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ABSTRACT

Lin, Mengxi PhD, Purdue University, December 2015. The Relationship between
Acoustic Features of Second Language Speech and Listener Evaluation of Speech
Quality. Major Professor: Alexander L. Francis.

Second language (L2) speech is typically less fluent than native speech, and dif-
fers from it phonetically. While the speech of some L2 English speakers seems to be
easily understood by native listeners despite the presence of a foreign accent, other
L2 speech seems to be more demanding, such that listeners must expend considerable
effort in order to understand it. One reason for this increased difficulty may simply
be the speaker’s pronunciation accuracy or phonetic intelligibility. If a L2 speakers
pronunciations of English sounds differ sufficiently from the sounds that native lis-
teners expect, these differences may force native listeners to work much harder to
understand the divergent speech patterns. However, L2 speakers also tend to differ
from native speakers in terms of fluency the degree to which a speaker is able to pro-
duce appropriately structured phrases without unnecessary pauses, self-corrections or
restarts. Previous studies have shown that measures of fluency are strongly predictive
of listeners’ subjective ratings of the acceptability of L2 speech: Less fluent speech is
consistently considered less acceptable (Ginther, Dimova, & Yang, 2010). However,
since less fluent speakers tend also to have less accurate pronunciations, it is unclear
whether or how these factors might interact to influence the amount of effort listeners
exert to understand L2 speech, nor is it clear how listening effort might relate to per-
ceived quality or acceptability of speech. In this dissertation, two experiments were
designed to investigate these questions.

The first experiment was designed to explore the acoustic features that have the

greatest impact on listeners’ evaluations of L2 speech quality. The speech of twenty
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L2 speakers of English varying in proficiency (high and intermediate) and native lan-
guage (Chinese and Korean) was evaluated by native listeners of American English.
Subjective measures (listening effort, acceptability and intelligibility) were compared
to the objective measure of word intelligibility, and to acoustic measures of fluency
and pronunciation. Results showed that listening effort, acceptability and subjec-
tive intelligibility were highly related to one another and to word intelligibility, and
were most strongly predicted by a set of fluency measures, including speech time ra-
tio, speech rate, mean syllables per run, silent pause number, and silent pause time.
Segmental and suprasegmental acoustic-phonetic properties did not predict subjec-
tive speech quality. These results suggested that fluency may effectively differentiate
proficiency levels among relatively advanced L2 learners.

The second experiment was designed to further address the question of whether
increasing fluency may reduce listening effort and improve the perceived intelligibil-
ity and acceptability of L2 speech when phonetic pronunciation remains constant.
To this end, the fluency of the intermediate-proficiency L2 English speech samples
used in the first experiment was increased by removing all non-juncture silent and
filled pauses. The original and manipulated speech samples, as well as the high-
proficiency L2 English speech samples, were evaluated by native American English
listeners in terms of listening effort, intelligibility, and acceptability. Each listener’s
working memory capacity was also measured. Results show that the manipulated
speech received significantly higher ratings on all three measures compared to the
original intermediate-proficiency speech, and was rated as similarly intelligible and
acceptable as the high-proficiency speech samples. It was also demonstrated that
listeners of relatively higher working memory capacity expended significantly less ef-
fort for processing all speech types and perceived them to be more intelligible than
did listeners with lower working memory capacity. These results suggest substantial
cognitive benefit of improved fluency on listeners’ perception of .2 speech.

Overall, this study suggests that level of L2 fluency plays an important role in

predicting listeners subjective ratings, possibly due to the manner in which fluency
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modulates listening effort through working memory capacity. These findings further
enhance our understanding of the relationship between L2 speech fluency and intelli-

gibility, and will have a direct impact on L2 instruction and assessment.



1. INTRODUCTION

1.1 Preliminaries: Listening to Speech

Speech is one of the most common human activities, and is likely the greatest
triumph of the evolution of human kind. It is the vocalized form of human commu-
nication that involves a speaker who uses his or her articulatory organs to produce
speech units that consist of consonants and vowels, as well as a listener who receives
the speech signals, process the acoustic information, and understanding the meaning.

Listening to speech seems to be such an easy task that most of the time we do not
even notice any difficulty involved, nor do we not recall how we have learnt it. Yet in
other circumstances it can be so difficult that we struggle to understand speech (for
example, when listening to speech in noise, or listening to heavily accented speech).
Whether our listening experience may be effortless or effortful, listening to speech
is essentially a cognitive process that characterizes enormous complexity. As Cutler

(2012) elaborates:

When we are listening, we are carrying out a formidable range of men-
tal tasks, all at once, with astonishing speech and accuracy. Listening
involves evaluating the probabilities arising from the structure of native
vocabulary, considering in parallel multiple hypotheses about the indi-
vidual words making up the utterances we hear, tracking information of
many different kinds to locate the boundaries between these words, and
paying attention to subtle variation in the way words are pronounced,
and assessing not only information specifying the sounds of speech—vowel
and consonants—but also, and at the same time, the prosodic information,

such as stress and accent, that pans sequences of sounds. (p.2)



Despite such complexity, one may wonder why listening to speech remains per-
ceptually easy in most circumstances. One possible answer may be that it depends so
much on listeners’ previous linguistic experience. For example, listening to a speaker
of one’s native language (L1) seems undeniably effortless and automatic. This may
be partially attributed to the fact that when listening to L1 speech, listeners can rec-
ognize speech sounds with high speed and accuracy because most of the sounds are
relatively good exemplars of the phonetic categories that they represent. At the same
time, listeners are also highly flexible in processing either idiosyncratic variations be-
tween talkers (Allen & Miller, 2004; Theodore & Miller, 2010) or systematic variation
between dialects (Clopper & Bradlow, 2008; Cutler, Smits, & Cooper, 2005; Evans &
Iverson, 2004, 2007) due to long-term experience communicating in the native tongue.
Listeners can also efficiently exploit other familiar patterns of the native language,
such as prosodic variation, phonotactice constraints, etc., to establish the processing
mechanism that assist them to rapidly map speech information to the internalized
linguistic knowledge stored in long-term memory, which results in the automaticity
of speech processing (Akker & Cutler, 2003; Andringa, Olsthoorn, van Beuningen,
Schoonen, & Hulstijn, 2012).

On the other hand, such customary sensitivity to the phonetic details of the
native language also enables listeners to rapidly detect differences arising from an
unfamiliar accent (Ernestus & Mark, 2004; Magen, 1998), and these deviations from
listeners’ expectation may render the speech more difficult to recognize. Listeners
may not be able to re-calibrate their perceptual criteria for phonetic categorization
as effectively as their perceptual flexibility for handing L1 variability, simply because
they have not yet encountered a wide range of possible forms of speech sounds in
their native language carrying various foreign accents (Cutler, 2012). As a result,
listeners may need more time to recognize sounds produced by non-native speakers
and disambiguate word, not to mention that prosodic variation may further slow
down speech processing. As a result, listening to a second language (L.2) speaker

seems more effortful and requires the commitment of greater cognitive resources for



more controlled processing (Engle & Oransky, 1999). The difference between listening
to L1 speech and L2 speech is further amplified in challenging listening conditions. For
example, the presence of noise often has been found to affect L2 speech recognition
more severely than L1 speech recognition (Bent & Bradlow, 2003; Lecumberri &
Cooke, 2006; Lecumberri, Cooke, & Cutler, 2010; Munro, 1998).

When listening to speech is effortful, listeners may judge it as less acceptable and
may even find it less intelligible, which may have consequences. For example, in a
classroom taught by an L2 English speaker with a heavy accent, students who are
native speakers of English may find the course difficult because they are unfamiliar
with the instructor’s accent. The possibly unfamiliar patterns of phonetic realization
of speech sounds may force students to strive to decipher the meaning of the instruc-
tor’s English utterances before attempting to understand the concepts, which may be
difficult to learn in the first place. This scenario, which is not rare in colleges and
universities across the US, raises a few questions that are worth serious consideration.
First of all, what are the factors that cause this situation? In particular, what is it in
the L2 speech that interrupts native English students’ listening experience and affects
their understanding of the instructor’s meaning? Moreover urgently, how to most ef-
fectively train the L2-speaking instructors to improve their intelligibility and ease
students’ listening difficulty? As studies have shown that training can assist listeners
to adapt to foreign accent (Bradlow & Bent, 2008; Jongman, Wade, & Sereno, 2003),
are there effective ways to help undergraduate English-speaking students establish
listening strategies to better adjust to different English accents?

