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SUMMARY

This study aimed to develop a reliable and valid perceptual profile for the assessment of
nasality and nasal airflow errors in speech. To date, clinicians rely on simple categorical
or numerical scales of nasality and nasal airflow errors to assess speech. Such scales
provide limited information on the type or degree of the presenting speech problems.
This new scale aimed to describe the nature and the degree of these characteristics, thus
improving reliability and validity. The second aim of the study was to assess the validity
of the Perceptual Profile using instrumental assessment for investigations of nasality and
nasal airflow errors and thus develop a protocol for assessment of nasality and nasal

airflow errors in speech.

In order to develop the Perceptual Profile, working definitions of the terms used to
describe nasality and nasal airflow errors were developed. The definitions formed the
basis of the Perceptual Profile and qualitative descriptions of error categories were
devised. The resulting scale was then tested rigorously for reliability, using percentage of
agreement and kappa scores. Intra-rater reliability was assessed by rating the speech of
twelve children presenting with nasality and/or nasal airflow errors twice from audio tape
recordings. Results indicated good to excellent intra-rater reliability of the Perceptual
Profile. Inter-rater reliability was assessed by comparing ratings of three Speech and
Language Therapists (one specialist, one experienced and one inexperienced in the area).
The speech samples of 20 children were analysed; percentage agreement and kappa
scores were calculated for each pair of raters. Results indicated good inter-rater
agreement for perceptual ratings of nasality and nasal airflow errors. However, kappa
results were variable, ranging from good to poor. Agreements of ratings in the present
study compared well with previous studies. The use of kappa analysis in the evaluation of
reliability of nasality and nasal airflow assessment is new and comparison of the kappa
analysis of the perceptual profile with other scales is not possible. The variable findings
of reliability of the perceptual assessment demonstrates the need to supplement

perceptual assessments with instrumental measurements.

Perceptual ratings of nasality were compared to instrumental measurements of nasality

using the Nasometer, while perceptual ratings of nasal airflow errors were compared to



instrumental measurements of flow and pressure using the PERCI SARS system.
Normative data from instrumental measurements is required before instrumentation can
be used to assess pathological speech. Normal pressure/flow measurements from 152
normal speaking children were obtained by Zajac (1998, personal communication).
Previous studies have indicated the need to obtain local normative data for the
Nasometer. In this study, seventy normal English-speaking Irish children were assessed
on the Nasometer using a novel speech stimulus. The speech stimuli available to date
have been found to be difficult for children (Watterson, Hinton & McFarlane, 1996) and
the present study found that the American stimuli were culturally biased. The speech
stimulus used for the present study allowed for nasometric analysis of sentences, which
were categorised according to consonant type. The normative data obtained in the study

will now provide baseline normal data for use of the Nasometer in Ireland.

Fifty children presenting with nasality and/or nasal airflow errors were assessed using the
perceptual scale, the Nasometer and the pressure/flow system. Results were compared
using correlational analysis, test sensitivity, specificity and overall efficiency ratings.
Results indicated a strong relationship between perceptual ratings of nasality and
nasalance scores on specific speech stimuli. There was a strong relationship between
perceptual ratings of nasal emission and pressure/flow measurements, particularly nasal
flow and velopharyngeal port area measurements. A weak relationship was found
between pressure/flow measurements and perceptual ratings of the following nasal

airflow errors: nasal turbulence, nasal fricatives and velopharyngeal fricatives.

Reliability and validity results identified sections of the Perceptual Profile that required
revision. Overall results indicate that the Perceptual Profile has variable reliability, with
acceptable agreement and, is a valid tool for the assessment of nasality and nasal airflow
errors in the speech of children with velopharyngeal dysfunction. Results also indicate
that the perceptual and instrumental assessment protocol is a valid and reliable
assessment, which could be used in specialist centres for management of children with

cleft palate and velopharyngeal dysfunction.



CHAPTER 1

INTRODUCTION

Disorders of nasal resonance and articulation are usually the primary speech problems in
cases of cleft palate, velopharyngeal dysfunction, or nasal obstruction (McWilliams,
Morris & Shelton 1990; Bzoch, 1989). Sell (1999) reported that nasality and nasal
airflow errors are considered primary outcome measures of palatal surgery. Hence, the
importance of reliable and valid assessment of these speech parameters is underscored.
Assessment of nasality and nasal airflow constitutes an important aspect of a
comprehensive assessment of speech of individuals with repaired cleft palate and/or
velopharyngeal dysfunction (Glossary, Appendix 1). It not only serves to evaluate the
speech status of such individuals, but indirectly evaluates velopharyngeal function.
Because problems of nasality and/or nasal airflow are often indicative of a problem with
velopharyngeal function, some of the approaches to assessment of the speech problems
are referred to as indirect measures of velopharyngeal function (Moon, 1993; Shprintzen,

1995).

Recent literature provides descriptions of articulation disorders associated with cleft
palate and velopharyngeal insufficiency (Trost, 1981; Eurocleft Speech Group, 1993;
1993; Sell, Harding & Grunwell, 1994; 1999). Much attention has been paid to the
investigation of articulatory errors associated with cleft palate and velopharyngeal
dysfunction; however, there has been limited investigation into classification and
assessment of nasality and nasal airflow errors (Grunwell & Harding, 1996). To date
perceptual assessment of nasality has taken the form of equidistant rating scales (e.g.
equidistant scales from 1 to 5, where 1 indicates no abnormality and 5 indicates severe
abnormality) or a severity scale (i.e. designating the degree of severity in terms of
mild/moderate/severe). These scales, however, do not comprehensively define all the
points on the scale in terms of what is perceived by the listener. This lack of definition
has resulted in poor reproducibility of assessment and weak inter-judge reliability (Wirz
& Mackenzie Beck, 1995). More recent approaches to assessment of nasality have begun

to define scalar points. For example, the Great Ormond Street Speech Assessment



(GOS.SP.ASS) (Sell, Harding & Grunwell, 1994) describes the parameters of
hypernasality and hyponasality on a 3 point scale, where 0 indicates no nasality and 1 and
2 are defined according to the severity of nasality. However, this scale has limited
descriptions of severity. In the revised GOS.SP.ASS 1998, the scale is expanded to 4
points, and more detailed definitions are provided. In the Cleft Audit Protocol for Speech
(CAPS), (Harding, Harland & Razzell, 1997) details of consistency are included in the
severity rating. For example, a rating of 1 indicates mild consistent hypernasality,
whereas a rating of 2 indicates moderate consistent hypernasality. Such a scale is not
comprehensive. It does not, for example, allow for a rating of moderate inconsistent

hypernasality.

Nasal airflow errors have been assessed perceptually in a similar manner, resulting in
similar problems. Furthermore, some authors do not distinguish between the different
types of nasal airflow errors. For example, nasal turbulence has been described as a more
severe form of nasal emission (McWilliams et al., 1990; Stengelhofen, 1990) (Glossary,
Appendix 1). Others recently describe nasal turbulence as a separate feature (Sell et al.,
1994), reporting a smaller velopharyngeal port gap during the production of nasal
turbulence than during the production of nasal emission (Kummer, Curtis, Wiggs, Lee
and Strife, 1992). Furthermore, McWilliams et al. (1990) describe two types of nasal
turbulence. Intra-nasal turbulence is produced within the nasal cavity, whereas nasal
turbulence is produced at the velopharyngeal sphincter. The different approaches to
assessment of nasal airflow errors has led to confusion regarding the speech problems of
patients with cleft palate, velopharyngeal dysfunction or nasal obstruction, and a lack of

reliable and valid assessment scales.

The GOS.SP.ASS addresses some of the issues of perceptual assessment of nasality and
nasal airflow; however, this is a screening assessment which has not been validated using
instrumentation. The CAPS assessment is used for audit purposes, it has insufficient
detail for clinical diagnoses, and it has also not been validated. Information on
consistency and frequency of nasal airflow errors should be included in assessment of
nasal airflow in speech (Shprintzen, 1995). Details of frequency of nasal airflow errors
are not included in the GOS.SP.ASS or the CAPS. The Perceptual Profile developed for

this study aims to provide a comprehensive assessment of nasality and nasal airflow



errors, for example, describing nasal airflow errors in terms of strength, frequency and

consistency.

In addition to the problems of the types of scales used for the perceptual rating of
nasality and nasal airflow errors in speech, other difficulties in perceptual assessment of
speech have been identified. The phonetic context of the speech sample, the presence of
articulatory errors, listening conditions and listener training have been found to influence
perception of nasality (McWilliams et al., 1990; Albery & Grunwell, 1993; Sell et al.,
1994; 1999; Kent, 1996). Despite these difficulties, the perceptual assessment of nasality
and nasal airflow is of utmost importance as the ultimate test of acceptability of speech
involves the perceptual acceptability to the listener (Moll, 1964). Hence, the assessment
of articulation and nasality is subjective, but instrumental measurements can compliment

these evaluations.

The primary aim of this study is to develop a detailed Perceptual Profile for assessment
of nasality and nasal airflow in patients with cleft palate, velopharyngeal dysfunction or
nasal obstruction, and to rigorously evaluate the reliability and validity of the Perceptual
Profile. A detailed profile should allow observation of any change in nasality and/or nasal
airflow following therapy or surgery and in this way help evaluate treatment approaches.
Planning specific therapy should be facilitated by a detailed assessment of speech, and
indications for surgery can be identified. Such a profile should improve the exchange of
information between speech and language therapists and other members of the team, and

between speech and language therapists themselves.

The relationship between perceptual judgements of hypernasality, some instrumental
measurements of nasality and nasal airflow and observation of velopharyngeal function
have been examined (McWilliams, Glaser, Phillips, Lawrence, Lavorato, Berry &
Skolnick, 1981; Karnell, Folkins & Morris, 1985; Dalston, Warren & Dalston, 1991).
Studies have evaluated the use of the Nasometer as an instrumental assessment of
nasality (Dalston, Warren & Dalston. 1991a; 1991b) (Glossary, Appendix 1). Results
indicated that factors such as speech stimuli, language, dialect and gender influence the
scores obtained from the Nasometer (Seaver, Dalston,. Leeper & Adams, 1991;

Watterson, Lewis & Deutsch, 1998a; Karnell, 1995). The need to obtain normal



nasalance scores for each dialect has been underscored (Seaver et al., 1991; Trindade,
Genero & Dalston, 1997; van Doorn & Purcell, 1998). Further investigations into the
relationship between perceptual measurements and Nasometric measurements and the
effects of the speech stimuli on these relationships have been recommended (Watterson,
McFarlane & Wright, 1993; Karnell, 1995). The present study aims to obtain normative
data for Irish children using the Nasometer and to evaluate the relationship between

perceptual ratings of nasality, using the Perceptual Profile and nasalance scores.

Instrumental assessments of nasal airflow errors have been developed for research, but
few have proved to be reliable and valid assessment tools (Ellis, Flack, Curle & Selly,
1978; Mirlohi, Kelly & Manley, 1994). Studies have evaluated the usefulness of the
pressure/flow system developed by Warren (1979) (Morr, Warren, Dalston & Smith,
1989; Warren, Dalston & Mayo, 1993b; Dalston & Warren, 1986). One study assessed
the relationship between the various pressure/flow measurements (Laine, Warren,
Dalston & Moor, 1988). Other studies evaluated the relationship between pressure/flow
measurements and perceptual ratings of nasality (Dalston & Warren, 1986; Warren,
Dalston & Mayo, 1994). However, scant attention has been paid to the relationship
between perceptual evaluations of nasal airflow errors in speech and instrumental
measurements of air pressure and flow. This study aims to assess the relationship
between ratings for nasal airflow errors in speech on the descriptive Perceptual Profile

and pressure/flow measurements.



1. 1 RESEARCH TITLE

The Perceptual and Instrumental Assessment of Nasality and Nasal Airflow Errors

Associated with Velopharyngeal Dysfunction

1. 2 AIMS

1) To develop a reliable descriptive Perceptual Profile of nasality and nasal airflow errors

in speech;

2) To wvalidate the descriptive scale by comparing ratings on these scales with

instrumental measurements of nasality and nasal airflow;

3) To obtain nasalance scores for normal Irish English-speaking children;

4) To develop a perceptual and instrumental protocol for the specialist assessment of
nasality and nasal airflow errors in speech for children with cleft palate, velopharyngeal

dysfunction or nasal obstruction.

1. 3 Outline of the Thesis

A review of the relevant literature regarding the assessment of nasality and nasal airflow
in speech is presented in Chapter 2. A review of perceptual assessment of speech,
describing the factors which influence the listener’s perceptions of nasality and nasal
airflow errors, is presented in Section 1. The use of scaling techniques in the assessment
of nasality and nasal airflow errors is evaluated and an overview of previous reliability
studies is summarised. Section 2 describes the Nasometer, a computer based instrument
which measures nasal and oral acoustic energy during speech. Normal studies using the
Nasometer are described and critically evaluated. Clinical studies using the Nasometer
include studies investigating the relationship between perceptual measurements and

nasometric measurements. Section 3 provides a background to aerodynamic assessments



of speech. The pressure/flow system used in the present study is described and results of
previous studies for normal and pathological speakers are presented. The relationship
between pressure/flow studies and other assessments of nasality, such as perceptual
assessment and Nasometry, are discussed. The final section of this chapter is a statement

of the problems in the assessment of nasality and nasal airflow errors in speech.

A study of nasometric scores for normal English-speaking Irish children is presented in
Chapter 3. This chapter outlines the methodology, results and discussions of a study
which assessed 70 children with normal speech during the production of various speech
samples. Results from the Irish population are compared with the results from previous
studies. These normal values are used in the main study for comparisons between normal
and pathological speakers using the Nasometer, thereby determining the validity of the

nasality scale in the Perceptual Profile.

Chapter 4 describes the Perceptual Framework, which was developed for the study.
Section 1 provides a definition of terms, with working definitions of nasality
(hypernasality, hyponasality and Cul de Sac resonance) and nasal airflow errors (nasal
emission, nasal fricatives, nasal turbulence and velopharyngeal fricatives). These
definitions form the basis of the Perceptual Profile. Section 2 describes the Perceptual
Profile, while the speech stimulus used is presented in Section 3. Section 4 presents four
different but related reliability studies which were undertaken using the Perceptual
Profile. Three intra-rater reliability studies were carried out, including an evaluation of
listening conditions, and evaluations of the use of anchor stimuli. The final reliability
study evaluates inter-rater reliability for three speech and language therapists. Limitations
of the reliability study, general discussion of reliability results, conclusions and

implications are presented.

Chapter 5 presents the methodology used in the main study. Information on the
participants, assessment procedures, calibration of the equipment and the analyses are
included. The results of the study are presented in Chapter 6. The type and severity of
nasality and nasal airflow errors are presented. Reliability of the instrumentation is

reported. Descriptive statistics for the instrumental results, including comparison with



normative data on the Nasometer and pressure/flow system and the relationship of

instrumental measures with perceptual measures are presented.

The discussion of the methodology and results is presented in Chapter 7. The results are
discussed under the headings of perceptual assessment, nasometric assessment and
pressure/flow assessments. The discussion of the instrumental results includes the
relationship between perceptual and instrumental measurements, the efficiency of the
speech stimuli used in assessment, the efficiency of cut-off values and possible factors
which influence the relationship between measurements. The conclusions of the present
study are presented in Chapter 8, with recommendations for a clinical protocol for
assessment of nasality and nasal airflow errors in speech. Recommendations for further

research are outlined.



CHAPTER 2

ASSESSMENT OF NASALITY AND NASAL AIRFLOW

Introduction

Speech is recognised as one of the primary outcome measures of palatal surgery
(McWilliams et al., 1990; Grunwell, Sell & Harding, 1993). In order to make decisions
about "the need for modification of oral structures, the appropriateness of speech or
language intervention, and the planning and execution of therapeutic procedures" an in-

depth assessment of speech production is essential (McWilliams et al., 1990; p.3).

Cleft palate, non cleft velopharyngeal dysfunction and nasal obstruction have been
grouped together as possible causes of the speech anomalies of resonance, nasal airflow
and articulation (Glossary, Appendix 1). A cleft of the palate is an opening in the palate
resulting in the continuous passage between the mouth and nose, where the palate serves
as the roof of the mouth and the floor of the nose (Shprintzen, 1995). Cleft palate is a
congenital condition and is the most common craniofacial anomaly. According to
Watson (2000), there is an almost infinite variation in the presentation of cleft lip and
palate. He stresses the difficulty in classification of clefts, where the simple classifications
are required for ‘everyday use’, but they fail to distinguish the severity within the groups.
In general the classification developed by the American Cleft Palate Association
(Harkins, Berlin, Harding, Longacre, Snodgrasse, 1960) is adapted and used. This
system has three main categories: cleft of prepalate (or primary palate), which includes a
cleft of lip, alveolar ridge and the triangle of the palate to the incisive foramen; cleft of
palate (or secondary palate), which includes the hard palate posterior to the incisive
foramen and the soft palate and; cleft of the prepalate and palate. Within each category
the clefts are described in terms of severity and location. Clefts of the primary palate may
be complete or incomplete, and they may be unilateral, bilateral or median, while clefts of

the secondary palate may be complete, incomplete or submucous (Watson, 2000).

Velopharyngeal dysfunction is a generic term which denotes any type of abnormal
velopharyngeal function resulting from structural deficits, neurological disorders, faulty

learning or a combination of aetiologies. Abnormal speech is often the primary symptom



of velopharyngeal dysfunction. Nasal obstruction may result from enlarged adenoids,
deviated nasal septum, a pharyngeal flap (Appendix 1), inadequate nasal airways and
chronic catarrh. This obstruction may prohibit the normal production of nasal consonants

and possibly influence nasal airflow (Wyatt, Sell, Russell, Harding & Albery, 1996).

Disorders of speech primarily associated with cleft palate, non cleft velopharyngeal
dysfunction and nasal obstruction are evident at segmental and suprasegmental levels.
The segmental problems occur on an isolated sound and include articulatory errors of
place and manner and problems of nasal airflow. Suprasegmental problems extend over
units which encompass more than one segment (Hyman, 1975) and include aspects such
as stress, intonation and resonance. Resonance of the voice refers to the acoustic
response of air molecules to a source of sound in the oral, nasal, and pharyngeal cavities
(Borden & Harris, 1980). In this case the sound source is the vibration of the larynx. The
terms, which have been used to describe nasal resonance include nasality, nasal voice,
and denasal voice, all of which have been used interchangeably (Laver, 1980). These
terms have been used to describe both segmental features of nasality on isolated sounds
and suprasegmental features of voice quality. In the present study, the term nasality will
be used to describe the perceptual suprasegmental feature associated with the acoustic
response of air within the coupled oral and nasal cavity. Laver (1980) states that nasality
is primarily an auditory concept and that the term covers a number of auditorily similar
but not identical phenomena. In normal speech, nasality is evident on nasal consonants
and adjacent vowels. Disorders of nasality are commonly associated with cleft palate,
velopharyngeal dysfunction and nasal obstruction. Hypernasality has been referred to as
increased nasal resonance of the voice (Wyatt et al., 1996), with the perception of
inordinate nasal resonance during production of vowels due to inappropriate coupling of
the oral and nasal cavities (D’Antonio & Scherer, 1995). Hyponasality has been referred
to as a reduction in normal nasal resonance resulting from a blockage of the nasal airway
(D’Antonio & Scherer, 1995). Detailed working definitions of nasality, hypernasality

and hyponasality are presented in Chapter 4, Section 1.

Segmental errors associated with cleft palate and non cleft velopharyngeal dysfunction
include errors of nasal airflow and articulatory errors. For the purpose of this study,

nasal airflow errors is a generic term describing the inappropriate escape of air through



the nasal cavity during production of voiced and voiceless oral pressure consonants, and
is usually associated with incomplete velopharyngeal closure. Nasal airflow errors consist
of the following, based on the literature:

Nasal emission is audible escape of air from the nasal cavity accompanying
production of oral pressure consonants. When airflow is constricted within the nasal
cavity, it is noisy and therefore audible (Grunwell & Harding, 1998). Nasal emission has
a frictional but no turbulent or snorting quality. When this occurs during consonant
production there is both oral and nasal release of air, as the nasal emission accompanies
the sound (Sell et al., 1994).

A nasal fricative also has the frictional sound produced by air passing through
the nasal cavity when there is incomplete velopharyngeal closure. However, there is a
complete or almost complete stricture in the oral cavity (Grunwell & Harding, 1998),
resulting in no audible oral release.

Nasal turbulence is defined as a ‘snorting’ or turbulent noise resulting from the
approximation but inadequate closure of the superior border of the velum and the
posterior pharyngeal wall (Duckworth, Allen, Hardcastle & Ball, 1990). This has been
described as a ‘nasal rustle’ resulting from friction produced when an airstream passes
through a small velopharyngeal gap (Kummer et al., 1992).

A velopharyngeal fricative is a ‘snorting’ or turbulent noise, resulting from the
approximation but inadequate closure of the superior border of the velum and the
posterior pharyngeal wall, and functions as a substitution for another sound (Duckworth
et al., 1990). There is complete oral stricture during sound production with no audible

oral release.

Nasal airflow errors have been described in varying ways by many authors (Peterson,
1975; Duckworth et al., 1990; Kummer et al., 1992; Sell et al., 1994). For the purpose of
this study working definitions have been developed based on the definitions presented
here. These working definitions and the discussion regarding controversy of definitions

are presented in Chapter 4, Section 1.

Specific articulatory errors have been reported to be associated with cleft palate and/or
velopharyngeal dysfunction (McWilliams et al., 1990; Sell et al., 1994; Wyatt et al.,
1996). Sell et al. (1994; 1999) describe cleft type articulatory characteristics of speech
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including: dentalization; lateralization; palatalization; gliding of fricative/affricates;
backing; weak articulation and nasalizaton, as well as compensatory errors. Dentalization
or fronting of alveolar sounds have been noted in cleft speakers (Eurocleft Speech
Group, 1993). Lateralization and palatalization have been reported to be the most
common cleft type articulatory errors in children with cleft palate (Albery & Grunwell,
1993). Lateralization occurs usually on alveolar/velar targets, where the airstream is
released centrally and laterally. Lateral realization, where there is total lateral release of a
sound, can also occur. Palatalization occurs when there is secondary articulation of open
approximation between the front of the tongue and the hard palate, simultaneously with a
primary articulation of an alveolar sound. Palatal realization of sounds can also occur.
According to Sell et al. (1999), gliding of fricatives and affricatives is a common
characteristic but no research data associates gliding with compensatory articulation.
Backing of sounds, alveolar targets backed to velar, or alveolar/velar to uvular sound
place of articulation is a common characteristic of cleft speech. It is thought to be the
product of abnormal neuromotor learning caused by structural abnormality (Wyatt et al.,
1996). Weak articulation has been described as an articulation pattern associated with
velopharyngeal dysfunction. This occurs when oral pressure is reduced but there is
normal place of articulation (Wyatt et al., 1996). The reduction in pressure may be due
to incomplete closure of the velopharyngeal sphincter and leakage of air through the
nasal cavity. Perceptually, the pressure consonant may be soft and weak resulting in
reduced intelligibility (Wyatt et al., 1996). Nasalized consonants can also be present
when there is incomplete velopharyngeal closure. Nasalization occurs when the sound
produced in the oral cavity is accompanied by nasal resonance (Grunwell & Harding,
1996). Nasalization normally occurs in English in the presence of nasal consonants;
however, when produced on other sounds in the absence of nasal consonants, it is

usually associated with velopharyngeal dysfunction.

Compensatory articulation errors are a distinct category of errors commonly found in
patients with velopharyngeal dysfunction (Trost, 1981; Bzoch, 1989; Sell et al., 1994).
Glottal and pharyngeal sounds are produced as compensatory articulations producing
abnormal articulation at a place where success is more likely (Sell et al., 1994). Plosives,
fricatives and affricates are produced below the inadequate velopharyngeal sphincter and

therefore the velopharyngeal sphincter becomes irrelevant. Compensatory articulation
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includes: the glottal stop; pharyngeal stop; pharyngeal fricative and glottalization; The
glottal plosive occur when there is closure of the vocal cords, with the build-up of
pressure below the glottis; a pharyngeal stop is produced when the back of the tongue
articulates with the posterior pharyngeal wall and there is a build-up of pressure which is
released as a plosive. A pharyngeal fricative is produced at the same site of articulation;
however, there is sufficient narrowing of the airstream to produce friction. The glottal
stop can be used as a substitution for voiced and voiceless plosives and is usually used
consistently across a variety of phonetic contexts (Sell et al., 1994). Glottalization or
glottal coarticulation can also be present as compensatory articulation. The glottalized
sound occurs when a plosive is produced with correct oral closure and secondary closure
at the glottis. The oral closure is released, followed by release of the glottal closure
(Kittelson, Broen & Moller, 1983). This articulatory pattern is also referred to as double
articulation (Trost 1981; Wyatt et al., 1996) and glottal reinforcement (Sell et al., 1999).

In the assessment of speech problems associated with cleft palate, non cleft
velopharyngeal dysfunction and nasal obstruction, analysis must be made at both
segmental and suprasegmental levels, as problems at one or both levels distort speech
and each has different implications for treatment. The focus of the present study is on
the assessment at the suprasegmental level of nasality, specifically hypernasality and

hyponasality, and the segmental nasal airflow errors in speech.

Children with cleft palate and/or velopharyngeal dysfunction are at risk for
laryngeal/voice disorders, which may be congenital or behavioural (D’Antonio &
Scherer, 1995). Abnormal voice patterns such as breathiness, abnormal pitch and
laryngeal stridor are associated with syndromes such as Apert syndrome and Velo-
Cardio-Facial syndrome (Witzel, 1995). Voice disorders may also be secondary to
velopharyngeal dysfunction. D’ Antonio, Muntz & Province (1988) reported that 41% of
85 patients with velopharyngeal dysfunction had abnormal voice characteristics,
observable laryngeal abnormalities, or both. The Clinical Standards Advisory Group
(CSAG) (1998) found that 29% of five year olds and 17% of twelve year olds assessed
were dysphonic (Appendix 1).
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Descriptions of vocal problems include hoarseness, breathiness, abnormal pitch, soft
voice and strangled voice (McWilliams et al., 1990). These problems, according to
McWilliams et al. (1990), may be a direct response to abnormal anatomy. Bzoch (1989)
described the phonatory pattern associated with velopharyngeal dysfunction as weak and
aspirate phonation. This weak phonation may be an attempt to minimise the resonance
distortion from velopharyngeal dysfunction through weakening the fundamental
frequency of the voice (Bzoch, 1989). Hoarseness may result from hyperfunctional use
of the vocal cords and this may cause vocal cord oedema, nodules or other pathology
(Witzel, 1995). The use of soft voice may be related to the inability to create sufficient
oral pressure in speech, while a strangled voice quality may be associated with
insufficient mouth opening during speech. Both of these abnormal vocal patterns may be
unintentionally adopted to mask the presence of hypernasality or nasal emission (Witzel,

1995).

Acoustic and aerodynamic changes have been noted in individuals with velopharyngeal
dysfunction and voice disorders (Appendix 1). Children with strained and strangled voice
quality associated with velopharyngeal dysfunction were found to have high transglottal
pressure and resistance, while children with breathy voice patterns were found to have
low transglottal pressure (Lewis, Andreassen, Leeper & Macrae, 1993). Sapienza,
Brown, Williams, Wharton and Turner (1996) reported that an individual was unable to
increase intensity and had an increase in fundamental frequency when the velopharyngeal
opening was greater than 20 mm. Zajac and Linville (1989) found significantly raised
jitter (cycle-to-cycle variations in fundamental frequency) in children with velopharyngeal
dysfunction. They also found a positive correlation between jitter and perceived nasality
and a positive correlation between shimmer (cycle-to-cycle variations in amplitude) and

hoarseness.

The complexity of speech problems asssociated with cleft palate and velopharyngeal
dysfunction is emphasized in the literature. The importance of reliability, agreement and
validity of speech assessment is well recognised (McWilliams et al., 1990; Cordes 1994;
Wirz & Mackenzie Beck, 1995). In section 2.1, definitions of reliability, agreement and
validity for general assessment will be reviewed and an outline of their use in previous

research and in the present study will be provided. The terms, cut-off values, test
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sensitivity and test specificity will be defined within the context of recent research
(section 2.2). The remaining sections of this chapter review three approaches to
assessment of nasality and nasal airflow; perceptual, acoustic and aerodynamic. Each
assessment technique will be considered and cut-off values, test sensitivity and specificity

will be discussed.

2.1 Reliability, Agreement and Validity

The term reliability has been used with different meanings in the literature on the

observational data in speech pathology. According to Cordes (1994), defining reliability

requires differentiation between two distinctly different uses of the term. One use is a

broad concept related to generally trustworthiness of obtained data. This definition refers

to the dependability or reproducibility of test scores. The second use of the term refers to

a mathematical relationship between an observed test score and the test takers ‘true

score’ on the test. This means that observed scores are reliable if they vary with

variations in true score rather than with variations in measurement error. Further

confusion is caused by equating the definitions of reliability with estimates of reliability.

The estimate of reliability refers to the manner in which reliability is evaluated. The most

common methods of estimating reliability include:

e intra-rater reliability, which is often measured by calculating correlation or percent of
agreement between measurements made by an individual rater;

e inter-rater reliability measures a percent agreement or correlation between different
raters;

o test-retest reliability measures agreement of measurements from two different
occasions (Streiner & Norman, 1995).

In the review of the literature on reliability studies, estimates of reliability for studies will

be compared.

It is important to distinguish between the concepts of reliability and agreement.
Reliability has been equated with inter-rater agreement, and this, according to Cordes
(1994), has led to more confusion. Kreiman, Gerratt, Kempster and Berke (1993) state
that agreement implies that two listeners assign identical meanings to each scale point,

such that the concept of severe hypernasality has the same meaning for each listener as
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has the concept of mild hypernasality and normal nasality. In the literature, the percent of
agreement between two assessments has been used to evaluate reliability of measures of
speech problems associated with cleft palate (Albery & Grunwell, 1993; Sell et al., 1994;
Wirz & Mackenzie Beck, 1995). Reliability implies that listeners rate voices in a parallel
fashion without implying that each scale value has the same meaning. Correlation
coefficients have been used as one way of reporting reliability (Watterson et al., 1993;

Sell & Grunwell, 1993).

Distinction between the terms reliability and validity also needs to be made. Validity,
according to Cordes (1994), refers to whether measurements actually measure what they
are designed to measure. Validity, like reliability, refers to a broad concept which
historically included content validity, criterion validity and construct validity. These three
types of validity were defined by Streiner and Norman (1995). Content validity means
that a scale or test contains sufficient items and adequately covers the domain under
investigation. Criterion validity relates one measurement to another measurement of the
same problem, usually a ‘gold standard’ which has been used in the field. Construct
validity is more complex. This allows us to make inferences about a person based on a
theory or construct. The theory explains the relationship between various behaviors.
More recently a broader concept of validity has been used which refers to a process of
hypothesis testing (Streiner & Norman, 1995). In general two questions need to be
answered according to Streiner & Norman (1995):

e Does a test measure what it was designed to measure ?

e (Can we make inferences with confidence about the people being tested?

In order to answer these two questions, test sensitivity and specificity are evaluated in

the literature using cut-off values.

2.2 Cut-off Values

Cut-off values for test scores have been determined to distinguish normal and abnormal
speakers. In perceptual studies, cut-off values can be a point on a scale where the listener
decides that speech is abnormal. In some studies, the cut-off value on the scale was
predetermined (Watterson et al., 1998a), whereas in other studies the cut-off value was

decided post-hoc (Dalston, Neiman & Gonzalez-Landa, 1993 ).
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For the Nasometer, cut-off values have been determined using scores from normal and
clinical populations (van Doorn & Purcell 1998). In earlier studies (Fletcher, Adams &
McCrutcheon, 1989), the cut-off values were determined by using two standard
deviations above or below the mean for a normal population. Van Doorn and Purcell
(1998) state that studies using clinical cut-off values (determined by comparing
perceptual measures and nasalance scores) differ in their findings. Cut-off values may
differ for different dialects and language as studies have shown that normal nasalance
scores vary according to language and dialect (Seaver et al., 1991; Trindade et al.,
1997). It would appear that using two standard deviations around the mean for a normal
population and testing this on a clinical population may give a better indication of cut-off
values or range of values. Van Doorn and Purcell (1998) point out that cut-oft values
should be used as a guide to the nasalance value that corresponds to the perception of

normal or abnormal nasality.

Cut-off values for aerodynamic measurements were estimated using measurements from
participants with repaired cleft palate, velopharyngeal dysfunction and model analogues
of the vocal tract (Warren, 1967; Warren, 1979). In the model studies, a mechanical
model of the vocal tract was developed which simulated velopharyngeal opening.
Opening of the model velopharyngeal port ranged from 0 to 1.0 cm’, thus representing
adequate and inadequate closure of the port. Difference in pressure measurements
between the nose and the mouth were compared to the size of the velopharyngeal

opening in order to estimate cut-off values indicating velopharyngeal inadequacy.

