. Extraneous pitch effects arising from the phonetic properties of word-
final segments, commonly known as “tails,” are disregarded, and
measurements are taken at the natural conclusion of the word.
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4. Creaky voice® is not included because it can cause the distortion of the
data (Yuasa, 2010).

5. Any speech omissions are considered missing data.

6. While incorrect word selection or mispronunciations do not necessarily
render the data unusable, in the event of self-correction or repetition by
the participant, only the final iteration or correction is considered in the
analysis.

To encapsulate, the sentence-final pitch declination for declarative
sentences, i.e., Pitch SF, was calculated by taking the mean Fy difference
between the last peak and the last Fo in semitones, which was then averaged
across all sentences to yield an index.

Prior to measuring the entire dataset, the primary and the secondary raters
conducted the preliminary measurement on 25 cases, and subsequent discussions
were held in video conferences to address relevant issues. Following this, the
secondary rater measured 100 sentences, and the results were compared with
those of the primary rater. Cohen’s Kappa was used to calculate the level of

agreement, which indicated substantial agreement between the ratings (k =

0.726, p < .05).

3.3.5 Overall Intonation Contour
Previous research has shown that the general intonation contour observed

in children’s oral reading can serve as a valid indicator of fluent reading and

3 Creaky voice refers to a vocal effect that occurs when the vocal cords vibrate at a very low
frequency at the end of their range, resulting in a sound that is often described as rough or
gravelly.
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comprehension (Benjamin & Schwanenflugel, 2010; Benjamin et al., 2013;
Coots & Snow, 1981; Dowhower, 1987, 1991; Miller & Schwanenflugel, 2006,
2008; Proctor et al., 2005). Early investigations of reading prosody involved
comparing children’s pitch swing to that of adults’ intonation. Subsequently,
Benjamin et al. (2013) adopted a novel approach from other research (Bolanos et
al., 2013; Cowie et al., 2002), which entailed measuring the variation in pitch
changes during oral reading. The current study employed this measurement
method. Specifically, the mean and standard deviation of the pitch (in semitones
re 100 Hz) for word or sentence stress were determined for each sentence, after
which the standard deviations were averaged across sentences. The mean of the
standard deviations of the intonation contour was referred to as Pitch_SD. The
extraction of intonation contours from sentences adhered to the guidelines
established by Benjamin (2012):
1. Sonorant consonants may be incorporated when the syllable boundary
is indistinct.
2. Omitted responses are excluded from the analysis.
3. Errors in word choice or pronunciation are not necessarily grounds for
exclusion from the data.
4. When assessing speech repetition accuracy, the final iteration should be

used.
5. Creaky voice is excluded from the data.
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Figure 3.3 Spectrographic Representation of Measurement of Pitch SD

To identify the peak of each syllable, the researcher utilized a script
developed by de Jong and Wempe (2009). Despite the effectiveness of the script
in identifying and predicting syllable nuclei, manual adjustments to the position
of peak nuclei were sometimes required, particularly because the participants
tended to show vowel epenthesis (Shin & Iverson, 2011). Consequently, upon
running the script, two raters conducted a meticulous examination of the
spectrogram and performed manual adjustments to the peak positions whenever
deemed necessary.

Figure 3.3 displays the graphical representation of the pitch contour and
the corresponding peak points for each word using Praat software. During the
reading task, when a participant reached this section of the sentence “...animals

across the earth were busy developing their natures...” the pitch values in
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semitones were extracted from each word. The extracted pitch values ranged
from 12.25st for the word “animal” to 11.76st for “natures,” as shown in the
figure. Subsequently, the standard deviation of these pitch values in a sentence
was calculated as a measure of intonation variation.

Furthermore, following a series of discussions to deal with measurement
procedures and pertinent problems, the two raters measured a total of 100
sentences. Upon calculating interrater reliability using Cohen’s Kappa
coefficient, the results revealed a moderate level of agreement (k= 0.752, p

<.05) between the two raters.

3.4 Statistical Analysis

The data collected from the study were analyzed using various statistical
methods. In order to examine the first research question, principal component
analysis (PCA) was used to generate scores for fluency skill and a series of one-
way ANOVAs were conducted. For the second research question, confirmatory
factor analyses (CFA) were conducted. Lastly, a couple of hierarchical linear
regressions, PCA, and a mediation analysis were carried out. Detailed

descriptions and rationales for modeling are presented in this section.

3.4.1 Statistical Analysis for RQ 1

The primary research question of this study is to explore the variations in
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prosody features among different groups based on their fluency skills. Prior to
conducting ANOV As, participants were divided into three groups based on their
level of reading fluency skills.

To generate a score indicative of L2 readers’ fluency skills, a principal
component analysis (PCA) varimax rotation was performed. Two variables,
namely decoding skills and TRE, were entered into the analysis, in accordance
with previous research (Miller & Schwanenflugel, 2006). This factor analysis
yielded a good single fit, accounting for 78.2 % of the variance (factor loadings
> .884). The resulting factor score® was then used as a general indicator of
fluency skill.

Based on the tertile of these scores, 30 participants were assigned to each
of the three fluency skill groups: Higher, Intermediate, and Lower. To ensure
that there was heterogeneity of reading proficiency across the three groups, one-
way ANOVAs were conducted for fluency skill and reading comprehension
scores. The results indicated that there were significant differences in both
fluency skill scores and reading comprehension scores among the groups

[fluency skill, F(2,87) = 167.193, p = .000, reading comprehension, F (2,87) =

% Factor scores are values generated by PCA that represent the degree to which each
observation (e.g., TRE and decoding skill) contributes to the underlying factors or
components. After PCA identifies the underlying factors, it assigns factor loadings to each
variable that indicate how strongly they contribute to each factor. In SPSS, factor scores such
as regression (default), Barlett, and Anderson-Rubin can be obtained by clicking “Scores” in
the Factor Analysis window.
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13.282, p = .000]. Table 3.2 displays the results of the post-hoc Bonferroni test
on fluency skill and reading comprehension.

As seen in Table 3.2, the results of post-hoc tests indicated that the three
groups are distinctively different in fluency skills. However, in reading
comprehension, the notable differences were found only between the Higher
group and the other groups, while the Intermediate and Lower groups were just
marginally different (p = .54) [Reading comprehension, M;= 30.449, SE=
10.953; M;=37.666, SE=9.502; My=45.600, SE=13.754]. Even though
Intermediate and Lower groups were marginally different in reading
comprehension abilities, the three groups were deemed heterogeneous in reading

proficiency.

Table 3.2

Comparisons of Three Groups on Reading Comprehension and Fluency Skill

Variables Group (I) Group (J) Meandiff.(I-J) SE p
Reading L I -7.218 2.993 0547
Comprehension®
H -15.152 2.939 .000*#*
I H -7.933 3.039 .032%
Fluency skill® L I -1.105 121 .000%**
H -2.120 119 .000%**
I H -1.015 123 .000%**

Note. Tp <.10; * p <.05; *** p <.001; L=Lower; I=Intermediate; H=Higher; Adjustment for
multiple comparisons: Bonferroni

*Reading comprehension scores are the mean score of the three MCSAT scores

®Fluency skill scores are the factor scores of PCA based on decoding skill and TRE
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After forming fluency skill groups, a series of one-way ANOVAs were
utilized to evaluate whether significant differences existed in prosodic features
(DV) based on participants’ reading fluency skills (IV). A series of one-way
ANOVAs instead of a MANOVA approach was chosen because this study
aimed to identify the characteristics of each prosodic feature affected by reading
fluency (Benjamin & Schwanenflugel, 2010; Jaccard & Guilamo-Ramos, 2002).
To reduce the overall risk of Type I error, Bonferroni adjustment was used as a

post-hoc analysis.

3.4.2 Statistical Analysis for RQ 2

The second research question aims to explore the relationship between
factors contributing to ORF, which is widely considered a multidimensional
construct according to existing theories and empirical studies (Kim et al., 2021a,
2021b). The dimensionality of the reading prosody and TRE indicators were
assessed using confirmatory factor analysis (CFA). In case of reading prosody,
due to high correlations (» = .97) between intrasentential pause frequencies
(IntraP_ratio) and ungrammatical pause frequencies (UGP_ratio), UGP_ratio
was excluded, resulting in five indicators for the spectrograph data: overall
intonation contour (Pitch SD), sentence-final Fo change (Pitch_SF),
intrasentential pause ratio (IntraP_ratio), intrasentential pause duration

(IntraP_duration) and intersentential pause durations (InterP_duration).
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Based on theoretical considerations and previous research findings, two
alternative CFA models were evaluated to investigate the dimensionality of the
reading prosody and text reading efficiency data. The first model was the unitary
construct model, where one factor was indicated by the five variables
representing reading prosody and TRE as depicted in the definition of ORF
(Kuhn et al., 2010) (see Figure 3.4). The second model (see Figure 3.5) was
hypothesized to consist of two dissociable factors, one representing PITCH (i.e.,

Pitch SF and Pitch_SD) and the second factor representing TRE and pause

variables (i.e., TRE & PAUSE).

PITCH_SF PITCH SD
InterP_duration IntrapP_duration| IntraP_ratio - CH_S TRF

T

Figure 3.4 Unitary-Construct Model of ORF

&9



@

Pitch_SF Pitch_SD InterP_duration IntraP_duration IntraP_ratio TRE

I I T T o

Figure 3.5 Two-Dissociable-Constructs Model of ORF

The rationale for hypothesizing the second model was based on prior
research. To date, previous studies have provided evidence that there exists a
relationship between TRE and reading prosody (Benjamin et al., 2013; Paige et
al., 2014). However, this relationship may differ based on the specific aspects of
reading prosody. It seems that pause structure indicators, such as pauses
frequencies and durations are moderate to fairly strongly related to TRE (Binder
et al., 2013), whereas pitch-related prosody indicators, such as sentence-final
pitch changes and overall intonation contour, have little or weak relations with
TRE (Binder et al., 2013; Miller & Schwanenflugel, 2008). Consequently, the

model was hypothesized and evaluated on the data, wherein one factor (i.e.,

90



PITCH) was considered alongside another factor comprising TRE and pause-
related features.

To test the model fit, a chi-square test of model fit and four descriptive
fit indices were utilized: the root-mean-square error of approximation (RMSEA);
the comparative fit index (CFI); the Tucker-Lewis index (TLI); and Standardized
Root Mean Square Residual (SRMR). The goodness-of-fit indices are

summarized in Table 3.3.

Table 3.3

CFA Goodness - of - fit Indices

Indices 2 RMSEA CFI/TLI SRMR AVE CR
Cutoff  Higher Lower Higher Lower Higher Higher
Values  than .05 than .05 than .09 than .08 than .7 than .5

Note. y* = chi-square test; RMSEA = root-mean-square error of approximation;
CFI = comparative fit index; TLI = Tucker-Lewis index; SRMR = Standardized Root Mean
Square Residual; AVE = average variance extracted; CR = composite reliability

The chi-square test of the model fit index evaluates the discrepancy
between the unrestricted sample covariance matrix and the restricted covariance
matrix (Byrne, 2013). A non-significant probability associated with the chi-
square statistics, that is, greater than .05, indicates a good fit. However, the
sensitivity of this test to sample size makes it almost always significant for large
samples (Harrington, 2009). The RMSEA assesses the degree to which the

model reproduces the population covariances with a value below .05 indicating a
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good fit (Browne & Cudeck, 1992). The CFI and TLI are incremental relative fit
indices, measuring the extent to which the model improves over a baseline
model in which variables are assumed to be uncorrelated (Kline, 2011).
Acceptable model fits are indicated by values greater than .90 (Bentler, 1990).
The SRMR is a measure of the discrepancy between the model’s predicted
covariance matrix and the observed covariance matrix, which takes into account
the size of the residuals and the number of degrees of freedom. The SRMR is
calculated by dividing the root mean square residual by the square root of the
mean squared residual covariance. A lower SRMR value indicates a better model
fit, with values less than or equal to .08 generally indicating a good fit.