Although these questions appear to be pedagogically oriented, they are essentially
related to basic questions addressed by theories of speech production and perception,
especially second language speech processing. Research on second language acquisi-
tion has been growing rapidly over the past few decades, and a number of models
have been proposed in an attempt to account for the production and perception of
phonetic segments in L2 speech, such as the Speech Learning Model (Flege, 1995),
the Perceptual Assimilation Model (Best & Tyler, 2007), and the Native Language



Magnetic Model (Kuhl & Iverson, 1995). Some of the ultimate questions that these
models aim to solve are: How is L2 speech produced, perceived, and processed? Why
is listening to L2 speech so different, and most of the times, so much more difficult,
than listening to native speech? While a great amount of empirical research has been
carried out to address these questions in different ways, most has been focusing on the
fine-grained details of segmental production in relation to listeners’ perception. More
studies are needed to examine the production and perception of other characteristics
of L2 speech and how they are related to listening experience and speech intelligi-
bility and acceptability. Such investigations may open a window through which the

intricacies of 1.2 speech production and perception are further disentangled.

1.2 Overview of the study

The growing role of English as a language of communication in today’s world
means that native speakers of English increasingly find themselves communicating
with people who speak English as a second language. While many L1 English listeners
can understand the speech of many L2 English speakers, some L2 speech may require
more effort to process and may be less readily accepted because it is perceived as being
more difficult to understand. Such perception may derive from a variety of factors
that may or may not be independent, including both pronunciation and fluency.

Pronunciation is perhaps the most salient aspect in L2 speech that distinguishes it
from native speech, and it is often observed that even highly proficient L2 speakers do
not achieve native-like pronunciation (Major, 1987, 2001; Scovel, 1988). Thus the de-
gree to which L2 speakers’ pronunciation approximates the linguistic forms expected
by native listeners will apparently affect listeners’ perception of speech quality. If an
L2 speaker’s pronunciations of English differ sufficiently from those that native listen-
ers expect, these differences may cause native listeners to misunderstand the speech,
or at least to have to work harder to understand the divergent speech patterns, making

that speech less acceptable than more native-like speech.



Another contributing factor may be fluency — the degree to which a speaker is
able to produce appropriately structured phrases without unexpected pauses, self-
corrections or restarts. Less fluent speech may also require listeners to work harder
to understand the intended message, and previous research has shown that less fluent
speech is consistently considered less proficient (Ginther et al., 2010). However, since
less fluent speakers tend also to have less native-like pronunciation, it is unclear
whether fluency directly affects evaluations of L2 speech quality. That is, is less
fluent L2 speech perceived as being less proficient (and thus less acceptable) simply
because it is also produced with more divergent phonetic features, or do specific
properties of less fluent speech affect evaluations of speech quality independently of
phonetic properties, for example by directly increasing listening effort?

Investigating these relationships is important since they may have consequences
on listeners’ evaluations of L2 speech. In particular, it is important to develop a
better understanding of the role of listening effort in how listeners respond to L2
speech, because such speech is often encountered in situations where full attention
is already needed for multiple tasks. For example, in an Algebra class taught by an
L2 speaker, native English students’ attention would be split between listening and
learning, such that reducing listening effort may have positive effect on learning.

The overarching questions of the present study are twofold: 1) To identify the
acoustic variables related to L2 fluency and pronunciation that have the greatest im-
pact on listeners’ subjective evaluation of intelligibility and acceptability as well as of
the effort required to listen to L2 speech; and 2) to investigate how improvement in
L2 fluency (independently of pronunciation) may contribute to these listener evalua-
tions. Subjective measures of L2 English speech quality (listening effort, acceptability
and intelligibility) were compared to the objective measure of word intelligibility by
native English listeners, and to acoustic measures of fluency and of phonetic prop-
erties related to pronunciation. While previous studies on L2 speech have typically
investigated either fluency or phonetic features of pronunciation independently, this

study includes acoustic measures relating to fluency and pronunciation simultane-



ously. The ultimate goal is to contribute to understanding the multi-dimensional
properties that affect listeners’ evaluations of L2 speech quality, in order to provide

a basis for developing effective strategies for L2 instruction and assessment.

1.3 Dissertation outline

In addition to the introduction (Chapter 1), this dissertation consists of five chap-
ters and is organized as follows. Chapter 2 presents a theoretical review of the speech
quality constructs used in this study, including acceptability, intelligibility, fluency,
and listening effort. The purpose of the literature review is to address the theoretical
bases of these constructs as well as to introduce various approaches of measurement.
It will also review how these methods are applied in empirical studies to explore the
multitude dimensions of speech intelligibility, fluency, listening effort, and acceptabil-
ity. This chapter also presents the research questions investigated in this study.

Chapter 3 reports the methods and results of Experiment I. It provides details on
the design of the experiment, the demographic information of the participants, the
characteristics of the L2 speech samples, and the procedures of the two experimental
tasks. It also introduces the list of acoustic measures that were used to analyze
the fluency and phonetic features of the speech samples. Statistical techniques are
then presented and the results of descriptive and inferential statistics are discussed
in relation to the research questions.

Chapter 4 presents the methods and results of Experiment II. It provides details
on the fluency manipulation of the speech samples, the design and procedure of ex-
periments, and the demographic information of the participants. Data analysis of this
experiment focused on comparison of subjective evaluations between the manipulated
speech samples and the original speech samples. Further analysis was carried out by
dis-aggregating the dataset based on participants’ working memory capacity index.
Statistical results are discussed in relation to the research questions and in light of

existing literature.



Chapter 5 summarizes the study by a discussion on theoretical implications and
pedagogical applications. It also reflects on the limitations of this study and presents

thoughts for future research directions.



2. LITERATURE REVIEW

The phenomenon of second language speech has been extensively studied for over half
a century, and generally speaking, consensus has been reached that different factors
are involved in determining how one speaks an L.2 and how L2 speech is perceived by
listeners. Research on second language speech still lacks consensus on the constructs
underlying L2 speech performance, as well as on the most effective ways to assess
the quality of L2 speech, either from a theoretical or from a pedagogical perspective.
Many studies on L2 speech quality evaluation are distributed across different fields,
such as phonetics and psycholinguistics, sociolinguistics, instruction and pedagogy,
testing and assessment, or combinations of these. Using different methods, these
studies altogether have shed insight on L2 speech from a variety of perspectives.
The focus of this chapter is on the theoretical and empirical work on the many
approaches to L2 speech quality evaluation. The chapter is divided into five sections.
The first section presents an overview of studies on speech intelligibility, not only
focusing on L2 intelligibility but also introducing frameworks and methodologies from
related fields of speech sciences, such as speech pathology and information processing.
The second section focuses on the concept of fluency in L2 speech production and
perception, in particularly the quantification and modeling of L2 fluency. The third
and fourth sections offer a brief review of listening effort and speech acceptability
respectively, which are two constructs commonly used in speech sciences. The two
sections also discuss on how listening effort and speech acceptability may be related to
speech intelligibility, and how they may benefit L2 speech research. The fifth section

presents the overarching research design and questions of the present study.



2.1 Speech intelligibility

Despite the apparent significance of speech intelligibility in L2 acquisition, to date
there is no uniformly accepted definition or even conceptualization of intelligibility
across the field (Jenkins, 2000, 2002; Munro, 2008; Nelson, 2011; Pickering, 2006;
Sewell, 2010; Smith & Nelson, 1985), nor a standard method of measuring intelligi-
bility. The purpose of this section is not to unify all disagreements so that a consensus
can be reached on the definition and measurement of intelligibility, but to explore the
nature and multitude dimensions of L2 speech intelligibility in hope of obtaining a

more thorough understanding of what it means and entails.

2.1.1 Definition and conceptualization

To simply put, speech intelligibility refers to the match between a speaker’s pro-
duction intention and a listener’s response to the speech (Schiavetti, 1992). In this
sense, speech intelligibility is regarded as perfect when all the words that a speaker
intends to produce are completely understood by a listener. On the opposite, if none
of the words that the speaker intends to produce is correctly recognized by the lis-
tener, intelligibility is reduced to zero. A continuum of intelligibility is thus developed
between the two extremes of zero and perfect, where the key for determining the de-
gree of intelligibility resides in the matching process, i.e., to what extent the words
uttered by a speaker is accurately responded by a listener. It is crucial to under-
stand that speech intelligibility concerns the speaker’s production and the listener’s
response, because an array of speaker and listener variables may influence the way
speech intelligibility is defined and quantified. The following subsections discuss sev-
eral different perspectives on what speech intelligibility is and how it may be linked

to some relevant concepts.
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Intelligibility and effectiveness of communication

Catford (1950) characterizes intelligibility in terms of what he referred to as the
“effectiveness of communication”. Specifically, intelligibility entails the recognizablil-
ity of the linguistic forms produced by the speaker, as well as appropriate response
from the listener demonstrating understanding of the meaning by the speaker. He
further states that “Intelligibility losses are due to defective selection or execution on
the part of a speaker, or to defective identification or interpretation on the part of a
hearer, or to a combination of these factors” (p.15). In other words, unintelligibility
occurs either because the linguistic form of the utterance is unrecognizable to the
listener, or because the utterance lacks effectiveness: Listener’s response misaligns
with speaker’s intention, even if the linguistic form of utterance may be recogniz-
able. An example from Catford (1950) illustrates what it means by ineffectiveness: A
speaker intends to say “I dont like the collar” when referring to a shirt, but since he
pronounces “collar” as /kalar/, the listener interprets the utterance as “I don’t like
the color”. Here communication breakdown occurs because listener’s response is not
consistent with speaker’s intention, and therefore it is not effective communication.

