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Abstract

The Prosody-Voice Screening Pro® le (PVSP) is a clinical research instrument that
quanti® es a speaker’ s conversational speech status in seven suprasegmental
domains: phrasing, rate, stress, loudness, pitch, laryngeal quality and resonance.
The PVSP has been used to assess the prosody-voice characteristics of children
and adult speakers with typical speech-language development and with a variety
of speech-language disorders of known and unknown origin. PVSP coding
requires a trained examiner to determine, on an utterance-by-utterance basis
within each of the seven domains, whether a speaker’ s prosody-voice character-
istics can be de® ned as appropriate based on a set of auditory-perceptual criteria.
This report provides brief overviews of the development, administration, and
psychometric features of this screening tool, and summarizes prosody-voice
® ndings to date for several typically speaking and clinical populations.
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Introduction

The goal of this report is to provide overviews of the development, administration,
and psychometric characteristics of the Prosody-Voice Screening Pro® le (PVSP),
and brief summaries of clinical ® ndings to date. Space limitations preclude a literature
review or a comparative analysis of the PVSP with assessment approaches discussed
elsewhere in this volume. Rationale leading to a conceptual framework for the PVSP
and detailed psychometric data are available in two sources: Shriberg, Kwiatkowski
and Rasmussen (1990) and Shriberg, Kwiatkowski, Rasmussen, Lof and Miller
(1992). Essentially, the goal was to construct an assessment tool whose coding
categories were driven by empirical samples and were orthogonal, rather than to
adapt an existing prosody framework for the range of inappropriate prosody
observed in individuals with communicative disorders. For example, a traditional
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prosody term such as intonation was found to embrace a complex of interdependent

prosodic and vocal behaviours, rather than a single prosodic or vocal behaviour

that could be operationally de® ned and reliably coded for quantitative analysis. For
this reason, many of the classi® catory terms used in the PVSP, as well as the codes

they subsume, may appear somewhat unconventional relative to prosody traditions

in descriptive linguistics.

For the interested reader, copies of a technical report that includes PVSP reference

data can be downloaded at http://www.waisman.wisc.edu /phonology/. Copies of
the PVSP training manual and training tapes are also freely available to clinical

investigators on request at this site.

Sample PVSP Output

It is useful to begin with an illustration of PVSP data. Figure 1 is a sample of
the four-panel Prosody-Voice Screening Pro® le produced by the PVSP software

(Shriberg, Allen, McSweeny and Wilson, 2000). The data shown in ® gure 1 were

obtained from conversational speech samples from four groups of children whose

speech histories were classi® ed as typical speech-sound acquisition (group A, circles),

speech delay of unknown origin (group B, squares), speech delay suspected to be

associated with developmental psychosocial involvement (group C, triangles), and
speech delay associated with suspected apraxia of speech (group D, diamonds). As

shown in the upper left panel (panel A) in ® gure 1, the PVSP procedure provides

Figure 1. Sample Prosody-Voice Screening ProWle from children in four clinical populations .
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quantitative information on the percentage of utterances judged to meet speci® ed

perceptual criteria for the construct of appropriate prosody in three domains (phras-

ing, rate, stress) and appropriate voice in four domains ( loudness, pitch, laryngeal
quality, resonance quality). For some applications, data on a combined category

termed quality ( laryngeal and resonance) have been useful, but these two domains

are generally treated separately. Figure 1 also provides descriptive information on

31 exclusion codes that pro® le a speaker’s paralinguistic behaviours and other

information relevant to prosody-voice coding (panel B), and on 31 inappropriate
prosody-voice codes within the seven prosody-voice domains (panels C and D). The

key for the 31 exclusion codes and the 31 prosody-voice codes is shown in ® gure 2.

Additional output termed the `detailed report’ (not shown) provides, for each of the

variables in ® gure 1, descriptive and inferential statistical information that aid in

interpretation of the data for clinical and research questions.

As evident in the sample numeric and graphic data in ® gure 1, the prosody-voice
characteristics of children in these four groups diŒer signi® cantly on at least one

prosody-voice variable in each of the panels. In this illustration the inferential

statistic selected from the program options to test for between-group diŒerences was

the nonparametric Kruskal-Wallis statistic (Siegel and Castellan, 1988). Beginning

with panel A, notice that there are several statistically signi® cant between-group

® ndings (unadjusted for multiple comparisons) . Two notable group diŒerences, for
example, are the lowered average appropriate stress percentages for children in

group D (suspected apraxia of speech) and the lowered average appropriate loudness

percentages for children in group C (suspected psychosocial involvement), compared

to the average percentages of appropriate utterances in these two domains for

children in each of the other groups. The code-level sources of these two diŒerences

are indicated in panel C and panel D, respectively. The lowered average stress
percentages for children in group D appear to be primarily due to one particular

inappropriate stress code, PV15: Excessive/Equal/Misplaced Stress (see ® gure 2).