In addition, the average variance extracted (AVE) and composite
reliability (CR) were computed. AVE represents the average amount of shared
variance among the indicators that can be accounted for by the latent construct.
AVE values range from 0 to 1, with a value higher than 0.5 indicating
convergent validity (Fornell & Larcker, 1981). Composite reliability (CR) is a
measure of internal consistency reliability in a measurement model. It indicates
the extent to which the indicators in the model are consistent in measuring the
underlying construct. In general, a CR value of 0.7 or higher is considered

acceptable (Raykov, 1997).

3.4.3 Statistical Analysis for RQ 3
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To address the third research question, three statistical methods were
employed: hierarchical regression analysis, PCA with varimax rotation, and
mediation analysis. The hierarchical regression analysis was employed to
examine whether reading prosody could explain additional variance in reading
comprehension beyond decoding skills (for RQ 3-1) and TRE (for RQ 3-2).

In the hierarchical regression for RQ 3-1, decoding and reading prosody
features were entered into the analysis. This model was formulated based on the
assumption that reading prosody itself plays a role in reading comprehension
(Frazier et al., 2006; Kuhn et al., 2010). The variables were entered into the
analysis in a predetermined sequence based on previous research and reading
theories (Benjamin & Schwanenflugel, 2010; Hoover & Gough, 1990; LaBerge
& Samuels, 1974; Silverman et al., 2013).

Specifically, decoding skills were entered into the first block, pause-
related factors into the second block, and pitch-related factors into the third
block. This sequence was chosen due to the assumption that minimum levels of
decoding skills are necessary for natural and smooth oral reading. Among
prosodic features, pause factors were given priority over pitch-related factors in
the second block, contrary to most L1 studies which suggest that pitch-related
factors are the primary contributors to prosodic development, TRE, and reading
comprehension (e.g., Miller & Schwanenflugel, 2008). However, research on L2

English pronunciation and suprasegmental features has indicated that Korean L2
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speakers tend to exhibit flatter and more monotonous intonation than L1
speakers (e.g., Kang, 2013), which may suggest a weaker relationship between
pitch-related factors and other reading skills. Therefore, pause-related factors
were entered in the second block, followed by pitch factors in the third block.

The second model of hierarchical regression was formed to investigate
whether reading prosody can account for the unique variance in reading
comprehension even beyond what is accounted for by TRE (RQ 3-2). In this
model, TRE was entered as the first block, followed by the inclusion of pause-
related variables in the second block, and pitch variables in the third block as in
the previous hierarchical regression.

Before conducting regression analysis, the assumptions were evaluated
based on the different standards. At first, for the evaluation of outliers, standard
residuals of each variable were examined if all Z-scores were within +/-3.29
(Field, 2018). Next, in the assumption of collinearity tests, Tolerance and VIF
scores were checked. According to Tabachnick, Fidell, and Ullman (2018), these
values of variables should be distributed in a reasonable limit (Tolerance > .10,
VIF <10). In addition, the assumption of independence was checked by
examining Durbin-Watson Value. When the value of Durbin-Watson
approximates 2, it means that the residuals are independent and uncorrelated.
However, if the value is less than 1 or greater than 3, it may suggest that the

assumption of independent errors is violated, and the residuals are either
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positively or negatively correlated (Tabachnick et al., 2018). Lastly, linearity and
homoscedasticity were also inspected by observing plotted points formed in a
straight-line association in the bivariate scatter plots.

To further investigate the hypothesized relationship among decoding
skill, prosody, and reading comprehension, a mediation analysis was employed
in addition to hierarchical regression. To conduct the mediation analysis, the
dimension of reading prosody needed to be reduced, and therefore, PCA with
varimax rotation was conducted for reading prosodic features. The result showed
that the Kaiser-Meyer-Olkin (KMO) value was .718, suggesting the sampling
adequacy was good (Kaiser & Rice, 1974). Bartlett’ test of sphericity indicated
that the correlation between variables was sufficiently large (x* = 440, p <.001).
The communality values of the variables were all above a cutoff of .45 for the
inclusion of a variable in the interpretation of a factor. Eigenvalues revealed the
two components in excess of Kaiser’s criterion of 1, which accounted for
75.35 % of the variance in the reading prosody features. The two components
were labeled as PAUSE and PITCH, and all variables were loaded on them as
presented in Table 3.4. The factor scores of the two components were utilized

and subsequently entered into the mediation analysis.
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Table 3.4

Factor Loading for the Two Components

Item PAUSE PITCH
Pitch_ SD .296 758
Pitch_SF -.198 811
IntraP_ratio 948 .005
UGP _ratio 935 .005
IntraP_duration 940 -.082
InterP_duration 705 .006
Eigenvalues 3.281 1.240
Percentage of variance 54.637 20.708

Note. Pitch_SD=overall intonation contour; Pitch SF=pitch changes at the sentence-final
position; IntraP_ratio=intrasentential pause ratio; UGP_ratio=ungrammatical pause ratio;
IntraP_duration= intrasentential pause duration; InterP_duration=intersentential pause duration

Figure 3.6 depicts the proposed relationship between decoding
(independent variable), prosody (mediator; M), and reading comprehension
(dependent variable). This model is based on previous research that suggests
reading prosody plays a mediating role between decoding and reading
comprehension (Fernandes et al., 2018; Schwanenflugel et al., 2004; Wolters et
al., 2020). The model posits that decoding, as a fundamental component of the
reading process, influences the impact of reading prosody on reading
comprehension (Kim, 2021a; Wolters et al., 2020). Furthermore, theories and
empirical studies on reading prosody suggest that it aids reading comprehension
by helping to maintain information in working memory during online processing

(Frazier et al., 2006; Koriat et al., 2002; Kuhn et al., 2010). In order to examine
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the hypothesized relationship among the three components and to confirm the
role of reading prosody as a mediator between decoding and reading
comprehension in L2 reading, the mediation model was developed and assessed

using the data obtained in the current study.

Prosody (M)

Decoding (IV ] ;( Reading
[ ccoding (IV) J Comprehension (DV)

Figure 3.6 The Hypothesized Mediation Model of Reading Prosody

For the mediation analysis, the well-established criteria proposed by
Baron and Kenny (1986) were employed to establish a variable as a mediator.
First, a significant relationship must exist between the decoding skill (IV) and
reading comprehension (DV). Second, a significant relationship must also exist
between the decoding skills and the mediator, the prosodic components. Third,
the mediator should still predict reading comprehension (RC) even after
controlling for decoding skills. Finally, the relationship between the decoding
skills and RC should be reduced when a prosodic factor is included in the model.

If this reduction results in the complete elimination of the relationship between
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the decoding skill and the RC, the mediation is considered perfect or complete. If
the relationship is merely weakened but not entirely eliminated, the mediation is
considered partial. Figure 3.6 illustrates the hypothesized relationship among
decoding (IV), prosody (Mediator; M), reading comprehension (DV).

The primary statistical analysis utilized in this study was performed
through the use of SPSS (IBM Corp, 2019) , especially for conducting ANOVA,
PCA, and regression analyses. To investigate the mediating effects of reading
prosody on the relationship between decoding skill and reading comprehension,
the PROCESS macro extension in SPSS, developed by Hayes (2017), was

employed. For conducting CFA, M-Plus (Muthen et al., 2017) was also utilized.
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Chapter 4. Results

This chapter reports the research findings based on the three research
questions: whether there are differences in reading prosody features depending
on fluency skills, whether reading prosody and text reading efficiency constitute
the unitary construct of ORF or whether they represent two-dissociable
constructs of ORF, and to what extent reading prosody accounts for unique

variance in reading comprehension.

4.1 Descriptive Statistics and Correlation

Before conducting one-way ANOVA and regressions, descriptive
statistics and bivariate correlation were conducted as preliminary analyses. The
results of descriptive statistics are presented in Table 4.1. An examination of the
descriptive statistics for reading comprehension found that the mean MCSAT
score of the participants was 37.576 and the standard deviation was 13. 506. The
minimum and maximum scores were 5 and 64.33 each, showing a wide range of
variance. Skewness and kurtosis were within the value of 2, indicating they are

almost normally distributed (Field, 2018) (Skewness=- .237, Kurtosis=- .299).
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Table 4.1

Descriptive Statistics of the Variables (N=90)

Variables Min Max Mean SD Skewness ~ Kurtosis
RC 5 64.33 37.744 13.06 -.237 -.299
TRE? 56.92 194.22 105.574 26.535 782 1.169
Decoding 25 44 35.43 4.332 -. 459 -.010
Pitch_SD® 0.86 2.62 1.714 0.383 .057 -.408
Pitch SF° -.96 4.90 1.996 1.227 182 -.255
IntraP_ratio 0.05 1.16 0.623 0.238 198 -.145
UGP_ratio 0.01 0.53 0.260 0.106 456 .101
IntraP_duration® 0.15 6.68 2.620 1.423 929 941
InterP_duration® 0.42 1.67 0.933 0.302 .620 -.025

Note. TRE=text reading efficiency; Pitch_SD=overall intonation contour; Pitch SF=pitch
changes at the sentence-final position; IntraP_ratio=intrasentential pause ratio;
UGP_ratio=ungrammatical pause ratio; IntraP_duration= intrasentential pause duration;
InterP_duration=intersentential pause duration

2 TRE represents the number of correctly read words per minute (WCPM).

b¢ All pitch variables were measured in the semitone scale.

d¢ The duration of pauses is presented in seconds.

Next, TRE represents the reading rate and accuracy which was measured
in WCPM, and the mean of TRE indicated that the participants read average 105

words correctly in a minute, ranging from 56.92 to 194.22 words per minute and
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the standard deviation was 26.535 words. TRE scores were normally distributed
in that their skewness and kurtosis were within reasonable limits
(Skewness=.782, Kurtosis=1.169).

The investigation of the participants’ decoding skills showed that they
read 35.43 words correctly on average with a standard deviation of 4.332. Its
highest score was 44 words and the lowest was 25 words, with normal
distribution being formed (Skewness= - .459, Kurtosis= - .010).

The overall intonation contour drawn from the participants’ oral reading
was calculated by measuring the mean pitch at the peak of syllables, and the
standard deviation of the mean pitch indicated the Pitch SD values. Measured in
the semitone scale, the mean Pitch_SD was 1.714 and the standard deviation was
0.383, showing the normal distribution (Skewness=.057, Kurtosis=- .408).
Another pitch variable was the changes shown from the last peak to the end of
the sentence, named Pitch_SF. The mean of pitch differences was 1.996
semitones and the standard deviation was 1.227. Its skewness ( .182) and
kurtosis (- .255) suggested that the values of Pitch _SF lie in an almost
symmetrical fashion around the mean.

Among the pause factors, pause ratio means the percentage of pauses
made in the spaces between words or within words, which were divided by the
total number of spaces in a sentence. The mean of IntraP_ratio was .623 and SD

was .238. The minimum was .05, meaning a student made longer than 100ms of
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pauses only 5 times out of 100 spaces between words. The maximum value of
1.16 indicated that a participant made pauses longer than 100ms within a word as
well as in space between words. The normal distribution of this variable was also
confirmed by skewness (.198) and kurtosis (-.145) values. UGP_ratio, another
pausal intrusion, was the ratio of pauses made in other than syntactic boundaries
to the total number of spaces in a sentence. The mean and the standard deviation
of UGP_ratio were .260, and .106, respectively, with its values normally
distributed (Skewness=.456, Kurtosis= .101).