Since intelligibility and effectiveness cannot always be easily teased apart, Catford
(1950) recommends that intelligibility should be used as a cover term to refer to utter-
ances that are both intelligible (recognizable) and effective. In other words, it requires
the speaker to produce reasonably good exemplars of the linguistic elements, while
it also requires the listener to appropriately identify and interpret these linguistic
elements that aligns with the intention of the speaker. With respect to communica-
tion in L2, Catford (1950) introduces the notion of threshold of intelligibility, which
emphasizes the influence of linguistic experience and cultural context on L2 speech in-
telligibility. Specifically, listeners’ familiarity with L2 varieties and speakers’ cultural
background can help lower the threshold of intelligibility and make L2 speech more ac-

cessible. Overall, Catford (1950) is among the earliest researchers whose work points



11

out the importance of speech intelligibility as a functional index of communicative

performance.

Smith’s paradigm of intelligibility

The idea that L2 speech intelligibility involves the responsibilities of both speaker
and listener becomes especially attractive along with the rise of the sociopolitical
theory on world Englishes (Kachru, 1985, 1986, 1992), in which one of the central
concerns is how to achieve mutual understanding between speakers of different va-
rieties of English, whether these varieties belong to the inner, outer, and expanding
circles. The world Englishes paradigm contends that the traditional view, which
places native speaker of English in the special position as the solely legitimate custo-
dian who define and maintain the standards of English, does not reflect the current
reality that non-native speakers of English far outnumber native speakers of English.
Therefore, a new criterion should be established to make evaluations of a variety of
English: It should not depend on how native it sounds, but how intelligible it is. Thus
how to define intelligibility becomes even more urgent in the world Englishes context.

Larry Smith, together with his colleagues, has contributed ground-breaking work
on the intelligibility of world Englishes (Smith, 1992; Smith & Bisazza, 1982; Smith
& Nelson, 1985, 2008; Smith & Rafiqzad, 1979). He proposed a seminal paradigm
that defines “intelligibility” (in a broad sense, which means understanding in general)
by breaking it down to three components: 1) intelligibility (in a narrow sense), 2)

comprehensibility, and 3) interpretability, which are defined as follows:

e Intelligibility in the narrow sense only refers to how listener recognize the lin-

guistic form of the utterances produced by the speaker.

e Comprehensibility refers to listener’s ability to understand the locutionary force,

i.e., the meaning of the utterances.
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e Interpretability refers to listener’s ability to understand the illocutionary force,

or in other words, what the speaker implicates by the words and utterances.

Among the three components, intelligibility serves as the foundation of compre-
hensibility and interpretability, while achieving interpretability depends on both in-
telligibility and comprehensibility.

This theoretical proposal of a three-layer structure of speech intelligibility has
also been examined by a number of empirical studies (Smith, 1992; Smith & Nelson,
2008), where quantification of intelligibility, comprehensibility and interpretability is
achieved through separate tasks. Typically, a cloze test is used for measuring intel-
ligibility, a multiple choice test for comprehensibility, and a paraphrasing task for
interpretability. Findings of these studies demonstrate that intelligibility scores were
often higher than comprehensibility and interpretability scores for many L2 speech
samples, which supports the argument that intelligibility is the basis for comprehensi-
bility and interpretability, and that recognizing words produced by an L2 speaker does

not necessarily guarantee understanding of what the L2 speaker intends to express.

Intelligibility and English as a lingua franca

Another approach that seeks to address the use of English as a language for inter-
national communication is the English as a Lingua Franca (ELF) movement (Jenkins,
2000, 2002, 2007; Seidlhofer, 2001, 2005; Seidlhofer, Breiteneder, & Pitzl, 2006). ELF
proclaims that both native and non-native speakers of English are linguistically and
politically equal members of the international community, and it is inappropriate
to label anyone as a “foreign speaker of English”, which seems to carry a negative
connotation. Jenkins (2002) points out that an intrinsic implication of this claim is
that instead of selecting a native variety of English as the standard model for L2
learners and users, it is necessary to develop an agreed international norm for all

ELF members. The key element of such a norm of English hinges on pronunciation,
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because quite often miscommunication among ELF speakers arise from the different
phonological features (often Ll-influenced) between the interlocutors.

For the purpose of promoting international phonological intelligibility, Jenkins
(2000, 2002) proposed what she called the Lingua Franca Core (LFC), which includes
a set of phonological features that are believed to be crucial for preventing miscommu-
nication and safeguarding mutual intelligibility among L2 speakers of English. These

features are:

e All consonant sounds, except for dental fricatives;
e Vowel length contrasts, such as between /1/ and /i/;
e Initial and medial consonant clusters;

e Nucleus (tonic) stress.

Along with these cores features is the speakers’ accommodation skills, i.e., whether
L2 speakers are able to adjust the acoustic characteristics of their speech in order
to make it more intelligible to L2 interlocultors. With sufficient accommodation
skills, L2 speaker may show flexibility in adjusting the pronunciation of the core
features directed to the expectations of the interlocutor, a strategy that is likely to
enhance mutual intelligibility. The non-core features (such as substitution of the
dental fricatives with stops), on the other hand, represent regional variation, and
are reported to be less likely to endanger intelligibility and impede cross-cultural
communication (Jenkins, 2000, 2002).

Finally, Jenkins (2002) points out that instead of a pronunciation model, LFC only
serves as a set of guidelines for communication between English speakers, especially
between non-native speakers of English. She also admits that the features listed in
LFC needs constant fine-tuning. For example, Pickering (2009) offered experimental
evidence that pitch variation plays a crucial role in ELF speakers’ communication,
and accordingly, Jenkins, Cogo, and Dewey (2011) suggests that pitch cues may

also be incorporated as a core feature in LFC. This indicates that LFC stresses the
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dynamics of communication where negotiation between interlocutors at the phonetic

and phonological levels plays a key role.

Intelligibility, comprehensibility and accentedness

While many previous studies seem to conflate L2 intelligibility with L2 accent,
other research suggests that intelligibility and accent are two independent, though
related, concepts. While increasing intelligibility may be a goal for all speakers to
enhance communication, accent is sometimes intentionally reserved for the purpose
of identity preservation (Pennington & Richards, 1986). While there are occasions
where accent may impinge on communication, it does not always do so (Derwing &
Munro, 2009).

A series of work by Derwing and Munro (Derwing & Munro, 1997, 2005; Munro,
2008; Munro & Derwing, 1995a; Munro, Derwing, & Morton, 2006) examining L2
speech intelligibility have demonstrated that intelligibility is independent from ac-
centedness and comprehensibility. In these studies, intelligibility is identified as the
extent to which a speaker’s utterance is understood by a listener, comprehensibility
as listener’s estimation of the difficulty in understanding the utterance, and accent-
edness as the degree to which the pronunciation of an utterance differs from listener’s
expectation. In other words, intelligibility is about the amount of understanding,
comprehensibility is about the effort of listening, and accentedness is about differ-
ences. Methodologically, both accentedness and comprehensibility are subjectively
measured on Likert scales, and intelligibility is objectively measured through tasks
such as dictation or comprehension question. Among the major findings of these
studies is the partial separation of intelligibility from accentedness, since L2 speakers
were often rated as perfectly intelligible yet heavily accented. However, L2 speakers
who received low intelligibility scores were always rated as heavily accented. Com-
prehensibility scores were typically correlated with intelligibility ratings, but tended

to be lower. Accentedness ratings were usually significantly lower than the ratings
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for intelligibility and comprehensibility, suggesting that accent does not necessarily
interfere with listeners’ comprehension of the content of the speech.