The lowered average loudness percentages for children in group C appear to be due

exclusively to one of the two inappropriate loudness codes: PV17: Too Soft. We will

later consider clinical-research implications of ® ndings such as these.
The sample output in ® gure 1 provides data on many other prosody-voice vari-

ables that have been used to describe individual and grouped speakers. For example,

the last column in the numeric (top) section of panel A indicates the percentage of

utterances in the sample in which all seven prosody-voice variables were judged

appropriate. Notice that, among the four groups of speakers in this comparison,

children in group D (suspected apraxia of speech) had signi® cantly fewer utterances
coded as completely appropriate (19.2%) compared to the percentage of utterances

coded as completely appropriate for the typically speaking children in group A

(48.5%), the children with speech delay of unknown origin in group B (44.0%), or

the children with speech delay and suspected developmental psychosocial involve-

ment in group C (50.2%). Notice too that even children with typical speech develop-

ment (group A) may have conversational speech samples that meet criteria for
inappropriate phrasing and/or inappropriate laryngeal quality (to be de® ned later).

Development of the PVSP

In the 1980s a number of clinical-research procedures were developed to quantify
phonetic and phonological aspects of a speaker’s segmental development and
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performance (cf. Bernthal and Bankson, 1998). The development of the PVSP during

this active period in child phonology arose from the need for parallel information

on speakers’ prosody and voice characteristics. One early ® nding supporting this
need was that for children with speech-sound disorders of unknown origin, supraseg-

mentals were rated the ® fth most important factor (after intelligibility, age, articula-

tion, and language) contributing to perceived severity of involvement (Shriberg and

Kwiatkowski, 1982a). Associated analyses indicated that although Percentage of

Consonants Correct (PCC) values were signi® cantly associated with a speaker’s
severity ratings by trained speech-language pathologists, inappropriate supraseg-

mentals played a major role in accounting for certain speakers rated more severely

impaired than predicted by their PCC (i.e., segmental ) scores.

Our earliest attempts to quantify the suprasegmental status of children with

speech-sound disorders of unknown origin yielded ordinal estimates based on the

percentages of utterances judged inappropriate in prosody or voice features (e.g.,
Shriberg and Kwiatkowski, 1982a, 1982b; Shriberg, Kwiatkowski, Best, Hengst and

Terselic-Weber, 1986). Rather than describe or rate the severity of a speaker’s

prosody using any of the descriptive-linguistic frameworks available at that time,

the goal in these early studies was to code the utterance-by-utteranc e frequency of

occurrence of a speaker’s inappropriate prosody-voice behaviours relative to norma-

tive age and gender expectations. For each of the seven prosody-voice domains
shown in ® gure 1, a conversational speech sample was classi® ed into the following

ordinal polychotomy: 0 if prosody-voice was considered typical (no inappropriate

utterances), 1 if questionable (10± 15% utterances) and 2 if involved (more than 15%
inappropriate utterances). Scoring guidelines for the construct of inappropriate were

fairly general, relying primarily on an examiner’s clinical experience with children

of the ages studied. Not surprisingly, coding agreement for this system was not high:
mean interjudge and intrajudge agreement percentages across the seven variables

were 67% and 77%, respectively (Shriberg and Kwiatkowski, 1982b).

A second version of the PVSP was developed to meet the needs of a study to

describe the prosody-voice characteristics of adult speakers with mental retardation

(Shriberg and Widder, 1990). Because inappropriate suprasegmentals and paralin-
guistic behaviours were frequently noted as barriers to social-vocational adjustment

for speakers with mental disability, we were particularly interested in quantifying

the utterance-by-utteranc e frequency of occurrence of such behaviours in these

individuals. Descriptors were developed to cover the range of inappropriate prosody-

voice and paralinguistic behaviours heard in samples of typical and atypical speakers,

procedures for speech sampling were standardized, and guidelines were developed
for each coding decision.