As for the duration of pauses, the two variables, IntraP_duration and
InterP_duration were used. IntraP_duration refers to the total duration of pauses
made within sentences while InterP_duration was a time interval between a
sentence and the following sentence. The descriptive statistics showed that the
mean pause duration within a sentence was 2.620 seconds with a standard
deviation of 1.423. The minimum of IntraP_duration was .15 and the maximum
was 6.68. Meanwhile, the average InterP_duration was .993 and SD was .032. Its
minimum and maximum were .42 and 1.67 each. These two variables showed
normal distributions. The histograms illustrating frequencies and distributions of

reading prosody variables are presented in Figures 4.1 through 4.6.
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Figure 4.2 Frequency of Pitch SF
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Next, in order to examine the relationships among variables, bivariate
correlation analysis was conducted. The correlation coefficients and their
significances are presented in Table 4.2. Reading comprehension score and TRE
were significantly associated with all the other variables except for Pitch SD.
Especially, TRE had a rather strong relationship with pause variables (- .585 to
- .799) while the relationships of reading comprehension with the other factors
were either moderate or weak, with the coefficients ranging from .261 through .
553. Decoding skills were not significantly correlated with pitch-related factors
while they had weak to moderate relations with pause factors (-. 239 to -. 541).

Intonation contour (i.e., Pitch_SD) has a significant relationship only
with Pitch_SF (r =238, p <.5), UGP_ratio (» =213, p <.5) and InterP_duration
(r=.246, p <.5). Pitch_SF was significantly correlated with Pitch SD (»=.238, p
<.5) and InterP_duration (» =- .172, p <.5) although the relationships were

weak.
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Table 4.2

Bivariate Correlation among the Variables

Variables TRE Decoding Pitch  Pitch_ IntraP  UGP IntraP InterP
SD SF _ratio _ratio _duration _duration

RC S53%% 466%* 025 261% - A4TIRE - 452%%  _430%% - 239%
TRE S64*% - -0.049  310** - 786%** -T47** - 799%* . 585%*
Decoding -.097 120 - 541%* - 528%* - 550%*  -239%
Pitch SD - 0.238* 0.196 .213* 0.175 247*
Pitch SF - - -0.104 -0.159 -203 - 172%
IntraP_ratio - - - 973%%  868** S506%*
UGP_ratio - - - - 834 A450%*
IntraP - - - - - .623%*
_duration

Note. *p <.05, **p < .01; TRE=text reading efficiency; Pitch SD=overall intonation contour;
Pitch_ SF=pitch changes at the sentence-final position; IntraP_ratio=intrasentential pause ratio;
UGP_ratio=ungrammatical pause ratio; IntraP_duration= intrasentential pause duration;

InterP_duration=intersentential pause duration

IntraP_ratio had moderate to strong relationships with other variables (-.

471 to .973) while any significant correlation was not found with the two Pitch

factors. In particular, the correlation coefficient between UGP_ratio and

IntraP_ratio was considerably high (» =.973, p <.01), suggesting the possibility

of multicollinearity in the following regression analyses. In fact, the values of
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VIF and Tolerance were off the standard cutoff (VIF > 10, Tolerance < .01)
(Tabachnick et al., 2018) when the two variables were entered into regressions.
IntraP_duration was significantly associated with variables other than
pitch-related ones, showing stronger relationships with pause ratio variables (»
=.834 - .868, p <.01) and TRE (r=-.799, p <.01) than the other factors.
Lastly, inter-sentential pause duration (InterP_duration) showed significant
relationships with all the variables, even though the strength of associations was

weak to moderate (- .172 to 623).

4.2 Differences in Reading Prosody Features Depending on

Reading Skill

This section pertains to the investigation of potential variances in reading

prosody characteristics based on fluency skill of the participants. The study
classified the participants into three different groups according to their L2
fluency skills. The composite scores for L2 fluency skills were generated using
PCA that included decoding scores and TRE. The three groups (i.e., Higher,
Intermediate, and Lower) were formed based on the tertile of these composite
scores and 30 participants were placed in each group. Table 4.3 presents

descriptive statistics of the reading prosody scores for each group.
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Table 4.3

Descriptive Statistics of Reading Prosody Features by Groups

Variables N M SE Min Max
Pitch_SD* L 30 1.733 .064 .870 2.270
I 30 1.740 .069 1.00 2.620
H 30 1.669 .076 .860 2.500
Total 90 1.714 .040 .860 2.620
Pitch SF® L 30 1.655 214 -.960 4.00
I 30 1.785 177 -.060 3.83
H 30 2.549 .245 -.060 4.90
Total 90 1.996 129 -.960 4.90
IntraP_ratio L 30 .813 .039 .380 1.160
I 30 .614 .028 320 910
H 30 443 .032 .050 .740
Total 90 .623 .025 .050 1.160
UGP _ratio L 30 342 .019 130 .530
I 30 253 .012 .140 400
H 30 185 .013 .010 350
Total 90 .260 011 .010 .530
IntraP_duration L 30 3.843 274 1.250 6.680
I 30 2.513 .140 .980 3.890
H 30 1.505 130 150 2.850
Total 90 2.620 150 150 6.680
InterP_duration L 30 1.054 .060 420 1.670
I 30 .968 .052 460 1.670
H 30 75 .039 460 1.190
Total 90 932 .031 420 1.670

Note. M=Mean; SE=Standard Error; Min=Minimum; Max=Maximum; L=lower group,
I=Intermediate group, H=Higher group; Pitch_SD=overall intonation contour; Pitch SF=pitch
changes at the sentence-final position; IntraP_ratio=intrasentential pause ratio;
UGP_ratio=ungrammatical pause ratio; IntraP_duration=intrasentential pause duration;
InterP_duration=intersentential pause duration

b All pitch variables were measured in the semitone scale.
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Table 4.4

Difference of Reading Prosody Features Depending on L2 Fluency Skills

Variables SS df MS F p nz
Pitch SD Between  .092 2 .046 308 736 .007
Within 12.975 87 .149
Total 13.066 89
Pitch_SF Between  14.003 2 7.001 5.070 .008** 104

Within 120.138 87 1.381

Total 134.140 89
IntraP_ratio Between  2.058 2 1.029 29.778  .000%** 406
Within 3.006 87 .035
Total 5.063 89
UGP_ratio® Welch 2 21.310  .000***
56
IntraP Welch 2 34.033  .000***
duration®
54
InterP Between  1.231 2 .616 7.737 001** 150
duration Within ~ 6.924 87 080
Total 8.155 89

Note. SS=sum of squares; df=degree of freedom; MS=mean square; Pitch_SD=overall intonation
contour; Pitch SF=pitch changes at the sentence-final position; IntraP_ratio=intrasentential
pause ratio; UGP_ratio=ungrammatical pause ratio; IntraP_duration= intrasentential pause
duration; InterP_duration=intersentential pause duration

@b The assumption of equality of variances was violated and the Welch test was used.

A series of one-way ANOV As were carried out to answer the first

research question and the results are presented in Table 4.4. As for Pitch_SD, the
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significant difference was not shown [F(2,87)= .308, p=.736, n*=.007],
meaning that overall intonation contours were not significantly different across
the reading proficiency groups [M;=1.733, SE=.064; M;=1.740, SE= .069;
My=1.669, SE= .076]. However, significant differences were found in Pitch SF
[F(2,87)=5.070, p=.008, n*=.104], which means that the pitch changes at the
sentence-final position were significantly different among three groups
[M;=1.655, SE= .214; M;=1.785, SE=.177; My=2.549, SE= .245]. This result
suggested that L2 readers with higher decoding skills and reading fluency tended
to show more dramatic pitch changes at the sentence-final position when reading
declarative sentences.

Most of the pause factors were shown to have significant differences
depending on L2 fluency skills. Firstly, the differences in intrasentential pause
ratio across the three groups were statistically significant [F(2,87)=29.778,
p=.000, n*=.406], which reveals that these groups differ in terms of
frequencies of pausing when reading English sentences [M; = .813, SE=.039;
M;=.614, SE=.028; My=.443, SE=.032]. The results of the ungrammatical
pause ratio showed a similar pattern to those of the pause ratio. There were
significant differences across the three groups [F(2,56)=21.310, p=.000],
meaning that the frequency of pausing which occurs in other than syntactic
boundaries was significantly different depending on the participants’ fluency

skills in English [M,=.342, SE=.019; M,=.253, SE=.012; My=.185,
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SE=.013]. These results suggest that as the participants’ L2 fluency skills
improve, they are likely to make fewer pausal intrusions within a sentence, and
the pauses they make are more likely to occur in syntactic boundaries than those
made by L2 readers with lower fluency skills.

Next, the index for the duration of intrasentential pauses exhibited
significant differences across groups [F(2,54)=34.033, p=.000], revealing that
there were decreases in pausal duration as the readers’ fluency skill was
improved [M; = 3.843, SE=.274; M;=2.513, SE=.140;, My= 1.505,
SE=.130]. In the same vein, the intersentential duration of pauses was
significantly different across the three groups [F(2,87)=7.737, p=.001,
n?=.150]. It means that the duration of pauses that these L2 readers made after
finishing reading a sentence and before starting to read the following sentence
was likely to be longer as readers were less competent in decoding skills and text
reading efficiency [M; = 1.054, SE= .060; M;=.968, SE=.052; My=.775,

SE=.039]. Figures 4.7 through 4.12 illustrated these results.
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Figure 4.9 Differences of IntraP_ratio across Groups
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Figure 4.12 Differences of InterP_duration across Groups
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Since the one-way ANOV As revealed significant overall F-ratios in
Pitch_SF, IntraP_ratio, UGP _ratio, IntraP_duration, and InterP_duration, the
post-hoc Bonferroni analyses were carried out. Table 4.5 depicts the results of

post-hoc comparisons of reading prosody features.

Table 4.5

Post-hoc Comparisons of L2 Reading Prosody Features across the Three
Fluency Skill Groups

Variables Group Group Mean SE p 95% Confidence Interval
@ ) diff.(I-J) LB UB
Pitch SF L I -.129 303 1 -.870 611
H -.894" 303 012 -1.634 -.153
I H -.764" 303 .041 -1.505 -.023
IntraP ratio L I 199 .047 .000 .082 316
H 370" .047 .000 252 487
I H 170 .047 002 .053 .288
UGP _ratio L I .088™ .022 .000  .035 142
H 156" .022 .000  .102 210
I H 067" .022 .008  .013 121
IntraP L I 1.329™ 273 .000  .661 1.9997
duration .
H 2.337 273 .000 1.669 3.005
I H 1.008™ 273 .001 339 1.676
InterP L I .086 .072 466 -.091 264
duration .
H 279 .072 .001 .101 457
I H 193 .072 025 015 371

Note. *p < .05, **p < .0l; Based on estimated marginal means; Adjustment for multiple
comparisons: Bonferroni; SE=standard error; LB=lower bound; UB=upper bound; L= lower
group, I=Intermediate group, H=Higher group; Pitch SF=pitch changes at the sentence-final
position; IntraP_ratio=intrasentential pause ratio; UGP_ratio=ungrammatical pause ratio;
IntraP_duration= intrasentential pause duration; InterP_duration=intersentential pause duration
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As shown in Table 4.5, the post-hoc results found that there were no
significant differences between the Lower and Intermediate groups in terms of
Pitch SF and InterP_duration. However, the Higher reading group exhibited a
discernable difference in these variables compared to the other groups. This
suggests that the time interval between sentences becomes considerably shorter,
and the pitch drops far more at the end of sentences only when L2 readers are
sufficiently fast and accurate in word decoding and text reading.

The post-hoc analysis revealed significant mean differences in pause
ratio (InterP_ratio), ungrammatical pause ratio (UGP_ratio), and intrasentential
pause duration (IntraP_duration) across the three reading proficiency groups.
These difference in pause pattern is clearly illustrated in Figure 4.13,
representing a comparison of the pause patterns between a lower-level and a

higher-level participant shown on the spectrographic window.
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Figure 4.13 Comparison of Pause Patterns between the Two Participants of
Different Fluency Skills

According to Figure, a Lower-level reader exhibited a higher frequency
and longer duration of pauses compared to the Higher-level reader. Specifically,
the Lower-level reader made seven pauses of a total duration of 4118ms while

the Higher-level reader paused one time of 617ms. Furthermore, the pauses
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made by the Lower-level reader often occurred at positions that were not aligned
with meaningful units, such as phrasal and clausal boundaries. In contrast, the
Higher-level reader demonstrated a single grammatically appropriate pause. For
example, the Lower-level reader paused between “across” and “the”, which is
within the nominal boundary, whereas the pause the Higher-level reader made
between “new” and “animals” was considered grammatical because it occurred
at the clausal boundary. These findings suggest that L2 readers’ fluency skills
are closely related to their use of pausing when reading.