The way Derwing and Munro operationalize “intelligibility” apparently differs
from Smith and his colleagues. In particular, while intelligibility and comprehensibil-
ity denote the understanding of linguistic units and meaning respectively in Smith’
framework, the two concepts seems to conflate in Derwing and Munro’s definition
of intelligibility. At the same time, Derwing and Munro redefine comprehensibility
such that it represents listeners’ estimation or expectation of the difficulty of listen-
ing, while this cognitive aspect is not represented in Smith’s framework (nor that of
ELF). However, it is noteworthy that in the empirical studies carried out by Smith
and colleagues as well as Derwing and Munro, intelligibility was often measured via a
transcription task, such as a cloze test or a dictation task, suggesting that intelligibil-
ity in the two frameworks may share some similarity, and in particular that findings

from empirical research may be comparable.

Relating intelligibility to language attitude

The fact that intelligibility is different from but related to accentedness (Derwing
& Munro, 1997, 2005; Munro, 2008; Munro & Derwing, 1995a; Munro et al., 2006)
suggests two possible causes of reduced L2 intelligibility: Either this difficulty solely
arises from listeners’ difficulty processing the phonetic and phonological characteris-
tics of L2 speech, or it attributes to, at least partially, the interaction between accent
and listeners’ subjective attitudes towards L2 accents.

Previous studies investigating the effect of language attitude on L2 speech have
demonstrated that L2 speakers are often labeled with various stereotypes because
of their accent (Brennan & Brennan, 1981; Cargile, 1997; Nesdale & Rooney, 1996;
Rubin & Smith, 1990). For example, Nesdale and Rooney (1996) reported that
when Australian children were asked to evaluate native Australian English, Italian-

accented English and Vietnamese-accented English, they assigned lower status to
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the two accented varieties of English in comparison with their native variety. Rubin
and Smith (1990) showed that English-speaking students not only held negative atti-
tudes towards accented English spoken by international teaching assistants, but they
also believed that the instructors who speak accented English were lacking desirable
teaching skills.

Furthermore, bias against L2 English is observed not only among native English
listeners but also among L2 listeners as well (Chiba, Matsuura, & Yamamoto, 1995;
Matsuura, Chiba, & Yamamoto, 1994; McKenzie, 2008). In an investigation of
Japanese students’ attitude towards American English versus six Asian accents of
English, Matsuura et al. (1994) reported that American English received much more
positive attitudinal ratings than the L2 accents. Moreover, it seems that the more a
participant aspired to acquire a native-like accent of English, the more they showed
prejudice against L2 varieties, including Japanese-accented English.

Language attitude towards L2 speech, held by both native and L2 listeners, is
found to have a impact on intelligibility and comprehensibility. In a study investigat-
ing the effect of L2 accent on listening comprehension, Major, Fitzmaurice, Bunta,
and Balasubramanian (2002) noted that positive attitude towards L2 speech was as-
sociated with increased comprehensibility and negative attitude with decreased com-
prehensibility. The comprehension test yielded quite interesting results: Chinese-
accented English received lower scores than Japanese-accented English by Chinese
listeners, Japanese-accented English received lower scores than Chinese-accented En-
glish by Japanese listeners, while Spanish-accented English received a much higher
score than other two accents by both listener groups. Major et al. (2002) argued that
this result could be partially explained by Chinese and Japanese students’ negative
attitude of their own English accents.

However, van Rooy (2009) argues that positive attitude does not always guarantee
better intelligibility. In her empirical study on intelligibility and perception of English
proficiency, the South African listeners’ positive attitude towards Korean-accented

English did not translate to lower threshold of intelligibility. In contrary, Korean-
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accented English received fairly low intelligibility scores even though listeners reported
great ease understanding the Korean speakers was high. van Rooy (2009) thus drew
the conclusion that positive attitude is a necessary but not sufficient condition for

improved intelligibility and comprehensibility.

Intelligibility and familiarity

L2 speech intelligibility is also potentially subject to the influence of listeners’
familiarity with L2 accents, as well as listeners’ language background and prior lin-
guistic experience (Gass & Varonis, 1984; Levis, 2006; Smith, 1992). For instance,
Gass and Varonis (1984) found that listeners’ familiarity with non-native speech in
general has a positive effect on listeners’ ability to comprehend a non-native speaker.
Moreover, familiarity with a particular accent also has a facilitating effect on listeners’
comprehension of the L2 speech in that particular accent.

The effect of familiarity also manifests when an L2 speaker addresses an L2 listener
who share the same L1, as is suggested by Bent and Bradlow (2003) and Hayes-Harb,
Smith, Bent, and Bradlow (2008) that listeners may gain “interlanguage speech in-
telligibility benefit” when their native language is the same or similar with that of
the speaker’s. For example, Bent and Bradlow (2003) and Hayes-Harb et al. (2008)
reported that L2 listeners found the English speech samples produced by highly pro-
ficient L2 English speakers from the same language background to be as intelligible as
the speech samples produced by native speakers of English. This is probably because
these L2 listeners might speak English with the same accent, and were thus highly
familiarized with the accent of the high-proficiency L2 English speech samples.

The interlanguage speech intelligibility benefit may also has a positive effect on
L2 comprehension, as, for example, Smith and Bisazza (1982) reported that Japanese
listeners could complete comprehension tasks better when listening to Japanese-
accented English speech than when listening to native English speech. However, this

benefit was not observed in Major et al. (2002), whose Japanese participants found
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the English speech samples produced by Japanese speakers the least comprehensible,
suggesting that interlanguage speech intelligibility benefit does not necessarily apply
universally, and might be highly dependent on the proficiency levels of the L2 speak-
ers. Nevertheless, one should remain cautious when interpreting the results of this
study due to methodological restrictions. For example, the selection of speakers may
be biased because of the strict criteria and it is likely that they did not best represent
the accent carried by the populations.

Furthermore, Munro et al. (2006) examined how native and L2 listeners from dif-
ferent L1 background evaluate L2 speech samples produced by speakers who may or
may not share the same L1 with the listeners. No intelligibility benefit was identified
in L2 listeners’ evaluation of speakers from the same L1, and it was suggested that
whether interlanguage intelligibility benefit exists or not depends on a complex inter-
action of an array of listener and speaker variables that certainly needs more in-depth

investigation.

Intelligibility: Who counts as the judge?

The study of Munro et al. (2006) leads to another well-debated issue in the liter-
ature of L2 speech intelligibility, that is, who should be the listeners making decision
on L2 speech intelligibility? While native English listeners are often conveniently
drawn as participants of empirical studies on L2 speech intelligibility, this approach
has been criticized in particular because it seems to suggest the superior status of
native English listeners as the judges of other English speakers (Smith & Rafiqzad,
1979). It also ignores the possibility that L2 English speech may be more intelligible
to the ears of L2 listeners than to native listeners. Therefore, it is suggested that a
more thorough understanding of L2 speech intelligibility depends on listeners with
more diverse linguistic background, both native and non-native (Berns, 2008; Smith
& Rafiqzad, 1979). Nevertheless, this approach may introduce new complexities es-

pecially with respect to experimental design. For example, how to select the best
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representation of listeners? Should listeners’ language background match that of the
speakers’? Or should listeners characterize as diverse L1s as possible regardless of
the L2 varieties represented in the speech samples?

Additionally, Munro et al. (2006) provide evidence that the significance of lis-
teners’ linguistic background may not be as pronounced as is assumed. In their
study, native English listeners and non-native listeners (who are native speakers of
Cantonese, Japanese and Mandarin Chinese) rated speech samples produced by L2
English speakers of Cantonese, Japanese, Polish and Spanish. Inter-rater reliability
between the native and non-native listeners was high, which means that ratings of in-
telligibility, comprehensibility, and accentedness assigned by non-native listeners did
not differ much from those assigned by native listeners. The benefit of a shared L1 was
observed in some listener groups, but the effect was only minor. Munro et al. (2006)
suggests that it is the intrinsic properties of the speech samples, rather than listener’
linguistic background, that are of paramount importance in determining L2 speech
intelligibility. That being said, this conclusion is only tentative, and more studies
comparing native and non-native listeners’ responses to L2 speech intelligibility are
still needed.

Finally, it should also be noted that many previous studies differ in the context
of English use when addressing L2 speech intelligibility (Derwing & Munro, 2005),
some being set in an English as a second language (ESL) context versus some in an
English as an international Language (EIL) context. This makes it inappropriate to
compare across studies because different inferences could be drawn between the two
contexts. In an ESL context, L2 English speakers need to make themselves understood
by an audience of primarily native speakers of English, whereas in an EIL context,
speakers encounter a wider range of interlocutors, the majority of whom are likely
to be also L2 English speakers. While achieving intelligibility is certainly critical in
both contexts, L2 speakers may adapt different speaking strategies in order to suit

different audience and environments. Hence the selection of listeners when examining
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L2 speech intelligibility should partially depend on the context. In the present study,

focus will be placed on L2 English speakers living in an ESL context.