The third version of the PVSP was developed over an approximately 3-year

period from 1987 to 1989, with the project proceeding in ® ve phases. First, several

hundred audio-taped speech samples of children and adult speakers representing ten

clinical populations were collected and reviewed. Next, the prosody and voice

involvements observed in this database were used to elaborate the form and content
of the prior prosody-voice screening procedure. Psychometric studies (some of which

are summarized in Appendix B) were then completed. During the fourth phase

training materials were constructed, including a detailed manual, audiocassette train-

ing tapes, and a set of scoring forms. Finally, the procedure was assessed and ® eld-

tested in a number of validity, reliability and e� ciency studies.
The fourth and current version of the PVSP, which includes software for data
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entry and analysis, evolved from computer programming completed during the last

two decades, with enhancements continuing to the present. Mainframe, minicom-

puter, and currently microcomputer platforms for the PVSP have been integrated
within a continually evolving suite of programs for research in child speech disorders

(Shriberg, 1986; Shriberg, Allen et al., 2000; Shriberg and Nockerts, 1982). The

output shown in ® gure 1 illustrates the type of computer-assisted prosody-voice data

currently available to the user, including options for a variety of single-subject and

group comparisons, parametric and nonparametric inferential statistical tests and
publication-ready graphic formats. The detailed report noted previously provides

additional statistical information, such as distributional data for each variable.

For the interested reader, Appendix A and Appendix B provide, respectively,

information on the administration and scoring of the PVSP and brief summaries of

® ndings from psychometric studies. The information in Appendix B illustrates the

challenge of developing valid, reliable, and time-e� cient instruments to assess pros-
ody-voice in a clinical-research setting. As with all other procedures that rely on

auditory-perceptua l methods and skills (see the useful review of issues and ® ndings

in Kent, 1996), the reliability of some levels of PVSP data may not be adequate

when eŒect sizes are small. The next step in the evolution of this assessment task is

to develop procedures for acoustics-assisted prosody-voice coding.

Some clinical research with the PVSP

Tables 1 and 2 include summaries of ® ndings from studies to date that have used

the PVSP to describe and compare conversational speech samples from a number

of speaker populations. Inclusion in one or both tables is based on how the data

were reported in each of the citations. Both table 1 and table 2 include PVSP ® ndings
from speakers with typical speech development and Speech Delay (SD) of unknown

origin. Table 1 also includes data sampled from speakers in several other clinical

populations. The data entries for each of the seven prosody-voice domains in table 1

are the percentages (mean, standard deviation) of appropriate utterances for speakers

in each of the 13 study samples. The data entries in table 2 are the percentage of
speakers in each of the ® ve study samples whose scores on each PVSP domain were

classi® ed as pass (90± 100%), questionable pass (80± 89.9%), or fail (<80%). In both

tables the study samples within each population are arranged by increasing age.

The following discussions highlight some comparative aspects of these data for

each of the seven prosody-voice domains. All of the brief de® nitions and overviews

of PVSP coding criteria are excerpted from the training manual (Shriberg et al.,
1990), which henceforth is not cited. It is important to underscore that the training

manual includes several pages of instruction for each inappropriate prosody-voice

code, including detailed guidelines, contrastive audio-taped exemplars, and graded

(i.e., increasingly challenging) practice items.

Phrasing

DeWnition and coding criteria

The PVSP de® nes an utterance with appropriate phrasing as `a ¯ ow of word and

phrase groups that is appropriate for the speaker’s age, emotional state, and the

intended propositional content.’ Phrasing behaviours considered to be appropriate
include repetitions of entire phrases (more than one word), revisions of entire words,
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Figure 2. Key for the codes used in the Prosody-Voice Screening ProWle (PVSP).

occurrences of ® ller words (`um’ , `uh’ , etc.), atypical breath groups, and nonphon-

emic sound productions. The six inappropriate phrasing codes include four codes

that are used when the following repetitious behaviours occur (see ® gure 2): sound/
syllable repetitions (PV2), whole-word repetitions (PV3), one sound/syllable and

one whole-word repetition in a single utterance (PV4), and multiple-word repetitions
within an utterance (PV5). The remaining two inappropriate phrasing codes cover
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single and multiple occurrences (PV6 and PV7, respectively) of part-word revisions

within an utterance.

Typical speakers

As found in reference studies of constructs similar to phrasing, such as for the

construct of mazing (Miller and Chapman, 1992), typical speakers have a wide

range of repetitions and revisions in their conversational speech. Indeed, increases

in mean length of utterance and the complexity of language constructions can be
accompanied by higher frequencies of repetitions and revisions. As a screening tool,

the PVSP simply tabulates such behaviours, with greater than 20% occurrence on

an utterance-by-utteranc e summative basis meeting criteria for fail. As with all

screening tools, a fail indicates the need for additional examination of the data

and/or additional testing, as might a questionable pass in some situations.