It is evident, however, that using a cut-off value, whether it is determined from normal or
clinical studies, has one major drawback. A small number of participants will be
misclassified as normal or abnormal using a single cut-off value. Test sensitivity and
specificity will provide an estimate of the number or percentage of cases misclassified

and provide some validation measurement of the test.
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2.3 Sensitivity and Specificity

Test sensitivity is the percentage of participants who are identified as having abnormal
speech on one test and who are also identified as having abnormal speech on another
test. Test sensitivity for the Nasometer is the percentage of participants judged to be
hypernasal using a perceptual test and who are also identified as abnormal on the
Nasometer (Watterson, Hinton & McFarlane, 1996). Test specificity refers to the
percentage of patients who are identified as having normal speech on one test and who
are also identified as having normal speech on another test. Using the Nasometer, the test
specificity is the percentage of participants who are judged as having normal nasality on
a perceptual scale and who also score within normal limits on the Nasometer (Watterson
et al., 1996). An overall efficiency rating can be calculated by adding the number of times
one test agreed with the other test, divided by the total number of opportunities (i.e. total
number of participants tested) (Watterson et al., 1998a). In recent studies, a cut-off value
has been determined for an instrumental measure, which distinguishes between normal
and abnormal speech, and the results have been compared to other assessments of the
same speech parameter. In this way, agreement between measurements can be

ascertained.

Cut-off values, sensitivity and specificity will be discussed in relation to instrumental

assessment of nasality and nasal airflow in a later section.
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2.4 PERCEPTUAL, ACOUSTIC AND AERODYNAMIC APPROACHES

Three approaches to assessment of nasality and nasal airflow errors in speech are
presented in this study. Perceptual assessment involves perceptual judgements regarding
the presence or absence of nasality and nasal airflow problems, and severity of the
problem. Acoustic assessment involves the measures of acoustic energy resulting from
the coupling of the oral and nasal cavity (Moon, 1993). The most popular clinical and
research acoustic technique is Nasometry, which measures oral and nasal acoustic
signals. Aerodynamic assessment techniques have been developed to assess both nasality
and nasal airflow errors. Various approaches are described below, with specific reference
to the pressure/flow technique developed by Warren (1979). The pressure/flow
technique has been described as a potentially powerful tool in the evaluation of

velopharyngeal function (Moon, 1993).

2.5 Perceptual Assessment

This section examines why perceptual judgements are fundamental to all other methods
of speech assessment. It outlines the importance of reliability and validity, and the factors
which influence reliability and validity. Scalar judgements of nasality and nasal airflow
errors, and articulatory assessments of nasal airflow errors are discussed. Reports of
reliability studies are evaluated and implications for future perceptual assessments are

outlined.

Arguments have been made since the 1960's to support the use of perceptual judgements
as a basis of assessment of voice and resonance. The central role of voice quality
perception in the assessment of disordered speech is not surprising considering that the
ultimate goal of speech is communication, and the ultimate test of acceptability of speech
involves the perceptual acceptability to the listener (Gerratt, Kreiman, Antonanzas-
Barroso & Berke, 1993). Kuehn (1982; p. 518) summarises the basis for perceptual
judgements of speech when he states, that "in a sense, a speech disorder does not exist
until it is perceived by a listener". Perceptual assessment is not only recognised as the

primary approach to voice and resonance assessment, but has also been used to validate
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other assessment approaches. Auditory perceptual judgements of speech production of
normal and disordered speech performance are central to the interpretation of all other
forms of analysis (Folkins & Moon, 1990). According to Young (1969; p. 135) "a
measurement of speech disorder is primarily a perceptual event and the observer’s
response necessarily represents the final validation for any measures". Therefore, if
instrumental assessments are used to assess resonance, then perceptual judgements are
used to validate the instrumental results. Perceptual judgement has been described as the
only direct and logically valid measure of nasality (Moll, 1964). The perceptual
judgement of nasality has also been described as the only indirect measure of
velopharyngeal valving of critical importance (Shprintzen, 1995)'. It is now well
recognised that the trained examiner’s ear is indispensable in the assessment of nasality
and that perceptual judgement of the Speech and Language Therapist is the first step in
differential diagnosis of velopharyngeal dysfunction (LeBlanc & Shprintzen, 1996)

Despite its importance, perceptual assessment of speech has major disadvantages.
Perceptual measures are difficult to calibrate and judgements may depend on experience
and training (Kuehn, 1982). There may be variation in perceptual judgements between
groups of listeners as well as between individual listeners (Kuehn, 1982; McWilliams et
al., 1990). Phonetic factors and articulatory errors can influence the perception of

nasality (Bzoch, 1989).

Kent (1996) expressed concern about auditory perceptual judgements in clinical practice
because “the assumptions underlying the use of these judgements do not always
characterise reality” (p. 7). He highlighted the following assumptions that are made
regarding trained listeners:

e they have a common understanding of the meaning of perceptual labels;

they use the same descriptors and scales to assess a speech sample;

they can isolate one perceptual dimension from another;

they have uniform reliability in judging dimensions of speech;

' The distinction, between direct and indirect assessment of velopharyngeal valving, was made by
Shprintzen (1995). He argued that direct measures included nasendoscopy and videofluoroscopy,
whereas indirect measures included nasometry, pressure/flow measures and auditory perceptual
assessments.
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e they make perceptual judgements for which inter-judge differences are smaller than

differences needed for clinical classification.

But Kent (1996) argued that:

e listeners do not have equivalent definitions of dimensions to be rated;

e they fail to reach a consensus on what labels and scales should be used in clinical
assessment;

e values that are obtained for one dimension may be influenced by other dimensions of
speech that are inter-correlated;

e various perceptual ratings are not rated with uniform reliability; and

¢ differences among judges are larger than differences needed for diagnostic
classification.

As a result of these problems the reliability of perceptual assessment of nasality has been

questioned (McWilliams et al., 1990).

The difficulties of perceptual assessment are important factors affecting the reliability and

validity of nasality and nasal airflow error assessments, and will be reviewed below.

2.5.1 Reliability, Agreement and Validity of Perceptual Assessments

Most reliability assessments of nasality and nasal airflow have been carried out using
intra- and inter-rater reliability procedures (Watterson et al., 1993; Sell et al., 1994; Wirz
& Mackenzie Beck, 1995). For example, Wirz and Mackenzie Beck (1995) defined the
reliability of the Vocal Profile Analysis Scheme (which includes a section on nasality and
nasal emission) as the ability to identify neutral or non-neutral parameters and to rate the
degree of severity of that parameter to within one scalar degree of the ‘right answer’.
Intra-rater reliability of perceptual judgements is the ability of a listener to identify the
parameter of speech as normal or abnormal and to rate the degree of abnormality in the
same way during two different assessment sessions. Inter-rater reliability is the ability of
two or more listeners to identify the same speech as normal or abnormal and to rate the
degree of abnormality in the same way. In most studies agreement to within one point on

a scale is considered to be acceptable.
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Reporting agreement or rank correlations present some problems. Firstly, reporting
agreement can produce artificially high reliability if there is a high occurrence of a clinical
behaviour during an assessment of the reliability. For example, if a scale for assessment
of nasality is used on a population which has a high proportion of participants with
normal nasality, then the level of agreement of listeners will be high. This is because the
judges may have found it easy to agree on the normal nasality, but may have found it
more difficulty to agree on the abnormal nasality (Kearns & Simmons, 1988). As a result,
the overall reliability coefficient may have been artificially inflated. Secondly, rank
correlation coefficients only imply that the raters rated the speech samples in a similar
manner. It does not take into account the exact agreement on the scales. Thirdly, the
influence of chance agreement of ratings is not considered in either percentage of
agreement or correlation coefficients. Listeners can agree on a rating by chance, and this
needs to be taken into account when evaluating reliability. The use of occurrence
reliability coefficients is suggested by Kearns and Simmons (1988) to overcome this
problem. The occurrence reliability coefficient is calculated by including a formula for
chance agreement in the estimate of reliability. This type of statistical agreement is used
in kappa ratings of reliability. The kappa statistic relates the actual measure of agreement
with the degree of agreement which would have been attained had the ratings been made

at random (Bulman & Osborne, 1989).

In a review of the perceptual evaluation of voice quality’, Kreiman et al. (1993) made
two important recommendations based on the literature and clinical practice:

e both percentage of agreement and reliability should be reported;

e consideration should be made for chance agreements.

This may help overcome some of the problems with the use of the term reliability and

with estimates of reliability.

? In recent literature, the discussion of perceptual assessments reviews all aspects of voice quality,
including resonance and nasality.
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Perceptual ratings of nasality have been reported to have high validity (D’Antonio &
Scherer, 1995). However, other authors have questioned the validity of perceptual
judgments of nasality (McWilliams et al., 1990; Kent, 1996). It is well recognized that
speakers with velopharyngeal dysfunction can present with associated speech problems
such as articulatory errors and phonation disorders. Listeners may have difficulty
separating nasality from these other speech characteristics (Bzoch, 1989). It may be that
raters rate their global perceptions and not the single element of nasality (McWilliams et
al., 1990). Validity of perceptual assessments may be improved with training in the use of

the assessment profile and comparing results to normal speakers (Sell et al., 1999).

Perceptual assessments of nasality have been used to assess validity of instrumental
assessments of acoustic energy or air pressure/flow measurements (Haapanen, 1991a;
Warren, 1967). According to Dalston and Warren (1986), it is generally agreed that
perceptual judgments are the most appropriate standard against which to test the
diagnostic accuracy of any objective diagnostic instrument, for example in studies of
Nasometry and perceptual judgments (Paynter, Watterson & Boose, 1991; Nellis,
Lehman & Lehman 1992). According to Kuehn (1982), instrumental techniques should
be validated with perceptual measures as the ‘common denominator’, because, as
previously described, this provides the only valid measure of nasality, since the listener is
always an integral part of the communication process (Moll, 1964). However, using
perceptual assessments of nasality and nasal airflow to validate instrumental assessment
techniques is problematic. In this situation, perceptual assessment of nasality is assumed
to be the ‘gold standard’ against which other assessment techniques can be compared. It
has been shown that the perceptual assessment of nasality and nasal airflow can have
poor reliability, weak agreement and poor validity due to the factors outlined in section
2.5.2. These problems will need to be overcome if perceptual judgments are to be used

to validate instrumental techniques.

2. 5.2 Factors Affecting Reliability/Agreement And Validity

There are several interacting factors which have been reported to affect reliability,
agreement and validity, and these will be discussed below. Reliability in the studies

reported in this section was evaluated using correlation procedures.

22



2. 5. 2 (i) Phonetic Aspects

Early studies of cleft palate speech indicated that high vowels are perceived as being
more nasal than low vowels and front vowels are perceived as being more nasal than
back vowels (Spriesterbach & Power, 1959; Lintz & Sherman, 1961; Carney &
Sherman, 1971). Henningsson and Hutters (1997) also reported that high vowels are
more vulnerable than low vowels to the velopharyngeal mechanism. This means that high
vowels may be perceived as more hypernasal than low vowels in the presence of
velopharyngeal dysfunction. Hence, the height of vowels in the speech sample may

influence the perception of nasality.

Another early study reported that the phonetic context of a vowel influences perception

of hypernasality. Lintz and Sherman (1961) found that in nasal and non nasal speakers:

e vowels in voiced environments were judged to be more severely nasal than vowels in
voiceless environments, and

e vowels in fricative environments were judged to be more nasal than vowels in plosive
environments.

More recently, McWilliams et al. (1990) stated that the phonetic context of the vowels

may influence perception of nasality particularly in cases of borderline or marginal

velopharyngeal dysfunction.

D’Antonio and Scherer (1995) reported that young children, who have a limited sound
system consisting mainly of vowels and nasal consonants, may sound more nasal. This is

probably due to the increased use of nasal consonants in speech.

The reliability of perception of nasality in isolated vowels has been investigated.
Counihan and Cullinan (1970) reported a consistent trend for disparity of ratings to
decrease and reliability coefficients to increase as the stimulus changed from isolated
vowel to syllable to connected speech. Poor correlations for perception of nasality on
isolated vowels with perception of nasality for the same vowel in connected speech have
also been reported (Spriesterbach & Power, 1959; Carney & Sherman, 1971). In a more
recent study, Bassich and Ludlow (1986) assessed the reliability of perceptual ratings of

13 dimensions of voice quality. One of the dimensions was nasality. They rated audio
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recordings of the vowels /a/ and /i/ on a 7 point scale. Participants included normal
speakers and pathological speakers. They reported correlations between four judges’
ratings of nasality for normal speakers (0.83) and for pathological speakers (0.63). One
of the possible reasons for weaker correlations for the pathological speakers may have
been that the nasality problems were not perceived on isolated vowels. Another possible
cause was that the production of vowels in isolation may not have affected
velopharyngeal valving to the same extent as the production of vowels in connected
speech. McWilliams and Philips (1979) reported that velopharyngeal function may
deteriorate as the complexity of the utterance increases in children with velopharyngeal

dysfunction.

2. 5. 2 (ii) Vocal Quality

It is well recognised that children with repaired cleft palate and/or a history of
velopharyngeal insufficiency may also present with voice/laryngeal changes. Varying
compensatory laryngeal behaviours have been reported. Leder and Lerman (1985)
suggested that these transglottal changes resulted in a reduction of nasal emission when
velopharyngeal insufficiency was present. Studies indicate that laryngeal changes are
required to maintain vocal pitch and loudness (Hamlet, 1973; Tarlow & Saxman, 1970)
and that these changes may result in voice and laryngeal pathology (Sapienza et al.,
1996). Such changes in voice quality may influence the perception of nasality and nasal
emission. Changes in pitch have been shown to result in small changes in perception of
nasality (McWilliams et al., 1990). LeBlanc and Shprintzen (1996) reported that
hoarseness tends to mask hypernasality so that when velopharyngeal dysfunction and
severe hoarseness occur, the hoarseness tends to be more noticeable than the
hypernasality. Children with cleft palate and/or velopharyngeal dysfunction may use
weak and breathy phonation, as this appears to minimise the distortion in resonance
(Bzoch, 1989). Little is known about the exact effect of laryngeal/voice variations on the
perception of nasality and nasal airflow errors and further research is required (Kuehn,

1982; McWilliams et al., 1990).

2. 5. 2 (iii) Articulatory Errors
Articulatory errors associated with cleft palate and velopharyngeal dysfunction have been

described in detail in recent literature, with specific emphasis on errors of place and
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manner (Albery & Grunwell, 1993; Sell et al., 1994; Wyatt et al., 1996: Sell et al, 1999).
Placement errors include: imprecise tongue tip movements; double articulation; lateral
and palatal articulation; backing; and compensatory articulation such as
glottal/pharyngeal realisations (Trost, 1981). Manner errors include: weak articulation;
lateralization and palatalization; nasalization of consonants; and nasal airflow errors
(Eurocleft Speech Group, 1993; Wyatt et al., 1996; Sell et al., 1999). It is well
recognised in the literature that all these articulatory errors influence the perception of
nasality. For example, some authors state that the perception of nasality increases in the
presence of compensatory errors such as glottal realisations (Bzoch, 1989; McWilliams
et al., 1990). This may be due to the close association of glottal realisations and severe
velopharyngeal dysfunction (LeBlanc & Shprintzen, 1996). Kuehn (1982) believes that
listeners evaluating speakers with articulatory and nasality problems may respond to one

broad perceptual dimension rather than two separate and distinct dimensions.

2. 5.2 (iv) Listening Conditions

Early studies hypothesised that audio tape recorded speech played backwards would
eliminate or reduce the articulatory and phonetic influences on perception of nasality.
Sherman (1954) compared ratings of speech stimuli played forward and ratings of speech
stimuli played backwards and found that ratings of judgements obtained from forward
playback were as reliable as ratings from backward playback. Counihan and Cullinan
(1970) reported on results from their study and other studies that there was a consistent
trend for reliability of perceptual judgements of nasality to increase as the stimulus
changed from backward play to forward play. The current thinking on backward versus
forward play of audio recordings of speech is that backward play has been found to
distort some characteristics of the speech signal (McWilliams et al., 1990) and that

backward play is not representative of normal conversational speech.

The effects of listening conditions on speech ratings were assessed in a clinical setting by
Moller and Starr (1984). Trained listeners rated speech under three listening conditions:

e face to face;

e observing patient through a mirror and listening via a sound system;

e listening to a tape recorder.
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They found that there was no significant difference between ratings of resonance under
the three listening conditions. However, McWilliams and Philips (1979) stated that audio
tape recorded speech may alter the perceptual judgements of speech components and
does not provide the visual clues that are present in the live evaluation. The loss of visual
information is particularly important in the assessment of nasal airflow errors from audio
tape recordings, as the nasal/facial grimace that is often associated with nasal airflow
errors cannot be seen. The quality of the acoustic signal is another important factor in
perceptual judgements of nasality (Kent, 1996). In earlier studies, analogue audio tape
recorders were used to record speech and these did not have the high acoustic quality of
the more recent digital audio tapes. It is possible that digital audio tapes will overcome

some of the problems of acoustic quality of audio recorded speech.

2. 5. 2 (v) Listener Training

Experienced judges have been used in studies of perceptual judgement of voice quality,
to establish satisfactory levels of inter-rater agreement. Kent (1996) questions the degree
to which experience alone can be assumed to guarantee satisfactory inter-rater
agreement. Kreiman et al. (1990) found that experienced and naive raters attended to
different aspects of voice quality when judging voice. Naive raters all used similar
perceptual strategies, while experienced raters used varying strategies which they
considered to be important. The authors believed that the different strategies depended
on their clinical experience. Experience is valuable if it ensures fundamental

commonalities (Kent, 1996).

A 13-dimension perceptual rating system was used to train new clinicians to assess voice
quality (Bassich & Ludlow, 1986). Despite extensive training they found that reliability
of inexperienced judges was lower than that of experienced judges. They concluded that
reliability may be increased by training judges intensively on dimensions of voice to be

assessed and by using anchor stimuli.

2.5.2 (vi) Group Judgements
Reliability of nasality ratings has been found to improve considerably when groups of
listeners rated speech samples and the mean scale values were used to calculate

agreement (Counihan & Cullinan, 1970). McWilliams et al. (1990) state that scales are
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reliable when groups of listeners participate and mean group ratings are used in the final
ratings. Group rating is not practical however, in the clinical situation. Group ratings may
be used to assess intra-rater reliability on a regular basis. For example, McWilliams et al.
(1990) suggested the following approach: the listener tests his/her reliability against
group ratings by listening to and rating speech samples previously rated by a group of
listeners. The listener then discusses the ratings in comparison with the group rating and
attempts to agree with group ratings. If listeners can agree with each other and

frequently re-establish their agreement, they may have confidence in their ratings.

Recently, Watterson, Lewis and Dalston (1998b) stated that the concept that data from a
panel of raters is more reliable than data from a single rater pair is a misconception. This
misconception is based on misleading statistics. It was pointed out that using variance
based statistics, such as intra-class correlations, previous researchers reported good
agreements. But, a function of intra-class correlations is that the correlation coefficient
increases as the number of raters increase. By comparing intra-class correlations and
kappa statistics, Watterson et al. (1998b) indicated that a good intra-class agreement of
0.80 for 5 raters had a weak multi-rater kappa score of .03. They also highlighted the
fact that correlations do not measure agreements. They concluded that group ratings are

no more reliable than individual ratings.

2. 5. 2 (vii) Summary and Implications

The literature indicates that a speech sample used in assessment should include sounds
that are vulnerable to increased nasality (Section 2. 5. 7 Speech Stimuli). The vowel
height is an important aspect in the perception of nasality and this may be used to identify
various degrees of hypernasality. In some cases nasality may be perceived on high vowels
and not on low vowels. This distinction should be considered both in the speech stimuli
used for assessment and in the perceptual analysis of speech. A description of voice
quality should be noted during perceptual analysis of nasality, and should include the
presence of dysphonia, abnormal pitch and reduced volume. This information on voice
quality, plus a detailed phonetic/phonological analysis, may help the listener to separate
these speech parameters from nasality and nasal airflow errors in order to complete a

reliable and valid assessment. Training listeners and evaluation of listening conditions
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(comparing live analysis with analysis using high quality audio tape recordings of speech)

may also help improve reliability and validity.

Psychological scaling techniques have been developed in an effort to reduce some of the
problems associated with perceptual assessment of speech. However, many of the factors

that influence reliability and validity also influence scalar judgements.

2. 5.3 Scaling Techniques

Three common scaling procedures have been used for the assessment of speech
disorders: direct magnitude estimation (DME); equal interval scaling (EAI); and paired
comparisons (Kuehn, 1982). With the direct magnitude estimation technique, listeners
are presented with a speech sample usually representing the middle of the range of
severity of a particular speech dimension. The standard sample is assigned a number and
listeners are instructed to assign a number to subsequent samples in relation to the
standard sample (McWilliams et al., 1990; Kuehn, 1982). Using equal appearing interval
scaling, the listener is asked to assign a number for a speech sample on a 5, 7, or 9 point
scale, where 1 usually indicates a mild degree of deviation from the norm and the upper
most number on the scale indicates severe deviation. For paired comparison, the listener
compares all stimuli in sets of two. Paired comparison, according to Folkins and Moon
(1990), can be laborious and is not easily applicable to speech judgements. They point
out that although DME is sometimes more reliable than EAI scaling, the differences
between the two procedures may not always justify the amount of work required for
DME procedures in the clinic. Traditionally EAI scales are most frequently used in the

assessment of hypernasality (Henningsson & Hutters, 1997)

Schiavetti (1992) outlines two major advantages of the use of scaling procedures in
assessment of communication disorders. Firstly, the scaling of many dimensions of
disordered communication is considered to be the most direct assessment of a particular
dimension. Secondly, the scaling procedure is a simple technique which is available to a
wide range of users in the clinical setting because it usually only requires a paper and

pencil format rather than expensive equipment.
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Some problems in the use of scales are evident. Firstly, on many scales the individual
points are not clearly defined. For example, on Wilson’s Buffalo Resonance Profile
(1979), hypernasality, hyponasality and nasal emission are rated on a 7 point equidistant
scale. But, Wilson does not attempt to define each of the scalar points on the scale. This
means that replicability and inter-judge reliability cannot be guaranteed (Wirz &
Mackenzie Beck, 1995). Secondly, various types of rating scales are available for rating
nasality. Scales differ according to the number of points on the scale (McWilliams et al.,
1990). As a result, different numerical values represent mild, moderate and severe for
each type of scale. Thirdly, on some scales the lowest level on the scale is “acceptable
hypernasality whereas on other scales the lowest level is ‘absent hypernasality’
(Henningsson & Hutters, 1997). These differences cause confusion if nasality is
compared using different scales. It also makes intercenter comparison difficult. These
problems can result in poor reliability of scales. Another problem is that reliability
increases as the number of points on the scale decrease (Henningsson & Hutters, 1997).
McWilliams et al. (1990) reported that the more choices the listeners have to make, the
harder it is to develop reliability. However, if the amount of detail of the scale is reduced,
then relevant information may be lost (Henningsson & Hutters, 1997). Finally, the
validity of rating scales for nasality can be a matter for concern if the listeners have

difficulty separating hypernasality from other speech errors ( McWilliams et al., 1990).

Some of the problems of scalar techniques may be overcome by defining each point on
the scale clearly. It would be useful to consider a descriptive scale rather than a numeric
scale. In this way, rather than assign a number to a speech sample, the listener assigns a

description of the parameter being assessed.

2. 5. 4 Use of Anchor Stimuli

An important aspect of the perceptual assessment technique is the standard upon which
judgements are based. Without a pre-established standard or suitable training,
judgements of resonance disorders are likely to be unreliable (Kuehn, 1982). Anchor
stimuli have been used to establish standards for perceptual assessment. This procedure
involves presentation of auditory stimuli to the listener prior to the speech stimulus to be

judged. The stimulus may be normal or a pre-established degree of abnormality. The
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listener then compares the stimulus against a pre-established standard. Anchor stimuli or
reference samples have been used in different ways in the literature. Gerratt et al. (1993)
used anchor stimuli that spanned the range of the voice quality being assessed
(roughness) and were perceptually equidistant. Raters’ judgements on an EAI scale
were compared with and without anchor stimuli. When using the anchor stimuli,
participants were asked to select the anchor stimulus that best matched stimulus for
roughness. Raters were allowed to listen to the anchor stimuli and speech stimuli as often
as was necessary before responding. Gerratt et al. (1993) found that listeners agreed
significantly more frequently when anchor stimuli were used. However, it is argued that
using EAI scales in this way is more representative of a DME technique. The DME
technique has been reported as being more reliable than the EAI technique (Folkins &
Moon, 1990). It is possible that the use of a DME technique and not solely the use of

anchor stimuli improves reliability.

Anchor stimuli have been used for training raters in the perceptual assessment of nasality
and nasal emission. Karnell et al. (1985) presented the raters with two anchor stimuli.
One represented mild hypernasality and/or nasal emission; the other represented severe
hypernasality and/or nasal emission. The raters then rated 10 practice samples to
familiarise themselves with the rating procedure. No feedback was given to the raters
following the training ratings. Spearman Rank correlations for intra- and inter-rater
reliability were calculated. Karnell et al. (1985) found a correlation coefficient of 0.82 for
intra-rater reliability and 0.84 for inter-rater reliability. Unfortunately they did not report
on the percent of intra- and inter-rater agreements or account for chance agreements.
The rank correlation merely indicates that raters rated nasality and/or nasal airflow errors
in a similar manner. Also, in this study nasality and nasal airflow errors were not
separated as two distinct speech parameters and therefore the validity of the assessment

procedure is questionable.

Experienced clinicians who frequently assess a specific type of disorder may develop
their own standard references, which are stored in long term memory (Kuehn, 1982).
Hence, a specialist Speech and Language Therapist may have built up a repertoire of
references for different degrees of nasality and nasal airflow errors from previous clinical

experience. It is because of this internal standard that experienced judges have been used

30



for reliability ratings in many studies. In theory, the use of anchor stimuli should improve
reliability of perceptual judgements. However, further research into the approaches to
using anchor stimuli and the effect of anchor stimuli on reliability of perceptual

judgements needs to be carried out.

2. 5.5 Perceptual Assessments of Nasal Airflow Errors

Scalar judgements have been used primarily to assess nasality disorders, and have only
occasionally been used for assessing nasal airflow errors (Wilson, 1987). The problems
of scalar assessments outlined above also apply to scalar assessments of nasal airflow

CITorS.

Much of the literature on perceptual assessment of speech and voice relates to
assessment of voice characteristics of roughness, loudness, pitch and resonance (Kearns
& Simmons, 1988; Bassich & Ludlow, 1986; Kreiman et al., 1993). Little has been
written on perceptual aspects of judgements of nasal airflow problems. Bzoch (1989)
raises the question of whether nasal emission should be considered as an articulation or
a voice disorder. The problem of trying to fit the phenomenon of nasal emission into the
conceptual framework of voice-versus-articulation disorders of speech has led to the use
of various descriptive terms (Chapter 4. Section 2 Definitions of Terms). Bzoch (1989)
goes on to suggest that recognition of separate nasal emission distortions of pressure
consonants, and the accompanying distortion of vowel sounds as a resonance disorder, is
critical in the differential diagnosis of velopharyngeal insufficiency. He suggests that

nasal emission be considered as a separate categorical aspect of articulation.

In the 1960’s and 1970’s, articulation tests were developed specifically to assess the
production of consonants most likely to be affected by velopharyngeal dysfunction (i.e.,
plosives, fricatives and affricates). These tests included the Iowa Pressure Articulation
Test (IPAT) (Morris, Spriesterbach & Shelton, 1961) and the Error Pattern Articulation
Test (Bzoch, 1989). These tests allowed for recording of error types which are important
in differentially diagnosing speech problems associated with velopharyngeal dysfunction
and problems associated with other aetiologies (McWilliams et al., 1990). However, the

above tests only analysed words in isolation and not connected speech. As McWilliams et
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al. (1990) point out, children may achieve normal sound production at word level but not
in conversational speech. For example, children with borderline velopharyngeal function,
as described by Warren (1979), can obtain adequate velopharyngeal function in single
words but inadequate velopharyngeal function during conversational speech, where rapid

movement of the soft palate and pharyngeal walls are required.

Nasal airflow errors were described in an auditory-articulatory framework to aid in the
phonetic/phonological analysis of cleft speech errors (Eurocleft Speech Group, 1993;
Grunwell & Harding, 1996). In the Eurocleft study (1993), nasal airflow was one of five
clusters of speech errors which were typical of cleft palate speech. Grunwell and Harding
(1996) classified nasal airflow problems as ‘cleft type articulatory’ error, including

audible nasal escape, nasal fricatives and nasal turbulence.

Nasal emission and nasal turbulence have been described as errors of manner of
articulation, whereas nasal fricatives have been described as placement errors (Wyatt et
al., 1996; Sell et al, 1999). In the Great Ormond Street Speech Assessment
(GOS.SP.ASS.) (Sell et al., 1999), these descriptors of nasal airflow errors were used as
part of an assessment profile. They allow for the description of nasal airflow under the
articulatory error section as well as under a separate section for resonance and nasal
airflow. The listener records the nasal airflow error in terms of place and manner, as a
‘cleft type error’. The listener also makes an overall assessment of nasal emission and
nasal turbulence by rating each on a 3 point scale. Nasal emission and nasal turbulence is
recorded as audible/inaudible, consistent/inconsistent and accompanying/replacing

consonants.

In 1998, Harding and Grunwell distinguished between active and passive cleft-type
speech characteristics. Active processes were defined as "alternative articulations
thought to have been actively generated in order to establish the necessary phoneme
distinctions between individuals consonant targets" (Harding & Grunwell, 1998. p. 334).
In other words, active processes established meaningful contrasts in speech. Passive
processes were usually a result of structural defects or velopharyngeal dysfunction.
During the production of passive realisations there were no alterations of the articulation

patterns for the intended consonant. Using the active/passive conceptual framework of
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cleft type speech analysis, nasal emission was described as a passive cleft type error
which accompanied sounds. Nasal fricatives were described as active or passive. Active
nasal fricatives occurred when air was actively directed nasally as an alternative to an
oral fricative. The airflow through the mouth was stopped by the lips or the tongue and
directed through the nose. A passive nasal fricative was defined as an unreleased (s)
double articulated with a lowered voiceless nasal. This was described as an intended /s/
with unintended nasal airflow. A passive nasal fricative could be converted into an oral

fricative by holding the nose and preventing nasal airflow.’

These studies represent a major advancement in the analysis of perceptual nasal airflow
problems associated with velopharyngeal dysfunction. They distinguished between
various types of nasal airflow problems and provided a framework for a more detailed
descriptive assessment of nasal airflow problems. The conceptual framework provided in
these studies has overcome the problem identified by Bzoch (1989) of trying to fit the
phenomenon of nasal emission into a conceptual framework of voice-versus-articulation

disorders.

Some problems still exist in the assessment of nasal airflow problems. D’Antonio and
Scherer (1995) stressed that assessment of nasal emission should include information
regarding severity and frequency. In the GOS.SP.ASS, nasal emission and nasal
turbulence are each rated on a 3 point scale, where 0 indicates absent nasal
emission/nasal turbulence, 1 indicates slight emission/turbulence and 3 indicates marked
or severe emission/turbulence. However, slight or severe may be influenced by
consistency and frequency. There is no format in GOS.SP.ASS (Sell et al., 1994; 1999)
for assessing frequency of nasal emission or nasal turbulence. The frequency is reflected
in consistency where Sell et al. (1999) stated that if emission occurred occasionally or
intermittently, it would be considered inconsistent. They do not allow for the situation
where the level or frequency of nasal emission or nasal turbulence varies from one speech

situation to another. Also, as this is a screening assessment, only two degrees of severity

’Occlusion of the nares has been used for assessment of hypernasality in the literature. Bzoch (1989)
described his “cul-de-sac’ test for hypernasality. The tester asked the child to repeat each word twice.
During the second production, the tester pinches the nares closed and notes a shift in quality from
hypernasal to a cul-de-sac type nasality.
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of nasal emission/turbulence are recorded. Further detailed assessment of nasal
emission/turbulence may be required, which includes information on strength and
frequency of the nasal airflow error. Although Sell et al., (1999) describe the use of a
nasal fricative under cleft type articulatory errors they do not include nasal fricatives in
the overall resonance/ nasal airflow section. The production of nasal fricatives may
influence overall judgements of nasality and nasal airflow errors and this group of
articulatory errors should be included in the general judgement of nasal airflow errors.
Like nasal emission and nasal turbulence, a nasal fricative can be seen as an airflow error

as well as an articulatory error.

2. 5. 6 Studies Reporting Estimates of Reliability of Perceptual Assessments

Varying estimates of reliability/agreement results have been reported in the literature.
Using the Nasal Emission Test (Bzoch, 1989), nasal airflow was detected auditorily and
checked using an airflow paddle held under the nose. The child was asked to repeat ten
bisyllabic words containing the pressure consonant /p/ and evidence of airflow was
recorded. Bzoch (1989) reports 96% agreement between independent listeners’ rating of

the presence or absence of nasal emission.