2.1.2 Measurements of intelligibility

Various techniques have been developed to measure intelligibility, which can be
roughly grouped into three categories, targeting at the auditory perceptual, linguistic,

and acoustic dimensions of speech intelligibility, respectively.

Perceptual approaches: the scaling procedure

The perceptual measures of intelligibility involve listeners’ subjective evaluation of
speech at a holistic and impressionistic level using a scaling procedure. It is perhaps
the most straightforward way of measuring intelligibility, and has been implemented
via different techniques. Each technique is based on certain assumptions and is de-
signed for specific situations.

Stevens (1999, 1951) outlined four types of scaling measurement for assigning
numerals to objects and events, which are: 1) Nominal, 2) ordinal, 3) interval, and
4)ratio measures. All four types of scales have been used to investigate intelligibility
in different studies.

The nominal level of measurement is achieved through classifying objects and
events into mutually exclusive categories, under the assumption that these categories
are of equal status. When applied to measuring speech intelligibility, an example of
the nominal scale would be to ask listeners to categorize speech samples as either
“unintelligible” or “intelligible”. Stevens (1999) points out that while the nominal
scale is the least restrictive method of assigning numerals, it is the most restricted
in terms of applying statistical operations. The only permissible statistical analyses
include counting number of cases, obtaining mode, and in some conditions, using
contingency correlation to test hypothesis on the distribution of cases among the

categories.
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The ordinal level of scaling differs from the nominal scale in that it involves the
operation of rank-ordering during numeral assignment, where objects or events are
mapped onto a hierarchy of descriptive labels from less to greater values or vice versa.
An ordinal scale for measuring speech intelligibility is often based on the degree of
intelligibility, such as “totally unintelligible, somewhat unintelligible, neutral, some-
what intelligible, totally intelligible”. Because the ordinal scale characterizes order
preservation, it not only allows statistical operations such as frequency and mode,
but also median and percentiles. Other commonly used statistics such as mean and
standard deviation are, strictly speaking, inappropriate for an ordinal scale simply
because the successive intervals on such a scale are not necessarily equivalent. For
instance, it is difficult to prove psychologically that the distance between “totally
unintelligible” and “somewhat unintelligible” is the same as “somewhat intelligible”
and “totally intelligible”. Stevens (1999) warned that although computing mean and
standard deviation with an ordinal scale seems to be a common practice and has
yielded fruitful outcomes, researchers should be cautious, if not completely outlawing
these statistics, of the possibly inaccurate inferences drawn from them.

The interval scale, argued by Stevens (1999) as the true quantitative scale, is
operationalized by assigning objects and events to a scale of equal intervals. Classical
examples of the interval level of measurement include the scales of temperature and
time, where linear transformation can be applied to change a value from one scale
to another (such as from Fahrenheit to Celsius). Theoretically, many descriptive
statistics can be applied to an interval scale, such as mean and standard deviation,
although sometimes it is unclear whether a so-called interval scale is truly interval.
For example, in speech-related research, interval scales (such as a 7-point Likert scale)
are typically used to quantify perceptual evaluation of speech intelligibility, despite of
the extreme difficulty of partitioning human perception along a scale of equal sizes.
Indeed, Stevens (1999) claims that most of the widely used psychological scales are
essentially ordinal, while only in a few occasions the attempt of equalizing units of

a perceptual scale succeed, mostly because the characteristic of the object or event
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follows a normal distribution. A typical example is the human intelligence index
scale: Although fundamentally ordinal, it mathematically approximates an interval
scale since human intelligence is normally distributed.

Finally, the ratio level of measurement is assessed by the estimation of ratios be-
tween objects or events on the value of the property that is measured. The major
advantage of a ratio scale is that it permits almost all types of statistical operations
(Stevens, 1999). In intelligibility research, ratio scale is also often experimentally
implemented as the direct magnitude estimation procedure. Different from the other
scales, this method does not confine listeners with defined points or intervals, but
requires them to directly judging a speech sample by estimating its perceived magni-
tude of intelligibility compared to other speech samples. It typically provides listeners
with a standard or modulus speech sample, which may be numbered 10 or 100, and
listeners are required to scale each of the subsequent speech samples with a number
that is proportional to the intelligibility of the modulus. The experimenter is respon-
sible for deciding on a modulus, which can represent either the high, mid, or low
range of the intelligibility continuum. An alternative is to offer no modulus but ask
listeners to assign any number to the first speech sample they hear. As the speech
samples accumulate, listeners make judgment of a newly heard speech sample based
on its perceived ratio to all previous ones. The major disadvantage of this approach
is that it can expose experimental results to vast intra- and inter-rater variability, and
make it difficult to interpret the estimated ratios given the large individual variability
among listeners (Southwood & Flege, 1999).

From a statistical point of view, the ideal level of scaling measurement is the
ratio scale, and when practical limitation bars its implementation, an interval scale
is preferred. The least desired are the ordinal and nominal scales, primarily because
of the restricted options of statistical tests and potential problems with inference of
the results. Essentially, reliable application and interpretation of the rating scales
depends they yield a normal distribution. On the other hand, feasibility is a major

concern when researchers design an experiment, especially that circumstances may



23

sometimes preclude the possibility of using the interval and ratio scales. In general,
the rule of thumb for using the scaling procedure to measure speech intelligibility is:
Whenever practical applicability permits, the higher the level of measurement is, the

better.

Linguistic approaches

The linguistic approach to measuring intelligibility is based on the assumption
that computing the quantity of information transfer can reliably reflect the degree of
intelligibility (Schiavetti, 1992; Yorkston & Beukelman, 1984). By providing a per-
centage of speech information that listeners understand by means of identification or
transcription tasks of linguistic units such as words or sentences, this approach my
offer more insight into how linguistic units relate to speech perception / production
than the scaling technique. In practice, the linguistic approach can be implemented

using various testing designs.

Intelligibility tests using isolated words

The rationale of intelligibility tests at the word level is based the assumption of
speech perception theories that speech signals are processed in a “bottom-up” manner:
Phoneme recognition tends to precede word identification and sentence comprehen-
sion in the listening process. Therefore, many tests are designed to evaluate segmental
intelligibility at the word level. These tests are usually administered by having listen-
ers hear audio-recorded target words either in isolation or embedded in semantically
neutral carrier sentences such as “Please write (target word) now” (Institute, 1989),
and responses are elicited in the forms of word identification (“what word did you
hear?”) or verification (“Did you hear rake or lake”), or word transcription (“Write
down all the words that you hear”). Intelligibility scores are subsequently computed

as the count or proportion of correct responses.
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Word identification or transcription tests are often used as diagnostic tests for
evaluating the quality of speech synthesis or text-to-speech systems, since segmental
accuracy is one of the primary criteria for assigning the quality of synthetic speech.
Commonly used tests include the Harvard phonetically balanced (PB) words, the
modified rhyme test (MRT), the diagnostic rhyme test (DRT), consonant Identifica-
tion (CI), and the polysyllabic and polymorhphemic word test (Francis & Nusbaum,
1999; Schmidt-Nielsen, 1995). Some of the tests have established standard word
corpora, while many researchers also compile their own lexical inventories that are
tailored to specific research purposes. The following introduces two lexically oriented
tests that could potentially be adapted for L2 intelligibility study.

The Harvard Phonetically Balanced (PB) word test was first proposed by Egan
(1948) for general hearing tests. It features phonetically balanced words in the sense
that each phoneme occurs with approximately the same frequency, so that the test
is not biased due to differences in informational load of the phonemes (the more
frequently a phoneme occurs, the less informational load it carries). The corpus of
the test consists of 1000 words, which are divided into 20 lists and each list contains
50 words. All are monosyllabic English words in the same phonotactic structure,
namely, the consonant-vowel-consonant (CVC) pattern. Prior to the test, listeners
are typically provided with a chance to familiarize with the 1000 words, although it is
argued that excluding the training session does not significantly affect experimental
results (Francis & Nusbaum, 1999).

Another word-level intelligibility test is the Minimal Pair Test, which was designed
on the reasoning that minimal pairs can help identify pronunciation problems related
to intelligibility. While the test has primarily been used to assess disordered speech
(Ansel & Kent, 1992; Boothroyd, 1985), it can be easily adapted to evaluate L2 speech
intelligibility, as long as the adaptation take into account the major difference between
these two types of speech. Specifically, reduced intelligibility in speech disorders has
a pathological origin, but less intelligible L2 speech may be caused by very different

factors, such as onset of learning, exposure to target norms, L1 transfer, to name a
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few. These factors should be addressed when researchers design words of minimal
pair for assessing L2 intelligibility.