To sum up the results on L2 learners’ reading prosody features, the
overall intonation contour (i.e., Pitch SD) was not significantly different
depending on L2 learners’ fluency skills. In contrast, most of the pause factors
(i.e., the pause ratio, the ungrammatical pause ratio, and the duration of pauses)
were shown to have decreasing tendencies as L2 reading skills were more
proficient. When it comes to the pitch changes at the sentence-final position and
the pause duration across sentences, significant differences were found only
between higher reading groups and the other groups. This phenomenon suggests
that dramatic changes in the two variables seemed to occur when L2 readers

were proficient enough in decoding and fluent reading.
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4.3 Dimensionality of Oral Reading Fluency

This section deals with the second research question, whether reading
prosody and TRE, as components of ORF, constitute a unitary construct as
defined in the L1 literature or they are dissociable but related components. This
was explored using confirmatory factor analysis (CFA).

To test whether the hypothesized model of ORF and its relationships to
TRE and reading prosody are consistent with the data, CFA was conducted. Two
alternative models shown in Figures 3.4 to 3.5 were fit to the data to determine
the dimensionality of the prosody and text reading efficiency indicators. The

outcomes of the model fit indices are presented in Table 4.6.

Table 4.6

The Model Fit Indices of Two Alternative Models

Model x2 df RMSEA CFI TLI SRMR
Unitary- 21.882** 7 154 .949 .891 .067
construct?®

Unitary- 1.374 2 .000 1.00 1.00 .02
construct®

Two-dissociable- 20.756** 7 148 953 .900 .086
construct®

Note. **p < .0I; x* = chi-square test; RMSEA = root-mean-square error of approximation;
CFI = comparative fit index; TLI = Tucker-Lewis index; SRMR = Standardized Root Mean
Square Residual
&¢QObserved variables: TRE, Pitch_SD, Pitch SF, IntraP ratio, IntraP_duration, InterP_duration
b This is the modified model of Unitary-construct?;

Observed variables: TRE, IntraP_ratio, IntraP_duration, InterP_duration
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The Unitary-construct model?® with all the prosody variables (Pitch _SD,
Pitch_SF, IntraP_raio, IntraP_duration, and InterP_duration) and TRE resulted in
poor fit [y 2=21.882, df =1, p < .01, RMSEA = .154/CI = .082— .229, CFI
=.949, TLI = .891, SRMR = .067]. When the parameter estimate coefficients
were examined, it was discovered that Pitch SD was an insignificant parameter
(B=-.173, p=.09). Also, another pitch variable, Pitch_SF has low factor
loading, suggesting the possibility of compromising the construct validity
(Bagozzi & Yi, 1988). Therefore, all the pitch-related variables were excluded
from the model. The model without Pitch SD and Pitch_SF (i.e., Unitary-
construct model®) showed excellent fit [y 2 = 1.374, df = 2, p = .503, RMSEA=
0/CI=0-.187, CFI=1, TLI=1, SRMR = .02]. On the other hand, the two-
dissociable-constructs model resulted in poor fit [y > = 20.756, df = 7, p =.004,
RMSEA = 148/CI = .077- .223, CFI = .953, TLI = .900, SRMR = .900].

Thus, these statistical results indicate that the most optimal model for the
data was the unitary-construct model comprising only TRE and pause-related
variables. The parameter estimate coefficients of this Unitary-construct model
are presented in Table 4.7 and Figure 4.14. Also, the parameter estimate
coefficients of the two-dissociable-constructs model are presented in Appendix
C.

Additionally, to assess the reliability and validity of the unitary-construct

model, the average variance extracted (AVE) and composite reliability (CR)
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were computed. The values obtained for AVE and CR were 0.630 and 0.728,
respectively. These results suggest that the unitary-construct model, consisting of
TRE and pause variables, provides a dependable estimate of L2 ORF (Fornell &
Larcker, 1981; Raykov, 1997). To summarize, the results of CFA showed that
L2 OREF is a unitary but multidimensional component that is comprised of TRE

and pause-related prosodic features.

Table 4.7

Parameter Estimate Coefficients of the Unitary-construct Model

Variables B S.E. Est./S.E. p
Factor Loading
ORF TRE .866 .046 18.948 .000***
IntraP_ratio -.750 .073 -10.278 .000***
IntraP_duration -.922 .043 -21.569 .000%**
InterP_duration -.675 .064 -10.476 .000%**
Correlation
IntraP_ratio with TRE ~ -.410 128 -2.338 01%*
IntraP_ratio with .0693 .144 2.407 .016*
IntraP_duration
Residual Variance
TRE 250 .079 3.252 001 *#*
IntraP_ratio 437 .109 4.190 .000***
IntraP_duration .149 .079 1.732 .083
InterP_duration .545 .087 6.276 .000***
Model Fit Indices
x2 df RMSEA CFI TLI SRMR
1.374 2 .000 1.00 1.00 .02

Note. *p < .05; **p <.01;***p < .001; B =standardized factor loading; S.E.=standard error;
Est.S.E.=estimated standard error; TRE=text reading efficiency; IntraP_ratio=intrasentential
pause ratio; IntraP_duration=intrasentential pause duration; InterP_duration=intersentential pause
duration; RMSEA = root mean square error of approximation; CFI = comparative fit index; TLI
= Tucker-Lewis index; SRMR = standardized root mean square residual
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Figure 4.14 The Unitary-construct Model of ORF

4.4 Reading Prosody as a Predictor of Reading Comprehension

This section deals with how much additional variance of reading
comprehension reading prosody features account for after controlling for
decoding and TRE. Therefore, the results of a couple of hierarchical linear
regressions are presented in which decoding skills and TRE are entered into the

first block at each regression model. In addition, to examine the role of prosodic
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features between decoding skills and reading comprehension, the results of

mediation analysis are presented.

4.4.1 Unique Contributions of Reading Prosody to Reading Comprehension
Beyond the Decoding Skills

In assessing the assumption of the regression, the analysis of standard
residuals showed that all the Z-scores were between -2.437 and 3.103, indicating
no outliers. However, when it comes to the multicollinearity test, the two highly
correlated variables, UGP_ratio (Tolerance =.051, VIF=19.606) and the IntraP-
ratio (Tolerance = .046, VIF=21.946) were shown to violate the assumption of
multicollinearity. To determine which variable, one of the two options, would be
selected, multiple regression analyses were conducted with reading
comprehension as the dependent variable. As presented in Table 4.8, the
regression model with IntraP-ratio had slightly better predictability than that with
UGP_ratio even though the model comparison index AIC and BIC were the
same. Therefore, the ungrammatical pause ratio was excluded from the next step

and only the intrasentential pause ratio was retained.
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Table 4.8

Comparison of the Models with Different Pause Variables

Model B SE R R?(Adj).) Model F AIC/BIC

IntraP_ratio® -.510%* 10289  .542 294 (.252) F(5,84)= 10/9.77
6953

UGP ratio®  -402*  21.897 525  275(.232) F(5,84)= 10/9.77
6387

Note. ** p < .01; *** p <.001; df= degree of freedom; DV= reading comprehension
*Predictors: (Constant), Pitch_SD, Pitch_SF, IntraP_ratio, IntraP_duration, InterP_duration
"Predictors: (Constant), Pitch_SD, Pitch SF, UGP_ratio, IntraP_duration, InterP_duration

Except for the two variables, multicollinearity was not problematic

[decoding skill, Tolerance = .610, VIF=1.640; Pitch_SD, Tolerance = .846, VIF

1.181; Pitch_SF, Tolerance = .854, VIF = 1.171; IntraP_ratio, Tolerance

234, VIF =4.271; IntraP_duration, Tolerance = 0.177, VI F=5.657,
InterP_duration, Tolerance = .520, VIF = 1.924]. In addition, the assumption of
independence was met (Durbin-Watson = 1.964), and a straight-line association

in the bivariate scatter plot suggested linearity and homoscedasticity as shown in

Figure 4.15.
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The results of HLR are presented in Table 4.9. In Decoding Model, R*-

value was .223 [F(1,88) =25.287, p = .000]. With the addition of reading

prosody features in the Pause model, the R’-value significantly increased [AR’

=.080, F(3,85) =29.519, p = .026], indicating that pause-related factors made a

significant contribution to the equation in this step. At the last step where Pitch-

factors were added, R-value significantly increased [AR? = .052, F(2,83) =

32.893, p = .039], meaning pitch factors were playing a role in explaining

reading comprehension. Taken together, R’ = .355 with a 95% confidence

interval between .208 to .501 (Soper, 2016; Tabachnick et al., 2018), suggesting

that more than a third of the variability of reading comprehension could be

explained by knowing decoding skill and reading prosody factors.
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Table 4.9

Contributions of Reading Prosody to RC Beyond Decoding Skills

Model Summary

Model R R’ Adj.R> SE F AR’ dfl df? SigF
Decoding® .472 223 214 11.582 25.287 .223 1 88  .000***
Pause .550 303 270 11.165 29.519 .080 3 85 .0206*
variables®

Pitch .596 355 .309 10.866 32.893 .052 2 83 .039*
variables®

Coefficients

Variables Y/ SE B t Sig.
Decoding .959 341 318 2.815 .006%*
IntraP_Ratio -24.168 9.980 -441 -2.422 .018*
IntraP_Duration 1.723 1.925 .188 .895 373
InterP_Duration -3.955 5.278 -.092 -.749 456
Pitch_SD 4.450 3.267 130 1.362 177
Pitch SF 1.745 1.015 .164 1.718 .089t

Note. Tp <.10; * p <.05; ** p <.01; *** p < .001; df= degree of freedom,;
Pitch_SD=overall intonation contour; Pitch SF=pitch changes at the sentence-final position;
IntraP_ratio=intrasentential pause ratio; IntraP_duration= intrasentential pause duration;

InterP_duration=intersentential pause duration

2 Predictors: (Constant), decoding

b Predictors: (Constant), decoding, IntraP_ratio, IntraP_duration, InterP_duration,
¢Predictors: (Constant), decoding, IntraP_ratio, IntraP_duration, InterP_duration, Pitch SD,

Pitch_SF
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The coefficients of the final model are also displayed in Table 4.9. As
assumed in the HLR model, decoding skills were significant factors with /-
value of .959 (p =.006, .281 < CI < 1.631). In a similar way to the results of the
previous section, IntraP_ratio was significant in predicting reading
comprehension (f=-24.168, p = .018) and its confidence interval was between -
44.018 and -4.318. The other reading prosody factors were not significant
contributors to reading comprehension [IntraP_duration, f = 1.723, p = .373;
InterP_duration, f=-3.955, p = .456; Pitch_SD, = 4.450, p = .177; Pitch_SF,

B=1.745, p = .089].

4.4.2 Reading Prosody as a Mediator to Reading Comprehension

To examine the potential mediating role of the prosodic components (i.e.,
PAUSE and PITCH) in the relationship between decoding skills and reading
comprehension, a mediation analysis was conducted. As discussed in Section
3.4.3, this model was constructed based on the following assumptions: 1) when a
learner becomes proficient in decoding words, it enables them to allocate
cognitive resources toward reading with prosody (Kim et al., 2021a;
Schwanenfluegel et al., 2004; Wolters et al., 2020). ii) reading prosody offers
extra feedback to the leaner about the significant meaning and structure of the
language being read (Frazier et al., 2006; Kuhn et al., 2010). iii) hence, the

learner’s reading skills are enhanced beyond what can be attributed solely to
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their decoding speed.