The agreement of judgements of articulation (including nasal emission) was evaluated by
Philips and Bzoch (1969). They found good intra and inter-judge agreement between the
presence and absence of articulation errors, but poor agreement between judges on the
types of errors which occurred. In the nasal emission category inter-judge agreement
ranged from 0% to 27%. This agreement is considerably lower than the above
agreement. The authors point out that low agreement may be due to poor definition of

criteria for classification of errors (See Chapter 4 Section 1, Definitions of Terms).

The percent of agreement between two raters on rating the presence/absence of nasality
and nasal emission was reported by Sell et al. (1994). They reported 84% agreement for
hypernasality, 92% agreement for hyponasality and 77% agreement for nasal airflow
errors. Similar results were reported for agreement on ratings of nasality using 5 point

scales. Lohmander-Agerskov (1996) found 70-80% agreement on ratings of
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hypernasality and nasal emission, while Watterson et al. (1998a) found 80% agreement

on ratings of hypernasality.

Correlation coefficients have been used to report reliability of perceptual judgements of
nasality. Intra-rater correlations have been reported using various correlation
coefficients. A Spearman Rank correlation of 0.74 for intra-rater reliability of judgements
of nasality was reported by Sell and Grunwell (1990). The Pearson product moment
correlation coefficient has been calculated in several studies to evaluate intra-rater
reliability. Hardin, Van Demark, Morris and Payne (1992) reported correlations ranging
from 0.80 to 0.93 for ratings of hypernasality, and 0.9 to 1 for ratings of hyponasality
using a 5 point scale. Watterson et al. (1993) reported correlations ranging from 0.76 to
0.88 for ratings of hypernasality. Using a 7 point equidistant scale, Ramig (1982)
reported intra-rater correlation coefficients ranging from 0.55 to 0.99. Correlations
ranged from 0.79 to 0.99 for ratings of hypernasality and from 0.66 to 0.88 for ratings of
hyponasality using a 6 point scale (Pinborough-Zimmerman, Canady, Yamashiro &

Morales, 1998).

Inter-rater correlations have also been reported by Sell and Grunwell (1990) who found
a Spearman Rank correlation of 0.76. Varying Pearson correlation coefficients for
ratings of hypernasality have been reported: 0.77 (Pinborough-Zimmerman et al., 1998);
0.82 to 0.92 (Hardin et al., 1992); and 0.96 (Watterson et al., 1993). Pearson correlation
coefficients of 0.80 to 0.93 for ratings of hyponasality were reported by Hardin et al.
(1992). Pinborough-Zimmerman et al., (1998) also reported an inter-rater correlation of

0.76 for ratings of nasal emission.

Good agreement was found in a study on inter-rater agreement of velopharyngeal
settings using the Vocal Profile Analysis Scheme (Laver, Wirz, Mackenzie Beck &
Hiller, 1981) (Sweeney, 1984). Raters rated judgements of nasality on a 6 point scale
where ratings of 1 to 3 indicated normal nasality and ratings of 4 to 6 indicated
hypernasality. Agreements between 3 raters to within 1 scalar point was found to range
from 77% to 87%. However, a good agreement on this type of scale was not surprising
as only 3 scalar points of hypernasality were used and agreement to within 1 scalar point

was reported. Further analysis of rater agreement was carried out using Pearson
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correlation of exact agreement of ratings. This indicated weak correlations ranging from
0.02 to 0.35. Hence, although good agreement was found, detailed analysis did not
report good correlations. Differences in agreement/reliability resulting from different

statistical analyses are underscored in this study.

Most of the studies reported good agreement in ratings of nasality or good correlations
between ratings. However, these results do not always indicate good reliability. The
percent of agreement does not consider the level of chance agreement that may have
occurred. Watterson et al. (1998b) reported that there was a 20% probability of chance
agreement of ratings using a 5 point scale. This chance agreement was not considered in
the above studies. They analysed data comparing ratings of two raters using a 7 point
scale. Exact agreement between ratings was 20%; agreement within 1 scale point was
30%. They also found a Pearson correlation coefficient of 0.81. However, by calculating
a weighted Kappa score to estimate agreement, taking account of chance agreement, the
result was 0.36. Watterson et al. (1998b) highlighted the fact that reporting strong
correlations can only indicate that raters rated nasality in a similar way. This shows that a

strong correlation does not indicate good reliability.

Reliability studies, using the kappa analysis, were carried out by the Clinical Standards
Advisory Group, Cleft Lip and/or Palate (1998). These studies used a modification of the
Cleft Audit Protocol for Speech (CAPS) (Harding et al., 1997). The Cleft Audit protocol
is a reduced version of the GOS.SP.ASS (Sell et al., 1994), which was developed for
audit purposes. Raters underwent three days of intensive training in the use of the CAPS.
Inter-rater reliability was excellent for ratings of hypernasality (kappa score of 0.8).
Inter-rater reliability was weaker for hyponasality (kappa score of 0.57) and nasal
emission (kappa score of 0.59). These results indicate that using a short, simple rating
scale, there is moderate to excellent inter-rater reliability for assessment of nasality and

nasal emission for trained listeners.

Results of reliability studies are conflicting and indicate considerable variation in intra-
and inter-rater reliability scores for different studies. This may be explained by the use of
different methodologies, scales and statistics used to estimate reliability in all the studies.

In some of the above studies only the percent of agreement between raters was reported
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and no statistical reliability scores were calculated. Another problem was that the studies
only evaluated the agreement for the presence or absence of nasality or nasal airflow
errors and no results on agreement regarding the severity of the disorder was presented.
Sweeney’s (1984) study and the report by Watterson et al. (1998b) highlighted the

variation in results when different approaches to assessment of reliability were used.

Problems of reliability testing and factors affecting reliability indicate the importance of

the speech stimuli used in perceptual assessment of nasality and nasal airflow errors.

2.5.7 Speech Stimuli

As indicated above, there are problems with the assessment of nasality in isolated vowels
and the assessment of nasal airflow errors in words in isolation. Considerable attention
must be paid to the speech sample used in perceptual assessment. Many clinicians use a
standard list of words and sentences to assess articulation, resonance and nasal emission
(D’Antonio & Scherer, 1995). The phonetic makeup of these utterances is of utmost
importance. Henningsson and Hutters (1997) stated that word structure, vowel height,
stress, and phonetic context of the vowels, should be considered when selecting the
speech stimuli. Sentences such as the Pittsburgh Sentences (Phillips, 1986) or the
GOS.SP.ASS sentences (Sell et al., 1999) contain utterances which have varying
proportions of nasal consonants to assess hyponasality and hypernasality (Appendix 2).
They also contain high pressure consonants in different phonemic structures which are
vulnerable to velopharyngeal dysfunction. This allows for detection of nasal airflow
errors, weak intra oral pressure and compensatory articulation. Another consideration is
that the sentences should be imageable and meaningful (Sell & Grunwell, 2000). Van
Demark (1964) found a high correlation between sentence repetition and spontaneous
speech. Sentence repetition is therefore considered to be an effective way of collecting a

speech sample.

Consideration of the phonetic makeup of utterances is now accepted in the literature, and
the importance of assessment at different levels of speech (i.e. word, sentences and
conversational speech) has been stressed (LeBlanc & Shprintzen, 1996). Balanced

representative data samples are preferable to gain a comprehensive assessment of an
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individual’s speech (Grunwell, Sell & Harding, 1993). So, although it is important to
elicit speech samples that are most vulnerable to velopharyngeal dysfunction, it is also
important to elicit a speech sample that is representative of conversational speech. This
also provides the opportunity for the listener to evaluate the consistency of speech

patterns in different speech situations.

2. 5. 8 Summary and Implications

The foregoing section has provided an overview of the importance of perceptual
assessment of speech. (Young, 1969; Moll, 1964; Gerratt et al., 1993). However,
significant problems have been found in the perceptual analysis of nasality and nasal
airflow errors. Although scalar judgements of nasality and articulatory assessment of
nasal airflow errors are used clinically and in research, many factors have been found to
influence the perceptual judgements. Phonetic context, articulatory errors, variations in
pitch and loudness, listener training and conditions have been found to affect reliability
and validity of assessment procedures. By knowing the nature of the limitations of
perceptual tests resulting from these influencing factors, the undesired effects can be
minimised (Kent, 1996). It has been proposed that the use of anchor stimuli (Kuehn
1982; Gerratt et al., 1993), improved training in the specific dimensions of nasality and
nasal airflow errors (Bassich and Ludlow, 1986) and supplementing perceptual
judgements with instrumental analyses (Kent, 1996) may help to improve reliability,
agreement and validity. These three factors and the problems identified in this chapter
have been considered in the development of a perceptual profile for analysis of nasality
and nasal airflow errors in disordered speech. (Chapter 4. Perceptual Framework).
Specific recommendations identified from the literature include the need to:

e define the terminology;

¢ use speech samples with specific phonetic makeup at various levels of speech;

e assess nasality and nasal airflow errors in an articulatory and descriptive framework;

e report agreement and statistical reliability of perceptual judgements;

e evaluate the use of anchor stimuli; and

o validate perceptual assessments using instrumentation.
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Instrumental techniques for the assessment of nasality and nasal airflow have been
developed and improved during the past decade. The following sections review the
literature on nasometric assessment of nasality and aerodynamic assessments of nasal

airflow.



2. 6 Nasometry

This section describes the Nasometer, a computer-based instrument which provides the
examiner with a quantitative value that represents relative amounts of oral and nasal
acoustic energy during speech. The development of the instrument is briefly outlined.
Research on the use of the Nasometer is reviewed under the following headings: speech
stimuli; studies of normal speakers; clinical studies - reliability and validity using
correlations between scores from the Nasometer and perceptual judgements of nasal
resonance; test sensitivity and specificity and nasal obstruction. Conclusions and the need

for further investigations are presented.

2. 6. 1 Description

The Nasometer was introduced in 1986 by Kay Elemetrics. It was designed to measure
oral and nasal acoustic sound signals and calculate a score which represents the ratio of
the energy in the two signals (Fletcher, Adams & McCrutcheon, 1989). “This
microcomputer-based instrument employs microphones on either side of a sound
separator plate which rests on the upper lip. The signal from each microphone is filtered
and digitized by custom built electronic modules. The data is then processed by a
computer and accompanying software. A numeric ratio of nasal acoustic energy to the
sum of nasal plus oral acoustic energy is calculated, multiplied by 100 and expressed as a

‘nasalance’ score” (Dalston & Seaver, 1992; p. 17) (Figure 2.1).
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Microphone Detector To
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Figure 2.1. Block diagram of the Nasometer instrumentation (Fletcher et al.,

1989; p. 249).
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LaBlanc, Steckol and Cooper (1991) describe the Nasometer as a non invasive
instrument, consisting of a headset, microprocessor, a printed circuit board and software.
Fletcher et al. (1989) describe the software, which includes data acquisition, data editing
and analysis, stimulus presentation, display generation, file management and various
utilities. The statistical package in the data analysis and editing provides mean and
standard deviation of nasalance, minimum and maximum nasalance values, time range

and cursor values.

2. 6. 2 Background

The original version of the Nasometer, Tonar (The Oral Nasal Acoustic Ratio) was
developed by Fletcher (1970). This machine contained a lead chamber which separated
the mouth from the nose. Microphones were suspended in each chamber so that separate
acoustic signals could be recorded. Signals were amplified and analysed using spectral
analysis. The outputs were further analysed and displayed using a galvanometer/
oscillograph. Analogue computation of the oral/nasal ratio was also performed. Fletcher
and Bishop (1970) reported a rank order correlation of 0.74 between measures of oral-

nasal ratio measured by Tonar and ratings of hypernasality in a cleft palate population of

20 children.

The revised Tonar 11 was described by Fletcher (1976), who reported improved

correlations. In Tonar 11 the following definition of nasalance was introduced:

Nasalance = 4 x 100
N+O

(Fletcher et al., 1989)

This provides a nasalance score which may be compared to perceptual judgements of
nasal resonance. The definition has several advantages, according to Fletcher et al.
(1989). “The comparison between nasal output and the combined nasal-plus-oral outputs
seems intuititively close to how listeners likely process the nasalized speech signals as

they discern the degree of nasality” (Fletcher et al., 1989; p. 247). The other advantages
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are that the formula establishes limits at each end of the nasalance continuum and that the
percentage scores are meaningful to the tester and the patient (Fletcher et al., 1989).
Tonar 11 differed from Tonar in the use of frequency bandwidth of the oral and nasal
signals. Fletcher (1976) found that the closest agreement between nasalance scores and
perceptual judgements of nasality could be achieved when the band filter was centred in
the region of 500 Hz, with a 300 Hz bandwidth around that central frequency. In this
study, Fletcher compared perceptual judgements of nasality with nasalance scores. He
found that perceptual judgements were highly variable and that highest agreement
between the acoustic and perceptual measures was found when listener scores were
pooled. The correlation between mean perceptual judgements of nasality and nasalance

was 0.91.

The Nasometer is similar to the Tonar 11, but differs in structure, function and practical
features. It contains a sound separator that separates the acoustic outputs from the nose
and the mouth, electronic circuits for processing acoustic signals and transmitting them
to a computer and a personal computer for receiving data, processing the information,
calculating and displaying scores (Figure 2.1). A review of the speech samples used in

nasometry will be presented in the section below.

2. 6. 3 Speech Stimuli

Three standard passages are provided in the manufacturer’s manual for use with the
Nasometer. These include: the Nasal Sentences Passage, which is loaded with nasal
consonants; the Rainbow Passage which contains a mixture of oral and nasal consonants
in the proportion found in everyday speech (Fletcher et al., 1989); and the Zoo Passage,

which is devoid of nasal consonants (Appendix 3).

Dalston and Seaver (1992) assessed the relative value of the three standardized passages
in the nasometric assessment of patients with velopharyngeal inadequacy. A series of 155
patients with various clinical diagnoses of cleft palate and craniofacial anomalies were

studied. Nasometric scores obtained using the three reading passages were compared to
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perceptual judgements of hypernasality and hyponasality. Results indicated that the
correlation between nasalance scores on the Rainbow Passage (phonemically balanced
passage) and perceptual judgements of nasality was modest. Nasalance scores on the
Nasal Sentences (nasally loaded passage) were significantly related to perceptual
judgements of hyponasality. Nasalance scores on the Zoo Passage (non nasal passage)
were significantly related to perceptual judgements of hypernasality. These results
confirmed previous studies which indicated that nasalance scores on the Zoo Passage
were useful in identifying patients with velopharyngeal dysfunction (Dalston Warren &
Dalston, 1991b), while scores on the Nasal Sentences aided identification of participants
with hyponasality (Dalston et al., 1991a). The authors concluded that the Rainbow
Passage was of no additional value in providing clinical information regarding
velopharyngeal dysfunction or upper airway patency. In this study, perceptual
judgements of nasality were made on conversational speech, whereas Nasometry was
based on the Rainbow Passage. As the Rainbow Passage was a phonemically balanced
passage, one would have expected it to correlate well with conversational speech, but
this was not the case. Dalston and Seaver (1992) suggested that as the Rainbow Passage
was syntactically more complex than the other passages, it may have been more difficult
for children to read or repeat, thus affecting scores on the Nasometer. A drawback of
this study is that only one listener judged resonance and no intra- or inter-judge reliability

study was carried out.

Watterson et al. (1996) developed two speech samples which were designed to parallel
the Zoo Passage (devoid of nasal consonants) and the Rainbow Passage (phonemically
balanced, with 11% nasal consonants). The former passage was called the Turtle
Passage and the latter was called the Mouse Passage (Appendix 4). These two passages
were syntactically and semantically easier than the original passages, as Watterson et al.
(1993) had previously found the original passages too difficult for young children to
recite. There was no significant difference between mean nasalance scores for normal
children during the production of the 7urtle Passage and during production of the Zoo
Passage, thus indicating no difference in scores when simplified passages were used.
Unfortunately, mean nasalance scores on the Mouse Passage were not compared to

mean nasalance scores on the Rainbow Passage. However, correlations between nasality
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ratings and nasalance scores on the Mouse Passage were low, as were correlations

between the Rainbow Passage and nasality ratings in the Dalston and Seaver study

(1992).

A simplified Nasometric assessment was devised by MacKay and Kummer (1994) for use
with children. This was provided with the manual of the upgraded Nasometer (version
6200.3). The speech sample in this test included syllables and sentences which were to be
repeated by the children, and two short passages which were read. One passage
contained approximately 8% nasal consonants, while the second passage was devoid of
nasal consonants (Appendix 5). Norms for each speech sample were provided in the
manual. One major problem with MacKay and Kummer’s speech samples was that the
reading passages were found to be culturally biased and therefore difficult for non-
American children to read or repeat. (Normal Nasometry Pilot Study, Appendix 6). An
example of a culturally biased passage is the Bobby and Billy Play Ball Passage
(Appendix 5). The sentence “They take a bat, a ball and a glove” is not meaningful to
Irish children, as a bat and glove are not used to play ball. If this sentence was adapted
for Irish children, it would read “They take a sliothar and a hurling stick” (Sweeney et

al., 1999).

Karnell (1995) stated that a possible weakness of nasalance measurements was that they
did not distinguish between nasal acoustic energy that was due to nasal resonance and
nasal acoustic energy due to turbulent nasal airflow. The Zoo Passage has been used
routinely to obtain nasalance measurements and this passage has a high incidence of high
pressure consonants. Karnell (1995) believed that, using this passage, it was not possible
to determine the extent to which nasal acoustic energy was due to hypernasal resonance
(occuring on vowels and semivowels) and audible turbulent nasal airflow (occuring on
high pressure consonants). He hypothesised that a speech sample devoid of nasal
consonants and oral pressure consonants (i.e. low pressure consonant sample) would
enable measurement of nasal acoustic energy that is due to nasal resonance and not
influenced by turbulent nasal airflow. Karnell (1985) compared nasalance scores on the
high pressure (HP) speech stimulus (which contained stops, fricatives and affricatives)

and on the low pressure (LP) speech stimulus (which contained vowels, glides and
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liquids). Using a nasalance cut-off value of 31%, Karnell divided all participants into
three groups according to obtained scores. Group 1 had nasalance scores above 31% for
the HP sentences and the LP sentences. This group was assumed to have velopharyngeal
dysfunction. Group 2 had nasalance scores below 31% on HP and LP sentences. It was
assumed that these speakers had normal velopharyngeal function, validated using
perceptual assessments. Group 3 had mixed results (i.e. some had nasalance scores
above 31% on HP sentences and below 31% on LP sentences, others had scores below
31% on HP sentences and above 31% on LP sentences). Karnell hypothesised that
participants who had nasalance scores above 31% on HP sentences and below 31% on
LP sentences may have had audible nasal turbulence. The presence of nasal turbulence
may have caused an increase in nasalance scores. The main problem with this study was
that no perceptual evaluations were made to validate the above groupings. If the
participants who obtained nasalance scores above 31% on HP sentences and below 31%
on LP sentences had perceptible nasal turbulence, Karnell’s results would have been
more conclusive. Nevertheless, this study was a useful contribution, as it highlighted the

possible influence of nasal emission and nasal turbulence on nasometry results.

Indeed, in earlier studies the influence of nasal emission and turbulence on nasometric
results were not considered. This fact may, according to Karnell (1995), explain the
variability in agreement between nasalance measures and perceptual judgements found in
earlier studies (Dalston et al., 1991b; Watterson et al., 1993). Karnell (1995; p. 9) states
that * if the percept of audible nasal emission of air is lumped together with the percept
of hypernasal resonance and, if the acoustic effects of turbulent nasal airflow has a
proportionally greater or lesser impact on the nasalance measure compared to the
perceptual rating, then the perceptual rating may disagree with the nasalance measure”.
This study highlights the importance of the speech samples used in nasometry research.
Karnell suggested that low pressure and high pressure samples should be used if
participants exhibit nasal airflow as well as resonance problems. Watterson et al. (1998a)
reported that the Karnell (1995) study was of limited clinical value without perceptual
validation. Watterson et al. (1998a) assessed twenty five children, five children had a
history of no communication disorder, and twenty children were diagnosed as having

nasal emission using a mirror fogging test. This involved placing a mirror under one
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nostril and occluding the other nostril while the child repeated single words and a short
phrase. Perceptual ratings of nasality were made by seven experienced listeners. Results
indicated no significant difference between mean nasalance scores for HP sentences
(30.28%) and mean nasalance scores for the LP sentences (28.98%). Mean perceptual
ratings of nasality for the two stimuli did not differ significantly. These results did not
support Karnell’s results. However, Watterson et al. (1998a) did not carry out any
perceptual assessment of nasal emission/nasal turbulence. Some of the children included
in this study may have had inaudible nasal emission which was detected by the mirror
test, but would not have been detected perceptually. It would have been useful to assess

children with audible nasal emission and/or nasal turbulence to ascertain if the nasalance

scores were elevated for HP sentences compared to LP sentences. It is possible that
perceptual judgements during production of HP sentences may also have been elevated

when nasal emission was present.

It is evident from the literature that different speech stimuli provide different information
regarding speech and velopharyngeal function. A speech stimulus devoid of nasal
consonants will aid identification of patients with velopharyngeal dysfunction. Inclusion
of HP and LP sentences in the speech stimulus may help identify patients with nasal
emission and/or nasal turbulence. By including LP sentences, the literature suggests that
the effects of nasal turbulence on reliability and validity of the Nasometer will be
eliminated. In order to compare nasalance scores with conversational speech, a speech
stimulus containing a representative sample of conversational speech would be useful.
Finally, nasal sentences will help identify patients with upper airway problems affecting

speech.

2. 6. 4 Normal Studies Using The Nasometer

Fletcher et al. (1989) assessed 117 children with normal speech from Alabama using the
Nasometer. Participants repeated or read the three standard passages from the
Nasometer package. Analysis indicated no significant age or gender effects on scores but
significant effect for different speech stimuli. Similar results were reported by Watterson

et al. (1996) using simplified passages. In the later study, 20 normal speaking children,
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aged 4:4 years to 6:4 years, recited three passages - the Turtle Passage (simplified
version of the Zoo Passage), the Mouse Passage (simplified version of the Rainbow
Passage) and the Zoo Passage. The passages were recorded on the Nasometer and on an
audio tape recorder. Mean nasalance scores and standard deviations for each passage are

presented in Table 2.1.

Table 2.1. Mean nasalance scores and standard deviations for normal American
speaking children during the production of the five Nasometer passages
(Fletcher et al. 1989; Watterson et al., 1996).

Stimulus Passage Type Mean | SD

700 Passage devoid of nasals | 15.53 4.86

Rainbow Passage all  consonant | 35.69 5.20
types

Nasal Passage increased nasal | 61.06 6.94
consonants

Turtle Passage devoid of nasal | 15.8 2:9
consonants

Mouse Passage all consonant | 32.5 0.7
types

Seaver et al. (1991) reported similar nasalance scores on the Rainbow, Zoo and Nasal
Passages for normal American adults. One hundred and forty eight participants, between
the ages of 16 and 63 years, with normal speech patterns characteristic of four
geographical regions were assessed using the Nasometer. They found differences in
nasalance scores for different regions and suggested that regional norms needed to be
established for clinical use of the Nasometer. This suggestion was later supported by a

cross cultural study carried out by Dalston et al. (1993).

The Simplified Nasometric Assessment Procedures were used to assess normal American
speakers in order to obtain norms for clinical assessments (MacKay & Kummer, 1994).
Two hundred and forty six children were assessed during sentence production (4
sentences contained high pressure consonants, and 1 nasal sentence). Seventy six
children were assessed reading 2 passages: Bobby & Billy which contained 8% nasals
and A School Day which was devoid of nasals (Appendix 5). Mean nasalance scores and

standard deviation scores for normal children were reported (Table 2.2).
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Table 2.2. Mean and standard deviation scores for normal American children
during the production of sentences and two passages.

Stimuli Passage Type Mean SD

Sentences devoid of nasal | 11.0-12.9 |35 -4.4
consonants

Nasal Sentence increased  nasal | 56.9 7.4
consonants

Bobby & Billy Passage | 8% nasal | 15.4 2.8
consonants

A School Day devoid of nasal | 10.3 <
consonants

Comparing MacKay and Kummer’s nasalance scores for normal American children to the
results of Fletcher et al. (1989) and Watterson (1996), it is apparent that MacKay and
Kummer’s scores are lower. On the sentences and the passage which are devoid of nasal
consonants, the nasalance scores are approximately 5% lower. On the Bobby & Billy
Passage (8% nasal consonants) the nasalance scores are the same as the nasalance scores
on Zoo and Turtle Passage (devoid of nasal consonants) in the Watterson et al., study
(1996). Regional variation in scores or the different speech stimuli may explain the

difference in scores.

Nasalance scores for normal speakers in Australia were reported by van Doorn and
Purcell (1998). Two hundred and forty five children who had normal speech were
assessed using the Nasometer. Recordings were made during the production of the Zoo
Passage (devoid of nasal consonants) and the Nasal Passage. Australian children were
found to have slightly lower nasalance scores for the Zoo Passage (13%) and the Nasal
Passage (59.6%) than American children (Fletcher et al., 1989; Watterson et al., 1996).
Although the results from the studies compare well there is, according to van Doorn and
Purcell (1998), a slight difference of approximately 2% for American and Australian
children on the Zoo Passage. This, they stated, illustrates the dialectal difference between

the two populations.
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Nasalance scores in normal Finnish were reported by Haapanen (1991a). She assessed 50
participants between the ages of 3 and 52 years with normal speech. Each subject
repeated 3 different sentences, one containing low pressure consonants and vowels, the
second containing high pressure consonants and vowels and the third containing nasal
consonants. Nasalance scores for each sentence type were reported (Table 2.3). Ninety
percent of Finnish speakers in the study had a mean nasalance score below 20 -21% and
the remaining 10% had scores between 22 and 29% indicating borderline nasal
resonance. Haapanen (1991a) reported that cleft palate speakers with mild hypernasality
scored between 22 and 29 on the Nasometer.

Table 2.3 Mean and standard deviation of nasalance scores during the

production of high pressure consonant (HP), low presure consonant (LP) and
Nasal sentences.

Stimulus Mean SD
HP sentence 14.2 4.6
LP sentence Lic) 5.1
Nasal sentence 092 7.5

Trindade et al. (1997) divided their participants according to age: children below 11
years; adolescents 11 to 17 years and adults. Each subject repeated 4 passages in
Brazilian Portuguese, two Zoo type passages and two Nasal Passages. The first Zoo
Passage (Zoo) was devoid of nasal consonants, while the second (Zoo2) was devoid of
nasal and high pressure consonants. The first Nasal Passage contained 43% nasal
consonants and the second (Nasal2) contained 66% nasal consonants. The results for

each group and passage are presented in Table 2.4.
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Table 2.4 Nasalance scores for normal Brazilian Portuguese speakers for 4 different
phonemically balanced sentences

Zoo Zoo2 Nasal Nasal2
Age Mean | SD Mean | SD Mean | SD Mean | SD
<1lyrs 9 33 10 5.2 48 4.8 51 6.5

11-17 yrs | 12 6.9 15 8.5 50 6.2 o2 5.8
>17yrs |13 5.2 15 6.2 47 6.2 47 6.8

Anderson (1996) assessed 40 adult Puerto Rican Spanish females with normal speech.
Participants were aged between 21 and 43 years. They were recorded on the Nasometer
during the production of five nasal sentences (each containing different proportions of
nasal consonants) and two paragraphs (paragraph 1 contained nasal and non-nasal
consonants representative of consonant distribution of Spanish, and paragraph 2 was
devoid of nasal consonants). Mean nasalance scores, standard deviation and range of

scores were reported (Table 2.5).

Table 2.5 Mean nasalance scores, standard deviation and range of scores for normal
speaking females of Peurto Rican Spanish.

Stimulus Passage Type Mean | SD Range

Paragraph 1 nasal + non- | 36.2 7 23.3-49.6
nasal consonants

Paragraph 2 deviod of nasal | 21.9 8.6 7.1-42.4
consonants

Nasal sentences increased nasal | 62 2 37.5-78.7
consonants

Nasalance scores for paragraph 1 were comparible to the scores for American adults on
the Rainbow Passage which also contains nasal and non-nasal consonants. However
scores for paragraph 2 (no nasal consonants) were higher for the Peurto Rican Spanish-
speaking females (21.9%) than for American adults during production of the Zoo
Passage (16%). Anderson (1996) stated that the group mean for the paragraph 2 fell
within the range of normal values of American female speakers as reported by Seaver et

al. (1991). The language difference between studies may explain the difference in group
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means. In order to compare Anderson,s results with other studies, nasalance values for

Puerto Rican males and children who speak Spanish are necessary.

Anderson (1996) included 5 nasal sentences in her study. The proportion of nasal
consonants to the total number of consonants in the sentences varied from 33.3% to
60%. She found that, in general, higher nasalance scores were found for sentences with
a higher proportion of nasal consonants, but that there was not a one-to-one
correspondence between the proportion of nasal consonants and mean nasalance scores.
The sentence containing the highest proportion of nasal consonants did not have the
highest group mean. Trindade et al. (1997) reported a 1% increase in mean nasalance
scores for a female Brazilian Portuguese-speaking population when the passage had an
increase in proportion of nasal consonants (43% to 66%). The lack of one-to-one
correspondence between the proportion of nasal consonants and mean nasalance scores
may indicate that there is a critical proportion of nasal consonants. Once a passage
contains a certain critical proportion of nasal consonants, the passage should be
considered as a Nasal Passage for use in nasometry. Further investigation is required to

ascertain a critical proportion of nasal consonants in the speech sample for nasometry.

2. 6. 4 (i) Influence of Age on Nasalance Scores in Normal Speakers

Haapanen (1991a) reported that on specific speech samples chronological age seemed to
have an effect on nasalance scores. For high pressure consonant sentences, the mean and
range of nasalance scores marginally decreased as age increased. However, on nasal

sentences the range of nasalance scores increased with age.

Trindade et al. (1997) found that children had significantly lower scores on non-nasal
passages than adults. They say that this result may be explained by the fact that children
have smaller nasal cavities than adults. This, however, according to the authors, does not
explain why children do not have lower nasalance scores on the nasal passages. Results
of American studies do not support the assertion that there is a difference between

nasalance scores for adults and children (Fletcher et al., 1989; Seaver et al., 1991).

51



Age difference did not significantly influence nasalance scores in a study on normal
Australian children (van Doorn & Purcell, 1998). However, in this study the participants
were aged between 4 and 9 years and age differences were minimal. It would be useful to
investigate normal nasalance scores for Australian adults to allow for comparison of

scores for different age groups.

2. 6. 4 (ii) Influence of Gender on Nasalance Scores in Normal Speakers

Gender difference in mean nasalance scores was reported by Seaver et al. (1991). Female
participants were found to have significantly higher scores than male participants on the
Nasal Sentences. Trindade et al. (1997) suggest that, despite being statistically
significant, it is questionable whether the gender difference is clinically significant, as
nasalance score differences across gender averaged only 2 scale points. No statistical
difference was found between male and female nasalance scores in studies by Trindade et
al. (1997) and van Doorn and Purcell (1998). Both these studies included children and
adults.

2. 6. 4 (iii) Conclusion from Normal Studies

Normal studies using the Nasometer have indicated variation in normal scores due to
influences of language, dialect, populations studied and the speech stimulus used.
Comparison of all studies is difficult due to the fact that different languages were used in
these studies. However, the literature illustrates that language variation results in
variation of normal nasalance scores and therefore normative scores are required for each
language. Comparing English-speakers of different dialects has been found to produce

varying normal nasalance scores (Seaver et al., 1991).

The use of different populations makes comparisons and conclusions difficult. Normal
scores on adults and children are required for each population, and gender differences for

the populations should be evaluated. Research results to date are inconclusive.
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Unfortunately, many studies did not report normal nasalance scores for passages
containing the normal distribution of consonants (Haapanen, 1991; Trindade et al., 1997,
van Doorn & Purcell, 1998). Thus comparison with other studies which include the
Rainbow Passage (phonemically balanced) was difficult. The Zoo Passage (devoid of
nasal consonants) has been found to be most suitable for accurate detection of
hypernasality (Dalston et al., 1991b; Watterson et al., 1993), while the Nasal Passage has
been found to be accurate for detecting hyponasality (Dalston et al., 1991c). As a result,
these two passages or similar passages have been used in many normal studies. However,
if the Nasometer is to be used for clinical evaluation of speech, a speech sample that

represents conversational speech also needs to be used.

The need to establish nasalance scores for normal speakers using the language, dialect
and age of the clinical population in which the Nasometer is to be used is underscored by

the above studies.

2. 6. 5 Comparison between Nasalance Results and Other Assessment Results for

Normal Speakers.