There is good agreement among the mean phrasing scores of the three groups
of typical speakers in table 1, with child and adult speakers averaging in the question-

able range (mid 80%) and having similar standard deviations of approximately 10%.

The two samples providing per-speaker phrasing data in table 2 are also in good

agreement, with approximately 18% of speakers meeting criteria for fail (<80%) in

both studies. Thus, children and adults with typical speech have repetitions and

revisions in approximately 15%, or 1± 2 of every 10, utterances, with nearly 20% of
typical speakers having them on more than 1 of every 5 utterances. Once again, the

task of the PVSP is to tabulate the utterance-by-utteranc e frequency of occurrence

of behaviours such as repetitions and revisions, rather than to evaluate the clinical

or social signi® cance of such behaviours, which might vary greatly depending on

the propositional importance and complexity of discourse.

Speech delay of unknown origin

The means and standard deviations for phrasing scores for children with SD in

table 1 are consistent among one another and with the data for typical speakers

summarized above. As aggregated by child in table 2, however, the three estimates

of the percentages of children meeting PVSP criteria for pass, questionable pass,
and fail are notably diŒerent, possibly related to diŒerences in sample size and

composition, changing scoring criteria for the version of the PVSP available in 1986

versus the ® nalized version, and/or the reliability of the coders. From the last two

perspectives, the phrasing data obtained from the largest sample of children using

the most recent version of the PVSP (table 2; Shriberg, 1993; Shriberg, Austin,

Lewis, McSweeny and Wilson, 1997; Shriberg and Kwiatkowski, 1994) are consid-
ered the best estimates of the percentages of children with inappropriate phrasing

on more than 20% of their utterances. These data, re¯ ecting the means and variance

data reported for this same group of 64 children reported in table 1, indicate that

approximately 90% of children with speech delay of unknown origin have appro-

priate or questionably appropriate phrasing. An interesting question for further

examination in these data is the percentage of variance in these speech delayed
children’s phrasing scores that is accounted for by their speech involvement versus

the percentage of variance associated with their language involvement.

Clinical populations

PVSP ® ndings have been reported for conversational samples obtained from several
clinical populations, including a sample of 40 adults with mental retardation (MR),
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14 adults with apraxia of speech (AOS), several samples of children with suspected

apraxia of speech (AOS), and adolescents and adults with two forms of pervasive

developmental disabilities Ð 15 individuals with high-functioning autism (HFA) and
15 individuals with Asperger syndrome (AS). The numbers of speakers in each of

these groups have been relatively small, re¯ ecting the di� culty in assembling sociode-

mographically well-balanced groups of individuals from special populations.

As shown in table 1, the mean phrasing scores for the samples of children with

suspected AOS are within the range of the scores reported above for typical speakers
and speakers with speech delay of unknown origin. Mean phrasing scores for

speakers in the MR, HFA and AS groups are approximately 0.5 ± 1 standard deviation

below those of typical speakers in the same age ranges, and mean scores for the

adult speakers with AOS are several standard deviations below the mean for adults

with typical speech. Thus, as considered in each of the references for these studies,

the high frequency of occurrence of repetitions and revisions for individuals in these
clinical populations is associated with semantic, syntactic and pragmatic challenges.

Interestingly, in the study of adults with mental retardation, appropriate phrasing

was not found to be signi® cantly associated with gender or level of intellectual

functioning, but was estimated to be one of the prosodic variables associated with

a higher probability of an individual transitioning to successful independent living.

Rate

DeWnition and coding criteria

The PVSP codes a speaker’s rate in an utterance as appropriate if it is `within the

normal limits for a speaker’s age, dialect, and emotional state’ . Based on ® ndings

reported in normative studies of speech rate, appropriate rate is de® ned as 2± 4
syllables per second for young children and 4± 6 syllables per second for older

children and adults. For one study that included senior speakers (Odell and Shriberg,

2001), alternative rate criteria were used based on reference data from a study of

elderly speakers. The four inappropriate rate codes include two codes that correspond

to inappropriately slow rates of speech, due to either slow articulation and pause
time (PV9) or pause time alone (PV10), and two codes that correspond to excessively

fast rates of speech (PV11: Fast and PV12: Fast/Acceleration). PV12 is coded when

fast rate is accompanied by the percept of a breakdown in articulatory control.