Baron and Kenny’s (1986) criteria were used to determine if reading
prosody acts as a mediator. According to their framework, the following
conditions must be met: 1) there should be a significant relationship between
decoding skills and reading comprehension, ii) decoding skills should also have
a significant relationship with reading prosody, iii) the reading prosody should
be able to predict reading comprehension even after accounting for decoding
skills, iv) when the prosodic factor is included in the model, the relationship
between decoding skills and reading comprehension should be reduced.

When the mediation analysis was conducted with factor scores of PITCH
as a mediator, the result indicated that PITCH did not meet the criteria, failing in
accounting for reading comprehension beyond decoding skills. Therefore, only
PAUSE was included in the mediation analysis.

Table 4.10 shows that the total effect of decoding skills on reading
comprehension was significant (B = .472). The indirect path from decoding skills
to PAUSE was also significant, with a standardized beta value of -.510.
Additionally, an indirect path from the mediator to reading comprehension was
found, indicating that the mediator still predicted reading comprehension even
after controlling for the effect of decoding skills (B =.157).

Moreover, the standardized beta coefficient of the direct path between

decoding skills and reading comprehension was reduced to .315 when the

128



mediator was entered into the equation. Therefore, the results suggest that the
PAUSE factor partially mediates the relationship between decoding skills and
reading comprehension. Figure 4.16 depicts the mediation of the PAUSE factor

between decoding skills and reading comprehension.
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Table 4.10

Model Summary of the Mediation Analysis

95% CL
Model  Path R? Std.B SE LB UB
Total Decoding-RC (C) 223 AT2HE* 2834 .862 1.989
effect
Indirect Decoding-PAUSE (a) .260 -510%** -.012 -.160 -.759
effect
Indirect PAUSE-RC (b) A5T7HE* 1.370 1307 .8563
effect 203
Direct  Decoding-RC (c) ' 315%%* 3.163 3.236 1.580
effect

Note. p <.01; *** p <.001; LB =Lower Bound; UB = Upper Bound; PAUSE = Factor score for
IntraP_ratio, IntraP_duration, and InterP_duration

[ PAUSE (M) ]

Path b: Indirect effect
Std. Beta=.157

Path a: Indirect effect
Std. Beta=-.510

Comprehension (DV)

[ Decoding (IV) ] uf Reading ]

Path c: Direct effect (controlling for pause)
Std. Beta=.315

Path C: Total effect

Std. Beta = .472

Figure 4.16 The Mediation of PAUSE between Decoding Skills and Reading
Comprehension

130



4.4.3 Predictability of Reading Prosody Beyond Text Reading Efficiency

In order to investigate the potential predictive role of reading prosody,
specifically when analyzed with the TRE measure, a hierarchical linear
regression analysis was conducted. Before running the regression, its assumption
was evaluated. In the analysis of standard residuals of reading comprehension,
all Z-scores were within reasonable limits (Std. Residual Min = -2.677, Std.
Residual Max = 2.902). Tolerance and VIF were within a reasonable limit,
meaning that multicollinearity is not problematic [TRE, Tolerance = 272, VIF =
3.676; Pitch_SD, Tolerance = .826, VIF = 1.210, Pitch_SF, Tolerance = .798,
VIF = 1.253; IntraP_ratio, Tolerance = 201, VIF = 4.984; IntraP_ duration,
Tolerance = .185, VIF = 5.416; InterP_duration, Tolerance = .543, VIF =
1.843]. The Durbin-Watson Value was 2.065, satisfying the independence
assumption. Plotted points distributed along the straight line in the scatter plot
suggested linearity and homoscedasticity.

As shown in Table 4.11, R>-value was 0.313 [F(6,83) = 40.063, p
=.000] when TRE was entered first. However, the addition of pause and pitch
factors did not improve R’ [pause variables, AR’ = .023, F(3,85) = 41.035, p
= .410; pitch variables, AR’ =.017, F(2,83) = 42.136, p = .337], thus indicating
that there was no significant increase in the prediction of reading comprehension.
Similarly, the coefficient table shows that TRE was the only significant predictor

of reading proficiency (£ =.230, p = .007) with a reasonable confidence interval
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(.064 < CI < .396).

Table 4.11

Contributions of Reading Prosody to RC Beyond TRE

Model Summary

Model R R’ Adj.R> SE F AR’ dfl  df? SigF
TRE? .559 313 305 10.894 40.063 .313 1 88 .000***
Pause .579 336 304 10.899 41.035 .023 3 85 410
variables®

Pitch .594 353 306 10.886 42.136 .017 2 83 337
variables®

Coefficients

Variables Y/ SE B t Sig.
TRE .230 .083 466 2.755 .007**
Pitch_ SD -16.094 10.801 -.294 -1.490 .140
Pitch_SF 1.255 1.887 137 .665 .508
IntraP_ratio 4.419 5.175 102 .854 .396
IntraP_duration 2.298 3.313 .067 .694 490
InterP_duration 1.175 1.052 110 1.117 267

Note. * p < .05; ** p <.01; *** p < .001; df= degree of freedom;

TRE =text reading efficiency; Pitch SD= overall intonation contour; Pitch SF= pitch changes at

the sentence-final position; IntraP_ratio= intrasentential pause ratio; IntraP_duration=
intrasentential pause duration; InterP_duration= intersentential pause duration

Predictors: (Constant), TRE
bPredictors: (Constant), TRE, IntraP_ratio, IntraP_duration, InterP_duration,
¢Predictors: (Constant), TRE, IntraP_ratio, IntraP_duration, InterP_duration, Pitch SD, Pitch SF
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The findings appeared to suggest that reading prosody features did not
contribute to the explanation of additional variance in reading comprehension
beyond that was accounted for by TRE. However, previous studies in the L1
setting pointed out that reading prosody and TRE shared substantial variance
(Benjamin & Schwanenflugel, 2010; May, 2014; Miller & Schwanenflugel,
2008). If it holds true in the current study, the role of reading prosody would be
overshadowed by TRE because TRE was given priority in the order of entry.
Therefore, it seemed necessary to examine how much reading prosody and TRE
are overlapped with each other in this study.

Following the approach of prior studies (Benjamin & Schwanenflugel,
2010; May, 2014; Miller & Schwanenflugel, 2008), an additional hierarchical
regression analysis was performed in the current study. This analysis aimed to
examine the relationship between TRE as the DV and reading prosody as IVs.
In this regression, decoding was assigned into the first entry and then pause-
related variables into the second entry, and lastly, two pitch variables were
entered into the third entry. Table 4.12 presents the summary of the analysis of
variance for regression. The R-value was statistically significant at each step.
Especially, it was shown that pause-related and pitch-related variables, namely

reading prosody features together account for 43.8% of TRE.
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Table 4.12

Overlap between Reading Prosody and TRE’

Model R R Adj.R>  SE F AR dfl  df2 SigF
Decoding® .564 319 311 22028 41.138 319 1 88 .000%**

Pause .848 718 .705 14.407 81.376  .400 3 85 .000***
variables?
Pitch 870 756 736 13.561 87.844 .038 2 83 .003**
variables®

Note. ** p < .01; *** p <.001; df= degree of freedom;

2 Predictors: (Constant), decoding

b Predictors: (Constant), decoding, IntraP_ratio, IntraP_duration, InterP_duration,

¢Predictors: (Constant), decoding, IntraP_ratio, IntraP_duration, InterP_duration, Pitch SD,
Pitch_SF

This result indicated that the shared variance between TRE and reading
prosody, particularly in relation to pause variables, would be quite substantial. In
other words, these findings suggested that if TRE is treated as the primary factor
in the hierarchical analysis, the unique variance of reading comprehension
explained by reading prosody would not be captured. Therefore, to obtain a more
in-depth understanding of the role of reading prosody in reading comprehension,

an additional hierarchical regression analysis was conducted with the order of

7 The assumption check was also carried out for this analysis. The analysis of standard
residuals of TRE demonstrated that there are no outliers (Std. Residual Min = -2.14, Std.
Residual Max =2.885). Tolerance and VIF of the other variables were within a reasonable limit,
indicating that multicollinearity is not problematic [Pitch SD, Tolerance = .878, VIF = 1.139;
Pitch_SF, Tolerance = .876, VIF = 1.141; IntraP P_ratio, Tolerance = .262, VIF = 3.818;
IntraP_duration, Tolerance = 213, VIF = 4.685; InterP_duration, Tolerance = .595, VIF =
1.680]. In addition, the assumption of independence was met (Durbin-Watson Value =2.398),
and linearity and homoscedasticity were also detected in the straight-line scatter plot.
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entry reversed, with pause variables entered first, pitch variables entered

subsequently, and TRE last.

Table 4.13

Alternative Model for the Contribution of Reading Prosody to RC

Model R R Adj.R® SE F AR2  dfl 42 SigF
Pause 490 .240 213 11.590 9.044 .240 3 86 .000***
variables®

Pitch 542 294 252 11.305 12.241 .054 2 84 .046*
variables?

TRE® .594 336 304 10.899 20.833 .059 1 83 .007**

Note. * p <.05; ** p <.01; *** p <.001; df= degree of freedom; TRE =text reading efficiency;
Predictors: (Constant), IntraP_ratio, IntraP_duration, InterP_duration

®Predictors: (Constant), IntraP_ratio, IntraP_duration, InterP_duration, Pitch_SD, Pitch_SF
¢Predictors: (Constant), IntraP_ratio, IntraP_duration, InterP_duration, Pitch_SD, Pitch_SF, TRE

The results of the analysis are presented in Table 4.13. The findings
indicated that when pause factors were entered as predictors prior to pitch
variables and TRE, they accounted for a significant amount of the variance in
reading comprehension [R? = . 240, F(3,86) = 9.044, p = .000]. Pitch variables
also played a significant role in accounting for the variance in reading
comprehension, thus increasing the predictability of the regression model. [AR?
=.054, F(2,84) =12.241, p = .046]. Furthermore, the predictability of TRE
remained significant, explaining the unique variance of reading comprehension

[AR?=.059, F(1,83) = 20.833, p = .007]. In summary, reading prosody
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appeared to play a significant predictor of reading comprehension, even when it
was entered into the analysis with TRE in this model.

Despite the significant variance explained by the reading prosody
features, the comparison of the two models of reading comprehension as DV
showed that the former model whereby TRE was entered before reading prosody
has greater predictability of reading comprehension than the latter one. The
findings showed that while the initial HLR model displayed better predictive
accuracy, the results could differ based on how much the TRE and reading
prosody features overlapped.

To encapsulate, in the initial HLR model where TRE was entered earlier
than reading prosody features, TRE and reading prosody variables jointly
accounted for 35.3% of the variance in reading comprehension. In this model,
TRE was the only significant variable of reading comprehension while other
reading prosody features were not. However, considerable overlap between
reading prosody and TRE was detected, and thus the subsequent HLR model,
which prioritized the entry of reading prosody features before TRE was carried
out. The results revealed that when the entry was reversed, both TRE and
reading prosody variables significantly predicted reading comprehension, with a

cumulative predictability of 33.6%.
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4.4.4 Summary of the Results on Predictability of Reading Prosody for
Reading Comprehension

To summarize the main points, this section was devoted to exploring how
reading prosody plays in reading comprehension. Specifically, to what extent
reading prosody can account for reading comprehension, and if it could explain a
significant amount of variance in reading comprehension, how it acts on reading
comprehension were investigated. In addition, it was also investigated whether
reading prosody could account for reading comprehension when it was analyzed
with TRE in the regression.

The results indicated that reading prosody could account for about 13
percent of unique variance in reading comprehension beyond what is explained
by decoding skill. Also, it was revealed that reading prosody acts as a mediator
between decoding skill and reading comprehension, facilitating the reading
comprehension process.