One example that illustrates proper adaptation of the minimal pair test to study
L2 speech intelligibility is Rogers and Dalby (2005). In this study, segmental intelli-
gibility of L2 English speech produced by Mandarin Chinese speakers was examined
using minimal pair tests by focusing on differences between the L2 production and
a specific L1 norm (American English). Prior to composing the minimal pair lists,
the researchers first investigated the English speech samples produced by a group of
Chinese speakers and identified a list of acoustic-phonemic contrasts that typically
deviated from the phonemic representation of American English. It included an array
of production difficulties with both consonants (place of articulation, manner of ar-
ticulation, voicing) and vowels (height, tenseness, and presence of diphthongs), based
on which a list of minimal pairs was developed. Another group of Chinese learners
were recorded reading the minimal-pair word list, and a panel of native listeners of
American English were recruited to transcribe the words. Results showed that word
intelligibility scores accounted for 76% of the variance of the same speakers’ sentence
intelligibility scores, suggesting L2 speech intelligibility may be partially explained
by phonemic differences between speakers’ segmental production and listeners’ ex-
pectations. This study illustrates one way to incorporate the minimal pair test into
research on L2 speech intelligibility, especially when the focus is at the segmental
level.

Finally, a note about word-level intelligibility tests is that they are usually carried
out using monosyllabic words of relatively simple phonotactic structure, such as the
CV and CVC patterns, but multisyllabic words are not well represented. Nevertheless,
an intelligibility score derived from a test that consists of only monosyllabic words
will not reflect how successfully an L2 speaker is at producing multisyllabic words,
especially how they produce appropriate cues to lexical stress in combination with
the segments. Moreover, multisyllabic words may be processed by listeners differently

from monosyllabic words, because more contextual cues are provided as the word un-
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folds, which can facilitate word recognition. Future studies comparing the processing
of monosyllabic and multisyllabic words can certainly extend our understanding of
word intelligibility in L2 speech.

Intelligibility tests using words in sentences

Recognizing words in isolation is considered to be more difficult than recognizing
words in sentences, because in addition to the segmental and prosodic features of
the target word, more contextual cues are also provided to assist to word identity
(Nusbaum & Pisoni, 1985). However, when it comes to L2 speech, an L2 speaker
who can produce intelligible words in isolation is not necessarily capable of producing
good sentential prosody that listeners expect. Indeed, L2 intelligibility may even suffer
from abundant yet misleading contextual cues, especially when sentential prosody is
so poor that it may direct the listeners to identify wrong words. Therefore, testing L2
intelligibility at the sentence level may be more informative than testing intelligibility
at the word level.

The common practice to test speech intelligibility at the sentential level is to record
speakers who read aloud a set of pre-designed sentences, which are then transcribed
by a group of listeners. Similar to word-level tests, intelligibility is quantified as the
percentage of correctly transcribed words.

One widely used method to measure sentence-level intelligibility is the Key Word
Identification Test, which builds on the assumption that speech intelligibility primar-
ily relies on the recognition of key words (mostly content words) instead of every single
words produced by the speaker. This is particularly true in real life communication,
where listeners are often under time constraint or in sub-optimal listening condition
(e.g. with background noise or over the phone) and processing key words becomes a
more effective way of listening. There are two famous sentence corpora for assessing
sentence-level speech intelligibility: 1) the Harvard sentences, which were developed
together with the PB word list by Egan (1948); and 2) the Haskins sentences (Nye &
Gaitenby, 1973).
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The Harvard sentences consist of a group of single-clause sentences that are mean-
ingful but unpredictable. This means that listeners can only understand the meaning
of the sentence after hearing it entirely, but understanding a fraction of the sentence
does not help predict the overall meaning. For example, a sentence like These days a
chicken leg is a rare dish can be easily understood by normal-hearing listeners, but
a phrase extracted from it such as These days a chicken leg will not help listeners
to anticipate the content of the rest of the sentence. In other words, the Harvard
sentences are not as semantically predictable as a sentence such as He likes his coffee
with cream and sugar, where it is easy to predict with cream and sugar after He likes
his coffee (Francis & Nusbaum, 1999). The goal of the Harvard sentences is to control
listeners’ real-world and semantic knowledge so that it does not confound with speak-
ers’ actual level of intelligibility. Each Harvard sentence typically contains five key
words, and intelligibility score is calculated as the percentage of correctly transcribed
key words.

Different from the Harvard sentences, the Haskin sentences aim to eliminate any
influence from real-world knowledge in the process of speech recognition. These sen-
tences are completely grammatically acceptable but semantically uninterpretable,
such as The old corn cost the blood. The purpose of the design is to ensure that
listeners’ performance is solely based on the acoustic characteristics of the speech
signal as well as listeners’ knowledge on morphology and syntax. Like the Harvard
sentences, intelligibility is computed as the percentage of correctly transcribed content
words.

Key word identification technique seems useful for studying L2 speech intelligi-
bility at different levels, in addition to the convenience of the readily availability of
exiting sentence corpora. However, this technique is not without problems. First
of all, speech materials are usually recorded via highly controlled production ex-
periments where speakers are instructed to read pre-structured sentences instead of
formulating natural utterances. This approach may introduce certain clear speech

effect because speakers in reading tasks tend to show more prosodic variation than
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in normal speech (Munro, 2008), and tend to make more exaggerated or even unnat-
ural articulatory movement than they would normally do (Kwiatkowski & Shriberg,
1992). As a result, it may guise some pronunciation problems in casual speech such as
final consonant deletion, syllable deletion, stopping and vowel neutralization (Dyson
& Robinson, 1987; Klein, 1984; Morrison & Shriberg, 1992). Meanwhile, speech ma-
terials recorded by reading tasks may be perceptually unnatural and unrealistic to
the listeners, especially when presented with semantically illogical sentences. It is
unclear whether these uninterpretable sentences will exert negative influence on the
word recognition process. Finally, orthography may also interfere with reading tasks,
as it may lead to artificial errors such as mispronunciation or hypercorrection (Munro,

2008).

Intelligibility tests using natural speech

Methodological problems associated with intelligibility assessment using speech
materials in citation form or elicited by reading tasks give rise to the proposal of
using spontaneous speech materials from more natural scenarios (Kwiatkowski &
Shriberg, 1992). Such speech materials are typically elicited by engaging speakers in
tasks such as picture description, personal narratives (Munro & Derwing, 1995a), or
by recording natural speech in lectures or interviews (Brodkey, 1972). Intelligibility
measurement using these speech materials is typically carried out by instructing a
panel of listeners to transcribe the recordings sentence by sentence. The transcriptions
are then compared with the intended utterances and intelligibility score is computed
as the ratio of correctly transcribed words over the total number of words.

A more challenging type of natural speech is conversation, which presents diffi-
culties for reliable measurement of intelligibility since it is much more unpredictable
and less manageable. In particular, conversation often features incomplete sentence
structure, turn taking, interruption, question and confirmation, and sometimes over-
lapping by multiple talkers, all of which add extra difficulty to the transcription task

and may underestimates the actual level of intelligibility of the speakers.
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Nevertheless, analyzing conversational speech may prove useful in certain circum-
stances. For example, Kwiatkowski and Shriberg (1992) argues that from a clinical
perspective, conversational speech captures the momentary variability of intelligibil-
ity that is typical in children with developmental speech disorders. Flipsen (2006)
proposed to use syllable count to estimate the level of intelligibility in the population
of children with speech delays. Since these children often produce long strings of un-
intelligible utterances, it is difficult to calculate the number of word they produced.
Instead, it is much easier to obtain syllable count because syllable nuclei can be easily
detected from acoustic signals that characterized peak of sonority or relative loudness.
Once the number intelligible syllables and the number of unintelligible syllables are
obtained, researchers can count the number of syllables per word (SPW) in the intel-
ligible portion of the speech sample, and use it to yield an estimate of the number of
words in the unintelligible portion. This approach designates every speaker as his or
her own control, and is particularly useful for diagnosing problems of unintelligibility
on an individual basis.

The SPW technique seems most appropriate for assessing low-intelligibility speech
where contextual cues are limited, which makes it possible to adapt the measure for
diagnosing L2 speakers of low intelligibility. However, caution also arises because L1
and L2 acquisition are known to differ in many ways. For example, whereas children
with speech disorders often produce unrecognizable segments, many unintelligible
L2 speakers characterize clear segmental production yet poor prosody. It is unclear
how effective SPW may be for the evaluation of L2 speech intelligibility, and future

research addressing this issue is certainly warranted.