Typical speakers

The means for syllable rates reported in table 1 for the three samples of children
and adults with typical speech acquisition are well within the appropriate range. As

indicated by the standard deviations, however, typical speakers may also have speech

rates in the questionable range. As indicated more directly in table 2, particularly

for the relatively large sample of 111 speakers from 9 to over 50 years of age (Lewis

and Shriberg, 1994), nearly 20% of typical speakers have rates that are either

inappropriately fast or inappropriately slow on over 10% of their utterances.

Speech delay of unknown origin

A longstanding question in the literature on children with speech delay of unknown

origin is whether the source of the delay is associated with clinical or subclinical

impairment in speech motor control processes. As a widely studied correlate of
de® cits in speech motor control, speech rate is one prosodic variable that might
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provide a relatively objective metric for studies in this clinical population (cf. Flipsen,

1999). The PVSP data to date, however, do not support this hypothesis. Both of

the relatively large samples of children with speech delay in table 1 have means and
standard deviations well within the pass or questionable pass range on this supraseg-

mental. The three samples providing per-speaker data in table 2 suggest a similar

conclusion, although the ® rst study found that only approximately 79% of these

relatively few (14) children had scores meeting criteria for pass or questionable pass.

Clinical populations
Among the studies of speakers with AOS, MR, HFA and AS, the rate ® ndings in

table 1 indicate possible rate involvements for individuals in only two of the clinical

populations: adults with AOS and adults with MR. Adults with AOS averaged 42%
utterances with appropriate rate, and adults with MR averaged approximately 68%
utterances with appropriate rate. The PVSP subcode data for each study group were

quite diŒerent, however; all speakers with AOS had slowed rates, whereas rates for
many speakers with MR were too fast.

In addition to stretches of fast speech in the 40 adults with MR (including eight

persons with Down syndrome), it is useful to note that information from the PVSP

exclusion codes (see ® gure 2) was particularly revealing for the individuals in this

study. Unlike PVSP ® ndings for speakers in each of the other groups in tables 1

and 2, the conversational speech ® ndings for many of the speakers with MR included
frequent and distracting non-speech noises, including yawns, sighs, throat clears,

grunts, burps, lip smacks, snorts, sniŒs, and tongue clicks. Such behaviours occurred

in at least one utterance for 68% of the adult speakers with MR. As with the eŒects

of high rates of inappropriate phrasing and fast speaking rates for these adult

speakers, the frequency of occurrence of these paralinguistic behaviours was nega-
tively associated with the probability of independent living.

Stress

DeWnition and coding criteria

The PVSP de® nes appropriate stress in conversational speech as variations in the

pitch, loudness, and duration of sounds that are consistent with lexical, morphologic,

syntactic, and pragmatic rules. Inappropriate stress does not include the many
variations in emphasis and style that de® ne a speaker’s unique prosody-voice pattern.

Inappropriate lexical stress is coded when it meets criteria for PV13: Multisyllabic

Word Stress. Inappropriate phrasal stress may alternatively meet coding criteria for

PV14: Reduced/Equal Stress (an overall reduction in the forcefulness of typically

stressed syllables and words and/or a weak monostress pattern) or PV15: Excessive/
Equal/Misplaced Stress (excessively forceful, punctuated monostress, misplaced
word stress and/or sound blocks or prolongations) . PV16: Multiple Stress Features

is used to code utterances that meet criteria for more than one of the other three

inappropriate stress codes.

Typical speakers

As indicated in tables 1 and 2, few children and adults with typical speech acquisition

have inappropriate stress as coded by PVSP criteria. Well over 90% of the utterances
of typical speakers have appropriate lexical and phrasal stress (table 1), with fewer
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than 10% of the 182 typical speakers assessed in two studies having stress scores in

the questionable pass or fail range.

Speech delay of unknown origin

There is good intersample agreement on the stress status of children with speech

delay of unknown origin, as indicated by the entries for the four studies in table 1.

Mean appropriate stress scores averaged in the low pass to high questionable pass

range, with the relatively large standard deviation in the Shriberg et al. (1992 )
sample indicating that some children’s stress scores were below the 80% criterion

for questionable pass. The estimates from the three samples in table 2 con® rm that

approximately 11% to 16% of children with speech delay of unknown origin have

stress scores below 80%, indicating inappropriate stress based on one or more of

the codes in this prosody domain. As noted earlier and described in more detail

below, it is at the detailed level of the codes for lexical and phrasal stress Ð as well
as a further level of subtypes within codes Ð where interesting clinical-research ques-

tions arise in these data. For example, studies in progress are examining the frequency

of occurrence of PV14: Reduced/Equal Stress in children whose speech delay is

suspected to be associated with certain types of mild neurogenic speech impairments.