However, it turned out that when reading prosody was entered into the
regression analysis with TRE, reading prosody features were not significant
predictors of reading comprehension. The further regression analyses indicated
that the insignificant variance was due to the substantial overlap between reading
prosody and TRE, masking the effect of reading prosody on reading
comprehension in the regression analysis. Hence, when reading prosody was

entered into the analysis before TRE, it turned out that reading prosody remained
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significant. The results indicated that despite the greater predictive performance
observed in the first HLR model, the outcome may vary depending on the degree
of overlap between TRE and reading prosody features or the developmental

stage of reading proficiency in L2 readers.
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Chapter S. Discussion

In this chapter, the major findings of the research presented in Chapter 4
are discussed. Section 5.1 discusses characteristics of reading prosody features
which are different depending on L2 readers’ word decoding skills and text
reading efficiency. The pertinent discussions about how TRE and reading
prosody constitute ORF in L2 reading are presented in Section 5.2. Lastly, the
contributions of reading prosody features to reading comprehension are

discussed in Section 5.3.

5.1 Different Characteristics of Reading Prosody Features as a
Function of Fluency Skills

The primary objective of the current study was to investigate the
relationship between reading prosody features and fluency skills among L2
readers. The results revealed that there were significant differences in most of
the reading prosody features among the three distinct subgroups of fluency skills,
indicating the crucial role that fluency skills play in the development of reading
prosody in L2 readers.

The study suggests that as L2 readers improve their word and text
reading abilities, their reading proficiency evolves towards greater fluency. This
is characterized by a reduction in the frequency and duration of pauses, coupled

with an improved capacity to employ appropriate phrasing, manifesting as
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pauses at syntactic junctures and diminished pauses between successive
sentences. In addition, skilled L2 readers demonstrate their competence by
ending declarative sentences with a recognizable falling pitch. On the other
hand, less proficient L2 readers with lower decoding and text-reading skills
exhibit hesitant and uneven reading, marked by long and sporadic pauses within
a sentence and a word, failing to chunk groups of words into meaningful units
based on syntactic structures, resulting in lengthy pauses between sentences, and
flat pitch changes at the end of sentences.

The overall characteristics of prosodic reading identified in this study
among L2 readers are consistent with those found in previous L1 research
(Benjamin & Schwanenflugel, 2010; May, 2014; Miller & Schwanenflugel,
2006, 2008; Schwanenflugel et al., 2004). For instance, Miller and
Schwanenflugel (2006) examined individual differences in prosodic qualities
among L1 third-graders reading declarative sentences, and found that students
who demonstrated quick and accurate oral reading tended to make brief pauses
both within a sentence and between sentences. These students also demonstrated
a more substantial pitch drop at the end of declarative sentences.

Specifically, the current study revealed significant differences in pause
ratio and duration across the three reading fluency groups, as indicated by the
effect size of the pause ratio in distinguishing groups with different decoding

skills. The pause ratio effect size was substantial, explaining over 40% of the
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total variance, indicating a strong association between fluency skills and pause
ratio. This finding aligns with previous research conducted on L1 reading
prosody, which also supports the importance of pause ratio in reading fluency
(Arcand et al., 2014; Benjamin & Schwanenflugel, 2010; Benjamin et al., 2013;
Binder et al., 2013; Kim et al., 2021a; Miller & Schwanenflugel, 2006, 2008;
Schwanenflugel et al., 2015; Alvarez-Caiiizo et al., 2018; Alvarez-Caiiizo et al.,
2020). In a series of studies conducted on L1 reading prosody and its relationship
with other reading skills, Miller and Schwanenflugel (2006, 2008) found that
frequent and longer pauses can be attributed, in part, to a lack of decoding skills.
This means that readers with slow and inaccurate oral reading skills may not
have developed automatic word recognition skills and may need to rely on
phonological rules to read words, resulting in pauses and longer reading times. In
fact, a similar phenomenon was observed in the current study. The participants
with lower or intermediate fluency skills tended to struggle with the
pronunciation of certain words, resulting in wavering or prolonged pauses,
particularly before multisyllabic or low-frequency words (e.g., appearances,
feathers, frightened, opposite, toddling, and paddling).

Another potential explanation for the observed relationship between
pause patterns and reading skills is the individual differences in syntactic parsing
efficiency. Previous studies have suggested concurrent relationships between

reading prosody, particularly pause patterns, and syntactic structures (Cooper &
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Paccia-Cooper, 1980; Ferreira, 1993; Goldman-Eisler, 1972; Koriat et al., 2002;
Levelt, 1989). Moreover, previous findings on variant pause patterns based on
pause types and reading skills (Arcand et al., 2014; Binder et al., 2013; Alvarez-
Caiizo et al., 2015, 2018) suggested that fluent readers with efficient parsing
skills tend to pause primarily at the phrase or clause boundaries, resulting in
fewer and shorter pauses. In contrast, less fluent readers may struggle to process
syntactic structures automatically, leading them to pause more frequently and
randomly throughout the sentence, irrespective of the grammatical structure. The
findings of the current study on the pattern of UGP_ratio seem to lend support to
these previous findings. Significant distinctions in the frequency of
ungrammatical pauses were observed among the three proficiency groups, with a
notable decrease corresponding to higher levels of reading proficiency.

Therefore, based on the aforementioned findings from prior research, it
can be inferred that the pause patterns observed in the oral reading of Korean L2
high school students could potentially be attributed to their proficiency in
syntactic parsing or decoding abilities.

The current finding that more fluent readers exhibited more drastic pitch
declinations at the end of sentences is consistent with previous research on L1
readers. (Benjamin & Schwanenflugel, 2010; Benjamin et al., 2013; Kim et al.,
2021a; Miller & Schwanenflugel, 2006, 2008; Schwanenflugel et al., 2015;

Alvarez-Caiiizo et al., 2015). However, unlike previous studies, the results of the
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current study showed that only the pitch drops of the higher fluency group were
noticeably different from other groups, suggesting that attaining a certain level of
good fluency skills is required to show distinctive pitch drops at the sentence-
final position.

This result can be interpreted based on earlier theories and research on
prosody, which suggest that pitch conveys cognitive and paralinguistic
information to listeners. (Benjamin & Schwanenflugel, 2010; Cowie et al., 2002;
Gussenhoven, 2004; Himmelmann & Ladd, 2008; Ladd, 1984; Miller &
Schwanenflugel, 2006). For example, it has been found that initial pitch rise and
final declination in declarative sentences represent the reader’s advanced
planning and comprehension of the text (Gussenhoven, 2004; Tan et al., 2006).
This finding, also, aligns with another research demonstrating that pitch rises are
typically employed to convey uncertainty in yes-no questions, and the reverse
pattern in reading declarative sentences indicates certainty (Miller &
Schwanenflugel, 2006; Tan et al., 2006). Accordingly, the finding of the current
study that higher fluency readers exhibited a more pronounced pitch declination
at the end of a sentence may show that they had a greater level of certainty in
their comprehension of the text, insinuating their higher reading comprehension
ability.

An alternative perspective can be derived from the framework of the

automaticity theory (LaBerge & Samuels, 1974) and verbal efficiency theory
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(Perfetti, 1988). According to the theories, efficient word reading skills are a
prerequisite for successful reading comprehension. It follows that readers with
lower fluency skills may not attain sufficient efficiency in word reading, which
could impede their ability to comprehend the text. This potential source of
reading difficulties may have contributed to the relatively flat pitch differences
observed at the end of sentences in readers with lower or intermediate fluency
skills, and could explain why discernable differences between these groups were
not found.

While it may be plausible to tentatively interpret these results as
suggesting that reading comprehension affects or determines the characteristics
of reading prosody, caution must be exercised given that there is insufficient
evidence for the directionality of the relationship between reading prosody and
reading comprehension.

Lastly, the overall intonation contour of L2 readers in this study was not
significantly different depending on their fluency skills. This finding is
contradictory to several L1 studies which reported that overall intonation pattern
is indicative of the different degrees of reading skill (Benjamin et al., 2013;
Miller & Schwanenflugel, 2006, 2008; Schwanenflugel et al., 2004). This
inconsistency may be attributed to the effect of the L1 language (i.e., Korean) on
English intonation. The research on Korean EFL students’ speaking prosody has

reported that Korean English learners tend to have relatively monotonous and
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narrow intonation contour compared to English native speakers (Kang &
Johnson, 2018; Kang & Rhee, 2011; Park & Rhee, 2018; Rhee et al., 2003).
Unlike other suprasegmental features, the indices for intonational changes such
as Fo range or slope have failed to discern L2 speaking proficiency (Kang, 2015;
Kang & Ahn, 2012) and ORF (Park & Rhee, 2018). The findings of the current
research mirror those of these previous L2 research in that the overall intonation
variation was insensitive to the L2 readers’ decoding skills and reading fluency.

Moreover, upon analyzing the mean Pitch SD values of three distinct
groups, it was found that the original hypothesis regarding the overall intonation
contour of L2 readers was not supported. Specifically, a smaller mean Pitch SD
was observed in more proficient readers, contrary to expectations [Pitch SD,
M;=1.733; My=1.669]. Although the differences among the groups were not
statistically significant, this outcome may be attributed to the phenomenon
whereby skilled readers tend to read text more smoothly and with greater
emphasis on higher-level processes, while making less conscious effort to stress
each word appropriately. In contrast, slow and dysfluent readers tend to read in a
word-by-word manner, consciously stressing words and thus compromising
higher-level processes. As a result, some lower-level students may produce
similar or even more fluctuating intonational contours in their reading that
higher-level students did.

Taken together, these findings seem to suggest that intonation contour
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can hardly be an appropriate index for reading fluency or reading comprehension
for L2 readers. However, a note of caution is necessary since intonation was not
analyzed at the word or phrase level in this study. More in-depth observation of
this prosodic factor or different approaches to measuring the data may be needed
to figure out the role of intonation or the relation with other reading skills.

To summarize this section, the findings of the study indicate that the
pause-related features were more susceptible to the impact of decoding skills and
reading fluency skill compared to pitch-related features. Specifically, readers
who exhibit higher levels of fluency tend to exhibit shorter and less frequent
pauses, while readers who display lower fluency tend to exhibit longer and more
frequent pauses. On the other hand, the differences in pitch-related features
between higher and lower fluency readers were found to be less significant,
potentially due to their varying levels of fluency or the influence of their native
language on English intonation, highlighting the need for more in-depth
observation of intonation at the word or phrase level.

Furthermore, these findings highlight the role of decoding skills in
reading efficiency and more importantly prosodic reading for L2 reading. The
prominent role of decoding skills in reading acquisition has been widely
acknowledged in theoretical models and empirical studies (e.g., Hoover &
Gough, 1990; Kim, 2020a, 2020b). The current study extends this notion to L2

reading by demonstrating its impact on the prosodic aspects of reading aloud.
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5.2 Oral Reading Fluency as a Unitary Construct

The present study aimed to ascertain the extent to which the definition of
OREF as formulated in L1 literature may be applicable to the L2 ORF.
Specifically, the study explored the possibility of a unitary-construct model for
OREF in L2 reading, by examining the relationship between text reading
efficiency and prosodic variables. Alternatively, the study sought to determine
whether ORF could be more accurately represented as two distinct, independent
constructs.

The findings of the present study indicate that L2 ORF is a cohesive
construct comprising both TRE and prosodic reading features even though only
pause-related variables were reliable indicators for ORF among the assessed
prosodic features. It suggests that ORF is a unitary construct with widely agreed-
upon aspects such as accuracy, rate, and reading prosody in L2 reading as well as
L1 reading.

This finding of the present study extends the findings of a prior study that
investigated L1 readers’ ORF structure. The study conducted by Kim et al.
(2021b) showed that ORF is composed of three factors: a general ORF factor,
three local factors (i.e., Prosody: Ratings and Pause, Prosody: Pitch, and Text
Reading Efficiency), and two specific factors (i.e., Ratings and Pause). Although
the model formulated in this previous study is much more complex, and even far

from parsimonious, a fundamental similarity shared by this study is that among
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the three kinds of factors, the general ORF factor was found to be the most
dependable in capturing the common ability of the observed variables of TRE
and prosodic features.