Dalston (1989) reported a study using simultaneous photodetection and nasometry to
monitor velopharyngeal behaviour. He assessed six normal adults as they produced six
repetitions of 10 sentences. A photodetector probe was placed approximately Smm
below the resting level of the velum. The Nasometer headset was then placed in position.
Results indicated that Nasometer and photodetector signal maxima were within 30
milliseconds of one another, indicating a correlation between velopharyngeal opening and
nasal acoustic energy. The study suggests that during the production of nasal consonants
by normal speakers, there is a close temporal correspondence between the output signals
of the two different techniques. Further investigation is required to evaluate the

relationship between these techniques for speakers with velopharyngeal inadequacy.

Nasalance scores for normal African-Americans and white-Americans were obtained and

compared to nasal cross-sectional area measurements for the same group (Mayo, Floyd,
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Warren, Dalston & Mayo, 1996). Nasal cross-sectional area was measured using the
aerodynamic assessment technique (PERCI) originally described by Warren and Dubois
(1964). Results indicated no significant difference between groups for nasalance scores
on the Zoo Passage; however, white speakers had significantly higher nasalance scores
on the Nasal Passage. No racial difference in nasal cross-sectional area was found. The
correlation between measurements was poor. This study ruled out anatomical difference

in races as a possible cause for difference in nasalance scores for the Nasal Passage.

2. 6. 6 Reliability of the Nasometer

Test-retest reliability of the Nasometer was examined in the study by Seaver et al.
(1991), where normal nasalance scores were obtained for adults from four geographical
regions in America. Forty participants read the Zoo, Rainbow and Nasal Passage three
times in succession. Analysis of the data indicated that 97% of the mean nasalance scores
for any reading of the Zoo Passage were within 3 percentage points of the score on any
other reading of that passage. The largest difference in scores between readings was 6%.
Ninety one percent of the mean nasalance scores were within 3 percentage of points for
other readings of the Rainbow Passage, while ninety four percent of the mean nasalance
scores were within 3 percentage points for other readings of the Nasal Passages. On the
Nasal Passage the largest variation between scores was 8%. Results from a study by

Mayo et al. (1996) support these findings.

Van Doorn and Purcell (1992) reported that on a second reading of the passages, 100%
of readings for the Zoo Passage had mean nasalance scores that were within four
nasalance points and 92% of mean nasalance scores were within five nasalance points on
the Nasal Passage. On the Nasal Passage, the greatest difference between reading was
9%. However, they also reported considerable variability in repeated nasalance measures
during repetition of the passages across different assessment sessions. Variability within

the session was less substantial than variability across sessions.

The above results indicate that there is variation in nasalance scores for individuals
during repetition of the same speech sample but that in most cases the variation is not
greater than 4% (Trindade et al. 1997). Seaver et al. (1991) reported greater variation on

repetition of the Rainbow Passage (phonemically balanced) than on repetition of the Zoo
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Passage (devoid of nasal consonants). This may be explained by the phonetic content of
the Rainbow Passage. Van Doorn and Purcell (1998) also report greater variation in
children than in adults. In both cases the increase in variation may be due to the timing of
velopharyngeal opening and closing that is required. In the Zoo Passage, velopharyngeal
closure is sustained, whereas in the Rainbow Passage the timing of velopharyngeal
movement may vary. Less precise timing of velopharyngeal closure in children compared
to adults may be responsible for increased variation in nasalance scores when the passage

contains nasal consonants (van Doorn & Purcell, 1998).

Nichols (1999) reported that, using sets of 10 sentences for non-nasal and nasal speech
stimuli, a high level of reliability was found for mean nasalance scores (Cronbach alpha
coefficient of 0.95 for non-nasal sentences and 0.94 for nasal sentences). He also
reported that the reliability of the mean nasalance scores decreased with a reduction in
the number of sentences in each speech category. He stated that clinical reliability of a
short sentence list is questionable. However, Nichols (1999) pointed out that, in a study
with many participants, the overall means may be reliable even when individual

assessments are not.

Contrary to Nichols’ (1999) findings, Watterson, Lewis and Foley-Homan (1999) found
high levels of correlations between longer speech stimuli (44 syllable sentences) and
short speech stimuli (17 syllable and 6 syllable sentences).The Pearson correlations were
0.95 for the 44 syllable sentences and the 17 syllable sentences, and 0.93 for the 44
syllable sentences and the 6 syllable sentences. This indicated a high criterion validity for
short speech stimuli. Unfortunately, Watterson et al. (1999) did not examine the test-

retest reliability of the short speech stimuli.

2. 6. 7 Clinical Studies Using Nasometry

2. 6. 7 (i) Validity of the Nasometer

Validity of the Nasometer has been established by evaluating correlations between
nasalance scores and perceptual assessments. Studies have been carried out to examine

the extent to which measures of nasalance correspond to perceptual judgments of
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nasality. In the studies, perceptual judgments of nasality were made by one listener
(Dalston et al., 1991b) or by a panel of listeners (Paynter et al., 1991) using various
rating scales. Rating scales used included: a 9 point scale, where 1 indicated normal
resonance, +5 indicated severe hypernasality and -5 indicated severe hyponasality
(Paynter et al., 1991); a 6 point equidistant scale (Dalston et al.,1991b); and two six
point equidistant scales, one for hypernasality and one for hyponasality (Nellis et al.,
1992). Perceptual judgments of nasality were made during the production of the standard
nasometry passages (Paynter et al., 1991) and modified passages (Watterson et al.,
1996). In some studies, simultaneous audio recordings were made during nasometry
assessments. In the study by Dalston et al. (1991b) perceptual judgments of nasality
were made during clinical assessments using different speech samples, while nasometric
analyses were made during production of the Zoo Passage. Correlation coefficients were
calculated to assess the relationship between perceptual judgments of nasality and

nasalance scores (Table 2.6). There was considerable variation in results.
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Table 2.6 Studies reporting correlation coefficients for perceptual judgements
nasality and nasalance scores during the production of different speech stimuli.

of

Study Speech Stimulus Correlation Coefficient
Paynter et al., 1991 700 & Nasal Passages 0.66
Rainbow Passage 0.63
Dalston et al., 1991b Z00 Passage 0.82
Haapanen 1991b Nonsense syllables + 1| 0.75-0.79
word containing a nasal +
HP -+ LP sentences
Dalston & Seaver, 1992 Rainbow Passage 0.63

Nellis et al., 1992

7 sentences

.02 - 0.43 (hypernasality)
.05 - .61 (hyponasality)

Watterson et al., 1993 Modified Passages | 0.49
(devoid of nasal
consonants)

Watterson et al., 1996 Z00 Passage 0.70
Turtle Passage (simplified
Z00 Passage) 0.51
Mouse (simplified
Rainbow Passage 0.32

Haapanen (1991b) reported good correlations between nasalance scores and her
perceptual ‘index of hypernasality’. The index involved opening and closing the nares
while the child repeated nonsense syllabes and sentences. The hypernasality index was

determined by counting the number of words perceived to have shifted in tone.

In the Dalston et al. (1991b) study, only one listener was used to judge nasality in the
study and intra-judge and inter-judge reliability were not assessed. One other problem
with this study was that patients were assessed using different speech samples in each
technique, ranging from a single word utterance to a complex passage. In this study no
reference was made to the degree of hypernasality and the differences in nasalance

SCores.

The Nellis et al. (1992) study reported lower correlations between ratings of
hypernasality and mean nasalance scores compared to the previous studies. Results

indicated that the mean judges’ rating of hypernasality did not increase systematically
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with increasing nasalance scores. On nasal loaded sentences, mean judges’ ratings of
hyponasality decreased as nasalance scores increased. Results also indicated that
nasalance scores, ratings of hypernasality and ratings of hyponasality differed by sentence-
as a result of phonetic context. The authors state that one possible reason for the poor
correlations found in this study was that judges were asked to rate each sentence for both
hypernasality and hyponasality. Understandably, this may have caused difficulty for the
judges, who felt that speakers had to be rated on both scales even if, for example,
hyponasality was not present. Results may have been more reliable if judges were told to

rate on either one scale or the other.

In the two Watterson et al. studies (1993; 1996) different correlation coefficients were
reported. Unfortunately, Watterson et al. (1996) did not comment on the different
correlations in the two studies. It may be due to the fact that different speech stimuli
were used in each study. A low correlation ( r = 0.32) between nasalance scores and
perceptual judgements was found in Watterson et al.’s (1996) study on the Mouse
Passage which contained 11% nasal consonants. This low correlation was explained by
the authors by the fact that a passage containing nasal consonants had previously been
found to be unhelpful in identifying hypernasal patients by nasalance measures
(Watterson et al., 1993). It should be noted, however, that assessment of nasal resonance
in speech does not and should not limit itself to a clinical assessment. Therapists need to
ascertain what everyday speech is like in order to make clinically appropriate judgements
regarding management. A speech sample used for assessment should reflect normal

conversational speech, which includes nasal consonants.

Paynter et al. (1991) examined the degree to which the mean nasalance scores agreed
with the listener ratings in classifying each speech sample as being normal, hypernasal or
hyponasal. On the Nasal Passage, 48% of all categorizations based on nasometry agreed
with perceptual judgements. On the Zoo Passage the agreement was 66% and on the
Rainbow Passage agreement was 67%. The findings suggest that when using three broad
categories of hypo-, normal, and hyper-, the nasalance scores from the three different
passages did not categorize the participants in a manner similar to the listeners. The

authors suggest that the passages are better at categorising if each passage is used to
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identify a separate category (i.e. the Zoo Passage would be the stimulus choice for
identifying hypernasality and the Nasal Passage for identifying hyponasality). This study
highlights the importance of the speech sample used in studies evaluating the usefulness

of the Nasometer.

Correlations between perceptual ratings of nasality and nasalance scores reported in the
literature varied from 0.02 (Nellis et al., 1992) to 0.82 (Dalston et al., 1991b). The
variation in correlations have been reported to be due partly to the speech stimuli used in
the various studies. Overall, relationships improve if ratings of hypernasality are
correlated with passages devoid of nasal consonants and if ratings of hyponasality are
related to nasal speech passages. Variations may also be due to the presenting problems
of the participants. If participants with nasal emission/turbulence were included in the
study, the nasalance scores may have been inflated (Karnell, 1995). Hence, the
relationship between perceptual and nasometric measurements may have been influenced.
Watterson et al. (1998b) reported sources of error in nasality ratings which
underestimate the association with nasalance scores. They found that when a mean
perceptual rating from a panel of raters was compared with nasalance scores the
correlation between the assessments was weak. Correlations improved when a single
expert rater was used to rate nasality and this rating was compared with nasalance
scores. Watterson et al. (1998b) also found that using a restricted range of nasality

ratings for perceptual assessments resulted in weak correlations.

2. 6. 7 (ii) Cut-off scores

Varying cut-off values have been reported to distinguish between normal nasalance and
abnormal nasalance in the literature. Dalston et al., (1991b) found a cut-off value of 32%
for the Zoo Passage to be best for the detection of hypernasality; however, Watterson et
al. (1993) used a cut-off value of 26%. These differences are difficult to interpret

because of the different methodologies used in each study (van Doorn & Purcell, 1998).

Dalston et al. (1993) carried out a cross-dialect and cross-cultural study on nasometric
sensitivity and specificity. Prediction analyses revealed that maximum efficiency (i.e.
highest sensitivity and specificity scores) was obtained using different cut-off nasalance

values for each of three patient groups (two clinics in the US and one in Spain). This
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indicated that nasalance scores need to be obtained for different regions so that dialect
norms can be calculated and compared to a clinical population in order to obtain cut-off
values. Unfortunately, the speech samples and the perceptual scales used varied from one
clinic to another. This made comparison of the relationships between perceptual ratings

and nasalance scores for each clinic difficult.

2. 6. 7 (iii) Sensitivity and Specificity

Dalston et al. (1991b) reported on the extent to which the Nasometer correctly identified
patients who had previously been categorised as hypernasal on perceptual judgements.
They reported that, using a cut-off value of 32% nasalance, the Nasometer had a test
sensitivity of 0.89 and a specificity of 0.95. Using the same cut-off value, Hardin et al.
(1992) reported weaker associations between listener ratings of hypernasality and
nasalance scores. They found a sensitivity score of 0.57 and a specificity score of 0.91.
Using a lower cut-off value of 26%, Hardin et al. (1992) found an improved sensitivity
of 0.76 and specificity of 0.85. Hardin et al. (1992) also reported that, by eliminating
participants who had undergone pharyngeal flap surgery from the study, sensitivity
(using a cut-off value of 26%) increased to 0.87 and specificity improved to 0.93.
Variations in sensitivity and specificity may be due to the cut-off values used, and the
populations assessed. Hardin et al. (1992) stated that the large discrepancies in
associations between the two assessments are difficult to explain, but possible factors
included the difference in the number of judges in each study, the different levels of
experience of the judges in rating hypernasality and the different speech samples used for

perceptual ratings.

Nasometer test sensitivity and test specificity were determined for the patient group in
the study by Watterson et al. (1993). Using a cut-off value of 22% a sensitivity for the
Zoo and Turtle Passages was 0.77. The specificity was lower for the Zoo Passage (0.50)
and the Turtle Passage (0). This low specificity was explained by the authors by the fact

that only 2 participants were judged to have normal nasality.

Sensitivity and specificity for HP sentences and LP sentences was calculated by

Watterson et al. (1998a). They used a cut-off value of 26% for HP and LP sentences. No
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significant differences between the two stimuli were found and therefore sensitivity and
specificity for pooled data of HP and LP sentences were reported. Sensitivity was 0.84
and specificity was 0.88. The results of this study indicated an improved sensitivity and
specificity compared to earlier studies by Watterson et al. (1993). The authors state that
this may be due to methodological differences in the studies. In the latter study listeners
were informed that a rating of ‘0°, ‘1’ or ‘2" indicated normal nasality, whereas in the
earlier study a post-hoc decision was made that ratings of ‘1’ or ‘2’ would be considered
normal. Thus, in the latter study the listener knew that a rating of ‘2” was considered
normal, but in earlier studies, as far as the listener was aware, it may have represented

mild hypernasality.

Dalston et al. (1991a) carried out a preliminary investigation concerning the use of
nasometry in identifying patients with hyponasality and/or nasal airway impairment. They
evaluated the sensitivity and specificity of the Nasometer in correctly identifying the
presence or absence of hyponasality. Test sensitivity was reported to be 0.48 and test
specificity was reported to be 0.79. However they found that when patients with audible
nasal emission were excluded from the analysis, the sensitivity rose to 1.0 and specificity
rose to 0.85. No intra-judge or inter-judge reliability studies were carried out for
perceptual judgements. Hardin et al. (1992) reported a similar sensitivity score of 1 and

specificity of 0.87. They also excluded participants with audible nasal emission.

The literature reports varying cut-off values for different studies. This may be explained
by the use of normal nasalance data to indicate cut-off values. Thus, variations in normal
scores will produce variations in cut-off values. To date, sensitivity and specificity results
are encouraging and hence, this may be a more appropriate way of determining the value
of the Nasometer as a clinical assessment tool than reporting correlation analyses

(Dalston et al., 1993).

2. 6. 7 (iv) Standard Deviations in Nasometric Scores

Vallino-Napoli and Montgomery (1997) examined the use of standard deviation in
nasometric results. Results indicated that standard deviations on their own were unable

to distinguish between different severity groups of hypernasality (i.e. mild hypernasality,
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moderate/severe hypernasality). Vallino-Napoli and Montgomery concluded that

standard deviation scores on their own had limited clinical value.

2. 6.7 (v) Nasometry and Nasal Obstruction

Parker, Maw and Szallasi (1989) studied the use of the Nasometer in the selection of
patients for adenoidectomy. Three normal adults were assessed on the Nasometer with
nostrils open and again with the nostrils occluded. Each subject repeated phonemically
balanced test phrases and the Zoo Passage. They found a significant fall in nasalance
scores on test phrases when the nostrils were occluded. Further research in this area is
recommended by the authors, who claim that nasometry may aid in selection of patients

for adenoidectomy.

2. 6. 8 Nasometry Conclusions

All studies agree that the Nasometer can be a useful tool in evaluating nasality in speech
when used with other forms of assessment. It is also agreed that nasalance scores are
required for normal speakers representative of the clinical population if scores are to be

meaningful ( Seaver et al., 1991; Trindade et al., 1997).

There is still much controversy regarding the level of correlation between nasalance
scores and perceptual judgements of nasality. In many of the studies there were
substantially different speech samples used for the perceptual judgements and the
Nasometer assessments. Also, ratings of nasality in all these studies have been
undertaken using equidistant scales with all their disadvantages. The use of more
descriptive scales of nasality may improve correlations. Use of test sensitivity and test
specificity should be included in the evaluation of the relationship between nasometry
and other assessment techniques. This approach provides more detailed information
regarding the agreements and disagreements in classification of normal or abnormal

speakers.
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There is disagreement in the literature regarding the value of controls and normative
data. In many studies different cut-off nasalance values were used to distinguish between
normal and hypernasal speakers. Cut-off values in the various studies differed as much as
8% nasalance score. Watterson et al. (1996) used a cut-off score between normal and
hypernasal children of 22%, whereas Karnell (1995) used a cut-off score of 30%. This
makes comparison of studies difficult. The use of mean nasalance scores for normal
speakers combined with clinical data may help identify reliable cut-off values for research

and clinical use.

Although controversial, nasal emission and nasal turbulence have been shown to
influence nasometry results and therefore in future studies nasal airflow must be taken
into account when evaluating research results (Karnell, 1995). The use of low pressure
consonant sentences and high pressure consonant sentences as speech stimuli for the

Nasometer may help distinguish between hypernasality and nasal airflow errors.

This review of the nasometry studies indicates that the standard passages (Zoo, Rainbow
and Nasal) have been used extensively in research. These passages have problems - some
are too complex for children (Rainbow Passage, Watterson et al., 1993); others do not
represent normal conversational speech (Zoo Passage and Nasal Passage). It has been
agreed that the Zoo Passage is useful in identifying hypernasality (Dalston et al., 1991b;
Vallino- Napoli & Montgomery, 1997) and that the Nasal Passage is useful in identifying
hyponasality (Dalston & Seaver, 1992; Watterson et al., 1993; Vallino-Napoli &
Montgomery, 1997). However, if comparisons between perceptual judgements of
nasality and nasalance scores are to be made, a speech sample which represents
conversational speech should be included. If further comparison of high pressure
consonant sentences and low pressure consonant sentences are to be made, these
sentence categories should be distinguished in the sample. Hence, a speech sample that
represents normal conversational speech should be used for nasometric assessment. This
could be presented in a manner that allows each sentence category to be distinguished
from each other and assessed independently, i.e., high pressure consonants, low pressure
consonants (devoid of nasal consonants), mixed consonants (all consonant types) and

nasal sentences (containing high proportion of nasal consonants). It is also recommended
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that the Nasometry speech sample be included in the speech sample for perceptual
assessment, thus reducing the number of variables which influence the relationship

between the two measurements.

64



2.7 Aerodynamic Assessment

Nasal emission of air during speech production is a problem which can be associated
with repaired cleft palate and non cleft velopharyngeal dysfunction. Various simple
devices have been developed to indicate the presence of nasal emission of air. The mirror
test involves placing a mirror under the nostril and asking the child to repeat a syllable or
word. The mirror fogs when it contacts with humidified air, indicating emission of air
through the nose. The ‘See-Scape’ is an equally crude airflow detection device (Moon,
1993). This simple device consists of a flexible air tube which is positioned in the
patients’ nares. The tube is connected to a rigid tube, housing a small piece of styrofoam.
If air leaks through the nares, the airflow displaces the styrofoam float upwards. These
simple devices indicate the presence or absence of nasal airflow errors. They do not
provide information regarding the amount of airflow (Moon, 1993). Warren (1975)
stated that these basic tools differentiate between gross palate defects and normal palatal
function, but they are unreliable in differentiating between slight or moderate palatal
incompetence and normal function. He stressed that, where the speech symptoms vary
from one speech situation to another or where compensatory articulation exists, the
devices are unreliable. More elaborate instrumental assessment tools are required to
measure the amount of nasal airflow and to identify where the leakage of air is occurring
(Moon, 1993). These include aerodynamic measurement systems which record airflow
volumes and pressure flows during speech. Two types of flow meters have been used in
devices during the last three decades; one is the anemometer and the other is the
pneumotachograph. In this section, aerodynamic systems will be described and different
techniques will be evaluated. Aerodynamic studies of normal speakers, the speech stimuli
used in studies, and studies of their relationship with other assessment procedures will be

reviewed. The need for further research in aerodynamic assessments will be highlighted.

2.7.1 Anemometry

Airflow may be recorded by measuring the changing pattern in temperature of the air as
it is inhaled and exhaled. Various electrical methods of temperature measurements have
been devised using the thermal effect on electrical resistance (warm wire anemometry

and a thermistor), the influence of temperature on capacitance in semiconductors and
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thermally induced voltages (O'Neill & Malone, 1977). The warm-wire anemometer and
the thermistor are more sensitive and hence, much of the work on airflow measurement

has been limited to these temperature transducers.

The warm-wire anemometer is a thin wire heated by an electrical current passing through
it (Figure 2.2). Air passing over the wire cools it and the electrical current is altered.
The thermistor is a hard ceramic-like device composed of a compressed mixture of
metallic oxides, moulded into a bead, rod or disk (Geddes & Baker, 1989). The
resistance of the metal oxides decreases with increases in temperature and the thermistor
is usually connected directly to a monitoring instrument (O'Neill & Malone, 1977).
However, the warm-wire anemometer is sensitive to variations in room temperature and

humidity, resulting in unstable baselines on the graph (Painter, 1979).
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Figure 2.2 Diagrammatic representation of two thermistors used in a warm-wire
anemometer ( O’Neill & Malone, 1977).

The Exeter Nasal Anemometry System which utilised a thermistor was devised by Ellis et
al. (1978). This simple device allowed for assessment of nasal airflow errors during
production of isolated words. A small hand-held under-nose mask contained a thermistor
which detected changes in air temperature. The varying electrical resistance yielded by

the thermistor was input into the anemometer control unit. A microphone was placed in
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front of the mouth. The two signals could be recorded on an audio tape and sent to a

laboratory for analysis, or they could be computed on a BBC computer and displayed

graphically on the screen (Figure 2.3).
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Figure 2.3 Exeter Nasal Anemometry System, indicating laboratory and

computer-based system. Adapted from Hutters and Brondsted (1992).

Hutters and Brondsted (1992) evaluated the clinical usefulness of the Exeter Nasal

Anemometer in the assessment of speech for clinical purposes. They outlined the major

shortcomings of the Exeter Nasal Anemometry system as follows:

e the flow meter provided non linear recordings and therefore calibration was

unreliable;

e the frequency response of the thermistor was poor, hence airflow during the

production of words and sentences could not be assessed reliably;

e it did not distinguish between ingressive and egressive airflow;

e the temperature dependency of the meter may have artefactual influences and

obtaining a zero baseline could be difficult.

Hutters and Brondsted (1992) found that reliable nasal airflow data could be obtained

only for sounds in isolation. The device had limitations also as a tool in providing




information about the dynamic airflow patterns during speech. They also reported
difficulty in calibration. Warren (1975) stated that the meter, which measures nasal
emission only, does not give an indication of how well the velopharyngeal sphincter
functions. Factors such as respiratory effort and articulatory proficiency need to be taken

into account when assessing speech and velopharyngeal function.

Despite the many shortcomings of the Exeter Nasal Anemometer, it has been used
extensively in the clinical setting in the United Kingdom and Ireland, because it was
accessible, inexpensive, easy to use and thought to provide a measure of nasal airflow

(Hutters & Brondsted, 1992; Ellis, 1995, personal communication).

The Nasal Oral Ratio System (NORS) was developed at the University of Kent,
Canterbury by Mirlohi et al. (1994). The system was based on the earlier Exeter
Anemometry System and was developed to measure nasal airflow during speech. It
consisted of a mask which was divided into a nasal and an oral section, each containing a
thermistor (heat sensor) and a microphone (Figure 2.4). The mask was placed on the
participant’s face. During speech production the airflow and sound signals from the
thermistors and microphones were recorded, amplified and passed on to a PC data
acquisition board (Figure 2.5). The software program collected the data and performed
analyses of oral airflow and nasal airflow. A ratio {of the differential (nasal-oral) airflow
to the total (nasaltoral)} airflow was calculated. This ratio proposed to eliminate the
effect of respiration on airflow measures. The ratio provided a value between -1 and +1,

where +1 equalled complete nasal flow and -1 equalled complete oral flow.
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Figure 2.5 NORS Block Diagram, adapted from Mirlohi et al. (1994)
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In a pilot study assessing normal speakers on the NORS, 20 samples of normal speech
were analysed in an attempt to obtain normal airflow scores and graphs. Children
between the ages of 7 and 10 years were recorded using 4 different speech samples -
words, sentence repetition, automatic speech and conversational type speech. Significant
problems were found with the system. The baseline on the graph was unstable, providing
an unreliable baseline. The baseline measurement was affected by any movement of the
mask and exhalation. The response time of the thermistor was slow and, as a result, there
was a time delay between the speech output and the airflow output. This made it difficult
to measure airflow for particular sounds. The quantitative scores provided were
indefinite (i.e. normal oral sound values for the same sound ranged from +0.23 to -0.62
when the score should have been close to —1). The quality of the acoustic graph was
poor and identification of any particular sound from the graph was difficult; hence,

measurement of peak airflow values was unreliable (Sweeney, Sell and Grunwell, 1996).

The NORS was further developed and the Super Nasal Oral Ratiometry System
(SNORS) (Main, Kelly and Manley, 1999) is now available. The system uses the same
principles as the NORS, but it uses high-speed sensors to measure changes in airflow.
Oral and nasal airflow are measured and a ratio score calculated. Main et al. (1999) refer
to this ratio as a nasalance value. This, however, results in considerable confusion (Sell &
Sweeney, in press). In previous studies nasalance refers to acoustic energy (Fletcher et
al., 1989; Dalston & Warren, 1986; Haapanen, 1991a; Dalston & Seaver, 1992; Nichols,
1999); however, in the Main et al. (1999) study nasalance refers to airflow. The
quantitative value using an airflow ratio needs to be validated. No normative data is
available using the SNORS. Although the sensors are reported to have rapid reaction

times, sharp increases in airflow graphs are not easily distinguished.
Because of the problems of heat sensors used in the above systems, it is now

recommended that sensors with rapid reaction time be used to assess airflow in speech

(Ellis, 1995, personal communication).
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2. 7.2 Pneumotachograph

The pneumotachograph measures differential pressures across a membrane in a tube.
Volume of air and other facets of airflow can be determined from the pressure
differential and dimensions of the tube. The pressure difference across the membrane is
transmitted to a pressure transducer. This compares the two pressures with a known
resistance, calculates the airflow and converts it into voltages which are passed on to an
amplifier, analyser and recorder. This device has better frequency response time than the
warm-wire anemometry system and the thermistor. It is also sensitive to direction of
airflow. It allows for assessment and comparison of oral and nasal airflow during
connected speech (Counihan, 1971). For the diagnosis of and research into cleft palate
speech, Warren (1975) recommends a compromise between simple manometric devices
and sophisticated research tools. He points out that the best compromise in terms of
expense and simplicity is to obtain an instrument which could record a ratio of oral/nasal
pressures during plosive consonant production in conjunction with nasal airflow

measurements.

2. 7. 2 (i) Pressure/Flow Systems

Warren and DuBois (1964) described a pressure/flow technique for measuring the
velopharyngeal orifice area during continuous speech. They based their method on a
modification of the theoretical hydraulic principle. This principle assumes that the area of
an orifice can be determined if the differential pressure across the orifice is measured
simultaneously with the rate of flow through it. Thus, the velopharyngeal orifice area

equals the following equation:

Rate of Airflow through Orifice
Orifice Area = p 2 ( Orifice Differential Pressure )

Density of Air

The advantage of this method is that parameters related to velopharyngeal closure
(orifice size, oral pharyngeal pressure, orifice airflow and acoustic characteristics) can be

assessed and evaluated simultaneously.
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Warren (1967) used this pressure/flow system to assess nasal escape of air and
velopharyngeal function. One catheter was placed in the left nostril and another in the
oral cavity in order to measure the pressure drop across the orifice. The nasal catheter
was secured by a cork which blocked the nostril, creating a stagnant column of air. Both
catheters measured static air pressure and transmitted these pressures to a differential
pressure transducer. A heated pneumotachograph connected to a plastic tube was placed
in the participants’ right nostril to measure nasal airflow. The parameters of pressure
and airflow were converted to electrical voltages, amplified and recorded (Figure 2.6).
The pressure/flow system, which was designed by Warren (1967), provided different
measurements of pressure and airflow. The basic measurements included nasal airflow in
millilitres per second (mls/sec) and oral and nasal pressure in centimetres of water (cm
H>0O). These measurements were then used to calculate differential pressure (i.e.
difference between pressure in the nose and pressure in the mouth) and velopharyngeal

port area (cmz).

2. 7. 2 (ii) PERCI (Palatal Efficiency Rating Computed Instantaneously)

Warren (1979) described the PERCI method for rating palatal efficiency. PERCI was a
clinical tool, which was a development of Warren’s (1967) system (Figure 2.6). He
stated that the validity of the instrument depended upon its ability to separate the effects
of velopharyngeal function from the activities of other speech structures. This approach
was designed to record the difference between oral and nasal pressure. As in the earlier

studies, airflow was used to calculate velopharyngeal orifice size.
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Figure. 2.6 Diagrammatic representation of tube placement for pressure
measurements. Block diagram of pressure/flow system. Taken from the PERCI

SARS Manual (1994).

Warren (1979) explained how the pressure/flow system works - closure of the

velopharyngeal sphincter creates a pressure difference between the nose and the mouth.

When complete velopharyngeal closure occurs, as during the consonant /p/, pressure in

the mouth is determined by respiratory effort and will vary from about 3 cm H20 to 7

c¢cm H20. Pressure in the nose will be zero since no air leaks into the nasal chamber. If

there is velopharyngeal opening, the difference in pressure will vary with the size of the

opening. Since the difference in oral and nasal pressures is used, the effects of

respiratory effort can be cancelled out when the orifice is not completely closed.
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2. 7.2 (iii) PERCI SARS
The SARS (Speech Aero-Dynamic Research System) is the most recent development of
the PERCI System described by Warren (1979). SARS is a computer software/hardware
interface for in-depth assessment of speech aeromechanics and nasal airway patency
(PERCI SARS Version 2.1 Manual, 1997). This computer-based system allows for
measurements of: 1. oral pressure

2. nasal pressure

3. oral flow

4. nasal flow
Using these measurements, differential pressure and velopharyngeal port area can be
calculated using the SARS software. In addition the system assesses:

nasal areas

nasal resistance

laryngeal resistance

voice analysis - sound pressure level, pitch, shimmer, jitter

Riski, Warren, Zajac and Lutz (1995) described the PERCI SARS aerodynamic
assessment of speech. They pointed out the SARS system offers users greater control of
their pressure/flow analysis with many options for measurements of pressure/flow and
voice. The high speech data acquisition channel for voice has been added to the SARS.
This has been found to be a significant advantage to the system as it allows simultaneous
voice playback during analysis of the graphs. This improves validity of the system by
providing the assessor with the acoustic signal of the speech sample as well as the

pressure/flow graphs and measurements (Sweeney et al., 1996).

2. 7. 2 (iv) Gaeltec System

Another pneumotach system was described by Anthony (1980). His system was designed
to allow for easy comparison of one physical quantity with another and to allow for
adequate segmentation of the utterance. Various traces can be produced graphically
showing paper speed, nasal flow, oral flow, laryngeal trace (indicating voicing) and a
fundamental frequency trace (indicating frequency of vocal cord vibration or pitch).
Anaesthetic masks are modified to hold separate pneumotach flow heads in a nasal

section and an oral section. A rubber divider piece fits above the upper lip to separate the
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oral and nasal flows. During speech production the pressure drop accross the wire gauze
in the pneumotach flow head is measured in millilitres per second. Data from the various
traces allow for segmentation of the utterances into phonemic units and syllables.
However, Anthony (1980) points out that this segmentation is artificial and to some
extent arbitrary, but necessary in order to measure the aerodynamics of speech. Anthony
(1980) states that the data provided by the Gaeltec system provides an insight into the
dynamic organisation of speech production and indicates problems that can arise if there
is some anatomical abnormality. One drawback of the system however, is that the audio
recording cannot be made simultaneously with the airflow assessment, as the mask can

distort the auditory speech signal.

2.7.2 (v) Rothenberg Mask

Ladefoged (1997) describes a pressure/flow system similar to Warren’s PERCI system
(1979). However, in the Ladefoged system the differential pressure is measured using a
pharyngeal pressure tube instead of a nasal pressure tube. For this analysis, a small tube
is passed through the nasal cavity so that it’s open end rests on the back wall of the
pharynx, 1 cm below the uvula. The other end of the tube is then attached to the pressure
transducer. This system has been used in phonetic research, but would be too invasive
for clinical use with young children. Ladefoged (1997) reports that variations in airflow
are more difficult to measure than variation in air pressure using this system. He
describes the use of the Rothenberg mask instead of the tube system for this purpose.
This mask has a built in stainless steel gauze which allows for measurement of the rate of
airflow by measuring the increase in pressure that occurs when air flows through the
gauze. A divided Rothenberg mask permits the measurement of oral and nasal airflow
simultaneously. However, the main disadvantage of the Rothenberg mask is that it is too
large to provide an airtight seal between the oral and nasal cavities and around the face

of children, under ten years.