Clinical populations

Inappropriate lexical and phrasal stress appears to be a frequent ® nding in conversa-

tional speech studies of individuals in several clinical populations, including persons

with speech motor, intellectual, and aŒective challenges. As shown in table 1, three

of four subsets of children with suspected AOS had stress scores averaging in the

low 60% range, with large standard deviations indicating that some individuals’
scores may be considerably lower. These studies indicated that over 50% of such

children have stress scores in this range. As discussed in the references cited in

table 1 and consistent with a metrical analysis of one sample of children with

suspected AOS (Velleman and Shriberg, 1999), inappropriate stress might serve as

a clinical marker to identify at least one subtype of childhood AOS. Crucially,
however, the type of stress observed in these studies of children diŒers from the

stress de® cit described in a PVSP study of adults with AOS (Odell and Shriberg, in

press). In children with suspected AOS, the stress de® cit is an excessive/equal type

of syllable and word stress coded within PV15: Excessive/Equal/Misplaced Stress.

In adults with acquired AOS, the primary type of stress de® cit is blocks and

prolongations of sounds, associated with reductions in speech rate (see above).
Collaborative molecular genetic studies in progress will test whether inappropriate

excessive/equal stress in children and their siblings is the phenotype marker for a

genetically transmitted form of AOS.

As indicated in the three studies in table 1, stress ® ndings for individuals with

mental retardation and high-functioning autism averaged below the 80% criteria for

pass and questionable pass, with average stress scores for a sample of individuals
with Asperger syndrome within the questionable pass range. The most frequent

inappropriate stress codes obtained in the studies of persons with MR and HFA

diŒered from the codes obtained in the studies of children with AOS (cf. Shriberg,

Paul, McSweeny, Klin, Volkmar and Cohen, in press; Shriberg and Widder, 1990),

which were interpreted as support for de® cits in speech processing. As discussed in
the studies cited, inappropriate stress in the adolescent and adult speakers in these
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samples appeared to be associated with constraints in pragmatic and aŒective aspects

of discourse.

Loudness, pitch, laryngeal quality and resonance

It is e� cient to discuss collectively de® nitions and ® ndings for the four PVSP voice

domains of loudness, pitch, laryngeal quality, and resonance. Consistent with ® nd-

ings in the extensive literature on the auditory-perceptua l identi® cation and rating
of voice disorders, interjudge and intrajudge percentage of agreement data for the

four voice domains are often below a nominally acceptable 80%. PVSP data in

clinical-research studies are particularly advisory, requiring instrumental analysis to

validate and quantify types and levels of vocal and resonance involvement. These

constraints notwithstanding, we have found it useful to retain auditory-perceptua l

voice codes in this screening procedure, allowing the vocal or signal aspects of
nonsegmental data to be coded independently of prosodic features. As discussed

below, there have been only a few ® ndings to date in which diŒerences in one or

more voice domains diŒerentiate among children with speech delay or among

speakers in diŒerent clinical populations.

DeWnition and coding criteria for loudness
The PVSP criterion for appropriate loudness of an utterance is met when `at least

50% of the words [are] appropriately loud for the sampling content/context and the

speaker’s age, gender, dialect, and current emotional state’ . For utterances longer

than six words, no more than three of the words can exceed normal loudness levels.

The two inappropriate loudness codes are used when an utterance is unacceptably

too soft (PV17) or too loud (PV18). The PVSP guidelines for loudness coding
includes information on recording and microphone placement techniques that are

used to assess relative loudness.

DeWnition and coding criteria for pitch

The PVSP manual de® nes appropriate pitch as `within normal limits for the speaker’s
age and gender ... the pitch level should not `̀ call attention to itself ’ ’ in a social

situation’ . The two inappropriate codes used for utterances in which pitch is too

low include PV19: Low Pitch/Glottal Fry ( low pitch accompanied by glottal fry

register distributed across an utterance) and PV20: Low Pitch. The two codes used

for inappropriately high pitch include PV21: High Pitch/Falsetto (high pitch accom-

panied by a voice quality change termed falsetto register) and PV22: High Pitch
(high pitch not perceived to be in a falsetto register).