Acoustic approaches

In contrast to both perceptual and linguistic measures of intelligibility, the acoustic
measures of speech intelligibility focus on fine-grained acoustic-phonetic properties of

single segments or simple acoustic correlates that are associated with enhanced or
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reduced intelligibility. It is based on acoustic analysis of speech characteristics using
waveforms and spectrograms by acoustical analysis software such as Praat (Boersma
& Weenink, 2013).

Examining the physical properties of speech sounds is important for understanding
speech intelligibility because phonetic categories are cued by an aggregate of interre-
lated acoustic correlates, and each correlate has a different weight in cuing phonetic
categorization (Coleman, 2003; Francis, Baldwin, & Nusbaum, 2000; Jongman, Way-
land, & Wong, 2000; Abramson & Lisker, 1964). For example, the perception of
English stop voicing is related to 16 acoustic parameters, among which voice onset
time (VOT, defined as the length of time that passes between the release of a stop
consonant and the onset of voicing) and fundamental frequency at the onset of voic-
ing (onset f0) are the two primary cues for the categorization of stop voicing (Lisker,
1986). The relative weighting of these cues are known to be language-specific. Re-
search on the relationship between VOT and onset f0 suggests that while non-tonal
language listeners tend to employ VOT and onset f0 as the primary and secondary
cues for voiceless stop identification, tone language speakers suppress the use of onset
f0 as a cue to stop consonant voicing, because they tend to prioritize fO informa-
tion for tonal identification (Francis, Ciocca, Wong, & Chan, 2006; Xu & Xu, 2003).
Native speakers of a language typically have acquired these L1-specific cue-weighting
patterns in earlier stage of life and are thus able to produce phonetic segments that
align with listeners’ expectation.

Deviation from native representations of acoustic cue-weighting patterns is often
observed in L2 speech. For instance, Zhang, Nissen, and Francis (2008) examined the
acoustic cues of English stress produced by L2 speakers of Mandarin Chinese, and
found that compared to native English speaker, the L2 speech shows significantly
higher f0 and different vowel formant. Trofimovich and Baker (2006) also illustrated
that the production of several suprasegmentasl features by Korean learners of English
differed from native English speakers, such as stress timing, peak alignment, speech

rate, pause frequency, and pause duration. These differences may potentially affect
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the intelligibility of L2 speech, since listeners are extremely sensitive to the acoustic
cue-weighting patterns in their native language and are hence acute to fine acoustic
variations (Idemaru & Holt, 2011).

How acoustic attributes of segments are related to overall intelligibility of disor-
dered speech has been extensively investigated in the field of speech pathology, where
a range of acoustic and articulatory features are found to be associated with speech
production deficits with dysarthric and hearing-impaired patients (Weismer, Martin,
& Kent, 1992). One of the major findings is that vowel quality plays a crucial role
in predicting intelligibility: Low intelligibility is typically accompanied by reduced
vowel space. More specifically, dysarthria patients’ speech usually characterizes re-
duced or even collapsed vowel space (Zlegler & Von Cramon, 1983), difficulty with
the front-back distinction of vowels (R. Kent & Netsell, 1978), reduction of the range
and slope of formant transition (R. D. Kent, Weismer, Kent, & Rosenbek, 1989), and
inappropriate length of vowel duration (Caruso & Burton, 1987). Other commonly
reported problems include hypernasality (R. Kent & Netsell, 1978), difficulty with
the distinction of the manner and place of obstruent consonants (R. Kent & Netsell,
1978), and reduced formant transition in the production of glide and liquid (Weismer,
Kent, Hodge, & Martin, 1988).

Studies on normal speech intelligibility and speaker variability have also revealed
the contribution of acoustic-phonetic properties to speech intelligibility, including not
only segmental attributes but also a number of suprasegmental properties. For exam-
ple, Bond and Moore (1994) reported that word duration, vowel duration, and vowel
space were the major acoustic-phonetic properties that differentiated between speak-
ers of high and low intelligibility. Bradlow, Torretta, and Pisoni (1996) found that f0
range and vowel space expansion (especially F1 range) were highly correlated with
overall speech intelligibility. Focusing on the intelligibility of vowels in clear speech,
Ferguson and Kewley-Port (2007) demonstrated that vowel intelligibility was signif-

icantly improved when vowel space was expanded and vowel duration lengthened.
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Similar to findings from the speech disorder research, these studies also collectively
suggest that vowel space is critical for speech intelligibility.

However, divergent results were reported in other studies. For example, Hazan
and Markham (2004) investigated speech intelligibility of normal-hearing children and
adults using not only acoustic measures shown to influence intelligibility by previous
studies such as f0 range, word duration and vowel space, but also two new variables:
Long term average spectrum and consonant-vowel intensity ratio, which were believed
to reflect voice dynamics and articulatory precision respectively. Contrary to findings
in prior studies, Hazan and Markham (2004) reported that vowel space was not
correlated with intelligibility, but the most predictive variables were word duration
and the total energy in the 1- to 3-kHz frequency band. Hazan and Markham (2004)
attributed the difference between their study and others partially to the difference in
the speech materials used as stimuli: Single words were used in their study in contrast
with sentence-length materials used in previous studies, which may characterize more
contextual variation.

While most studies on phonetics characteristics and intelligibility focus on seg-
ments such as vowels and stop consonants, a few have attempted to explore the rela-
tionship between fricative production and speech intelligibility. For example, Todd,
Edwards, and Litovsky (2011) compared the spectral peaks and means of /s/ and
/[/ produced by children with cochlear implants (Cls) and normally hearing children,
finding that children with CIs typically exhibited reduced contrast between /s/ and
/[/, which partially contributes to their reduced intelligibility. Maniwa, Jongman,
and Wade (2009) examined how fricative production relates to the intelligibility of
clear speech and conversational speech using 14 spectral, amplitudinal, and temporal
parameters. Results showed that fricatives in clear speech featured longer duration,
higher spectral peaks, and higher spectral means and skewness, suggesting that the
production of clearly intelligible fricatives involves systematic acoustic-phonetic mod-
ifications. The major shortcoming of studies on the intelligibility of fricatives is that

they focused exclusively on fricatives, and therefore it remains unclear how fricatives



33

are related to other segmental and suprasegmental characteristics. Exploring this
question, in particular how acoustic variables collectively influence speech intelligibil-

ity, is certainly of both theoretical importance and pedagogical significance.

Statistical analyses of acoustic measures

Studies examining speech intelligibility often use acoustic variables to predict
holistic intelligibility ratings. A potential problem undermining this approach is that
speech signals often abound in redundant acoustic attributes, and therefore it is dif-
ficult to infer whether the predictive power of acoustic correlates to intelligibility
ratings is independent between different variables, or whether it is the aggregation of
multiple acoustic properties that collectively influences speech intelligibility. Indeed,
high intercorrelations are often observed among acoustically-measured variables as-
sociated with intelligibility (Liu, Tseng, & Tsao, 2000; Monsen, 1978; Nickerson &
Stevens, 1980).

One way to deal with the intercorrelation problem is to compare the relative
weighting among the variables using the regression technique. For example, in a
study on the speech intelligibility of deaf adolescents, Monsen (1978) measured nine
acoustic variables related to both consonants and vowels (the VOT difference between
/p/ and /b/, /t/ and /d/, /k/ and /g/, presence of nasal and liquid production,
spectral range of F1 and F2 and F2 variation associated with the diphthong /ai/,
mean f0, and sentence duration). Pearson correlation analysis showed that many of
the nine acoustic variables were highly correlated with each other, and they were
subsequently submitted to a multiple regression analysis with intelligibility score as
the dependent variable. Three of the nine variables (VOT difference between /t/
and /d/, F2 difference between /i/ and /o/, and the ability to produce nasals and
liquids) were found to account for 73% of the total variance of intelligibility scores,
meaning that they had the greatest impact on speech intelligibility. A more recent
study by Liu et al. (2000) examined a list of acoustic features (F1 frequency, F1 and
F2 frequency locations, the VOT difference between /p"/ and /p/, /t®/ and /t/, /k"/



34

and /k/, frication duration, possibility of initial burst, nasality, and burst spectrum)
of speech samples produced by Mandarin-speaking young adults with cerebral palsy
in relation to intelligibility. The study also identified high intercorrelation (ranging
from 0.60 to 0.92) among these acoustic variables, which were then regressed on overall
intelligibility scores. Results showed that that F1 and F2 frequency locations, VOT
differences and the presence of initial burst explained 74.8% of variance in subjective
intelligibility scores.