A primary divergence between the present investigation and the prior
study pertained to the consideration of pitch-related factors as meaningful
indicators of ORF. This difference may be due to the fact that pitch-related
variables, such as overall intonation contour and sentence-final pitch changes,
may be affected by the Korean EFL reader’s L1. Unlike pause features, which
are more universal across languages (Binder et al., 2013; Fernandes et al., 2018;
Miller & Schwanenflugel, 2006; Alvarez-Caiiizo et al., 201 8), pitch factors may
vary depending on the language being read as explained in the previous section.

To sum up, the findings of this study demonstrate that in L2 reading as
well as L1 reading, ORF is a unitary construct that encompasses various sub-
skills in and of itself. Also, the variability of the relationship between reading
prosody features and text reading efficiency further underscores the need to
consider multiple dimensions of reading prosody when assessing overall reading
fluency. These findings resonate with Wolf & Katzir-Cohen’s (2001) statement
that “the unsettling conclusion is that reading fluency involves every process and
subskill involved in reading (p.220).” Both the current study and Wolf & Katzir-
Cohen’s statement suggest that achieving reading fluency requires proficiency in

various areas, including decoding skills and prosodic reading skills, and that all
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these skills are interconnected and influence each other. Therefore, it is
paramount to consider the broader context of reading fluency and the need to
develop a comprehensive understanding of the various factors that contribute to

it.

5.3 Roles of Reading Prosody in Reading Comprehension

The third research question addressed to what extent reading prosody
could account for reading comprehension, and the analyses were carried out
threefold to discuss the relationship with reading comprehension under the
following three themes: 1) the extent to which reading prosody accounts for
unique variances in reading comprehension beyond decoding skills, ii) whether
reading prosody serves as a mediator between reading comprehension and
decoding skills, and iii) whether reading prosody contributes additional variances
to reading comprehension even when text reading efficiency was considered.

The present study revealed that a combination of reading prosody and
decoding skills accounted for 35.5% of the variance in reading comprehension.
Specifically, pause-related variables explained an additional 8% of the variance,
while pitch variables accounted for 5.2%. These findings are consistent with
previous research (Benjamin & Schwanenflugel, 2010; Binder et al., 2013; Lai et
al., 2014; May, 2014) which has consistently suggested a strong relationship

between prosodic reading and reading comprehension. For instance, Benjamin
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and Schwanenflugel (2010) identified a significant relationship between prosodic
reading and reading comprehension, accounting for 5.5% of the unique variance
in reading comprehension. Similarly, Binder et al. (2013) found that better
prosodic reading skills corresponded with higher reading comprehension scores,
with prosody measures explaining an additional 13.3% of the variance in reading
comprehension. Additionally, Lai et al. (2014) discovered that children with
dyslexia commonly lacked prosodic reading skills, and that improvements in
these skills were linked to improved reading comprehension abilities.

This finding of the current study seems to suggest that prosodic reading
skills play a crucial role in reading comprehension. This perspective was
informed by prior research suggesting that prosodic reading could offer crucial
syntactic and semantic cues to the reader, potentially improving their
comprehension (Frazier et al., 2006; Kuhn et al., 2010; Kuhn & Stahl, 2003).
The results of the mediation effect of reading prosody in the present study
provide more support for the role of reading prosody between reading
comprehension and decoding skills.

The mediation model includes a direct path from decoding skills to
reading comprehension. Additionally, the influence of word decoding skills on
prosodic reading is acknowledged by incorporating paths between decoding
skills and the prosodic factors (i.e., PAUSE). The results of the mediation

analysis revealed that reading prosody plays a partial mediating role in the
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relationship between decoding and reading comprehension.

These findings seem to lend support to the notion that fluent word
decoding skills are crucial for freeing up attentional resources that can then be
used for prosodic reading (LaBerge & Samuels, 1974). This, in turn, allows
prosody to independently contribute to better reading comprehension by
providing important linguistic feedback to the L2 readers. However, only pause
variables demonstrated a significant indirect relationship with reading
comprehension. These findings seem to suggest that the idea of prosody as an
additional scaffold for reading comprehension has limited support in L2 reading.
Meanwhile, it should be noted that previous studies also have found that only
pitch-related variables such as overall intonation contour and sentence-final pitch
changes were significant predictors of reading comprehension.

For this phenomenon in which different prosodic variables are more
related to reading comprehension in L1 and L2, previous studies shed light on its
interpretation. Wolters et al. (2020) hypothesized that the relationship between
reading prosody and reading comprehension may vary depending on the specific
prosodic features being examined. In fact, empirical studies have shown that
prosodic features that primarily reflect decoding skills, such as inappropriate or
ungrammatical pauses, are expected to have a stronger association with reading
comprehension in the early stages of reading development, while this

relationship is likely to attenuate as reading skills become more advanced

151



(Fernandes et al., 2018; Kim et al., 2021b). Conversely, prosodic features that
predominantly reflect semantic processing, such as child-adult pitch match or
sentence-final declination, are predicted to have a weaker association with
reading comprehension in the early stages of reading development but become
more closely linked to reading comprehension as reading skills mature (Binder et
al., 2013; Kim et al., 2021a; Miller & Schwanenflugel, 2008; Schwanenflugel et
al., 2004). Especially, the study by Kim et al. (2021b) offers insight into how the
relationship between prosodic reading and reading comprehension develops over
time. The results showed that there was a steady increase in the relationship
between the pitch factor and reading comprehension over a period of three years
(from the beginning of Grade 1 to the end of Grade 3). This finding suggests that
the relationship between prosodic reading and reading comprehension may
change as children’s decoding skills develop, allowing for more cognitive
resources to be devoted to semantic processing (LaBerge & Samuels, 1974). As
a result, the relationship between pitch-related prosodic features and reading
comprehension may become stronger over time.

Viewed through this scholarly lens, the outcomes of the current
investigation propose that the subjects, comprising Korean high school students
in the 12th grade, did not manifest an adequate level of decoding fluency,
thereby limiting the capacity to allocate cognitive resources to the domain of

pitch-related dimensions within the realm of reading comprehension. It is posited
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that an augmentation in their “verbal efficiency” (Perfetti, 1985) or the
attainment of a state of “automaticity in word recognition” (LaBerge & Samuels,
1974) could potentially facilitate the exertion of pitch-related factors on the
landscape of their L2 reading comprehension.

Alternatively, as discussed in section 5.1, it is possible that the influence
of their L1 may have contributed to overall monotonous intonation, thereby
rendering pitch variables insignificant in the present study. However, it is
important to exercise caution when interpreting these results, given the limited
scope of the study, which only involved 3rd-grade high school students. Further
investigation is warranted to gain a more comprehensive understanding of the
nature and significance of pitch variables in L2 reading.

Lastly, the present investigation sought to assess the independent
contribution of reading prosody to reading comprehension after controlling for
TRE. The analyses were carried out in two ways, whereby TRE and reading
prosody were entered in different orders.

When TRE was entered before reading prosody, it was found that reading
prosody did not significantly predict reading comprehension. This result was
derived from the substantial overlap between reading prosody and TRE, which in
turn may have masked the unique contribution of reading prosody to reading
comprehension in the initial analysis. Therefore, when they were entered into the

analysis in the reversed order, the findings revealed that the reading prosody
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variables, including both pauses and pitches, were statistically significant
predictors of reading comprehension. In this analysis, TRE still remained
significant even beyond the variance that was accounted for by reading prosody.

Although reading prosody remains significant in predicting reading
comprehension in the latter model, the comparison of predictability of the two
regression models indicated that the former model where TRE was entered in the
first block accounted for a greater variance in reading comprehension. These
findings may be construed as suggesting that, when evaluating the ORF of
Korean EFL high school students, assessing only the TRE component without
taking into account reading prosody could yield sufficient information regarding
their reading abilities. However, the cautious interpretation of this finding is
imperative, given the observed discernible developmental trend of TRE and its
evolving correlations with reading comprehension.

Regarding the developmental trajectory of TRE, Fuchs et al. (2001) have
noted that TRE improves during the elementary grades but the rate of
improvement decreases over time. Previous literature, such as the works of
Hasbrouck and Tindal (2006, 2017), provides evidence supporting this pattern of
growth. This developmental trend is also evident in the correlation between
reading comprehension and TRE. It has been shown that the correlation between
TRE and reading comprehension diminishes as students progress to higher

grades (Denton et al., 2011; Schwanenflugel & Knapp, 2015). Additionally,
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longitudinal studies examining the predictors of reading comprehension have
indicated that, for students in higher grades, semantic skills (Vellutino et al.,
2007) or language comprehension (Catts et al., 2005) have a stronger influence
on reading comprehension compared to TRE.

Based on the existing literature in L1, it is plausible to infer that Korean
EFL high school students may not have attained a sufficient level of reading
proficiency. Consequently, this could result in a strong relation between TRE
and reading comprehension, potentially overshadowing the influence of reading
prosody in the regression analysis. Conversely, if they exceed the minimum or a
specified threshold of WCPM suggested by Paris and Hamilton (2009), the effect
of reading prosody on reading comprehension may be borne out.

Therefore, although these findings revealed that measuring TRE alone
could be a sufficient “proxy” of reading comprehension for L2 readers, caution
is needed in interpretation. The role of reading prosody may vary depending on
the developmental stage of reading prosody features in L2 readers or the degree

of overlap between TRE and reading prosody features.
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Chapter 6. Conclusion

The present dissertation aimed to investigate the various roles of reading
prosody in relation to other reading skills, such as decoding skills, text reading
efficiency, and reading comprehension, among Korean EFL high school
students. This chapter presents the key findings of the study and discusses their
pedagogical implications, as well as limitations and recommendations for further

research.

6.1 Major Findings

The present research aimed to investigate the significance of reading
prosodic features in L2 reading. The study has three main objectives: firstly, to
identify distinct characteristics of different reading prosody features that vary
according to the level of L2 fluency skills; secondly, to test the hypothesis
regarding the definition of ORF, which comprises both reading prosody and text
reading efficiency (i.e., reading rate and accuracy); and thirdly, to explore the
extent to which reading prosody contributes to L2 reading comprehension. To
accomplish these objectives, the study employs spectrographic analysis as the
methodological approach to identify and extract various reading prosody
features. The following sections provide a summary of the major findings of the
study.

The findings of this study suggest a close relationship between the
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reading prosody characteristics of L2 readers and their level of L2 fluency skill.
Specifically, the study revealed that various pause features, such as pause ratio,
ungrammatical pause ratio, and duration of intrasentential pauses, demonstrated
a decreasing trend as the reading proficiency of L2 readers improved.

Furthermore, significant variations in pitch changes at the sentence-final
position and pause duration across sentences appeared only evident among
higher fluency groups, indicating that these changes primarily manifest among
L2 readers who have attained a sufficient level of fluency skills. On the other
hand, the overall intonation contour (i.e., Pitch_SD) did not exhibit any
significant differences based on fluency level, suggesting that while word and
text reading skills may be fluent, the overall pitch pattern may remain similar
among these various proficient groups of Korean EFL high school students.

With respect to the interplay between the constructs of ORF, which
encompasses text reading efficiency and reading prosody, the study revealed that
OREF in L2 is a unified construct comprising underlying sub-skills. This result
suggests that ORF is a construct that shares commonly agreed-upon aspects such
as accuracy, rate, and reading prosody in both L1 and L2 reading.

Finally, the current study demonstrated that reading prosody accounts for
a significant proportion of the variance in reading comprehension, even after
controlling for decoding skills. Through mediation analysis, it was also found

that reading prosody acted as a partial mediator between decoding and reading
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comprehension. These findings provide evidence that prosodic reading skills
play a critical role in reading comprehension, specifically by facilitating
comprehension.