2.7.3 Speech Stimuli

The speech sample used in testing is extremely important (Warren, 1979). The phoneme
/p/ is used because it creates a stagnant column of air in the mouth and this eliminates the

effects of tongue position or movement of air pressure and flow. It was recommended
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that the following speech sample be used to measure oral pressure, nasal pressure and
oral flow: ‘pa, pa, pa’ repeated three times; ‘pi, pi, pi’ repeated three times and “hamper,
hamper, hamper’ repeated three times (PERCI SARS Manual, 1994). Warren (1979)
suggested that the nasal/plosive combination is helpful in determining whether a patient
has a problem achieving closure rapidly. He also stated that the /mp/ combination in the
word ‘hamper’ nearly approximates the degree of velopharyngeal closure, which occurs

during fricative productions or continuous speech.

Zajac (1998, personal communication) reported no difference between pressure/flow
measures on /pa/ and /pi/ for 152 normal speaking children. However, in a clinical
population of adults and children, Smith and Guyette (1996) found that eight out of fifty
one (15%) participants had velopharyngeal closing on /pa/ and excessive velopharyngeal
openings on /pi/. This difference was explained by the authors by the fact that during the
production of /i/ there is contraction of the palatoglossus muscle which may result in a
downward movement of the palate. As there is no elevation of the tongue during the
production of /a/, there is no contraction of the palatoglossus and no depression of the
palate. In normal speakers, this movement of the palatoglossus is counteracted by the
levator palatini. In individuals with borderline velopharyngeal function, the levator
palatini cannot counteract the palatoglossus movement, possibly leading to
velopharyngeal incompetence during /i/ (Moon, 1993). As a result of this finding, Smith
and Guyette (1996) suggested that /pi/ be included in the speech sample for

pressure/flow measures.

One of the main problems with the limited speech sample used in pressure/flow studies is
that comparison with other assessment techniques is difficult. However, it has been
argued that PERCI was not designed to evaluate speech performance. Rather, it provides
information on differential pressures (Warren, 1979). Zajac, Mayo, Kataoka and Kuo
(1996) adapted the technique to assess pressure/flow on /s/ in /si/. They positioned the
catheter approximately 3 to 4 centimetres behind the central incisor with its opening
perpendicular to the airflow. They attempted to achieve placement that was posterior to
the anticipated point of lingual constriction at the alveolar ridge. They found that nasal
pressure was unexpectedly greater than oral pressure during the production of /s/. This

may have been due to the effect of the tongue obstructing the oral cavity. Zajac et al.
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(1996) pointed out that placement of the catheter anterior to the point of lingual
constriction would underestimate oral pressure relative to nasal pressure. This use of the

pressure/flow system appears to be unreliable for the assessment of the /s/ phoneme.

2. 7. 4 Aerodynamic Studies Of Normal Speakers
Aerodynamic studies indicate a wide variation in pressure/flow measurements of normal

speakers.

2. 7. 4 (i) Nasal Flow
Nasal airflow during the production of oral consonants has been found to range from 0
ml/s to 150 ml/s (Table 2.7). Previous studies have reported mean nasal airflow and the

range of mean nasal airflow (Thompson & Hixon, 1979; Andreasson, Smith & Guyette,

1992; Zajac & Mayo, 1996).

Table 2.7 Nasal flow measurements for normal speakers during the production
of different speech stimuli.

Study Speech Stimuli Nasal Flow - Mean | Nasal Flow -
scores Range of
Individual
scores
Thompson & Hixon | /t/,/d/, /s/ & /z/ 0 ml/s 0- +5ml/s
(1979)
Andreasson et al. /p/ in ‘pa’ 6 ml/s (female) 0-42 ml/s
(1992) 17 ml/s (male) 0-150 ml/s
/p/ in “hamper 12 ml/s (female) 0-42 ml/s
30 ml/s (male) 0-57 ml/s
/m/ in “hamper’ 211 ml/s(female) 77 - 315 ml/s
287 ml/s (male) 169 - 442 ml/s
Zajac & Mayo (1996) | /p/ in “hamper’ 10 ml/s (female) 1-30ml/s
20 ml/s (male) 2 -76 ml/s

/m/ in ‘hamper’ 129 ml/s (female) 69 - 216 ml/s
149 ml/s (male) 47 - 280 ml/s

Thompson and Hixon (1979) reported that the results indicated that on oral utterances
(i.e. isolated utterance /i/ /s/ /z/, syllable repetitions /ti/ /dV/ /si/ and /zi/ and the carrier

phrase embedded syllables /iti/ /idi/ /isi/ and /izi/), nasal airflow was 0+5 ml/s for all
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participants. Andreasson et al. (1992) reported that mean nasal flow for one participant
ranged from 0 to 150 ml/sec during the production of /p/ in ‘pa’. This supports the
conclusions of Laine et al. (1988) who suggested that 125 ml/sec be considered a cut-off
value of nasal flow for the production of /p/ in “hamper’. Interestingly, the participant in

the Andreasson et al. study had nasal flow of 150 ml/sec during the production of /p/ in

‘pa’.

Results of nasal flow measures for the production of /m/ in the study by Andreasson et
al. (1992) differ from the results presented by Zajac and Mayo (1996). Zajac and Mayo
(1996) stated that these differences were difficult to explain, however they pointed out

that the differences may have been due to population size and procedural issues. This

point will be discussed below in the section on gender influence.

Airflow rates in normal speakers were studied by Van Hattum and Worth (1967). They
used a warm-wire flow meter with a divided mask which separated oral and nasal
airflows. Measurements were difficult to make due to difficulty in locating consonants in
syllables (Van Hattum & Worth, 1967). However, important facts regarding airflow
measures were underscored in their study:
1. Voicing appeared to be the most important factor influencing expelled air
volume (voiceless consonants displayed considerably more airflow than voiced
consonants);
2. In comparing sounds in syllables and sounds in sentences, the expelled air
volume tended to be less in sentence production;
3. Sounds at the beginning and end of the utterance were found to be more
variable than sounds within the utterance;
4. Examination of percentage data (i.e. ratio of oral and nasal expelled air
volume to total expelled air volume) indicated that on oral sounds a mean of
14% nasal expelled air volume was found and on nasal sounds a mean of 12%

oral air volume was found.

Possible explanations for the presence of nasal air during the production of oral
consonants were put forward by the authors. Firstly, there might have been a certain

amount of anomalous airflow and the movement of the soft palate may have dispelled
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volumes of air which would have been measured as nasal airflow. Secondly, the
movement of the closed lips inside the mask might also have created a similar
displacement generated airflow or the mask may have had leakage of air. Thirdly, airflow
did occur and closure of the nasal cavity during production of normal non-nasal vowels
was sometimes incomplete. Finally, there may have been errors with the instrumentation
(i.e. poor baseline and slow reaction time may also have been responsible for this
finding). These findings underscored the problems with earlier approaches to
aerodynamic assessment of nasal airflow. However, despite the errors in the study,
important information regarding nasal airflow measurements was obtained for future
studies. Measurements in the later pressure/flow measurements were never made on

initial sounds, and voiceless plosives were used as speech stimuli

2. 7. 4 (ii) Pressure Measurements for Normal Speakers

Oral pressure for normal speakers has been reported in the literature (Table 2.8). Results
indicated that normal intra-oral air pressure ranged from 2 to 20 ¢cm H>O during the
production of /p/ in syllables ‘pa’, ‘pi’ and in the word “hamper’. Pressure for /m/ ranged

from 0 to 2.2 cm H,O during production of syllables ‘mi’ and in the word ‘hamper’.

Table 2.8 Range of mean oral pressure measurements for normal speakers
during the production of /p/ and /m/.

Study Speech Stimuli Range of Mean

Zajac & Mayo, 1996 /p/ 2.5-9.1 cm H,O
/m/ 0.1-4.1 cm H,O

Andreasson et al., 1992 /p/ 2 -20 cm H,O
/m/ 0-2.2cmH,O

Differences between the results of the two studies will be discussed in the section on

influence of gender on pressure/flow measures below.

2. 7. 4 (iii) Velopharyngeal Port Area Measurements for Normal Speakers
Velopharyngeal port area measurements were calculated from results of normal speakers
using the Warren and DuBois equation of pressure difference between the nose and

mouth and airflow through the nose. Warren (1967) initially described adequate
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velopharyngeal port area as below 0.05 cm’. Subsequent studies on normal speakers

reported smaller normal velopharyngeal port area measurements (Table 2.9).

Table 2.9 Range of velopharyngeal area port (vpa) measurements for normal
speakers during the production of /p/ and /m/.

Study Speech Stimuli | VPA Range

Andreasson et al., 1992 | /p/ 0 - 0.006 cm’
/m/ 0.01- 0.095 cm’

Zajac & Mayo, 1996 Ip/ 0 - 0.002 cm’
/m/ 0.04 - 0.42 cm’

2.7. 4 (iv) Influence of Age on Pressure/Flow Measures in Normal Speakers

All the normative data reviewed provided information regarding pressure/flow measures
for normal speakers including adults and children. However, in order to use this system
with children, normal scores exclusively for children need to be established. Only one
study provided data exclusively for normal speaking children. Zajac, Mayo and Kataoka
(1997) assessed the developmental aspects of velopharyngeal function using
pressure/flow measures. One hundred and fifty two children (aged 6 to 12 years) and 42
adults with normal speech were assessed using PERCI SARS. The following speech
samples were used ‘pa’, ‘pi’, ‘mi’, ‘hamper’ and ‘peep into the hamper’. No difference in
pressure/flow measurements for ‘pa’ and ‘pi” were found. Mean oral pressure, nasal flow
and velopharyngeal port area were calculated for four different age groups: 6 - 8 years; 9
- 10 years; 11 -12 years and adults (Table 2.10). Unfortunately, Zajac et al. (1997) did

not report the range of values found in this population of normal speakers.
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Table 2.10 Mean oral air pressure, nasal flow rates and velopharyngeal port

area for normal speaking children (Zajac et al.,1997).

Age Oral Pressure | Nasal Flow | VPA (mm®)
group (cm H,0) (ml/s) Mean (SD)
Mean (SD) Mean (SD)

/p/ in ‘pi’ 6-8 8(2.2) (1} 0(0.1)
9-10 79(2) b 0(0.1)
11-12 12(2.2) 22) 0.1 (0.1)
Adult 6 (1.4) 4 (7) 0.2 (0.4)

/p/ in “hamper’ | 6 - 8 1 20) 21(3) 0.1 (0.2)
9-10 1212} 500 0.2 (0.3)
11-12 6.6 (1.2) 4 (3) 0.2 (0.1)
Adult 33{la) 15 (16) 0.7 (0.8)

/m/ in ‘hamper | 6 - 8 LS. T) 87 (38) 15.9 (10.7)
9-10 1.5(0.8) 96 (40) 15.3 (9.4)
1112 1.6 (0.8) 118 (47) 18.0 (10.8)
Adult 1.3 (0.7) 139 (58) 19.8 (10.2)

Zajac et al. (1997) reported that for normal speakers, children use greater intra-oral
pressure than adults and achieve greater velopharyngeal closure than adults. They also
found that adults had greater mean nasal airflow during the production of /p/ in hamper
than children. In a clinical study Dalston, Warren, Morr and Smith (1988) also found that
children had higher oral pressure measurements than adults. Warren, Dalston and Mayo
(1994) used a cut-off age of 15 years between children and adults. They reported that
nasal cross-sectional size does not increase much after 15 years and that nasal cross-
sectional area may influence resonance balance in pressure/flow measures. In their study
they found that children in the borderline-inadequate and inadequate categories of

velopharyngeal function were rated less hypernasal than their adult counterparts.

2.7. 4 (v) Influence of Gender on Pressure/Flow Measures in Normal Speakers
Andreasson et al. (1992) found significant differences between scores for 10 males and
10 females in the following areas:

1. nasal flow measures for /p/ in “hamper’ ( t=2.85, p=.01)

2. velopharyngeal port area for /p/ in “hamper’(t=2.37, p = .03)

3. nasal flow measures for /m/ in “hamper’ (t = 2.46, p <.02).
Male participants had significantly greater mean nasal flow measurements than female

participants during the production of /p/ amd /m/ in ‘hamper’. Males also had greater
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mean velopharyngeal port areas than females during the production of the word
‘hamper’(Figure 2.7). No other differences between measures for male and females were
significant. It should be noted that differences between male and female scores were only
significant for the phonemes in the word ‘hamper’. This highlights the importance of the

phonetic context.

In contrast, Zajac and Mayo (1996) reported relatively small differences between scores
for male and female speakers. The only measures that differed significantly were intra-
oral pressure measures for /p/ (t = -2.88, p = .007). It may be that, although both studies
found significant differences between male and female scores for some measures, the
differences were marginal. Another explanation may be the wide variation in normal
scores found in both studies. Zajac and Mayo stated that the differences in results may
have been due to smaller number of participants in the study by Andreasson et al. (1992).
The methodology was also different. In the study by Andreasson et al. (1992), the
participants were asked to produce the speech sample ‘hamper’ three times in two or
three groups. This instruction was ambiguous according to Zajac and Mayo (1996). In
the study by Zajac and Mayo (1996), participants were asked to produce the word
‘hamper’ five times on one expiration. Zajac and Mayo (1996) speculated that the
differences in respiratory and/or laryngeal function may have contributed to the different
results from the two studies. Further studies on normal adults using a larger population

may provide more conclusive results on gender differences.

2. 7. 4 (vi) Summary and Implications from Normal Aerodynamic Studies

Normal studies indicate a wide range of pressure/flow measurements for normal
speakers. This review of the literature indicated that there are differences between
pressure/flow measures for adults and children. Most of the normative data has been
obtained from adults. In the present study it will be necessary to use normative data from
children provided by Zajac (1998, personal communication). There are no reports in the
literature of comparison between normal scores for children and scores from a clinical

population of children.
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2. 7.5 Reliability of Pressure/Flow Measurements

Warren and DuBois (1964) reported that reproducibility of the pressure/flow data for
normal participants based on sentence repetition was adequate. They stated that patterns
of pressure and flow measurements were similar for the sentence repetitions. Few studies

have evaluated test-retest reliability of the pressure/flow measurements.

Reliability of measurements was assessed by Zajac and Mayo (1996). When
measurements of 2 participants with normal speech were repeated by the same scorer, a
correlation coefficient of 0.99 was found. Reliability was assessed by comparing
measurements obtained by one scorer with another. A correlation coefficient of 0.99 was
reported. This study indicated that using the pressure/flow measurements, reliability of
scores obtained was good. Unfortunately, no study assessed the reproducibility of the

system using test-retest assessments.

2. 7. 6 Comparison of Pressure/Flow Measurements with Other Measurements

Results of pressure/flow measures have been compared with results of other techniques
used in the assessment of speech problems related to velopharyngeal dysfunction.
Fujiwara, Hiramoto and Kawano (1993) compared pneumotachography and
videonasendoscopy in the assessment of velopharyngeal function. They used the
aerodynamic technique described by Honjow et al. (1968) to assess oral pressure and
nasal airflow rates. They found that the results of the combined pressure and flow
measures related well to results of the videonasendoscopic assessment. This study
indicated a good relationship between the direct assessment of velopharyngeal function
(videonasendoscopy) and the indirect assessment of velopharyngeal function

(pressure/flow measures) as described by Shprintzen (1995).

Validity of pressure/flow measurements has been assessed by comparing velopharyngeal
port area, nasal flow and differential pressure measurements, with perceptual measures
and nasalance scores. Warren (1967) analysed correlations between nasal airflow and
velopharyngeal orifice size measures using his pressure/flow system. General correlation

between measurements of nasal airflow and calculations of velopharyngeal orifice size
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was found to be 0.77. Laine et al. (1988) also reported good correlations between the
two measures (Table 2.11). Although both studies reported good correlations for the
entire study group, correlations varied when the study group was divided into categories
according to velopharyngeal function. Results indicated weak correlations between nasal

flow and velopharyngeal port area for borderline and inadequate groups.

Table 2.11 Relationship between velopharyngeal port area measurements and
nasal flow measures

Study Correlation
Coefficient

Warren 1967 0.77

[Laine et al., 1988 0.94

A small number of studies have assessed the relationship between pressure/flow
measures and perceptual judgements of nasality using correlation analysis (Table 2.12).
Results indicated varying relationships ranging from good (Dalston & Warren, 1986) to
moderate (Warren et al., 1994) Discrepancies in correlations between perceptual
judgements of nasality and velopharyngeal port area measurements may be explained by
the different methodologies used in the two studies. Dalston and Warren (1986)
compared a 5 point scale of perceptual assessment with three categories of
velopharyngeal area measurements. In the Warren et al. (1994) study, comparisons were
made between a 6 point perceptual scale and actual velopharyngeal area measurements.
The wider range of scores for the velopharyngeal area may have reduced the level of

correlation.

Table 2.12 Relationship between pressure/flow measures and perceptual
judgements of nasality.

Study VPA Nasal Flow
Dalston & Warren, 1986 0.80
Warren et al., 1994 0.66 0.61

Warren et al., (1994) found that the relationship between hypernasality and nasal airflow
was highly significant for adults (p <.001); however, it was not significant for children (p
= .089). They explained the differences in significance levels by the fact that children

have smaller nasal airways. It was possible that high resistance diminished the need for
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increased respiratory effort which is generally required when the velopharyngeal
mechanism is incompetent. Hence, the children may not have had increased nasal flow
measurements. Another explanation may be that the airflow rates determined to
represent mild and moderate hypernasality may be different for children. Warren et al.
(1994) suggested that airflow rates of 180 ml/s were associated with ratings of mild to
moderate hypernasality, while airflow rates of 300 were associated with moderate
hypernasality. Much of the normal data reported in the literature prior to this study was

obtained from adults.

Two studies assessed the relationship between pressure/flow measures and nasalance
measures (Table 2.13). The results presented here indicate a large variation between
estimates of the relationship between pressure/flow measures and nasalance scores. As
indicated above, the difference in correlation may be explained by methodological
differences.

Table 2.13 Relationship between pressure/flow measures and nasalance scores.

Study Correlation Coefficient
Dalston & Warren, 1986 0.74

Dalston et al., 1991b 0.32

Further analysis of relationships between pressure/flow measures and other
measurements will be discussed below in the section on sensitivity and specificity. First it
is necessary to review cut-off values for the various pressure/flow measures presented in

the literature.

2. 7. 7 Cut-off Values for Pressure/Flow Measurements

2. 7.7 (i) Nasal Airflow Measurements

Warren (1967) reported that all participants classified as having velopharyngeal
incompetency exhibited peak nasal airflow rates during the production of /p/ greater than
175 ml/s. All but two of the participants classified as having adequate closure produced
an acceptable /p/ with less than 155 ml/s peak nasal flows. The remaining two had flow
rates of 249 ml/s and 230 ml/s. Warren concluded that peak nasal flow rates above 250
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ml/s during plosive sound production were considered to be indicative of inadequate
closure. However, he specifies that the converse may not always be true. Flow rates of
less than 250 ml/s may occur in spite of sphincter incompetency if there is nasal blockage

or decreased respiratory effort.

Laine et al. (1988) reported that a nasal flow rate above 125 ml/s appears to be a fairly
adequate predictor of velopharyngeal dysfunction. However, their study did indicate a
high degree of variance. This cut-off value would be supported by normal studies
(Andreasson et al., 1992; Zajac & Mayo, 1996), where the highest normal nasal flow rate
was 150 ml/s.

2. 7.7 (ii) Oral Pressure Measurements

Normal pressure ranges from 3 to 7 cm H,O during the production of /p/ (Warren,
1979). Dalston et al. (1988) found that when participants were categorised according to
velopharyngeal function (adequate, borderline and inadequate), pressure levels fell as the
degree of inadequacy increased. However, even in the grossly inadequate group, the

average oral pressure was 3.0 cm H,O. Eighty seven percent of all participants assessed
achieved intraoral pressure > 3 cm H,O. They compared oral pressure measurements in

human speakers with velopharyngeal inadequacy and measurements from a vocal tract
model with varying degrees of simulated velopharyngeal port openings. The human
speakers were able to maintain oral pressure above 3 cm H,O, whereas the model did
not. This indicated that speakers may compensate for velopharyngeal inadequacy in order
to maintain oral pressure. Warren (1986) suggested that pressure maintenance may be
the primary goal of the vocal tract system. He stated that pressure maintenance may be
achieved by changes within the vocal tract, such as increased respiratory effort, nasal

grimace, high lingual carriage and increased glottal resistence.

2. 7.7 (iii) Differential Pressure Measurements

The above results indicate that oral pressure measurements are not reliable for identifying
participants with velopharyngeal inadequacy. As a result, differential pressure
measurements have been used. Warren (1979) used a model of the vocal tract to simulate

velopharyngeal opening. He estimated that differential pressure (i.e. difference between
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oral and nasal pressure) could be used to identify categories of velopharyngeal adequacy

(Table 2.14).

Table 2.14 Summary of differential pressure measurements and adequacy of
velopharyngeal function.

adequate closure >3 cm H,0
borderline closure 1t02.9cmH,0
inadequate closure < 1 ecm H,0

He studied 75 participants with varying levels of palatal competency and the data from
these participants confirmed the above groupings. These groupings were confirmed in a
later study by Morr et al. (1989). They reported that differential pressure measurements
were fairly accurate predictors of adequacy or inadequacy of velopharyngeal function.

But they concluded that the differential pressure score was only a screening index.

From the above studies it is evident that differential pressure measurements should
provide more valid and reliable measures of airflow than oral or nasal pressure

measurements on their own.

2. 7.7 (iv) Velopharyngeal Port Area Measurements

Warren (1979) reported that when openings of the velopharyngeal port were less than
0.05 cm’, voice quality was within normal limits. He found that openings between 0.05
and 0.1 cm® usually did not interfere with production of intraoral pressure on plosives;
however, some nasal emission could occur. Openings between 0.1 and 0.19 cm’
represented borderline velopharyngeal function where some speakers sounded normal
while others had slight to moderate nasal emission and hypernasality (Table 2.15).
Similar cut-off values for velopharyngeal incompetency were identified by Isshiki,
Honjow and Morimoto (1968). Results indicated that the critical size of velopharyngeal
closure necessary for acceptable speech was 5 mm in diameter. However, they pointed
out that there was no definite point of the velopharyngeal dimension where the speech
suddenly changed from normal to abnormal. It was evident that the degree of nasality
depended not only on the size of the velopharyngeal sphincter but also on several other

factors such as mouth opening and position of the tongue.
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Table 2.15 Summary of velopharyngeal (VP) function related to the size of the
velopharyngeal port area (VPA) ( Warren, 1967; Warren, 1979).

VP Function VPA
adequate closure <0.05 cm’
adequate-borderline 0.05 cm’ to 0.09 cm’

borderline - inadequate 0.10 cm’ to 0.19 cm’
slightlyinadequate closure | 0.20 cm’ to 0.40 cm’
moderate inadequacy 0.41 cm’- 1 cm’
gross inadequacy > | cm’

Results of studies which identified cut-off values to distinguish between normal and
abnormal speakers and the results of normal studies indicate that there is large variation
of individual scores for each measurement made. Therefore, this information should be
used as a guideline. Most of the studies which identified cut-off values based these
measurements from adult data or from model analogue data. Hence, these cut-off values
may only be used as a guideline for children. It will be necessary to compare normal
pressure/flow measurements with measures from children with speech problems in order

to identify cut-off values or range of values for children.

2. 7. 8 Sensitivity and Specificity

Dalston et al. (1991b) compared nasalance scores and velopharyngeal port area as
measured by the pressure/flow technique. They found that using a nasalance cut-off
value of 32% and a velopharyngeal area cut-off of 0.10 cm’ , the Nasometer had a test
sensitivity of 0.78 and a specificity of 0.79. When perceptual judgements were compared
to the Nasometer, test sensitivity and specificity were higher. However, this was not
surprising as the Nasometer and the pressure/flow system measured different
phenomena. One measured acoustic energy and the other measured aerodynamic
performances of the velopharyngeal mechanism (Dalston & Warren, 1986). It would
have been useful to compare nasalance scores with other pressure/flow measures such as

nasal flow.
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Comparing the different measurements obtained from the pressure/flow technique,
sensitivity and specificity were found to be good. Laine et al. (1988) assessed the
screening of velopharyngeal closure based on nasal airflow rate measurements. When
groups were categorised according to adequate and inadequate categories, sensitivity
was 0.85 and specificity was 0.96. Sensitivity and specificity of differential pressure
measurements were reported as 0.88 and 0.94 respectively when compared to
measurements of velopharyngeal port area (Morr et al., 1989). They found that, in
general, when the differential pressure was above 3 cm H’O the velopharyngeal port area
was less than 0.01 cm’. However the borderline-inadequate group demonstrated a
substantial scatter of differential pressure values. One would have expected good
agreement between velopharyngeal port area and other pressure/flow measures, as the
differential pressure and nasal flow measurements were used to calculate velopharyngeal
port area. However, verification of the categories of velopharyngeal port area could have

been made with perceptual judgements.

Pressure/flow techniques were used to evaluate the results of pharyngeal flap surgery
(Smith, Skef, Cohen & Dorf, 1985). Thirty one patients who had undergone pharyngeal
flap surgery were selected and perceptual judgements of speech were also obtained
following surgery. Results indicated that, using pressure/flow criteria, 52% of outcomes
were considered successful and 35% were considered to have substantial nasopharyngeal
airway obstruction. Perceptual judgements were based on an individual listener’s
judgement of oral/nasal balance during single word production, sentence production and
conversational speech. In 85% of participants, nasality judgements were comparable to
the nasal flow findings. In 10% of the participants, resonance quality was judged
hyponasal while pressure/flow patterns indicated adequate valving. The authors suggest
that discrepancies may be due to poor validity of nasality judgements, as only one judge
was used in the study and the speech sample would be influenced by a phonetic
environment and subject type. They conclude that perceptual and nasal flow data can

provide important information in evaluating velopharyngeal function post-operatively.

Correlation studies in the literature evaluated the relationship between pressure/flow
measures and measures of velopharyngeal function (Fujiwara et al., 1993), acoustic

measures of nasality (Dalston et al., 1986) and perceptual ratings of nasality (Dalston et
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al., 1986; Warren et al., 1993a). No study reviewed evaluated the relationship between
pressure/flow measures with perceptual ratings of nasal airflow. One would expect a
good correlation between pressure/flow and perceptual ratings of nasal airflow as both

techniques measure airflow, but in different ways.

2. 7.9 Timing Studies

Under certain circumstances the perception of hypernasal speech may be related more to
the amount of time the orifice is open than to the actual amount of air passing through
the nose or to the extent of velopharyngeal opening (Warren, Dalston & Mayo, 1993a).
Hypernasality may be a time related phenomenon and aerodynamic changes that occur as
a result of velopharyngeal incompetency may not be linearly related to perceptual
judgements of oral/nasal resonance. Warren et al. (1993a) reported that when duration of
the velar opening and closing movements prior to and after a nasal consonant is too long,
speech is often judged to be hypernasal. Conversely, if the opening and closing duration
is too short, speech may be described as hyponasal. Hence, the amount of time the
velopharyngeal sphincter is open or closed may have a more significant effect on

resonance than the amount of airflow passing through the nasal cavity.

Recently the pressure/flow technique has been used to determine whether the temporal
characteristics of aerodynamic data associated with utterances could differentiate
speakers with palatal incompetence. Warren, Dalston, Trier and Holder (1989) analysed
the /mp/ consonant blend in the word "hamper" for 70 participants - 10 normal speakers,
20 with adequate velopharyngeal closure, 20 with borderline velopharyngeal closure and
20 with inadequate velopharyngeal closure. Timing variables for the word ‘hamper’
included: (1) beginning of airflow, (2) peak airflow, (3) end of airflow, (4) beginning of
pressure, (5) peak pressure and (6) end of pressure. Figure 2.7 illustrates the normal
airflow-pressure relationship for the speech production of the word 'hamper". Results
indicated that each of the four groups manifested unique timing characteristics in their
pressure/flow tracings. Typical timing characteristics of the velopharyngeal dysfunction
included an overlap between the airflow graph and the pressure graph (Figure 2.8).

There was a shorter time gap between the beginning of the flow graph and the beginning
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of the pressure graph, the middle peak of the flow graph and the middle of the pressure

graph and the end of each graph.

Flow

Pressure

Time

Figure 2.7 Normal graph indicating timing between flow and pressure graphs
during the production of the /mp / combination in ‘hamper’. (1) beginning of
airflow, (2) peak airflow, (3) end of airflow, (4) beginning of pressure, (5) peak
pressure and (6) end of pressure.
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Flow

-

Pressure

Time

Figure 2.8 Pressure/flow graph of a speaker with velopharyngeal dysfunction
during the production of /mp/ in ‘hamper’. (1) beginning of airflow, (2)peak
airflow, (3) end of airflow, (4) beginning of pressure, (5) peak pressure and

(6) end of pressure. Note the overlap of the flow and pressure graphs.

In the same study, Warren et al. (1989) divided their participants into two groups
according to perceptual ratings of nasality. They found that the group with normal or
near normal ratings of nasality exhibited timing characteristics similar to normal and
adequate groups. The group with mild/moderate to severe ratings of nasality had timing

characteristics similar to the velopharyngeal dysfunctional group.

In a further study, Warren, Dalston and Mayo (1993b) reported on hypernasality in the
presence of adequate velopharyngeal closure. This study indicated that there were unique
timing features that differentiated the hypernasal but adequate group from the two
control groups. These features included a delay of approximately 15 milliseconds in
achieving velopharyngeal closure, a longer interval of nasal airflow and a shorter
duration of velopharyngeal closure. In this study the authors noticed that participants
with borderline velopharyngeal closure, who were Iwss hypernasal had timing patterns
similar to normal participants. Participants with greater hypernasality had timing patterns
similar to patients with inadequate velopharyngeal closure. They found that particular
timing variables were especially useful in discriminating between the three groups

investigated.
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It is apparent from the timing studies that the temporal characteristics of pressure/flow
measures provide important clinical information regarding speakers with velopharyngeal
dysfunction. Two studies, however, indicated problems with this approach. One study
indicated that the temporal measures reported to date do not predict the clinical
categorisation of velopharyngeal function (Dalston et al., 1991c¢). Another study reported
that temporal measures had a weaker correlation with perceptual judgements ( r = 0.53)
than other pressure/flow measures (Warren et al., 1994). Although temporal
characteristics may provide useful diagnostic information, in the future further
investigation into this type of pressure/flow analysis is required. It is possible that in
cases where perceptual ratings of nasality and/or nasal airflow are high, but nasal flow,
differential pressures, or velopharyngeal port area measures are normal, the temporal
characteristics may be more closely associated with perceptual ratings. This notion is

supported by the study by Warren et al. (1993b).

2. 7. 10 Conclusions from Pressure/Flow Studies

Review of the literature indicates that pneumotachographic systems of airflow and
pressure measures are more reliable and versatile than the simpler anemometry systems
(Counihan, 1971; Warren, 1975). The pressure/flow system described by Warren and
DuBois (1964) has been used extensively for research purposes during the past three
decades in the US. This system assesses airflow and pressure during the production of
the bilabial /p/ in isolated syllables and in the word "hamper". The PERCI SARS system
can measure various pressures, flows, areas and resistances. It can be used to assess

timing characteristics as well as vocal parameters in detail (Riski et al., 1995).

Warren (1979) found that the nasal/plosive combination in "hamper" allows for
assessment of rapid closure of the velopharyngeal sphincter. Information from the study
by Smith and Guyette (1996) indicated that the syllables /pa/ and /pi/ should be included
in the speech sample as well as the word ‘hamper’, as they reported differences in a

clinical population when the plosive /p/ was followed by a high vowel.
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Cleft palate participants were divided into categories according to velopharyngeal
function - adequate, slight inadequacy, moderate inadequacy and gross inadequacy in
Warren's (1967) study These groupings have been confirmed in subsequent studies
(Warren, 1979; Laine et al., 1988) and velopharyngeal gap size and pressures have been

estimated for each group. Critical velopharyngeal gap size was found to be 5 mm in

diameter (Isshiki et al., 1968) or 0 to 0.2 cm2 (Warren, 1967). Differential pressure
measures below 3 cm H,O have been reported to indicate velopharyngeal inadequacy
(Warren, 1979; Morr et al., 1989). Studies of normal speakers using the pressure/flow
technique indicated a wide range of normal scores (Andreasson et al., 1992; Zajac &
Mayo, 1996). Although mean values have been identified for adults (Warren, 1979;
Laine et al., 1988; Andreasson et al., 1992; Zajac & Mayo, 1996) and children (Zajac &
et al., 1997), no cut-off values to distinguish between normal and abnormal speaking

children have been established.