DeWnition and coding criteria for laryngeal quality

The PVSP general de® nition for appropriate laryngeal quality is `vocal characteristics

that are within the normal range for the speaker’s age, gender, and dialect’ . PV23:

Breathy (audible air¯ ow at least equal to the accompanying laryngeal tone), PV24:
Rough (an aperiodic, `gravelly’ sounding voice), and PV25: Strained (a strident

vocal tone) codes are used when at least 50% of the words within an utterance (or

at least three words in utterances that are 6 1 words long) are judged as inappropri-

ately breathy, rough, or strained. Just one inappropriate vocal occurrence is su� cient

for the use of PV26: Break/Shift/Tremulous (voice break, pitch shift, tremulous
voice), PV27: Register Break (a break from modal to falsetto register within a
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syllable or between two syllables) and PV28: Diplophonia (the simultaneous produc-

tion of two vocal pitches). Finally, PV29: Multiple Laryngeal Features is used for

combinations of vocal quality or behaviours not already built into the codes
themselves.

DeWnition and coding criteria for resonance

The general de® nition for appropriate resonance is similar to de® nitions for the

other PVSP voice domains: .̀.. oral and nasal features that are within the normal
range for a speaker’s age, gender, and dialect’ . Inappropriate resonance often results

in a less intense vocal signal that may be inappropriately nasal (PV30) in vowel or

diphthong contexts, denasal (PV31) in contexts where nasality is expected or appro-

priate, or nasopharyngeal (PV32), with the last code being used to capture a

`backed’, `mu‚ ed’ form of inappropriate resonance that is neither nasal nor denasal.

Typical speakers

Most conversational utterances from typical speakers have appropriate loudness

and pitch (table 1), with the adult sample in table 2 indicating that approximately

92% of typical adult speakers have appropriate pitch on at least 80% of their

utterances. The data in table 1 on laryngeal quality in these speakers are somewhat

lower, averaging in the upper 80% range of appropriate utterances for the two
samples of typically speaking children, but in the mid 70% range for typically

speaking adults. The per-individual percentages in table 2 illustrate the diŒerences

in the two ways of summarizing the data, with approximately 17% of typically

speaking children and 32%, or nearly one of every three typically speaking adults,

scoring below 80% appropriate laryngeal quality. Such ® ndings are not inconsistent

with survey data indicating a high prevalence of voice diŒerences and disorders in
children and adults (see reviews in Ramig and Verdolini, 1998). The resonance data

in tables 1 and 2 indicate that relatively few speakers with typical speech acquisition

have frequently occurring inappropriate resonance in conversational speech samples.

Speech delay
The sample estimates in tables 1 and 2 indicate that most children with speech delay

have appropriate loudness and pitch in conversational speech, with approximately

86± 89% of children having appropriate loudness and/or pitch on at least 80% of

their utterances. Similar to the ® ndings for typically speaking adults, appropriate

laryngeal quality was coded for only approximately 71± 75% of utterances, with

more than one of every three children with speech delay having fewer than 80%
utterances coded as having appropriate laryngeal quality. Resonance scores averaged

in the pass or questionable pass range for children with speech delay. The one

available resonance estimate in table 2 indicates that only approximately 7% of

children have fewer than 80% of utterances with appropriate resonance.

Clinical populations
Children and adults in the AOS, MR, HFA and AS groups also had appropriate

loudness and pitch, with scores in all but one of the studies in table 1 above 90%
appropriate utterances. Group-averaged scores for laryngeal quality across eight of

the nine studies in table 1 were once again considerably lower than the scores for

loudness and pitch, ranging from approximately 69% to 94% appropriate utterances.
Finally, considerably lowered appropriate resonance scores, averaging in the mid
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60% range, were obtained for four of the ® ve samples of children with AOS, whereas

the one sample of adults with AOS averaged nearly 98% appropriate resonance.

Resonance scores for speakers in the HFA and AS groups were also lower, averaging
approximately 77% and 81%, respectively.

Conclusion

This overview of prosody-voice ® ndings in speech samples from several typically
speaking and clinical populations illustrates the range of potentially useful informa-

tion on suprasegmentals Ð information that, to date, has remained relatively unstud-

ied in communicative disorders. The following observations are oŒered in the spirit

of promoting further research and development in clinical aspects of prosody.