However, another finding revealed that the inclusion of reading prosody
as a predictor in the hierarchical linear regression did not account for a
significant amount of variance in reading comprehension when combined with
TRE. The absence of statistical significance was attributed to the substantial
convergence between TRE and the dimensions of reading prosody. As a result, a
subsequent hierarchical linear regression analysis was undertaken, in which both
constituent elements of reading prosody and TRE retained their notable

significance.

6.2 Pedagogical Implications

The results of the thesis have significant implications for L2 reading
instruction. The assessment of reading prosody is increasingly recognized by
reading researchers as an essential component of reading fluency assessment
(Dowhower, 1991; Fuchs et al., 2001; Hudson et al., 2005; Hudson et al., 2008;
Kuhn et al., 2010). However, the question remains regarding how the assessment
of reading prosody can be incorporated into reading fluency practices. In this
regard, the study’s findings on the spectrographic evidence of reading prosody

features have significant pedagogical implications.
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The research could contribute to the development of valid ORF
assessment tools based on the observation of reading prosody. The
Comprehensive Oral Reading Fluency Scale (CORF), developed in the L1
context, is an example of such a tool (Benjamin, 2012; Benjamin et al., 2013).
This scale includes items such as “varies tone and pitch to reflect emotions in the
text” and “uses pauses and changes in loudness to convey meaning,” which were
identified using spectrographic analysis. Also, the validation process of the
spectrographically grounded scale demonstrated high inter-rater reliability and
internal consistency, indicating its potential to be used as a valid and reliable tool
for evaluating oral reading prosody. Incorporating reading prosody assessment
would require an additional two minutes per reading, but this investment could
lead to more accurate assessments of students’ reading fluency and
comprehension. Therefore, the significance of this study lies in its potential to
provide an objective measurement of L2 students’ oral reading prosody and
contribute to the development of valid ORF assessment tools in educational
settings.

The use of ORF reading scales based on reading prosody can provide
practical and reliable diagnostic information that can help identify the word
callers or gap fillers among L2 readers (Quirk & Beem, 2012). A child who
reads with good automaticity but without appropriate expression linked to the

text message may be considered a word caller, indicating a discrepancy between
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their decoding ability and comprehension of the text. This type of reading
behavior can be problematic as it can impede a child’s reading comprehension
and hinder their overall literacy development. However, by observing and using
reading prosody, it is possible to provide appropriate intervention and support to
these struggling readers. Accurate assessment of reading prosody can help
teachers identify areas where students need additional instruction and support
and can inform the development of targeted interventions aimed at improving
reading comprehension and fluency. In this way, the use of reading prosody
assessment can play a critical role in helping L2 readers achieve academic
success.

Additionally, in light of the study’s finding on the crucial role of reading
prosody in reading comprehension, it is recommended that reading instruction
should prioritize the development of students’ reading prosody. A promising
intervention for improving reading prosody is repeated reading, which involves
multiple readings of the same passage until a satisfactory level of fluency is
achieved. Several studies have demonstrated the efficacy of repeated reading in
enhancing reading rate, word recognition, and reading prosody. For instance,
studies conducted by Dowhower (1987), Ryu (2020), and Therrien (2004) have
reported significant improvements in appropriate intonation patterns and a
reduction in inappropriate pauses among readers who engaged in repeated

reading. Specifically, Dowhower (1987) noted a decrease in pitch at the end of
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declarative sentences, highlighting the potential benefits of repeated reading in
developing appropriate reading prosody. In addition to repeated reading, there
are other instructional approaches that could be effective in enhancing reading
prosody. For instance, Rasinski (2006) recommends that teachers model good
prosodic reading when reading aloud to students and provide them with ample
opportunities to practice reading with expression. Teachers can also guide
students to pay attention to punctuation, phrasing, and tone while reading aloud,
and provide feedback and praise for expressive reading.

Lastly, in the realm of reading models, such as the DIER model (Kim,
2020a, 2020b) or the multidimensional view of ORF (Hudson et al., 2008), ORF
is recognized as a valid and comprehensive construct that encompasses the
entirety of the reading process (Wolf & Katzir-Cohen, 2001). It serves not only
as a means to assess students’ reading progress but also as a fundamental aspect
of the act of reading itself. Notably, the present findings indicate that Korean
EFL high school students at the tertiary level of secondary education
demonstrate the ability to read materials at the 4th to 6th-grade level at an
approximate rate of 105 WCPM. This reading rate aligns with the 25th percentile
of 5th-grade students’ ORF, as determined by the L1 ORF norms (Hasbrouck &
Tindal, 2017). In other words, these Korean students have not yet attained a
mature stage of reading development. It is evident that these Korean students are

still in need of further development in their reading skills to reach a more

161



advanced stage of reading competence. Additional support and targeted
instruction in areas such as decoding practice and enhancing ORF are essential to
foster their reading growth and promote their progression toward a mature stage
of reading proficiency. Therefore, in the context of L2 reading, educational
practices aimed at fostering ORF and developing proficient reading prosody
assume critical significance.

Taken together, the findings of the thesis have important pedagogical
implications for reading instruction. The use of ORF reading scales based on
reading prosody can provide practical and reliable diagnostic information, and
repeated reading is a promising intervention for improving reading fluency and
prosody. By implementing these strategies, teachers can help students become

more expressive readers and improve their comprehension.

6.3 Limitations and Suggestions for Future Research

Despite the contribution of the current thesis, it is not without limitations.
The results of this study consistently indicate that overall pitch contour is not an
indicator of reading comprehension and text reading fluency. As described in the
methodology section, the variability of pitch contour proved to be valid in the
previous studies (Benjamin et al., 2013; Cowie et al., 2002). However, this
variable may not capture the differences in L2 readers’ pitch variation because

some slow readers could read a text in a word-by-word manner by putting stress
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on every word they encounter, while fluent readers can read a text fast without
much variability of pitch pattern. Alternatively, another approach that could have
been taken to further investigate the impact of pitch contour on L2 readers would
be to compare more proficient L2 speakers’ or native speakers’ overall
intonation contours with L2 readers’ intonation (Miller & Schwanenflugel,
2006). This would provide a useful comparison and allow for a more nuanced
understanding of L2 readers’ pitch contour.

Also, given the uncertainties exist due to a lack of L2 research on reading
prosody, it is also recommended that multiple pitch indicators (e.g., pitch range
or pitch slope) be employed to ensure the safety and reliability of the results
when examining the relationship between pitch and reading ability. Examining
and including a variety of variables could provide more reliable information
about L2 readers’ pitch changes and their impact on reading ability. Therefore,
future studies should consider incorporating additional variables to provide a
more comprehensive understanding of the factors that impact reading abilities.

In the present study, the hierarchical regression analysis was used to
examine the causal effect of reading prosody on text reading efficiency or
reading comprehension. While regression analysis is a powerful statistical
technique, it has some limitations when it comes to modeling complex
relationships between multiple variables. In this regard, the use of more

advanced statistical models, such as structural equation modeling (SEM), could
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be beneficial in future research. SEM allows for the estimation of multiple
regression equations simultaneously and provides information about the direct
and indirect effects of each variable on the outcome of interest. This can help to
reveal more complex relationships between variables and provide a more
comprehensive understanding of the factors that influence reading
comprehension.

Another limitation of this study is that more extensive observations and
in-depth investigation of each reading prosody feature were needed. Given the
paucity of research on reading prosody in L2 reading studies, such research is
crucial. However, this study could not accomplish this as a statistical model was
required to investigate the relationship between reading prosody and other
reading ability variables while ensuring the adequate proportionality of
dependent and independent variables. Therefore, it is recommended that future
research scrutinize more various aspects of pitch, including pitch differences
based on the position in the sentence or sentence type (e.g., interrogative,
declarative, and exclamatory), and the roles of various pauses based on sentence
type, position, and learner reading ability, akin to the studies by Alvarez-Caiiizo
et al. (2018, 2020). Although this study centered on the relationship between
reading prosody and other reading ability (e.g., TRE or reading comprehension)
while compromising a more detailed analysis of prosody, forthcoming research

should explore the characteristics of each reading prosody component.
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Furthermore, future research could also explore the relationship between
reading prosody and other factors that may influence reading comprehension,
such as vocabulary knowledge, background knowledge, and working memory.
Understanding the complex interplay between these different factors could
provide valuable insights into the mechanisms underlying the reading process in
L2.

Also, although current research focused on the reading prosody of
Korean EFL high school students, expanding the study to include lower levels of
graders could be useful in understanding how reading prosody and
comprehension skills develop over time. It would allow for a comparison of the
progression of these skills across different levels of experience and the
identification of any patterns or trends that may emerge. Additionally, a
longitudinal design would make it possible to track the same group of students
over an extended period of time, providing a more complete picture of their

reading prosody development.
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Appendices

Appendix A: Consent Form

IRB No. 2204/003-015 F2II12E 20235042 21
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Appendix B
Reading Material A Modified from May (2014)

John and Mary sat on the edge of the pool and watched. The koala swam

and headed for the opposite side of the pool across from Marv and John.

The koala tried to pull himself out, but the tiles were too slippery.
“He can’t get out,” John said. “We’ve got to help him.”
Mary kicked off her sandals and stepped quietly into the pool.

By the time Mary reached the frightened animal, the koala was

paddling to the metal ladder. Mary put her arms under the koala and gave him

a lift. John helped to lift the animal onto solid ground. The koala gave one

shake, spraying John with water., before toddling across the lawn and up the

nearest tree.
“We’ve never had a koala in the pool before,” Mary said, “but koalas
love to swim. My teacher said that backyard pools are a big cause of accidents to

koalas in Australia.”
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Reading Material B Modified from May (2014)

A long time ago, during the time when the world was new. animals

across the earth were busy developing their natures and appearances. The

birds of the world were especially active at this time.

Each bird was learning the songs that would be its own and that

would identify that particular bird to the other animals. They were also

trying on feathers that would mark each type of bird as distinct and beautiful.

One bird, Pi-coo, was having an especially difficult time. She could not

make up her mind about which feathers she should wear. The more she tried

on, the more confused she became. Soon, almost all of the feathers were spoken
for, and she was left with almost nothing to cover her naked body. Because she
had no feathers, she was very ashamed and refused to come out of her nest.

The other birds felt sorry for her. They gathered together and talked

about a way they could help Pi-coo.

184



Appendix C

Parameter Estimate Coefficients of Two-Dissociable-Constructs Model of

ORF
Variables B S.E. Est./S.E. p
Factor Loading
ORF TRE -.785 .048 -16.479 .000*#*
IntraP_ratio .872 .038 22.685 .000*#*
IntraP_duration .996 .033 30.088 .000***
InterP_duration .625 .068 9.251 .000*#*
PITCH Pitch SD 2.605 0.194 13.432 .000*#*
Pitch SF .086 .038 2273 .023*
Correlation
PITCH with ORF .083 .039 2.101 .036*
TRE with IntraP_ratio  -.325 133 -2.437 .015%
TRE with Pitch_SF 268 .092 2.931 .003**
Residual Variance
TRE 383 .075 5.120 .000***
Pitch SD -5.788 999 999 999
Pitch SF .993 .006 152.835 .000***
IntraP_ratio .239 .067 3.563 .000***
IntraP_duration .009 .066 133 .894
InterP_duration .610 .084 7.220 .000%**
Model Fit Indices
x2 df RMSEA CFI TLI SRMR
20.756** 7 .148 .953 .900 .086

Note. *p <.05, **p < .01; ***p <.001; TRE=text reading efficiency; Pitch_SD=overall
intonation contour; Pitch SF=pitch changes at the sentence-final position;

IntraP_ratio=intrasentential pause ratio; UGP_ratio=ungrammatical pause ratio; IntraP_duration=
intrasentential pause duration; InterP_duration=intersentential pause duration; RMSEA = root
mean square error of approximation; CFI = comparative fit index; TLI = Tucker-Lewis index;
SRMR = standardized root mean square residual
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Graphic Ilustration of CFA Results of Two-Dissociable-Constructs Model of

ORF
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