Studies indicated a moderate to good relationship between pressure/flow measures and
other measures of speech and velopharyngeal function (Dalston & Warren, 1986; Warren
et al., 1994). None of the studies reviewed compared perceptual ratings of nasal airflow

with pressure/flow measures.

Assessment of temporal characteristics of aerodynamic data indicates that duration of
velopharyngeal opening prior to or after a nasal consonant may be related to perception
of hypernasality (Warren et al., 1989; Warren et al., 1993a; Warren et al., 1993b).
Warren et al. (1993a) concluded that the extent of time the nasal chamber is open may be
more important than the actual amount of air escaping into the nose. There are still

problems with temporal measures which need further investigation.
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2. 8 General Conclusions

One of the basic problems identified in the literature on the assessments of nasality and
nasal airflow problems has been the lack of definition of terms. This problem was
identified both with regard to the terms used to describe nasality and nasal airflow in
pathological speech, as well as with regards to the terms used in relation to reliability and
validity of measurements (Bzoch, 1989; Cordes, 1994). Based on the literature and
clinical experience, definitions have been presented in order to develop a descriptive
perceptual profile for assessments of nasality and nasal airflow problems. The terms
reliability, agreements, validity, cut-off values, test sensitivity and specificity have been
defined in order to review the literature of assessment techniques, and to identify
appropriate methods for evaluating the perceptual framework and instrumentation in the

present study.

The central role of the perceptual assessment has been underscored. It is generally
accepted that perceptual assessments of nasality and nasal airflow are the * final arbiter in
the decision making” and the standard against which instrumental measures are evaluated
(Kent, 1996; p. 7). However, perceptual assessments presented many problems in terms
of reliability, agreements and validity. In his review of instrumental assessments of
velopharyngeal valving, Sphrintzen (1995) points out that the search for new procedures
is fuelled by the fact that each individual procedure currently in use has some type of
drawback resulting in examiner dissatisfaction. This point also explains why instrumental
assessments of nasality and nasal airflow have been developed in order to overcome
some of the problems of perceptual assessments. One of the ways of overcoming the
limitations of perceptual analysis of speech is to supplement perceptual ratings with

instrumental analysis of the same behaviour (Kent, 1996).

Studies on the use of nasometry in the evaluation of nasality, have indicated that the
Nasometer is a useful tool (Dalston et al., 1991b). Certain limitations have been
identified. Because of language and dialectal variations in normal nasometry, nasalance
scores for normal speakers in a population need to be established. Studies have used
varying speech stimuli in nasometry with varying results. It is generally accepted that a

passage devoid of nasal consonants is useful in identifying patients with hypernasality,
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and a passage containing nasal consonants is useful in identifying patients with
hyponasality. The value of high pressure and low pressure consonant sentences has been
raised as an issue. Varying results of the relationship between perceptual judgements of
nasality and nasalance scores have been presented. However, in more recent studies,

sensitivity and specificity of the Nasometer have provided encouraging results.

The review of literature indicated that the pressure/flow technique described by Warren
(1967; 1979) is the most useful aerodynamic approach in assessing disorders of speech.
One of the major drawbacks of the systems is the limited speech sample used during
assessments. However, cut-off values for the various pressure/flow measurements have
been found to identify participants with velopharyngeal inadequacy (Warren, 1979; Laine
et al., 1988; Morr et al., 1989). Studies have identified a normal range of scores for
normal speakers (Andreasson et al., 1992; Zajac & Mayo, 1996). Only one study has
reported values exclusively for normal children (Zajac et al., 1997). Research on the
relationship between pressure/flow measures and perceptual judgements is limited. No
study has compared pressure/flow measurements with perceptual judgements of nasal

airflow.

It is evident from the foregoing sections that there is no one ideal measurement of
nasality and nasal airflow. Therefore the issue is not which assessment technique is the
best (Moon, 1983). The underlying premise is that a combination of different assessment
techniques would provide the most insights about any particular experimental work or

clinical question (Folkins & Moon, 1990).
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2.9 Statement of the Problem

The review indicates the difficulties in the assessment of nasality and nasal airflow
problems associated with cleft palate, non cleft velopharyngeal dysfunction and nasal
obstruction. No one assessment tool will adequately assess these speech problems. The
aim of the present study is to develop an assessment protocol which reliably assesses
nasality and nasal airflow in children. In order to develop such a protocol the following

areas require further investigation:

1. The reliability and validity of a descriptive scale of nasality and nasal airflow

developed according to working definitions.

2. The relationship between nasalance values for normal Irish English-speaking

children and nasalance values for a clinical population.

3. The relationship between pressure/flow measurements for normal children and

pressure/flow measurements for a clinical population.

4. The relationship between perceptual ratings on the descriptive scale and

nasalance scores.

5. The relationship between perceptual ratings on the descriptive scale and

pressure/flow measurements.

6. The value of specific speech stimuli in identifying aspects of nasality and nasal

airflow problems.

7. Cut-off values need to be established for the instrumentation in order to

distinguish between normal and pathological speakers.
It is hoped that by combining the perceptual, acoustic and aerodynamic approaches to

assessment, some of the problems of assessment of nasality and nasal airflow may be

understood and even overcome.
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CHAPTER 3

NASALANCE SCORES FOR NORMAL IRISH CHILDREN

Introduction

Instrumental techniques for the assessment of speech problems associated with
velopharyngeal insufficiency have been developed during the past decade (Fletcher et al.,
1989; Warren et al., 1993). One of these instruments, the Nasometer, has been used
clinically and in research as a non-invasive method for assessing nasal resonance. This
microcomputer-based instrument provides an objective measure of nasality by measuring
oral and nasal acoustic energy during speech production and calculating a ‘nasalance’
score. Nasalance is a ratio of nasal acoustic energy to the sum of nasal plus oral acoustic

energy multiplied by 100.

Since the Nasometer was introduced in 1986, several studies have reported the
usefulness of the Nasometer in assessment of nasality problems associated with
velopharyngeal insufficiency (Dalston et al., 1991b; Nellis et al., 1992) and with nasal
obstruction (Dalston et al., 1991a). Other studies compared nasalance scores with
various assessments of nasality and velopharyngeal function with conflicting results
(Dalston, 1989; Williams et al., 1990; Nellis et al., 1992). These studies concluded that
the Nasometer is a useful clinical tool for aiding assessment and diagnosis of nasality

problems when used as a supplementary assessment tool.

Studies of normal speakers indicated that nasalance scores vary across languages
(Haapanen, 1991a; Anderson, 1996; Trindade et al., 1997) and across dialects (Seaver et
al., 1991). Seaver et al. (1991) found significant differences in nasalance scores for
speakers of American English and suggested that clinicians may need to establish
regional norms in order to assess patients with nasality problems. To date no normal
nasalance scores have been reported for English speakers in the United Kingdom or
Ireland. Previous studies have indicated controversy regarding gender differences in

mean nasalance scores in normal speakers. Seaver et al. (1991) found small but
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significant differences in mean nasalance scores between male and female speakers,
whereas as Trindade et al. (1997) and van Doorn and Purcell (1998) reported no
differences in nasalance scores between male and female. No study evaluated gender

difference in the nasalance scores specifically for children.

Several speech samples are included in the nasometry package for use in assessment of
pathological speech. Previous research has shown that the Zoo Passage (devoid of nasal
consonants) is useful in identifying individuals with velopharyngeal dysfunction (Dalston
et al, 1991a), while the Nasal Passage is useful in identifying individuals with
hynonasality (Dalston et al., 1991b). The Rainbow Passage (which contains 11% nasal
consonants) is believed to represent the percentage of nasal consonants in conversational
speech (Fletcher et al., 1989; Dalston & Seaver, 1992). However Dalston and Seaver
(1992) reported poor correlation between nasalance scores on the Rainbow Passage and
perceptual judgements of nasality. Another problem with the Rainbow Passage was that
is it has been found to be too difficult semantically and syntactically for young children
(Watterson et al., 1993). Waterson et al. (1993) also reported that the Zoo Passage was
difficult for children to repeat. Some simplified passages have been developed for use
with the Nasometer (MacKay & Kummer, 1994). However, a pilot study of normal
speaking Irish children indicated that these passages were also difficult to repeat due to
cultural differences (Appendix 6). A speech sample which included separate High
Pressure consonant sentences and Low Pressure consonant sentences has been
recommended by Karnell (1995). He stated that, when nasal turbulence was present,
nasalance scores on High Pressure consonant sentences may be artificially high. The
elevation of nasalance scores on High Pressure consonant sentences may become
apparent in children with nasal emission and/or nasal turbulence, if separate nasalance

scores are obtained for High Pressure consonant and Low Pressure consonant sentences.

The aim of the present study is to obtain normal nasalance scores for English-speaking
Irish children, using a speech sample that contains all consonant types, with 11% nasal
consonants, representative of normal conversational speech (Dalston & Seaver, 1992).
These data will be used as a baseline against which nasalance scores of children with
abnormal nasality can be compared. The speech sample should also be analysed in

categories according to sentence type, so that separate measurements for High Pressure
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consonant sentences and Low Pressure consonant sentences are made. The speech
samples should be sufficiently easy for young children to repeat and should be without
cultural bias. The study also aims to evaluate gender differences in mean nasalance

scores in children.

A pilot study was carried out to ascertain which speech samples should be used. The
sample consisted of sixteen test sentences adapted from the ‘GOS.SP.ASS: A Screening
Assessment of Cleft Palate Speech’ (Sell et al., 1994) which is designed to be used in the
clinical assessment of children with nasality and nasal airflow problems. In the pilot
study, 26 children with normal speech were assessed on the Nasometer model 6200.3
repeating the 16 test sentences. Results indicated that the sentence sample was useful in
obtaining normal scores. However, the order and timing of presentation had to be

changed to optimise the results obtained (Appendix 6. Nasometry Pilot Study).

3. 1 Methodology

Participants

The teachers from eight different classes in a normal national school were asked to select
ten children who they considered to have normal speech and hearing. An experienced
Speech and Language Therapist listened to each child repeat the test sentences. Seventy
children (36 girls and 34 boys, aged 4;11 years to 13 years) were found to have no
articulation errors and normal resonance. All children had an Irish-English accent. None
of the children had a history of cleft palate, velopharyngeal dysfunction, nasal
obstruction, hearing problems, neurological involvement, significant medical problems or

speech therapy.

Instrumentation

The Nasometer (6200.3) is manufactured by Kay Elemetrics. It consists of a headset,
containing a sound separator with microphones on either side, which detects oral and
nasal components of the participants’ speech. The sound signal is filtered and digitised
and the data is processed by a computer (IBM PC). The resultant signal is the ratio of

nasal to nasal-plus-oral acoustic energy and is expressed as a Nasalance score.
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Speech sample

The speech sample was adapted from the original Great Ormond Street Speech
Assessment (Sell et al., 1994). The sixteen test sentences (Total Test Sentences)
included all consonant types and had 11% nasal consonants. The sample also included a
group of sentences which contained high pressure consonants (plosives, fricatives and
affricates) and was devoid of nasal consonants, representing a speech sample which is

vulnerable to the effects of velopharyngeal dysfunction (D’ Antonio & Scherer, 1995).

Sixteen test sentences were recorded for all children. The sentences were recorded in the

following order to allow for detailed analysis according to sentence category:

1. High pressure consonants ( devoid of nasal consonants)
ii. Low pressure consonants ( devoid of nasal consonants)
1ii. Mixed consonants (nasal and oral consonants)
iv. Nasal consonants (55% nasal consonants)

(Appendix 7)

Experimental Procedure

The data collection took place over two days. The Nasometer was calibrated at the
beginning of each day and calibration was checked after the testing of each group of 15
participants. The procedure was carried out in a small quiet room away from the main
classroom. The headset was placed on each child’s head, with the sound separator below
the child’s nose and above the upper lip. The child repeated each of the 16 test
sentences. The sentences were presented and recorded in groups according to sentence
category. Recordings were made at 4 second time display, with a 1 second space
between each sentence within the category and a 5 second space between each category

to allow for subsequent identification of categories for analysis.

The mean nasalance score for the 16 test sentences was calculated using the Nasometer
software. Subsequently, each category was marked on the visual display on the
computer terminal by placing a cursor at the beginning and at the end of the category.
The mean nasalance score was then calculated for the marked area providing a nasalance

score for each sentence category. A repeated measures two-way analysis of variance was
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carried out to evaluate the interaction between sentence categories and gender. A
Bonferroni post-hoc analysis was carried out to ascertain if there was significant

difference between sentence categories.

3. 2 Reliability

Ten participants were randomly selected for test-retest analysis. The 10 participants
were asked to repeat the 16 Total Test sentences immediately after initial testing. The
headset was not removed, but was checked to ensure appropriate placement. Reliability
coefficients were calculated for each sentence category, using Generalizability Theory
(Streiner & Norman, 1995). Results indicated good reliability for the Total Test
sentences, High Pressure consonant sentences and Low Pressure consonant sentences.
Reliability for the Mixed sentences and the Nasal sentence was weak (Table 3.1).
Scattergrams of individual variations for each sentence category are presented in

Appendix 8.

Table 3.1 Test-retest reliability for nasalance scores on all sentence categories.

Total Test | High Low Mixed Nasal
Pressure Pressure consonant
Reliability
Coefficient | 0.73 0.83 0.74 .52 0.15

Inspection of the data indicated that 100% of mean nasalance scores for the Total Test
sentences were within 4 percentage points of the score on repetition of the sentences.
Detailed analysis indicated that for repetition of high pressure consonants, low pressure
consonants and mixed consonants, there was individual variation of up to 5 percentage
points. Ninety percent of mean nasalance scores were within 5 percentage points of the
score during repetition of the Nasal sentence. These results are similar to those reported
by Seaver et al. (1991) and van Doorn and Purcell (1998). When the one participant
who had a large variation in test-retest scores was removed from the group, the

reliability coefficient for the Nasal sentence improved to 0.79.
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3. 3 Results

3. 3. 1 Results of Total Sentence Sample
The mean nasalance score for the group (n = 70) during the production of the 16 Total
Test sentences was 26.6%, with a standard deviation of 5% and ranged from 17% to

35% (Figure 3.1).
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Std. Dev=4.62
Mean = 26.6

0, N = 70.00

150 170 190 21.0 230 25.0 270 290 31.0 33.0 350 37.0

Nasalance Scores

Figure 3.1 Nasalance scores for normal speakers during production of the Total
Test sentences.

3. 3. 2 Results of Separate Speech Categories
Detailed analyses of the 16 sentences were carried out to obtain nasalance scores for
each sentence category. The mean, standard deviation and range of nasalance scores for

the group during production of each sentence category was calculated (Table 3.2).
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Table 3.2 Mean nasalance scores, standard deviations and range of nasalance
scores for each sentence category for 70 normal Irish English-speaking

children.
Sentence Category Mean SD Range
High Pressure 14% 5% 7% - 25%
consonant sentences
Low Pressure 16% 6% 7% - 30%
consonant sentences
Mixed consonant 34% 7% 19% - 47%
sentences
Nasal sentence 51% 7% 33% - 68%

Similar means and range of nasalance scores were found for High Pressure consonant
sentences and Low Pressure consonant sentences which were devoid of nasal
consonants. There were higher means and a greater range of nasalance scores for the

Mixed consonant sentences and the Nasal sentence (Figure 3.2).

Nasalance Scores for Each Sentence Category
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Figure 3.2. Boxplot indicating the median and range of nasalance scores for the
four sentence categories. The graph indicates the median nasalance score
(black line), 50% of participants who fall within the 25th and 75th percentile
(red box), the range of scores (thin line) and outliers (o) for each sentence
category - high (High Pressure sentence category), low ( Low Pressure
consonant sentence category), mixed (Mixed consonant sentence category)
and nasal (Nasal sentence).
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A repeated measure two-way analysis of variance indicated no significant interaction
between sentence category and gender (f = 1.54, df = 4,272, p = 0.1). There was no
significant difference in nasalance scores between male and female speakers (f = 0.55, df
= 1,272, p = 0.46). However, there was a significant difference in nasalance scores for
the different sentence categories (f = 1271, df = 4,272, p < .001) (ANOVA Table
Appendix 9). A Bonferroni post-hoc analysis indicated significant differences between
each sentence category ( p <.001), except between High Pressure consonant sentences

and Low Pressure consonant sentences (p = .09) (Table 3.3).

Table 3.3  Bonferroni post-hoc analysis of difference between sentence
categories indicating differences, standard error, p value and confidence

intervals.
Sentence Difference | Standard | p value | Confidence
Type Error Interval
Total - High | -12.21 .5969 <.001 10.42 - 13.89
Total - Low -10.67 .5969 <.001 8.98-12.36
Total - Mixed | 7.54 5969 <.001 3:85-9.23
Total - Nasal | 24.51 .5969 <.001 22.82 -26.20
High - Low 1.54 5969 = D -0.14 -3.24
High - Mixed | 19.75 .5969 <.001 18.06 - 21.44
High - Nasal | 36.72 .5969 <.001 35.03 - 38.41
Low - Mixed | 18.21 .5969 <.001 16.52 - 19.90
Low - Nasal | 35.18 5969 <.001 33.49 - 36.87
Mixed - Nasal | 16.97 .5969 <.001 15.28 - 18.66
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3. 4 Discussion

Studies of gender differences in nasalance scores have been inconclusive in adults,
although perhaps more conclusive for children. Seaver et al. (1991) report significantly
higher nasalance scores among normal female adults than normal male adults. However,
Litzaw and Dalston (1992) found no gender difference. The latter study had a smaller
normal sample of 30, whereas Seaver et al. (1991) had a sample of 148. The present
study examined the gender differences in children and found no difference in nasalance
scores between girls and boys. This finding supports previous studies on children where
no difference was found (Watterson et al., 1996; Trindade et al., 1997; van Doorn &

Purcell, 1998).

Mean nasalance scores for speech samples containing all consonants and 11% nasal
consonants (i.e., a sample representative of conversational speech), are reported in the
literature (Fletcher et al., 1989; Seaver et al., 1991; Watterson et al., 1996) (Table 3.4).
The mean nasalance for American normal adults and children on the Rainbow Passage
was found to be 36% in two different studies (Fletcher et al., 1989; Seaver et al., 1991),
whereas the mean nasalance score in this study was 26%. Therefore, the Irish and
American mean nasalance scores differ by 10% when the test sample contains an
equivalent percentage of nasal consonants and is representative of conversational speech.
Such difference is not observed in speech samples devoid of nasal consonants (see
below). This provides some evidence for the observation made by Wise (1957). He
reported that English Phoneticians described the American dialects as nasal, unlike
American Phoneticians. The present comparison of normal nasalance scores in the
speech sample that may be considered representative of conversational speech supports
the English Phoneticians’ perceptual judgements of a higher degree of nasal resonance in
American speakers compared to Irish speakers. (Rainbow, Zoo and Nasal Passages are
presented as assessment passages with the Nasometer and referred to in other studies -

Appendix 3).

Standard deviation in the present study was 5% which compares well with the American
studies. This would imply that, although American speakers have higher nasalance than

Irish-English speakers, the variation around the mean is similar.
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Table 3.4. Nasalance norms for passages containing all consonant types. The
table indicates the mean nasalance scores and standard deviations for speakers
during the production of “similar” speech samples. The number of participants in
each study is illustrated. Results from the present study are included in italics for

comparison.
Participants Investigator N Speech Mean | SD
Sample nm

American Children | Fletcher et al., | 117 Rainbow 36% 5%
1989

American Adults Seaver et al., 1991 | 148 Rainbow 36% 6%

American Children | Watterson et al., | 20 Mouse 32% 7%
1996

Irish Children Sweeney et al. 70 16 sentences | 26% 5%

Results indicated that there was a significant difference between mean nasalance scores
across all sentence categories. A highly significant difference was found between the
Total Test sentences and each individual sentence category. This can be explained by the
different percentages of nasal consonants in each sentence category. Analysis indicated
that there was no significant difference between normal nasalance scores for High
Pressure consonant sentences and Low Pressure consonant sentences. The lack of
difference may be explained by the absence of nasal consonants in the two categories. As
expected, the test sentences containing nasal consonants had significantly higher
nasalance scores than the test sentences devoid of nasals (i.e. High Pressure and Low
Pressure consonant sentences). The range of scores for the group also increased when

the sentences contained nasal consonants.

The mean nasalance scores (14%) for High Pressure consonant sentences compares well
with previous data on speech samples containing no nasal consonants and approximately
75-80% high pressure consonants (Table 3.5). In previous studies of English-speakers
the mean nasalance score was between 13% and 16% (Fletcher et al., 1989; van Doorn
& Purcell, 1998). The present study showed little difference between Irish English-
speakers and American speakers when the speech sample was devoid of nasal

consonants.
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Table 3.5. Nasalance norms for sentences containing high pressure consonants
and devoid of nasal consonants comparable to the Zoo Passage. The number of
participants in each study is illustrated. Results from the present study are
included in italics for comparison.

Participants Investigator N Speech Mean | SD
Sample NM

American Fletcher et al,| 117 | Zoo 16% 5%

Children 1989

American Adults | Seaver et al.,| 148 | Zoo 16% 7%
1991

Finnish Adults/ Haapanen, 42 1 Sentence 14% | 5%

Children 1991a

American Watterson et al., | 20 Turtle 16% 3%

Children 1996

Brazilian Trindade et al., 20 Brazilian 9% 3%

Portuguese 1997 Portuguese

Children 700

Australian van Doorn & |245 | Zoo 13% 6%

Children Purcell, 1998

Irish Children Sweeney et al. 70 5 sentences 14% | 5%

Similar nasalance scores were found for Irish English-speakers and American English
speakers on passages devoid of nasal consonants. The presence of nasal consonants in
the speech sample appears to have a greater effect on the overall resonance of American
speakers as compared to Irish English-speakers. It is possible that Irish-English speakers
have less assimilation of nasality than American speakers. Trindade et al. (1997)
hypothesised that this could account for lower nasalance scores in Brazilian Portuguese
speakers when reading nasal passages. However, if comparisons between Brazilian
Portuguese speakers and other studies (Table 3.5) are made, it is evident that the
Brazilian Portuguese speakers had lower mean nasalance scores than other speakers on
non-nasal passages. Trindade et al. (1997) stated that it is unlikely that assimilation of
nasality is a factor in Brazilian Portuguese. However, as the nasalance scores for Irish
English-speakers and American speakers differ on speech samples containing nasal
consonants but do not differ on non-nasal speech samples, assimilation is a likely

explanation.
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Nasalance scores on Low Pressure consonant sentences are compared to two other
studies which included a Low Pressure consonant speech sample (Haapanen, 1991a;

Trindade et al., 1997) (Table 3.6).

Table 3.6 Normal Nasalance scores for sentences containing low pressure

consonants and devoid of nasal consonants and high pressure consonants.

Participants Investigator N | Speech Sample | Mean | SD
NM

Finnish Adults/ Haapanen, 38 | 1 Sentence 12% 7%

Children 1991a

Brazilian Trindade et al,| 20 | Brazilian 10% 5%

Portuguese 1997 Portuguese

Children Z00(2)

Irish Children Sweeney et al., 70 | 2 Sentences 16% | 6%

The mean nasalance score for this speech sample ranged from 10% (Trindade et al.,
1997) to 16% (present study). Furthermore, there was variation in differences between
mean nasalance scores for High Pressure consonant sentences and mean nasalance
scores for Low Pressure consonant sentences in the three studies. In the Finnish study
the mean nasalance score is 2% higher (14%) for the High Pressure consonant sentences
than for the Low Pressure consonant sentences (12%), whereas in the Irish-English
study the mean nasalance score is 2% lower for the High Pressure consonant sentences
than for the Low Pressure consonant sentences. In the Brazilian Portuguese study there
was only a 1% difference with a higher nasalance score on High Pressure consonant
sentences (10%). It is difficult to know from the few studies in the area if this is an
important difference clinically. It is possible that differences can be attributed to the
different languages and sample size used in the studies. Interestingly, standard deviation
scores were similar in all three studies. Further studies of the difference between High
Pressure consonant sentence scores and Low Pressure consonant scores for English

would help ascertain if the difference in scores is due to variations in language or dialect.
The mixed consonant speech sample contained 16% nasal consonants as compared to

11% on the total speech sample. As expected, the nasalance score for the mixed

consonant sentence category is higher due to the increased number of nasal consonants.
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The mean nasalance score for the Nasal Sentence in the present study was lower than the
mean nasalance scores for a Nasal Passage in previous studies (Fletcher et al., 1989;
Seaver et al., 1991; Haapanen, 1991a; Anderson, 1996; van Doorn & Purcell 1998)
(Table 3.7). This may be due to methodological differences, including the use of

different languages, different sample size and different length of utterance in each study.

Table 3.7 Normal nasalance scores for sentences containing nasal consonants.

Participants Investigator N Speech Mean | SD
Sample nm
American Children | Fletcher et al,| 117 | Nasal Passage | 61% | 7%
1989
American Adults Seaver et al., 1991 | 148 | Nasal Passage | 62% | 6%
Finnish Adults/ Haapanen, 12 1 Nasal 69% | 8%
Children 1991a Sentence
Puerto Rican Anderson, 40 Spanish 62% 8%
Spanish 1996 Nasal
Female/Adults sentences
Brazilian Trindade et al., | 20 Brazilian Port. | 51% 6%
Portuguese 1997 Nasal
Children
Australian Children [ van Doorn & | 245 | Nasal Passage | 60% | 8%
Purcell, 1998
Irish Children Sweeney et al. 70 I Nasal 51% 7%
sentence

The Nasal Passage from the Nasometry package was the speech sample analysed in the
American (Fletcher et al., 1989; Seaver et al, 1991) and Australian (van Doorn &
Purcell, 1998) studies. This passage contains 35% nasal consonants. Despite a higher
percentage of nasal consonants in the Irish study (50% nasals), the nasalance scores
were lower than the scores from the American and the Australian studies. To some
extent this supports the notion of increased perceived nasality and increased assimilation
of nasality in American speakers compared to Irish English-speakers (Wise, 1957).
Further studies assessing perception of nasality and assimilation of nasality in normal
speakers with American, Australian and Irish English would be helpful in comparing the
nasalance scores. Interestingly the Brazilian Portuguese passage had a higher proportion
of nasal to oral consonants (66%) compared to the Nasal sentence in the present study

(50%), but similar nasalance scores were found in the two studies (Table 3.7). The

110



influence of language variation must be considered here. The highest nasalance score on
a Nasal sentence was found in the Finnish study which contained 57% nasal consonants.
The small number of normal speakers tested in that study makes it difficult to compare
scores reliably. Anderson (1996) used 5 nasal sentences, each containing a different
proportion of nasal to oral consonants. She reported that, in general, sentences with a
higher proportion of nasal consonants had the highest group means, but that there was
no one-to-one correspondence between the proportion of nasal consonants and mean
nasalance scores. This lack of one-to-one correspondence is supported by comparison of

all the studies reviewed in this paper.

3. 5 Limitations of the Normative Study

A limitation of the present study was the unequal number of sentences used in each
speech category. This was unavoidable since the aim of the study was to obtain normal
nasalance scores for a speech sample that contained all consonant types and therefore
was representative of normal speech. The speech sample was designed to be part of a
perceptual profile for assessment of nasality and nasal airflow in order to assess
phonemes that are vulnerable to velopharyngeal dysfunction (Phillips, 1986; Sell et al.,
1994). It was also important to ensure that this same speech sample could be used in a
further study comparing perceptual and instrumental assessment. Furthermore, this same
speech sample could be used for systematic analysis of consonant errors since each

sentence assessed an individual vulnerable consonant.

In order to ensure that the Total Test sentences had 11% nasal consonants
(representative of normal conversational speech), only one Nasal sentence was included
in the speech sample. This is acknowledged as a limitation of this normative study.
Nichols (1999) found that there was a reduction in the stability of measurements when
the number of sentences used in the sample was reduced. However, he pointed out that
in a study with many participants, the overall means may be reliable, but assessments of
individuals may not. Hence, the speech sample used in this study may have been reliable
for research but may not be reliable for clinical assessments. Further investigations

should include a larger Nasal sample.
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3. 6 Conclusions

The present study provides normative nasalance data for English-speaking Irish children,
which has not previously been established. Normative nasalance scores for sentences
containing all consonant types, High Pressure consonant and Low Pressure consonant
sentences (both devoid of nasal consonants) have been reported. Although a mean
nasalance score for the Nasal sentence has been found, its clinical value will need to be
determined. This study indicated that there was no difference in mean nasalance scores
between girls and boys. The differing results of this study and previous studies indicate
the need to obtain norms for each population, before the Nasometer can be used reliably
for clinical purposes. The findings of this study will be used as baseline normal nasalance
values in order to compare perceptual and instrumental measurements of children with

abnormal speech.
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CHAPTER 4

PERCEPTUAL FRAMEWORK

Introduction

The need for definition of the terms used to describe the speech problems associated with
cleft palate, non cleft velopharyngeal dysfunction and nasal obstruction has been
emphasised in the literature (Bzoch, 1989; Kent, 1996). Working definitions of terms
were devised for the present study in order to develop a perceptual assessment of
nasality and nasal airflow errors. These definitions are presented in the first section of
this chapter. Scaling techniques have been used traditionally in the assessment of
hypernasality (Henningsson & Hutters, 1997). However, points on these scales have not
been clearly defined (Wirz & Mackenzie, 1995). A novel type of scale has been devised
for the present study. This scale describes speech symptoms in terms of the nature of the
errors perceived by the listener and is therefore descriptive in nature. Section 4.2 is a
description of the Perceptual Profile. The speech sample has been developed for use with
it, taking account of the phonetic makeup of the utterances and the importance of
assessing different levels of speech (i.e., word level, sentence level, automatic speech and
conversational speech) (Sell et al., 1994; D’Antonio & Scherer, 1995; Henningsson &
Hutters, 1997). Articulatory errors and voice quality were recorded as possible factors
which influence assessment of nasality and nasal airflow errors. The importance of
evaluating reliability of assessment procedures has also been highlighted (Kearns &
Simmons, 1988; Cordes, 1994). The final sections of this chapter outline the different
studies of reliability of the Perceptual Profile, which have been undertaken. These studies
included intra-rater reliability within listeners, evaluating listening conditions and use of
anchor stimuli, and inter-rater reliability between listeners. Reliability studies included the
calculation of percent agreement, as well as kappa analyses, which takes into account

chance agreements (Kreiman et al., 1993).
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4. 1 Definition of Terms

Perceptually based identification of disorders of nasality present many problems for the
team working with speech problems associated with cleft palate and non cleft
velopharyngeal dysfunction. One of the basic problems, according to Bzoch (1989), is
that the concept of nasality must be restricted by definition. He stated that nasality can
only be reliably identified or logically discussed in clinical or speech science research, if
the term is defined and strictly limited in use. The following proposed framework

attempts to address this requirement.

Nasality and nasal airflow errors are general terms and are defined as follows:

Nasality refers to perceived nasal resonance during production of multi-
segmental units resulting from the coupling of the oral and nasal resonating cavities. In
English, nasality, or nasalization as it is sometimes called (Kittelson et al.,1983; Grunwell
& Harding, 1996), typically occurs on nasal consonants /n, m, ng/ and on adjacent
vowels. Laver (1980) states that the vital factor in inducing nasal resonance is the ratio
of nasopharyngeal port size to the oropharyngeal port size. The typical acoustic
characteristic associated with nasality is a reduction of intensity of the first formant
(Swartz 1971; Moon, 1993). Other acoustic features which have been associated with
nasality include the presence of antiresonances, the presence of extra resonances within
the spectrum and a shift in the centre frequency of the formants (Moon, 1993). Nasality
in the present study refers to normal nasal resonance, and also includes abnormal

resonance of hypernasality, hyponasality and cul de sac resonance.

Nasal airflow errors refer to the inappropriate escape of air through the nasal cavity
during production of voiced and voiceless pressure consonants. Kittelson et al. (1983)
distinguish between the nasal frictional quality of nasal airflow errors as opposed to the
resonant quality described in nasality. Nasal airflow errors are segmental features
associated with atypical oro-nasal structure and/or function (Grunwell & Harding, 1996).

Nasal airflow errors can be inaudible (Sell et al., 1994; Sell et al., 1999), in which
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instance they do not interfere with the speech signal (Bzoch, 1989). Therefore, inaudible
nasal airflow errors are not included in this definition of nasal airflow anomalies as these
definitions form the basis of the Perceptual Profile. Trost (1981) reported that audible
nasal airflow errors have been described perceptually in many different ways, including
nasal snort, hissing, nasal emission and nasal turbulence. Nasal airflow errors may result
from incomplete closure of the velopharyngeal sphincter during sound production or an
anterior oronasal fistula. Kittleson et al (1993) report that these sounds are characterised
by the release of noise energy through the nasal cavity. The physical correlates of nasal
airflow errors have not been well described; however, an increase in the rate of nasal
flow through the nose during sound production would be expected (Warren, 1995,
personal communication). Four different categories of nasal airflow errors will be

presented below in section 4. 2. 1.