Metz, Samar, Schiavetti, Sitler, and Whitehead (1985) further pointed out that in-
tercorrelation among acoustic variables may reflect the operation of some underlying
fundamental dimensions of the speech mechanism. For example, the high correlation
among VOT differences between voiced and voiceless stops at three places of articu-
lation in English arise because the same speech-motor control mechanisms govern the
timing of laryngeal and supralaryngeal articulation in all three cases, and therefore
it may be expected that these VOT variables do, indeed, individually have similar
predictive power for intelligibility. If the three variables are entered into a regression
analysis simultaneously, it is highly likely that only one of them would emerge as a
significant predictor, but not the other two because of their shared variance with the
significant VOT measure. This might lead one to wrongly conclude that the statisti-
cally significant VOT variable strongly predicted speech intelligibility while the other
two did not.

A better approach suggested by Metz et al. (1985) is to use the factor analysis pro-
cedure, a statistical technique that can identify mutually uncorrelated latent variables
that represent the fundamental dimensions of the original acoustic attributes. Using
factor analysis with a set of 12 acoustic measures (including VOT differences, vowel
formants, and suprasegmentals such as pure-tone average and sentence duration) ex-
tracted from hearing-impaired speech materials, Metz et al. (1985) identified a few
mutually uncorrelated latent variables which were argued to be better representations
of the underlying dimensions of speech mechanism that may affect intelligibility than

the original acoustic measures. Subsequent multiple regression analysis suggested
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that the first two factors could significantly predict intelligibility. This factor was
interpreted as reflecting the temporal and spatial control for segmental events, and
the secondary factor as reflecting speech prosody and the stability of production for
the temporal aspects of certain segmental events.

In short, previous studies suggest that speech intelligibility might depend on a
combination of different acoustic-phonetic characteristics, but that the evaluation of
individual acoustic-phonetic properties may not tell the whole story. While these
findings may be further extended to the investigation of L2 speech, there still exists
a gap in the investigation of the relationship between fine-grained phonetic features
and global evaluation of L2 speech quality. Lastly, it should also be kept in mind
that acoustic description of speech intelligibility also marks a critical step towards

automated speech recognition and intelligibility evaluation.

2.1.3 Summary

A review of the literature on speech intelligibility reveals that intelligibility is not
simply about how many segments or words produced by a speaker can be recognized
and understood a listener, but it is a multi-dimensional entity that involves an array of
factors, which are even more intricate with respect to L2 speech. The complex nature
of speech intelligibility justifies the various approaches of measurement, despite that
they may sometimes produce divergent or even conflicting results. Moreover, the
application of these measures in L2 studies is still limited. An attempt to triangulate
different measuring techniques may be a first step towards building an explanatory

model for L2 speech intelligibility.

2.2 Fluency

While L2 speech tends to differ from L1 speech at the phonetic level, it is also typ-
ically less fluent than L1 speech. For normal-speaking adults, L1 speech production

is such an automated procedural ability all linguistic information can be processed
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rapidly and without much effort (Levelt, 1993; Schmidt, 1992). This allows speakers
to concentrate on the planning of the speech content rather on the linguistic forms
of the production, hence resulting in fluent utterances. In contrast, achieving L2
fluency is a more difficult task because the phonological and syntactic processes are
not as automatically encoded in L2 speech production as in L1 speech production.
L2 speakers often have to spend much more time and effort formulating the linguistic
structure prior to speaking, not to mention the effort spent on content planning and
speech monitoring. All these additional processes may slow down their speech rate
and may cause various disfluency problems that can ultimately affect intelligibility.
Therefore, it is important to examine the nature and properties of L2 speech fluency
as an avenue to further enhancing our understanding of L2 speech production and
perception. The following sections will review the definitions and measurements of
L2 fluency, as well as the various theoretical frameworks that are proposed to model
the cognitive and psycholinguistic process. Findings from previous research on L2

fluency is also briefly surveyed and summarized.

2.2.1 Definition of L2 fluency

Fillmore (1979) described fluency as one’s overall ability to speak a language.
Specifically, he conceptualized fluency in terms of four dimensions. The first di-
mension refers to speakers’ ability to produce utterances with minimum amount of
pauses, hence representing the quantitative or temporal aspect of fluency. The sec-
ond dimension refers to the syntactic and semantic coherence of production, which
clearly reflects the qualitative aspect of fluency. The third dimension deals with a
speaker’s ability to appropriately use language in various contexts, whether familiar
or unfamiliar. The fourth dimension points out that a fluent speaker should be able
produce speech not only at ease but also creatively, such as making jokes, expressing

humor, describing ideas in metaphor, and so on. Despite of the comprehensiveness of
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Fillmore’s definition of fluency, the major drawback is that it confuses fluency with
overall language proficiency, while it is also difficult to quantify the four dimensions.

Based on Fillmore’s work, Lennon (1990b) and Lennon (2000) proposed to define
fluency in a broad sense as well as a narrow sense. Broadly speaking, fluency is a cover
term for a speaker’s global oral proficiency, including syntactic complexity, discourse
coherence, semantic appropriateness, pausing patterns, lexical choices and language
creativity. The narrow sense of fluency, on the other hand, focuses on the temporal
facets of speech production. Specifically, fluency is defined as the amount of speech
produced in a given time as well as the smoothness and rapidity of the utterances
(Lennon, 1990b; Towell, Hawkins, & Bazergui, 1996; Wood, 2001). Another work-
ing definition of fluency proposed by Lennon (2000) specifies fluency as “the rapid,
smooth, accurate, lucid, and efficient translation of thought or communicative inten-
tion into language under the temporal constraints of on-line processing” (p. 26). In
recent L2 literature, fluency is operationalized in its narrow sense, because 1) it is
measurable, and 2) the broad definition is too easily identified with general language
proficiency which in turn remains vague and difficult to quantify (Chambers, 1997;
Fulcher, 1987). Following the lead of previous literature on L2 speech, the present
study approaches fluency in the narrow sense.

While the term fluency is typically used to refer to capabilities of the speaker, it
can also be conceptualized from the standpoint of both the speaker and the listener.
Segalowitz (2010) proposed a three-pillar structure for fluency, including cognitive flu-
ency, utterance fluency, and perceived fluency. Cognitive fluency refers to the cogni-
tive operation that governs speech production. Utterance fluency is the actualization
of cognitive fluency, or in other words, it describes the articulatory features that are
reflective of cognitive fluency. Perceived fluency represents listener’s inference of the
speaker’s cognitive fluency through perception of utterance fluency. Methodologically,
Segalowitz (2010) proposed that utterance fluency can be acoustically measured in
terms of temporal variables, and perceived fluency can be inferred by listener’s sub-

jective ratings, while the combination of utterance and perceived fluency measures
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are assumed to estimate cognitive fluency. This approach of viewing fluency from the
angles of both production and perception has been gaining popularity over the years

(Bosker, Quene, Sanders, & de Jong, 2014).

2.2.2 Temporal measures of L2 fluency

Temporal measures provide a gateway to evaluate L2 fluency objectively and offer
insight into the cognitive mechanism underlying L2 acquisition. An array of temporal
measures has been developed to investigate L2 fluency (de Bot, 1992; Towell, 1987;
Towell & Hawkins, 1994), many of which are adapted from studies on L1 acquisition
(Goldman-Eisler, 1958, 1968; Grosjean, 1980). Roughly speaking, L2 fluency mea-
sures can be grouped into three types, focusing on the 1) quantity, 2) rate, and 3)

disruption of speech, respectively (Blake, 1996; Ginther et al., 2010).

Temporal measures on the quantity of speech

L2 fluency measures on the quantity of speech include total response time, ar-
ticulation time, speech time, and speech time ratio (or phonation time ratio). Total
response time refers to the total length of a given speech sample, including both
meaningful speech and disruptions such as repetition and hesitation, and pauses.
Articulation time is the duration of time when the speaker is articulating sounds,
whether meaningful or un-meaningful. Speech time refers to the time that is used in
producing meaningful information. Comparing the three measures, articulation time
differs from total response time in that it excludes all silent pauses, and speech time
further excludes all pauses and disruptions. Together the three measures reflect the
quantity of speech production at different levels.

Speech time ratio refers to the percentage of speech time over total response time.
As an indicator of the proportion of fluent speech, speech time ratio is considered to
be more reliable than measures on absolute speech quantity in predicting a speaker’s

level of fluency. High speech time ratio is believed to reflect great ease of language
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formulation and articulation, and low speech time ratio indicates difficulties in speech

production (Lennon, 1990b; Towell et al., 1996; van Gelderen, 1994).

Temporal measures on the rate of speech

Temporal measures of fluency on the rate of speech include speech rate, articula-
tion rate, and mean syllable per run. Speech rate is computed as the total number
of syllables divided by total response time, and articulation rate is computed using
the total number of syllables divided by articulation tim