Nasality and nasal airflow errors can co-exist; a speaker may present with both
hypernasality and nasal airflow errors. Alternatively, nasality and nasal airflow errors can
exist independently. For example, a speaker can have abnormal nasality with no

auditorily detectable nasal airflow errors, or normal nasality with nasal airflow errors.

4. 1. 1 Nasality

There are three main types of nasality requiring suprasegmental analysis:
Hypernasality is the occurrence of excessive nasal resonance perceived during
speech production. It results from a coupling of oral and nasal resonating cavities
when the velopharyngeal sphincter is in an open position. According to Laver’s
(1980) classification, hypernasality occurs when there is an increase in the ratio of
nasopharyngeal port to oropharyngeal port size. Hypernasality is perceived
during multisegmental units that normally do not have perceived nasality or its
acoustic correlates. The acoustic correlates of hypernasality include a reduction
of intensity of the first formant, and sometimes the presence of antiresonances
and/or extra resonances within the spectrum and a shift in the centre frequency of

the formants on the vowels and voiced sonorants throughout the utterance. The
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degree and consistency of hypernasality can vary.

Hyponasality is the reduction or absence of expected nasal resonance associated
with nasal consonants and vowels adjacent to nasal consonants in English. This is
usually due to the reduction of the size of the velopharyngeal port and/or nasal
airway, resulting in a reduction or absence of the resonance within the nasal
cavity. According to Laver’s (1980) classification, there is a decrease in the ratio
of the nasopharyngeal port size to the oropharyngeal port size. He states that the
acoustic correlate of hyponasality is the minimisation of the acoustic
characteristics of nasality (i.e. the intensity of the first formant is not reduced, the
presence of antiresonances and/or extra resonances within the spectrum and a
shift in the centre frequency of the formants are not evident for nasal consonants

and adjacent vowels). The degree and consistency of hyponasality can vary.

McWilliams et al. (1990) define Cul de Sac Resonance as the coupling of a
closed nasal resonating cavity to the oral resonating cavity. It is thought to be
due to blockage of the anterior section of the nasal cavity. Auditorily, there is a
subtle difference between hyponasality and Cul de Sac resonance. Although this
difference is not defined perceptually or acoustically in detail, Cul de Sac
resonance has been described as a variation of hyponasality which differs only in

the place of nasal obstruction (McWilliams et al., 1990).

4. 1. 2 Nasal Airflow

According to the above definition, nasal airflow does not exist in normal English speech,
but is associated with deviant speech production. A segmental analysis is required for
assessment of nasal airflow problems. Working definitions of four different nasal airflow
errors are presented here and will be discussed in relation to other definitions presented

in the literature.
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Nasal emission is audible escape of air from the nasal cavity accompanying
production of oral pressure consonants. It is due to incomplete closure of the
velopharyngeal sphincter and/or the presence of a fistula in the palate. A frictional
sound is produced when the airflow is sufficiently strong and the constriction is
sufficiently narrow to create noisy random vibrations in the airstream (Borden &
Harris, 1980). In the case of nasal emission, the frictional sound is a result of
strong airflow passing through the nasal cavity which has sufficient constriction
within it. Nasal emission has a frictional but no turbulent or snorting quality.
During consonant production there is oral and nasal release of air, as the nasal
emission accompanies the consonant (Sell et al, 1994). In the extended
International Phonetic Alphabet (IPA) (Duckworth et al., 1990), the diacritic

representing nasal emissionis [~ ] e.g. [ ].

A nasal fricative also has the frictional sound produced by air passing through
the nasal cavity when the velopharyngeal sphincter is open. However, there is
complete or almost complete stricture in the oral cavity resulting in no audible
oral release. Hence, the nasal fricative replaces a consonant, unlike nasal emission
which accompanies the consonant. It has been described as the realisation of a
target oral consonant as a nasal, with airflow through the nasal cavity creating
friction (Eurocleft Speech Group, 1993; Grunwell & Harding, 1996). Nasal
fricatives can be transcribed as [ rng] or | EF] depending on location of oral

stricture (Sell et al., 1994).

Nasal turbulence is defined as a ‘snorting’ or turbulent noise resulting from the
approximation but inadequate closure of the superior border of the velum and the
posterior pharyngeal wall (Duckworth et al., 1990). This has been described by
Kummer et al. (1992) as a ‘nasal rustle’ resulting from friction produced when an
airstream passes through a small velopharyngeal gap. They state that this sound is
louder and more distorted than nasal emission. Trost (1981) reported that the

velar activity can be seen radiographically as a velar flutter. Hence, the nasal
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turbulence may be a type of velar trill, where there is rapid light contact between
the velum and pharyngeal walls (Riski, 1999, personal communication). Like
nasal emission, nasal turbulence accompanies other consonants resulting in oral
and nasal release of air. The extended IPA diacritic for nasal turbulence is ['”]

e.g. [ 3] (Duckworth et al., 1990).

A velopharyngeal fricative is a ‘snorting’ or turbulent noise, which is used as a
substitution for another consonant. It has been described by Duckworth et al.
(1990) as the approximation but inadequate closure of the superior border of the
velum and the posterior pharyngeal wall. There is complete or almost complete
oral stricture during sound production with no audible oral release. As in nasal
turbulence, the resulting sound may be due to strong friction as air passes
through the narrow velopharyngeal port, or the velar trill. Whereas nasal
turbulence accompanies consonants (Sell et al., 1994), the velopharyngeal
fricative acts as a sound substitute (Duckworth et al., 1990). The extended IPA

transcription for a velopharyngeal fricative is [& | (Duckworth et al., 1990).

4. 1. 3 Discussion of Nasality and Nasal Airflow Errors Definitions

The literature indicates the complexities and controversies regarding the definitions of
nasality and nasal airflow errors in speech. One of the main difficulties is the variation of
terms used to describe the speech characteristics (Laver, 1980; Bzoch, 1989). As Laver
(1980) points out, the terms used to describe nasality have been used interchangeably,
such as nasal voice, denasal voice, hypernasality, hyponasality and rhinolalia. However, it
is now recognised that these terms are subcategories of the generic term ‘nasality’. There
are also some controversies regarding definitions of nasal airflow errors in the literature.
Grunwell and Harding (1996) define audible nasal escape as the presence of auditorily
detectable airflow through the nose accompanying the production of target oral

consonants, specifically obstruents. Nasal emission frequently accompanies voiceless
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pressure consonants. Sell et al. (1994) report that nasal emission can accompany or
replace a consonant. Other reports state that when nasal emission replaces a consonant,
nasal fricatives are produced (Harding & Grunwell, 1998). In the classification in the
present study, nasal emission is defined as airflow accompanying a consonant, whereas
the term nasal fricative is used when nasal emission replaces a consonant. Hence, nasal
emission and nasal fricatives have the same velopharyngeal position during consonant
production, but different oral articulatory patterns. For example, an /s is produced with
lateral alveolar-lingual contact with a central oral airstream and accompanying nasal
emission, whereas a /97 sound has complete alveolar-lingual closure and the airflow is

directed through the nasal cavity.

Nasal fricatives have been classified as active or passive (Harding & Grumwell, 1998;
Sell et al., 1999). According to the Harding and Grunwell (1998) definition an active
nasal fricative is produced by actively directing the airflow nasally and stopping oral
airflow with the lips or the tongue. “This strategy is developed in order to signal the
fricative nature of the intended target fricative consonants” (Harding and Grunwell;
p.334, 1998). They define passive nasal fricatives as an unreleased /s/ which is doubly
articulated with a lowered voiceless nasal [(§)7}]. For passive nasal fricatives the oral
airflow is not stopped, and the air passively escz;pes into the nasal cavity. The distinction
between active and passive nasal fricatives may not be perceptually distinguishable but
may be identified by pinching the nose and occluding nasal airflow. If the nasal fricative
is passive then the target phoneme will be produced. Because it is difficult to distinguish
active and passive nasal fricatives perceptually, this distinction was not included in the

present Perceptual Profile.

Various terms have been used to describe nasal turbulence. Duckworth et al. (1990) refer
to it as a snorting sound, while Kummer et al. (1992) label nasal turbulence as a ‘nasal
rustle’. The term nasal turbulence is perhaps a misnomer for two reasons. Firstly, the
noise is produced at the velopharyngeal port and not in the nasal cavity. Secondly, it is

ill-understood how this sound is produced. It may be a result of sufficient narrowing in
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the velopharyngeal port to produce the snorting sound (Duckworth et al., 1990; Kummer
et al., 1992), or it may be a result of a velar trill (Riski, 1999, personal communication).
If the latter explanation is accepted then the term velopharyngeal trill may be more
accurate. Nasal turbulence has been defined as a more severe form of nasal emission
(McWilliams et al., 1990; Sell et al., 1994; Grunwell & Harding, 1996). In contrast,
Kummer et al. (1992) reported that nasal emission is usually associated with a wide
velopharyngeal gap and that nasal turbulence is associated with a small velopharyngeal
gap. As the precise articulatory production of this sound is not yet confirmed and as the
term nasal turbulence is widely accepted as a recognised characteristic of cleft palate
speech (Sell et al., 1994; 1999; Wyatt et al., 1996; CSAG, 1998), it seems reasonable to
use nasal turbulence in the auditory perceptual framework for this study. Trost (1981)
also described an audible resistance to nasal airflow that is intra-nasal. This resistance
causes a type of nasal turbulence that will be referred to as intra-nasal turbulence in this
study. This can be associated with nasal emission and nasal fricatives, when the turbulent
sound is produced within the nasal cavity, at the site of a nasal obstruction, and not at the
velopharyngeal sphincter. This type of turbulence should be distinguished from nasal

turbulence.

Another difficulty is that there is controversy regarding how specific speech
characteristics are produced. Various theories have been postulated regarding the
production of hypernasality. Laver (1980) states that the ratio of the velopharyngeal port
is increased in relation to the oropharyngeal port. Warren (1993b) states that the timing
of velopharyngeal closure may be important in producing hypernasality. With regard to
nasal turbulence, as indicated above, the sound may be a result of sufficient narrowing in
the velopharyngeal port to produce the snorting sound (Duckworth et al., 1990; Kummer

et al., 1992), or it may be a result of a velar trill (Riski, 1999, personal communication).
Apart from the problems outlined above, the acoustic correlates of the nasality and nasal

airflow errors have not been fully determined. Although it is accepted that the acoustic

correlate of hypernasality includes a reduction of intensity of the first formant, the other
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acoustic features are not consistently present in hypernasal voice. Laver (1980) states
that, antiresonances and/or extra resonances within the spectrum are found only on an
inconsistent basis and there can be a shift in the centre frequency of the formants on the
vowels and voiced sonorants. He stresses that the exact detail of the changes in the
acoustic spectrum depends on the configuration of the vocal tract at a precise moment.
No acoustic analyses of nasal emission and nasal turbulence have been reported in the
literature. Preliminary spectral analyses of participants with nasal emission and nasal
turbulence were carried out in the present study. Spectrograms indicated acoustic
differences between speakers with nasal emission/nasal fricatives where there was no
‘snorting’ sound, and nasal turbulence/velopharyngeal fricatives where there was a
‘snorting” sound. One participant with nasal emission had high frequency energy between
3000 and 5000hz during the production of the plosive /t/ in the sentence “Tim had a tart

for tea’ (Figure 4.1).
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Figure 4.1 Spectrogram of a speaker with nasal emission during the production of
the sentence ‘Tim had a tart for tea’. Note the high frequency energy between
3000 and 5000Hz associated with the production of /t/ with accompanying nasal
emission.

Another participant who had nasal turbulence had a band of low frequency energy at

approximatly 100 hz during the production of the plosive /t/ in the same sentence (Figure
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Figure 4.2 Spectrogram of a speaker with nasal turbulence during the production
of the sentence ‘Tim had a tart for tea’. Note the dark band of low frequency
energy (around 100 Hz) associated with the production of A7 with
accompanying nasal turbulence.

The speech of eight participants was analysed acoustically. Two participants from each
of the four categories of nasal airflow errors were included. The analyses indicated that
participants with nasal emission and nasal fricatives had similar acoustic patterns, with
varying degrees of high frequency energy between 3000 and 5000 hz. However,
participants with nasal turbulence and velopharynegal fricative had varying degrees of
low frequency energy at around 100 hz. This low frequency energy may be associated
with the snorting sound which is present in these two categories of nasal airflow errors.
Although the acoustic analyses in the present study were limited, there are indications
that there may be specific acoustic characteristics associated with the two broad
categories of nasal airflow errors. These data highlight the need for further detailed

acoustic investigations into nasal airflow errors in speech.

A velopharyngeal fricative may act as a substitute for a phoneme (Trost, 1981), as in the
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case of a phoneme specific velopharyngeal fricative. This has been referred to as
"phoneme specific nasality" (Albery, 1989). The use of this latter term, however, may
lead to confusion, as it implies a resonance problem as opposed to an airflow problem.
Usually a velopharyngeal fricative is used as a substitute for the /s/ and /z/ phonemes. It
is usually indicative of velopharyngeal mislearning in the absence of a structural problem.
Although Grunwell and Harding (1996) report that this type of airflow problem is rare,
its description by other authors (Peterson, 1975; Trost, 1981; Albery, 1989) suggests
that it is important to include the velopharyngeal fricative in the development of an

assessment profile as it has significant implications for management.'

The terms velopharyngeal insufficiency, velopharyngeal incompetency, velopharyngeal
inadequacy and velopharyngeal dysfunction have been used to describe various
abnormalities of velopharyngeal function. Loney and Bloem (1987) reported that authors
used these terms interchangeably or used one term to describe all types of
velopharyngeal malfunction. D’Antonio and Scherer (1995) highlighted the problems of
inconsistent use of terms. They stated that imprecise use of terminology can lead to
erroneous assumptions regarding a patient, and inappropriate clinical actions. They
proposed the following definitions of terms which are now largely accepted in the
literature:

Velopharyngeal dysfunction is a generic term which denotes any type of
abnormal velopharyngeal function resulting from structural deficits, neurological
disorders, faulty learning or a combination of aetiologies. The following terms are
included under this broad category: velopharyngeal insufficiency occurs where there is
a lack of sufficient tissue to effect velopharyngeal closure; velopharyngeal incompetency
indicates a lack of neuromuscular competency in opening and closing the velopharyngeal
sphincter; velopharyngeal mislearning refers to maladaptive articulation which is learnt

and is not due to structural or neurological aetiologies.

"If a patient is using a velopharyngeal fricative as a phoneme substitution, without any other abnormal
nasality or nasal airflow, it is suggested that the problem is one of mislearning rather than structural. In
such cases a phonological approach to treatment is recommended and the prognosis with speech and

language therapy is good (Bzoch, 1989)
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4. 1. 4 Summary

The above "working definitions" have been proposed in order to develop a reliable and
valid perceptual assessment tool for clinical use. Nasality is defined at a suprasegmental
level and includes hypernasality and hyponasality. Nasal airflow definitions are at a
segmental level. They are based on descriptions by Grunwell and Harding (1996) and are

further developed for use in clinical assessment.
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4.2 Description of the Perceptual Profile

The present definitions form the basis of a new perceptual assessment framework for
comparison with data from objective measurements of nasal resonance and airflow. It is
hoped that the study of the data from objective measurements and perceptual data may
resolve some of the controversies, thereby facilitating a definitive framework of

perceptual speech characteristics related to nasality and nasal airflow errors.

The Perceptual Profile is divided into two sections: Nasality, which includes
hypernasality, hyponasality and cul de sac resonance and Nasal Airflow errors, which
include nasal emission, nasal fricatives, nasal turbulence and velopharyngeal fricatives.
Descriptors are used to rate nasality, and each descriptor is identified by a letter. In this

way the focus of the scale is on the description of the speech problem.

4. 2.1 Nasality

Hypernasality (the occurrence of excessive nasal resonance) is rated as present or
absent. If present, it is rated in terms of severity as follows:

a) mild, evident but acceptable;

b) mild/moderate, unacceptable distortion evident on high vowels;

¢) moderate, evident on high and low vowels;

d) moderate/severe, evident on all vowels and some consonants;

e) severe, evident on all vowels and most voiced consonants.
Hypernasality is rated as consistent if the severity of hypernasality is the same for all
levels of speech (i.e., words, sentences, automatic speech and conversational speech)
(see speech samples below). Hypernasality is inconsistent when the severity of

hypernasality differs across the different speech levels.

Hyponasality ( the reduction or absence of expected nasal resonance) is rated as present

or absent. If present, it is rated in terms of severity as follows:
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a) evident, but acceptable;

b) moderate, reduced nasality on all vowels and some consonants;

¢) severe, total denasal production of nasal consonants.
Hyponasality is rated as consistent if the severity of hyponasality is the same for all levels
of speech. It is rated as inconsistent when the severity differs across the different speech

levels.

Cul de sac resonance (the coupling of a closed nasal resonating cavity to the oral
resonating cavity) is rated as present or absent.

(Appendix 13b).

4. 2. 2 Nasal Airflow Errors

Nasal airflow errors are divided into four categories which can exist independently or

together. The four categories include:

e nasal emission (audible escape of air from the nasal cavity accompanying production

of oral pressure consonants);

e nasal fricatives (the realisation of a target oral consonant as a nasal with airflow

through the nasal cavity creating friction);

e nasal turbulence (a velopharyngeal frictional noise resulting from approximation but

inadequate closure of the velopharyngeal sphincter); and

e velopharyngeal fricatives (‘snort' which is a substitution for another sound, resulting
from approximation but inadequate closure of the velopharyngeal sphincter and

complete oral stricture).

If a nasal airflow error is identified, it is classified according to the above definitions and

rated in the following manner:
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weak/strong - weak nasal airflow refers to low intensity of audible nasal airflow

on segments. Strong nasal airflow refers to high intensity of audible nasal airflow;

[frequent/infrequent - frequency of nasal airflow is calculated during sentence
repetition and automatic speech, according to the percentage of phonemes exhibiting
nasal airflow errors in the speech sample. Ninety-two phonemes have been identified as
possible targets for nasal airflow. Frequent nasal airflow indicates more than 10% of
target phonemes with nasal airflow. Infrequent nasal airflow indicates up to 10% of

target phonemes with nasal airflow;

consistent/inconsistent - the error is rated as consistent if the strength and/or
frequency of occurrence is the same across all the levels of speech (words, sentences,
automatic and conversational speech). If there is a difference in the strength and/or
frequency of nasal airflow errors across the different speech levels, then it is rated as

inconsistent;

phoneme specific indicates that the nasal airflow error is evident on specific
sounds only.

(Appendix 13b)

4. 2. 3 Speech Stimulus

Speech stimuli are presented in sections representing levels of speech: words, sentences,
automatic speech and conversational speech (Appendix 10)°. The test words were
adapted from the stimulus, which was to be used later in an instrumental assessment.’
The test sentences were adapted from the speech sample used during the development of
the GOS.SP.ASS (Sell et al., 1994). Automatic speech included a nursery rhyme “Jack
and Jill”, and counting from 1 to 20 and 60 to 70. Conversational speech included a

minimum of two minutes spontaneous speech in response to simple questions such as

2 All high pressure consonants which were vulnerable to nasal airflow errors were underlined to aid in
counting the frequency of nasal airflow errors.
3 This speech sample was to be used for aerodynamic assessment using the NORS. However, due to
problems in reliability and validity, the NORS was not used in the instrumental study. The Test Words
were subsequently changed for the instrumental assessment so that the same word stimuli could be used
for perceptual and aerodynamic assessments.
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2 6

“tell me your name”, “ where do you live?”, “how old are you?” and “tell me about your

brothers and sisters”.

During production of the speech stimuli the listener rates nasality and nasal airflow errors
under each speech stimulus. Errors of articulation are also noted in each section. The

voice quality is recorded as normal, dysphonic, or with reduced volume.

The following sections describe the reliability studies that were carried out using the

Perceptual Profile and speech stimulus.

4. 3 Reliability of the Perceptual Profile

Four reliability studies were carried out using the Perceptual Profile over a two year
perios. Three different but related intra-rater reliability studies were completed over a ten
month period, by the same rater. In each of the three intra-rater studies, another therapist
not involved in the study rearranged the order of data presentation for the repeat
analyses. Following this a fourth study evaluated inter-rater reliability. The first study
(study 1: intra-rater reliability using live assessments versus audio recorded assessments)
compared ratings of nasality and nasal airflow errors during a live assessment session
with ratings from an audio recording of the same session. All participants were assessed
over an eight week period. Three weeks following the completion of live data collection,

the audio recorded speech samples were analysed again.

The second study (study 2: intra-rater reliability of the Perceptual Profile using audio
recorded speech samples) compared ratings from the audio recordings used in study 1

with ratings of the same recording analysed ten weeks later.
The third study (study 3: intra-rater reliability using anchor stimuli) was carried out five

months after completion of study 2. The audio recorded speech samples used in study 2

were analysed again using anchor stimuli. After a delay of ten weeks later, the audio
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recorded data was analysed again using anchor stimuli. The ratings of the two analyses

were compared.

The fourth inter-rater study compared ratings of three different raters using the
Perceptual Profile. Audio taped speech samples from the intra-rater study and the pilot
study were included (Appendix 12). Anchor stimuli were also used. This study was

carried out three months after the intra-rater reliability studies.

4. 4. Study 1: Intra-Rater Reliability Using Live Versus Audio Recorded

Assessments

4. 4.1 Methodology

Participants

12 children between ages 3;4 years and 13;10 years attending the Cleft Palate Unit were
assessed. Children with cleft palate, velopharyngeal dysfunction, or nasal obstruction,
with or without syndromes, were included. All participants presented with abnormal

nasality and/or nasal airflow problems, with or without articulatory errors.

Children were excluded if there was evidence of any of the following: severe
dyspraxia/dysarthria; learning disability (greater than mild); bilateral hearing loss above
45 db.; nasal blockage associated with an upper respiratory infection; moderate to severe
hoarseness of voice; mixed nasal resonance; and an inability to complete the assessment

protocol due to behavioural problems or poor co-operation.

Speech sample
The child produced the speech stimuli at each speech level (words, sentences, automatic
and conversational speech).

1. The child repeated the test words after the rater
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2. The child repeated 16 test sentences after the rater

3. Automatic speech was assessed by asking the child to recite a nursery rhyme,
count from 1 to 20 and from 60 to 70.

4. Each child was engaged in two minutes of conversational speech.

(Appendix 10)

Procedures

Speech was rated during a live assessment session in a quiet room, with the rater sitting
opposite the child. The rater listened to the child’s speech and rated nasality and nasal
airflow errors according to the Perceptual Profile at word, sentence, automatic and
conversational levels of speech. During the assessment of nasality and nasal airflow,

articulatory errors were noted on the assessment sheet (Appendix 13b).

During the live assessment, the speech samples were audio recorded by the rater using a
Sony Scoopman digital audio tape recorder and a Sony condenser microphone.
Positioning of the microphone was previously tested by the examiner and a sound
engineer. Both parties listened to recorded speech samples with the microphone in
different positions in relation to the speaker, and at varying decibel recording levels. It
was noted that optimal audio recording was made when the microphone was placed at
the level of the child’s mouth, slightly to one side and approximately four inches away. A

recording level between 25db and 28db was noted to be adequate.

Three weeks following the live analyses, the the audio recordings were randomly
arranged by another therapist who was not involved in the study. Audio playback was
carried out in a quiet room at a decibel level of 20db to 25db, with the use of earphones.
The rater listened to each speech level and rated each speech level accordingly on the

Perceptual Profile Sheet (Appendix 13b).

Reliability was statistically calculated using kappa analysis and the percent of agreement

between ratings. The kappa statistic relates the actual measure of agreement obtained
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with the degree of agreement that would have been obtained had the diagnosis been
made at random (Bulman & Osborn, 1989). A weighted kappa was used in this study as
this takes into account ‘near misses’, where close agreement on ratings is credited
(Bulman & Osborn, 1989). Expected agreement, i.e. agreement that would be expected
by chance, is also presented. The kappa statistics are presented where 1 represents
perfect agreement, over 0.75 indicates excellent agreement, between 0.4 and 0.75
represent fair to good agreement beyond chance, and below 0.4 represents poor
agreement (Fleiss, 1981). Based on previous studies, 90% to 100% agreement was
considered excellent, 80% to 89% was good and 75% to 80% was acceptable
(Lohmander-Agerskov, 1996; Watterson et al., 1998a). For the purpose of the present
study, the term ‘reliability” will be used in a broad sense to include percent agreement

and kappa scores.

4. 4. 2 Results of Reliability between Live and Audio Recorded Assessments

Reliability coefficients and percent agreements between live and audio analysis were
calculated for the following speech parameters: nasality; consistency of nasality;
consistency, strength, frequency and phoneme specificity for each of the four nasal
airfow errors (Table 4.1). Percentage of agreement between live and recorded
assessments ranged from 75 % to 96% indicating good to excellent agreement between
assessments. Excellent reliability using kappa scores were found on ratings of nasality,
consistency of nasality, and all aspects of nasal emission. Kappa scores for
velopharyngeal fricative consistency ranged from -0.1 to 0.8. Low kappa scores were

found on nasal fricative and velopharyngeal fricatives.
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Table 4.1 Intra-rater reliability (percent agreement, expected agreement and
kappa scores) for ratings of nasality and nasal airflow errors during live and audio
recorded analyses.

Speech Parameter | % | % Exp;ected T lapp; E
| Agreement | Agreement 5 |
Nasality | 89 | 58 |07 |
Consistency 87 | 61 | 0.7
Nasal Emission ; , |
strength 91 | 76 o6 |
consistency | 96 | 76 08 |
frequency 1 92 | 79 0.6
phoneme specific | 92 | 67 0.7
Nasal Fricative .4
strength | 88 | 82 0 ]
consistency | 87 | 82 | 0.3 '
frequency | 87 | 82 0.3
phoneme specific | 83 172 0.4
| Nasal Turbulence |
strength | 83 | 72 | 0.4
consistency 83 | 63 | 0.5
frequency [ 79 | 61 0.5
phoneme specific | 83 |72 04 |
| Velopharyngeal 3 ’ ‘
| Fricative
strength | 83 | 22 0.4
consistency | 77 | 79 -0.1
frequency ( 75 L2 0.1
phoneme specific | 83 |79 | 02

4. 4. 3 Live versus Audio Recorded Assessments - Discussion

Results of the intra-rater reliability study are discussed for each speech parameter.

Nasality

Good reliability was found between intra-rater ratings of nasality during the live
assessment and the audio recorded assessment of the live session (percent agreement was
89% and the kappa was 0.7). In all but one case, agreement differed by only one point
(Table 4.2).
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Table 4.2 Agreement of intra-rater ratings of nasality during the live and audio
recorded analyses.

Nasality - Audio
Nasality- 0 1 2 3 4

live

0 3 0 1 0 0
1 1 1 g .0 0
3 0 0 1 2 1
4 0 0.4 1

Nasal emission
Results indicated good to excellent reliability for ratings of nasal emission - strength,
frequency, consistency and phoneme specificity (percent agreement ranged from 91% to

96% and the kappa scores ranged from 0.6 to 0.8).

Nasal fricative

Results for ratings of nasal fricatives varied, with good agreement (83%) and poor kappa
scores (0.3 to 0.4). The small number of children who presented with this consonant
error may explain the high percent agreement and low kappa scores; therefore, the
percentage score may be a more accurate indication of agreement than the kappa score.
Three participants were reported to have a nasal fricative. There was complete
agreement on the ratings of one participant. The second participant was reported to have
a velopharyngeal fricative in both live and audio analysis. However, during the live
assessment it was reported that he occasionally used a nasal fricative, as well as frequent
use of a velopharyngeal fricative. The nasal fricative was weak and infrequent and was
not perceived on audio tape. The third participant was reported to have a velopharyngeal
fricative during the live assessment, and a nasal fricative during the audio assessment. As
the velopharyngeal fricative was weak, it may have been detected as a nasal fricative on
audio tape. In this study there was confusion between the perception of weak nasal

fricatives and weak velopharyngeal fricatives. This may have been a perceptual error, or
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it may have been due to the different listening conditions.

Nasal turbulence

Kappa scores for ratings of nasal turbulence were moderate (0.4 to 0.5), while the
percent agreement was good (79% to 83%). Detailed analysis of the data indicated that
there were two cases where there were discrepancies between the presence and absence
of nasal turbulence. One participant was reported as having nasal emission and no nasal
turbulence during the live assessment. However, on audiotape, weak infrequent
inconsistent nasal turbulence was detected. Because this turbulence was mild, it may not
have been detected during the live session. However, the second participant was
reported as having weak nasal turbulence and a weak velopharyngeal fricative during the
live assessment. On audiotape analysis she was reported to have a nasal fricative with no
nasal turbulence or velopharyngeal fricative. The discrepancy in ratings of the two
participants may be due to the mild borderline nature of the problem. McWilliams and
Phillips (1979) reported that mild disorders of resonance are often the most difficult to

evaluate and that tape recordings can ‘lighten’ mild speech disorders.

Velopharyngeal fricative
Kappa scores for velopharyngeal fricatives were the lowest of all speech parameters.
This may be explained by the small number of occurrences of velopharyngeal fricatives

and the confusion with nasal fricative as described above.

4. 4.4 Summary

Overall results indicate good reliability between the two testing situations. Some
discrepancy in results was explained by the different listening conditions. A number of
situations occurred where there was confusion between a nasal fricative and a
velopharyngeal fricative. This suggests the need to consider reducing the scale to include
one category for nasal fricative and velopharyngeal fricative. This possibility will be
reviewed further, following comparisons of perceptual ratings of nasal airflow errors and

instrumental assessments of airflow. It is evident from the results that weak nasal airflow
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problems lead to confusion in categorisation of airflow problems. This will be discussed

further in the Section 4.10 in the light of the inter-rater reliability results.

4. 5 Study 2: Reliability Of Intra-Rater Ratings Using Audio Taped Speech

Samples

4. 5. 1 Methodology

The participants and speech samples used in the first study were included in study 2. In
preparation for the repeat analysis, another therapist not associated with the study,
randomly arranged the order of presentation. The listening task was repeated ten weeks
after the first audio analyses, which was undertaken for study 1. Results from the first
audio taped analyses were then compared to the second audio taped analyses. Statistical

analysis of reliability was carried out using percent agreement and kappa correlations.

4. 5. 2 Intra-rater Reliability Results

Overall scores in the intra-rater reliability study using audio tape analysis were good to
excellent using the above criteria (Fleiss, 1989). The percentage of agreement ranged
from 83% to 100% and kappa scores ranged from 0.4 to 1 (Table 4.3). There was
excellent agreement on nasal emission, nasal fricatives, and strength and consistency of
velopharyngeal fricatives. Good agreement was found on nasality. Moderate agreement

of ratings was found on nasal turbulence - strength and phoneme specificity.
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Table 4.3 Intra-rater reliability (percent agreement, expected agreement and
kappa scores) for perceptual ratings of nasality and nasal airflow errors using the

weighted kappa.
' Speech Parameter | % | % iﬂxpeciedwg i(app; 'f
| Agreement | Agreement |
. Nasality | 88 | 65 | 0.7 ;
| Consistency | 83 | 59 1 06 |
| Nasal Emission | t 1
Strength | 91 | 76 ‘ 0.6
Consistency | 91 | 8 | 05
Frequency | 92 | 67 108 |
| Phoneme specific | 92 | 67 0.8 f
| Nasal Fricative | 7
| Strength | 92 [ 79 0.6
Consistency | 96 | 76 | 038
Frequency | 96 | 76 0.8
Phoneme specific | 92 ? 67 0.8
| Nasal Turbulence | |
Strength | 83 | 72 0.4
Consistency | 83 | 61 0.6
Frequency | 92 | 62 0.8
Phoneme specific | 83 | 72 0.4
' Velopharyngeal 5
Fricative | |
Strength | 100 | 72 1
Consistency | 92 | 79 1 06
Frequency | 88 | 75 0.5 ,
Phoneme specific | 88 TR L

4. 5. 3 Intra-rater Reliability Discussion

Nasality

Results indicated good intra-rater reliability on the nasality scale (percent agreement of
88% and kappa score of 0.7). This compares well to agreement in previous studies
(Table 4.4). Consistency of nasality showed good agreement (83% agreement and a

kappa score of 0.6).
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Table 4.4 Previous studies indicating intra-rater reliability using correlational
analyses. The reliability results from the present study are presented.

Study Reliability Analysis Scale Result

Ramig (1982) Pearson correlation 7 points 0.55-0.90

Sell & Grunwell (1990) Spearman Rank correlation | 5 points 0.76

Nellis et al. (1992) Pearson correlation 6 point 0.75

Hardin et al. (1992) Pearson correlation 5 points 0.8-0.9

CSAG (1998) Spearman Rank 1

Pinborough-Zimmerman Pearson 6 points 0.79 - 0.91

(1999)

Present Study Percent agreement 5 points 88%
Kappa score 0.7

The correlational results in previous studies only indicate that the rater rated each sample
in a similar manner. Furthermore, strong correlations do not always indicate good
reliability (Watterson et al., 1998b). Unfortunately, none of the studies reported percent
agreement and/or kappa scores for reliability of nasality. The rigorous statistical analysis

in the present study indicates good reliability.

There was no difference between reliability scores in the assessment of nasality for live
and audio recorded assessments compared to the reliability scores for audio and audio
recorded assessments. The present results would support previous findings by Moller and
Starr (1984) who reported no significant difference between live analysis and audio
analysis. However, it is possible that there was some degree of habituation in the second
study. Although there was a time lag of ten weeks between the two audio recorded
analyses, the samples had been analysed three times and the rater was more familiar with

the data during the second audio recorded analyses.

Nasal emission
The percent agreement and kappa scores for nasal emission ranged from good to

excellent in this study. There was 91/92% agreement on ratings of all parameters of nasal
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emission, while kappa scores ranged from moderate (0.5 for consistency) to excellent
(0.8 for frequency and phoneme specificity). The CSAG (1998) study reported intra-
rater reliability for nasal emission, using a shortened scale. This study reported variability
in intra-rater reliability, with one rater demonstrating excellent intra-rater reliability
(kappa score of 1.0), and the second rater demonstrating weak intra-rater reliability
(kappa score of 0.42). The present findings compare well with the CSAG results,
considering the detail of the perceptual scale used in this study. The results indicate that

the profile has good intra-rater reliability for assessment of nasal emission.

A comparison of results from study 2 (repeated audio taped analyses) and study 1 (live
versus audio taped analyses) indicated minimal differences in reliability. One would have
expected improvements in reliability in study 2, as the same listening conditions were
used, and there was some familiarity with the data. For consistency of nasal emission
there was greater reliability in study 1. An agreement of 96% and a kappa score of 0.8
were found in study 1, while an agreement of 91% and a kappa score of 0.5 were found
in study 2. Otherwise, the results from the two studies were similar. This again supports
the results of Moller and Starr (1984) who found no significant differences in assessment

results for different listening conditions.

Nasal fricative
Results indicated good to excellent intra-rater reliability on assessment of nasal fricatives.
Agreements ranged from 92% to 96%, while kappa scores ranged from 0.6 to 0.8. This

indicates that the Perceptual Profile is useful for the assessment of nasal fricatives.

There were differences in reliability scores for nasal fricatives in the two studies. In study
2 (repeated audio recorded assessments) there was 92% to 96% agreement and kappa
scores ranged from 0.6 to 0.8. In study 1 (live analysis versus audio recorded analysis)
there was 83% to 88% agreement and kappa scores from 0.3 to 0.4. This would indicate
that for assessment of nasal fricatives there is a difference between live assessment and

assessment based on audio recordings. Any loss of visual information in the assessment
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based on audio recordings was uniform when the two taped sessions were compared;
however, the visual information may have influenced ratings during the live assessment.
Habituation may also have been a factor in the improved reliability for the audiorecorded

study.

Nasal turbulence

Reliability of assessment of strength and phoneme specificity in nasal turbulence were
varied (good agreement of 83%, but poor kappa scores of 0.4). However, detailed
analysis of the spread of the two ratings indicated that ten out of twelve ratings were
agreed exactly, while two differed by only one point (Table 4.5). The expected
agreement for strength of nasal turbulence was high, due to the fact that only two points
on the scale were used in both ratings and therefore the spread of ratings was small. The

high expected agreement resulted in a low kappa score.

Table 4.5 Agreement of rating of nasal turbulence strength.

NT strength 2
NT strength 0 1
0 1 1
1 1 9

Disagreements in ratings of nasal turbulence may be explained by the fact that in two
cases weak infrequent nasal turbulence was detected in one analysis and not in another.
For one of these participants, weak nasal turbulence was perceived as nasal emission. As
in the previous study, the presence of a weak nasal airflow problem led to

miscategorisation of the airflow errors.
Phoneme specificity in the parameter of nasal turbulence refers to the presence of nasal

turbulence on one or two specific sounds. However, phoneme specificity is usually

associated with nasal fricatives or velopharyngeal fricatives, which are phoneme
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substitutions. It was included in all four categories of nasal airflow errors in the profile in
order to evaluate its position within a framework of nasality and nasal airflow errors.
Phoneme specificity is not usually associated with nasal turbulence, as defined in the

present study, and the poor reliability may reflect its limited value in this category.

Results indicated similar percent of agreements in study 2 and study 1 for ratings of nasal
turbulence. However, the agreement for frequency of nasal turbulence improved from
79% in the live/audio study to 92% in the repeated audio recorded assessment study, and
the kappa scores improved from 0.5 in study 1 to 0.8 in study 2. When strength and
consistency were similar in both studies, it was surprising that frequency should improve
in the second study. It may be that by removing the variable of different listening
conditions, the assessment of frequency was more reliable. Or again, familiarity with the
data may have influenced results. Strength and phoneme specificity of nasal turbulence
had weak reliability in the two studies. This highlights two sections of the Perceptual

Profile that may need to be adapted, depending on inter-rater and instrumental results.

Velopharyngeal fricative

Excellent reliability was found for strength of velopharyngeal fricatives (100% agreement
and kappa score of 1). Although moderate kappa scores of 0.5 and 0.6 were found for
frequency and consistency respectively, a good to excellent percent of agreement (88%
and 92%, respectively) was found. The small number of occurrences of velopharyngeal
fricatives may explain the discrepancy between the kappa scores and the percent

agreement.

Results indicated improved reliability in study 2 for ratings of velopharyngeal fricatives.
Agreement improved from acceptable (75% to 83%) in study 1 to excellent (88% to
100%) in study 2. The kappa scores also improved, with kappa scores ranging from poor
(-0.1 to 0.4) in study 1 to moderate - excellent (0.5 to 1) in study 2. It is possible that the
audio tape recorded speech amplified the turbulent sound during a velopharyngeal

fricative, therefore reducing confusion between the perception of a nasal fricative and a
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velopharyngeal fricative.

4.5.4 Summary

This study indicated that there was good to excellent test-retest reliability of the
Perceptual Profile under similar listening conditions. Although the present results are
promising, they need to be considered with caution due to some limitations of the study

which are highlighted in Section 4. 7.

Results indicated little difference in reliability of the assessment of nasality, nasal
emission under different listening conditions. This supported a previous study (Moller &
Starr, 1984). However, differences in reliability of ratings for nasal fricatives, nasal
turbulence and velopharyngeal fricatives were found in the present study. These speech
errors were not evaluated in the Moller and Starr (1984) study. It would appear that by
using audio taped analyses, there was less confusion between the perception of nasal
fricatives and velopharyngeal fricatives. The influence of habituation needs to be
considered in the comparison of live/audio recorded analyses and audio/audio recorded

analyses, as the rater was more familiar with the data by the end of the second study.

4. 6 Study 3: Reliability of Intra-rater Ratings using Anchor Stimuli

The anchor study was carried out five months after study 2.

4. 6. 1 Methodology

Speech Sample and Participants
The anchor study was carried out using the same audio taped speech samples as those
used in the first two intra-rater reliability studies. Due to damage of one audio tape, only

8 participants were included in the anchor study.
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Procedures

Before listening to the audio tapes of each participant in the study group, the rater
listened to a short sample of normal speech produced by a child of similar age and the
same sex (i.e., anchor stimuli). Gerratt et al. (1993) suggested that this provides the rater
with a standard reference against which he/she can compare disordered speech. From the
audio tapes of the study group, the rater analysed the speech samples using the
Perceptual Profile. Ten weeks later another therapist not involved in the study arranged
the order of the data presentation. The rater listened to the audio recording of the study
group and the anchor stimuli, and rated the audio taped speech samples again. The two

ratings were then compared using percent agreement and kappa analysis.

4. 6.2 Results

Good reliability scores were found for ratings of hypernasality. Good to excellent
reliability was found for ratings of nasal emission (consistency and frequency), nasal
turbulence and nasal fricatives (Table 4.6). Weak reliability was found for consistency of

nasality, nasal emission - strength, and velopharyngeal fricatives.
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Table 4.6 Intra-rater reliability scores using anchor stimuli. * indicates too
few ratings to calculate a kappa score.

Speech Parameter % % Kappa
Agreement | Expected
Agreement
Nasality 81 60 0.5
Consistency 69 66 0.09
Nasal Emission
strength 87 78 0.4
consistency 94 73 0.8
frequency 94 73 0.8

phoneme specific*
Nasal Fricative

strength 87 62 0.7
consistency 94 67 0.8
frequency 87 62 0.7
phoneme specific 87 56 0.7
Nasal Turbulence

strength 88 64 0.6
consistency 100 51 1

frequency 94 51 0.9

phoneme specific*
Velopharyngeal

Fricative
strength 87 78 0.4
consistency 87 78 0.4
frequency 81 71 0.3
honeme specific 75 59 0.4

4. 6. 3 Discussion

Reliability results from study 3 (anchor stimuli study) were compared to reliability results
from study 2 (intra-rater reliability) in order to ascertain if there was an improvement in
reliability of ratings when anchor stimuli were used. It should be noted that there were
fewer number of participants in study 3 compared to study 2. This reduction in numbers

may have influenced agreements in all speech categories.
Nasality

Surprisingly, reliability was weaker for nasality ratings when anchor stimuli were used. In

study 3 there was 81% agreement and a kappa score of 0.5. However in study 2, when
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no anchor stimuli were used, there was 88% agreement and a kappa score of 0.7. The
difference in percent of agreement was small, but the difference in kappa score was 0.2.
This greater difference in kappa scores may be due to reduced number of participants in
study 3. Another important factor in evaluating the results of the two studies may be
habituation and the time lag between studies. Although the rater had analysed the data
three times previously, there was a time lag of five months between study 2 and study 3.

This may have resulted in less familiarity with the data in study 3 compared to study 2.

The present results using anchor stimuli compare well with a previous study by
Watterson et al. (1993). They reported good agreement (Pearson product moment
correlation coefficient of 0.88) for intra-rater reliability using anchor stimuli during the
practice session only, but unlike the present study, the anchor stimuli was not used prior
to the analysis of each speech sample. In the present study, the lack of substantial
improvement in study 3 using anchor stimuli questions the benefit of anchor stimuli in the

assessment of nasality.

Consistency of nasality showed almost no agreement in the present anchor stimuli study.
This may be explained by the discrepancies in ratings of nasality. In cases where there
was discrepancy in nasality ratings, the consistency was also rated differently; for
example, one participant had a nasality rating of ‘d” (moderate to severe) and was also
rated inconsistent (i.e. this participant was occasionally rated as ‘c’ (moderate)). During
the second analysis the participant’s nasality was rated as ‘c’ and consistent. It seems
that the moderate to severe (d) rating of nasality was not detected in the second analysis;
therefore, the rating of consistency was different in each analysis. This scenario was

evident in four of the cases studied.

Nasal emission
There was little difference in reliability scores for nasal emission in the studies with and
without anchor stimuli. In study 3, there was 87% agreement and a kappa score of 0.4

for strength of nasal emission. In study 2, where no anchor stimuli were used, there was
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91% agreement and a kappa scores of 0.6. This indicated marginal improvement when
anchor stimuli were not used. Consistency of nasal emission had 94% agreement and a
kappa score of 0.8 in the present study compared to 91% agreement and a kappa score
of 0.5 in study 2. The higher kappa score in study 3 may be explained by the reduced
number of participants in that study. There was limited difference in frequency of nasal
emission, with 94% agreement and a kappa score of 0.8 in study 3 compared to 92%
agreement and the same kappa score in study 2. Results indicated no benefit in using

anchor stimuli for the assessment of nasal emission.

Nasal fricative

Reliability scores for a nasal fricative was similar in both studies. In study 3, using
anchor stimuli, there was 87% agreement and a kappa score of 0.7 for strength of nasal
fricative, compared to 92% agreement and a kappa score of 0.7 in study 2. Consistency
of nasal fricative had 94% agreement and a kappa score of 0.8 in study 3, and 96%
agreement and a kappa score of 0.8 in study 2. For frequency of nasal fricative there was
87% agreement and a kappa score of 0.7 in study 3 compared to 96% agreement and a
kappa score of 0.8 in study 2. These results indicated an improved percentage of

agreement when anchor stimuli were not used.

Nasal turbulence

Consistency of nasal turbulence had improved reliability using anchor stimuli. In the
anchor stimuli study there was 100% agreement and a kappa score of 1, while in the
study without anchor stimuli there was 83% agreement and a kappa score of 0.6. There
was minimal improvement for reliability of strength of nasal turbulence when anchor
stimuli were used (88% agreement and a kappa score of 0.6 with anchor stimuli, 83%
agreement and a kappa score of 0.4 without anchor stimuli). There was no difference in

reliability for frequency of nasal turbulence.

Velopharyngeal fricative

In general there were weaker reliability scores for velopharyngeal fricatives when anchor
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stimuli were used. In the anchor stimuli study there was 87% agreement for all
parameters of velopharyngeal fricatives. In study 2, where no anchor stimuli were used,
the percentage of agreement ranged from 88% to 100%. Kappa scores in study 2 were
greater than kappa scores in study 3 despite the fact that smaller numbers of participants

were used in study three.

4. 6. 4 Summary

The results of studies 2 and 3 indicated minimal differences in reliability results using the
Perceptual Profile when anchor stimuli were used. Results indicated marginally better
reliability scores for nasal airflow errors in the study where anchor stimuli were not used.
The only improvement using anchor stimuli was found to be in the reliability of
consistency of nasal turbulence. One can conclude that under the conditions tested, the
use of anchor stimuli did not improve the reliability of the Perceptual Profile. Factors
such as habituation and differences in the time lag between studies need to be considered.
However, if results from study 1 are compared to results from study 3, where habituation
should have been reduced due to the time lag of seven months, there is no overall
improvement when anchor stimuli are used. In fact, reliability for nasality and nasal
emission was better without anchor stimuli. The percent agreement for nasal fricatives
was the same in the two studies, while percent agreement and kappa were lower without
anchor stimuli. Results from the above studies are inconclusive in evaluating the use of

anchor stimuli.

One possible reason for the lack of improvement using anchor stimuli may be the manner
in which the anchor stimuli were used. In a previous study by Gerratt et al. (1993)
anchor stimuli were used for assessment of voice quality. The stimuli that were presented
to the listener represented varying degrees of abnormal voice quality against which the
listener compared the speech sample to be rated. In the present study, normal speech was
used as an anchor stimulus. This was in an attempt to provide the listener with a baseline

for normal nasality and nasal airflow errors. Another methodological difference between
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the present study and previous studies was that the anchor stimuli were presented prior
to rating the speech sample. However, in the study by Watterson et al. (1993) the anchor
stimuli were used during the training session only and not immediately prior to rating the
speech sample. The different uses of anchor stimuli requires further investigation in order

to evaluate the value of anchor stimuli in improving reliability of ratings.

4.7 Limitations of the Intra-rater Reliability Studies

The author who also devised the Perceptual Profile, due to the time constraints within
the clinical setting, carried out intra-rater reliability studies. Not only was the author was
highly familiar with the Perceptual Profile, but she also had many years experience
working in the area. This is supported by some of the results where the agreement was
consistently greater than the expected agreement calculated for the kappa scores. As a
result, the intra-rater reliability may have been biased and can only be applied to one

rater. Hence, intra-rater reliability results are difficult to generalise.

It was considered important to keep the speech samples consistent across all reliability
studies. One advantage of this is that it reduces the variably between studies. However,
one disadvantage is the possibility of habituation of the listener. In the present study, the
same speech samples were analysed on five different occasions, and this may have
resulted in familiarity with the data. The slightly better results found in study 2 may be
attributed to some extent to familiarity with the speech data, since the second analysis
took place relatively soon after the live analysis. The variation in time between the initial
and second analyses may also have influenced results. For some of the data in study 1,
there was only a three week gap between analyses; however, in study 2 and 3, there was
a ten week gap. This longer gap was intended to reduce habituation. Another variation in
time was the interval between each study. The five month time lag between study 2 and 3

may have reduced the degree of familiarity with data.
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A further limitation of the present study was that there were a different number of
participants in study 2 and study 3 due to damage of one audio tape. One may have
expected greater percentage of agreement in study 3 due to the smaller number of

participants in the study; however, this was not the case.

In general the audio taped speech samples were analysed having listened once to the
tape. However, occasionally, the tape was played a second time if the rater was
undecided about a rating, and again this may have influenced results. The importance of
visual clues such as nasal and facial grimace has been highlighted in the literature
(McWilliams and Phillips, 1979; McWilliams et al., 1990). One would expect improved
reliability from live assessments; however, this is impossible to test due to individual
variation in speech production from one situation to another (Laver, 1980; Kuehn,

1982).

Only 12 participants were included in the intra-rater reliability studies. Because of the
detail of the Perceptual Profile, there were a limited number of occurrences of all the
possible errors in the intra-rater reliability studies. As a result the kappa scores may have
underestimated the reliability between the two ratings. Further investigations using a

larger population are required.

4. 8 Intra-rater Reliability Studies - Conclusions

The three intra-rater reliability studies indicated good reliability for the rater in the
present study using the Perceptual Profile. This indicates that a rater who is familiar with
the profile and who has experience in the area of nasality and nasal airflow errors in
speech can reliably assess speech errors using the profile. The studies indicate that the
perceptual assessments of nasality and nasal airflow errors, which will be used in the
instrumental study (Chapter 5), are reliable. Unfortunately, these results cannot be
generalised to other raters due to some of the limitations of the present reliability studies.

It is recommended that further intra-rater reliability studies be carried out, following
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inter-rater reliability analyses and comparison of the perceptual and instrumental

assessments.

Results indicated minimal differences between listening conditions for assessment of
nasality, nasal emission and nasal turbulence. However, differences in reliability between
repeated audio taped analyses and live/audio analyses were found for assessment of nasal
fricatives and velopharyngeal fricatives. Results indicated that when there was a
difference in listening conditions, reliability was weaker. This may be because visual
information is lost during audio recordings. It may also result from increased familiarity
with the data in the audio/audio recorded analyses. However, in view of the importance
of visual information in assessment of nasal airflow errors, it was decided to compare live
perceptual assessments of nasality and nasal airflow errors with the instrumental

assessments in the main study.

Results indicated no improvement in reliability of the Perceptual Profile when anchor
stimuli were used. In comparing the results of study 1 and study 3, and the results of
study 2 and study 3, there was no advantage in using the anchor stimuli. Due to the lack
of significant improvement in reliability scores using anchor stimuli, the use of anchor

stimuli in the main study was not indicated.

Comparison of the three intra-rater reliability studies indicated that the weakest reliability
scores were found for ratings of velopharyngeal fricatives. This questions the feasibility
of using a separate speech category for velopharyngeal fricatives on the Perceptual
Profile. In all three studies disparity of ratings could be explained by weak airflow errors.
These issues will be discussed in further detail below in the content of inter-rater

reliability results.
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4.9 Study 4: Inter-rater Reliability Study

4. 9. 1 Methodology

Participants

Audio taped speech samples of twenty children, aged between 3:4 years and 13;10 years,
were included in the inter-rater study. Of these twenty participants, ten had been included
in the intra-rater studies and ten had been included in the pilot study (Appendix 12).
Children with cleft palate, velopharyngeal dysfunction, or nasal obstruction were
included. All participants presented with abnormal nasality and/or nasal airflow problems,
with or without articulatory errors. Children were excluded if there was evidence of any
of the following: severe dyspraxia/dysarthria; learning disability (greater than mild);
bilateral hearing loss above 45 db.; nasal blockage associated with an upper respiratory
infection; moderate to severe hoarseness of voice; mixed nasal resonance; and an inability

to complete the assessment protocol due to behavioural problems or poor co-operation.

Raters

Three raters were included in the study. One rater (TS) was a specialist speech and
language therapist in cleft palate and velopharyngeal dysfunction, with nineteen years
experience. The second rater (EM) had worked for nine years part-time as a speech and
language therapist on the cleft palate team and the third rater (MO’M) had limited

experience in this area.

Training

Each of the two raters (EM and MO’M) had an individual two hour training session
given by TS prior to the study. The training sessions were carried out separately due to
time constraints within the clinic. Training included:

e definitions of each category on the Perceptual Profile with audio taped

demonstrations;

e definitions of weak vs. strong, frequent vs. infrequent, consistent vs. inconsistent, and
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phoneme specific with audio taped demonstrations;

e the use of anchor stimuli was explained and demonstrated;

e four samples of speech were analysed by the trainer and trainee simultaneously from
audio tape recordings, the results were discussed and a consensus for the ratings was

reached.

Procedures

The same speech sample, and recording procedure outlined above for the intra-rater
study 1 was used. Raters rated audio taped speech samples which had been recorded on
the Sony Scoopman digital audio tape recorder using a Sony condenser microphone. The
microphone had been placed at the level of the child’s mouth, approximately four inches
away. A recording level between 25db and 28db was used. Audio playback was carried
out in a quiet room at a decibel level of 20db to 25db, with the use of earphones. Prior to
judging each participant the rater listened to the anchor stimuli. The rater then listened to
the test speech sample and classified each of the following levels of speech - words,
sentences, automatic speech and conversational speech according to the perceptual
framework (see section 5.2). When the speech sample had been rated, the rater made a
final judgement and recorded it in the top left hand section of the assessment sheet
(Appendix 13b). The most severe degree of nasality and/or nasal airflow disorder based

on all speech samples was recorded.

4. 9.2 Inter-rater Reliability Results

Paired inter-rater reliability was analysed for 3 raters (TS, MO'M and EM), yielding
percent agreement and kappa scores for each pair of raters. Inter-rater reliability between
TS and MO’M was based on analysis of 20 cases; however, due to damage of one tape,
reliability between EM and the other two raters was based on 18 cases. Agreement and
kappa scores for the three pairs of raters are presented for each speech parameter

separately.
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Nasality

Inter-rater reliability for ratings of nasality ranged from moderate to good. Percentage of
agreement ranged from 77% to 85%, and kappa scores ranged from 0.4 to 0.6 (Table
4.7). Consistency of nasality had weaker reliability ranging from poor to good, with

agreement ranging from 61% to 85%, and kappa scores ranging from 0.1 to 0.7.

Table 4.7 Inter-rater reliability (percent agreement and kappa scores) of ratings
of nasality and consistency of nasality for three pairs of raters.

TS/MO’M TS/EM EM/MO’M
Speech Percent Kappa Percent Kappa Percent Kappa
Parameter agreement  score agreement  score agreement score
Nasality 85 0.6 79 0.4 77 0.4
Consistency 61 0.1 69 0.3 85 0.7

Nasal emission
Inter-rater reliability for ratings of nasal emission varied considerably between pairs of
raters. Percentage of agreement ranged from 75% to 86%, and kappa scores ranged

from 0.2 to 0.5 (Table 4.8).

Table 4.8. Inter-rater reliability (percent agreement and kappa scores) of ratings
of nasal emission for three pairs of raters.

TS/MO’M TS/EM EM/MO’M
Speech Percent Kappa Percent Kappa Percent Kappa
Parameter-nasal | agreement score agreement  score agreement  score
emission
Strength 75 0.2 78 0.2 78 013
Consistency 11 0.3 86 0.2 78 0.3
Frequency 77 0.3 86 0.2 78 0.3
Phoneme specific | 70 02 78 0.2 78 0.5
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Nasal fricative
Reliability for ratings of nasal fricatives varied considerably. The percent agreements
were good to excellent (83% to 92%), while kappa scores ranged from poor to good

(-0.07 to 0.6) (Table 4.9).

Table 4.9 Inter-rater reliability (percent agreement and kappa scores) of ratings
of nasal fricatives for three pairs of raters.

TS/MO’M TS/EM EM/MO’M
Speech Percent Kappa Percent Kappa Percent Kappa
Parameter- Nasal | agreement score agreement  score agreement score
fricative
strength 90 0.6 86 -0.07 86 0.4
consistency 90 0.6 86 -0.07 86 0.4
frequency 99 0.6 86 -0.07 89 0.5
phoneme specific | 92 0L5 83 -0.08 89 0.3

Nasal turbulence
Inter-rater reliability for ratings of nasal turbulence ranged from poor to good. The
percentage of agreement ranged from 72% to 83% and kappa scores ranged from 0.3 to

0.5 (Table 4.10).

Table 4.10 Inter-rater reliability (percent agreement and kappa scores) of ratings
of nasal turbulence for three pairs of raters.

TS/MO’M TS/EM EM/MO’M
Speech Percent Kappa Percent Kappa Percent Kappa
Parameter-Nasal | agreement score agreement  score agreement  score
turbulence
strength 80 0.3 83 0.3 83 0.5
consistency 80 0.5 72 0.4 72 0.4
frequency 76 0.4 72 0.4 78 0.5
phoneme specific | 80 0.4 78 0.4 78 0.5
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Velopharyngeal fricative

Inter-rater reliability for ratings of velopharyngeal fricatives varied. The percent

agreement ranged from poor to good (69% to 86%) and the kappa scores ranged from

poor to moderate (0 - 0.5) (Table 4.11).

Table 4.11 Inter-rater reliability (percent agreement and kappa scores) of ratings

of velopharyngeal fricative for three pairs of raters.

TS/MO’M TS/EM EM/MO’M
Speech Percent Kappa Percent Kappa Percent Kappa
Parameter-nasal | agreement score agreement  score agreement  score
emission
strength 82 0 80 0.5 69 0
consistency 74 0 81 0.5 72, 0
frequency 75 0 83 0.5 78 0
phoneme specific | 82 0 86 025 80 0

Multi-rater kappa scores

In order to ascertain agreement between all three raters on the Perceptual Profile, multi-

rater kappa scores were calculated for all speech parameters (Fleiss, 1981). Multi-rater

kappa analysis was calculated for 18 participants (Table 4.12). Results indicated poor to

good kappa scores on the speech parameters.
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Table 4.12 Multi-rater kappa scores for three raters for ratings of
all speech parameters.

Speech Parameter Multi-rater
kappa scores
Nasality 0.3
Consistency 0.3
Nasal Emission
strength 0.1
consistency 0.
frequency 0.
phoneme specific 0.3
Nasal Fricative
strength 0.6
consistency 0.4
frequency 0.4
phoneme specific 0.3
Nasal Turbulence
strength 0.3
consistency 0.35
frequency 013
phoneme specific 0.4
Velopharyngeal Fricative
strength 0.08
consistency 0.1
frequency 0:2
phoneme specific 0.2

4. 9. 3 Inter-rater Reliability - Discussion

Nasality

Reliability of ratings of nasality between TS and MO’M was good (85% agreement and a
kappa score 0.6). However, reliability between EM and the other two raters was weaker
(77/79% agreement and a kappa score of 0.4). Previous studies have indicated varying
reliability results for inter-rater ratings of nasality, using different statistical analyses of
reliability (Table 4.13). Comparison with previous studies is difficult because of the
different types of analyses used. The percent agreement found in the present study
compares well to previous studies (Sweeney, 1984; Lohmander-Agerskov, 1996;
Watterson et al., 1998a). Using previous guidelines (Lohmander-Agerskov, 1996;

Watterson et al., 1998b), we can conclude that the percent agreement for ratings of
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nasality is acceptable. The kappa scores in the present study did not compare well with
the kappa scores found in the CSAG (1998) study. However, the scale used in the CSAG
(1998) study was considerably shorter and there was a longer training period for the
raters. The present study indicates that the inter-rater reliability for ratings of nasality
using the Perceptual Profile is inconclusive and that further investigation is

recommended.

Table 4. 13 Inter-rater reliability results from previous studies and the present

study.
Study Reliability Analysis Scale Result
Sweeney (1984) Percent agreement 6 points | 77% - 87%
Sell & Grunwell (1990) Spearman Rank correlation | 5 points | 0.74
Nellis et al. (1992) Intraclass correlation 6 point 0.91
Hardin et al. (1992) Pearson correlation 5 points | 0.82
Lohmander-Agerskov Percent Agreement 5 points | 70% - 80%
(1996)
Watterson et al. (1998a) Percent agreement 5 points | 80%
CSAG (1998) Kappa score 3 points | 0.8
Pinborough-Zimmerman Intraclass correlation 6 points | 0.91
(1999)
Present Study Percent agreement S points | 77% - 85%

Kappa score 0.4-0.6

Analysis of the previous results raises an important question regarding the reliability
results reported in these studies. As Watterson et al. (1998b) pointed out, percent
agreement and correlations do not always indicate reliability. The reliability of previous
perceptual scales is therefore questionable. The present study highlights the importance

of rigorous reliability testing using appropriate statistics.
The multi-rater kappa score for ratings of nasality was 0.3; however, this score may have

been poor because of the weaker agreement between EM and the other two raters. No

previous study reported multi-rater kappa scores.
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Agreement on ratings of consistency of nasality varied considerably between raters. Poor
reliability (agreement of 61% and a kappa score 0.1) was found between TS and M’OM,
whereas good reliability (agreement of 85% and a kappa score of 0.7) was found
between EM and MO’M. This discrepancy is difficult to explain. It is possible that the
poor agreement for the rating of consistency of nasality between TS and MO’M may be
due to unclear definitions of consistency and hence, different interpretations of

consistency by the two raters.

Nasal emission

Agreement between raters for ratings of nasal emission ranged from 70% to 86%, the
weakest agreement was between phoneme specificity (70% to 78%) and strength of
nasal emission (75% to 78%). Good agreement was found between consistency and
frequency of nasal emission (77% to 86%). The present results compare favourably with
two previous studies. Lohmander-Agerskov (1996) reported 70% to 80% agreement
using a 5 point scale. An agreement between the presence and absence of nasal emission
of 77% was reported by Sell et al. (1990). In the latter study, there was no attempt to
measure severity or consistency. The nasal airflow errors were not differentiated into
categories of nasal emission, nasal turbulence, nasal fricatives or velopharyngeal
fricatives. Despite the greater detail in the present study results indicated similar and

improved levels of agreement.

Kappa scores for ratings of nasal emission in the present study were weaker than kappa
scores reported in the CSAG (1998) study. In the present study, kappa scores ranged
from 0.3 to 0.5; however, in the CSAG study a kappa score of 0.6 was reported using a
short rating scale. In the present study there were effectively 8 possible ratings for nasal
emission. One explanation for poor reliability using kappa analyses was that there was a
small number of occurrences of nasal emission in this study. The kappa score was
calculated by comparing expected agreement (chance agreement) with observed
agreement. The expected agreement was calculated from the number of occurrences of

the speech error. If the error had a large number of 0 ratings (i.e. absent), then the
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expected agreement was high. When a high expected agreement was compared to a high

observed agreement, the kappa score was low.

Discrepancies in ratings for nasal emission may be due to the loss of visual information as
assessments were made from audio recorded speech samples. McWilliams and Phillips
(1979) report that it is difficult to assess nasal emission reliably from audio tape
recordings, as the visual clues of nasal emission are not evident. If the facial or nasal
grimace that is often associated with nasal emission cannot be seen, there may be
discrepancies in ratings. The discrepancies in ratings for nasal emission may also have
been due to confusion between nasal turbulence and mild nasal emission. Nasal
turbulence was perceived as the primary problem in three participants; however, one
rater also recorded mild nasal emission in these participants. It is possible that this mild
nasal emission was rated as nasal turbulence by the other two raters. If this was the case,
it may be that listeners rated nasal emission and nasal turbulence as a continuum and not
as separate error categories, which lends support to the concept that nasal turbulence is a

more severe form of nasal emission as described by Sell et al. (1994).

Nasal fricative

No previous study reported reliability for ratings of nasal fricatives. In the present study,
the percent of agreement of ratings for nasal fricatives was good for all three pairs of
raters (83% to 92%). There was a large variation in kappa scores. Kappa scores of 0.5 to
0.6 were found for TS and MO’M; however, the kappa scores for TS and EM were low
and negative (-0.07). Again, the discrepancy noted between percent agreement and
kappa scores may be due to the large number of 0 ratings by both raters. This resulted in
a high percentage score but a low kappa score. The spread of ratings for 18 participants

is presented to illustrate the high incidence of 0 ratings in this category (Table 4.14)
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Table 4.14 Ratings for nasal fricative - strength by TS and EM.
0 indicated absence of nasal fricative, 1 indicates weak nasal fricative
and 2 indicates strong nasal fricative.

NF strength (EM)
NF strength (TS) [ 0 0 2
0 15 0 1
1 1 0 0
2 1 0 0

Results indicated that although TS and EM had 86% agreement on ratings for nasal
fricative - strength, the kappa score was -0.07. However, EM and MO’M also had 86%
agreement on ratings of nasal fricative - strength, but the kappa score was 0.4. This
discrepancy in kappa scores may be explained by the higher ‘expected agreement’ (87%)
based on the spread of ratings between TS and EM compared to the ‘expected
agreement’ (77%) betwee