For most of the seven PVSP summative domains and their respective codes there

are few comparable data available to assess the validity of the descriptive ® ndings
summarized in table 2. In children with speech delay, for example, most available

epidemiologic data on the proportion of children with suprasegmental involvements

are qualitative and anecdotal (cf. Shriberg, Tomblin and McSweeny, 1999). Thus,

the concurrent and criterion validity of these data remain untested. Cross-sample

consistencies in the data obtained on diŒerent samples in tables 1 and 2 lend some

con® dence to claims for the validity and reliability of these data and PVSP descrip-
tions of several clinical populations have begun to appear (e.g., Campbell et al.,

2000; Campbell and Dollaghan, 1995; Del Duca, Petrille, Bourne, Leavy, McMillin,

Wieting, Dollaghan, Davis, Liddell and Metzler, 1998; Pittelko, 2000; Porteous,

1995). Cross-laboratory work has also begun on two acoustic-based protocols that

may have the sensitivity, reliability and e� ciency required for ® ne-grained analysis

of lexical and phrasal stress.
Assessment procedures such as those described in this report and elsewhere in

this volume are constrained by e� ciency concerns, particularly the investment of

time needed to acquire the requisite skills and knowledge to code a speech sample.

Skills in the assessment of prosody are not routinely taught in academic training

programmes in communicative disorders, compared, for example, to the training
provided in phonetic transcription and analysis of language samples. Obligatory

training in prosody assessment will likely be motivated only if the correct diagnosis

and funding for treatment of an individual with a communicative disorder is crucially

dependent on quantitative data on his or her prosody status. In this regard, we are

particularly encouraged by the preliminary studies indicating that such a role for

prosody might be found for children with suspected apraxia of speech, mental
retardation, or pervasive developmental disability.

Finally, from a discipline perspective, it might be noted that investigators are

generally wary of assessment data obtained using noninstrumental auditory-

perceptual procedures. For the present concerns, the complexity of methods used to

code inappropriate prosody make it especially di� cult to study theoretically and

clinically relevant aspects of prosody in natural discourse and to clearly report
® ndings. Until acoustic-based procedures are widely available to assess prosody-

voice, possibly aided by preprocessing with speech recognition software, procedurally

disparate auditory-perceptua l approaches such as those described and cited in this

volume remain the only way to address this important assessment task. From this

perspective, we are especially pleased to be a part of this volume and heartily endorse
the editor’s goal of encouraging increased research in clinical aspects of prosody.
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Appendix A: administration and coding of the PVSP

The purpose of this appendix is to provide a brief overview of procedural aspects

of the PVSP. This information should provide a methodological context for the

research ® ndings summarized in this report and may be of use to readers interested
in developing alternative approaches to prosody-voice assessment. Software for the
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PVSP provides considerable e� ciencies in data entry and data analyses, but the data

collection and data coding procedures are essentially similar for paper-pencil and

computer versions. The present review is from the perspective of the paper-pencil
version of the PVSP, with the entire process divided into the following four phases.

These guidelines underscore the many potentially confounding variables that require

controlled procedures when attempting to quantify a speaker’s prosody and voice

characteristics from a recorded conversational speech sample.

Obtaining a Conversational Speech Sample for PVSP Coding

The ® rst task is to obtain a conversational speech sample of su� cient length to

include the required number of utterances for coding on the seven prosody-voice

parameters: phrasing, rate, stress, pitch, loudness, laryngeal quality and resonance.

The recommended target is 24 utterances that meet eligibility criteria for prosody-
voice coding. The examiner who obtains the conversational speech sample must

follow a set of procedural guidelines to ensure that the linguistic content and audio

or video recording of the sample meet the needs for valid prosody-voice coding, as

well as for broad and narrow phonetic transcription if segmental analyses will also

be completed. The PVSP manual (Shriberg et al., 1990) includes the following ® ve

guidelines for obtaining speech samples with good linguistic content.

1. Establish rapport with the speaker before prompting conversation. The posi-

tion of the speech sample within the framework of a larger assessment protocol

requires careful consideration and should probably take place after the speaker

has had an opportunity to become comfortable with the examiner and the
test situation. This will help ensure a more natural conversational interchange

between the examiner and the speaker.

2. Prepare the speaker physically for conversational speech sampling. The

speaker should be physically comfortable at the beginning and throughout

the sample. The examiner has the option of informing the speaker that she is
obtaining a conversational speech sample, using language appropriate to the

age of the speaker. This indicates to the speaker that the conversational

sample is part of the protocol, which clari® es the speaker’s understanding

that, although less structured than other tasks in the protocol, it is an impor-

tant part of the protocol.

3. Use topics and materials that are within the speaker’s cognitive level and
interests. An examiner may need age-appropriate materials, such as pictures

or books to prompt conversational speech from young or less verbal speakers.

Experienced examiners have lists of topics and associated materials available

to successfully evoke conversational speech from speakers of diŒerent ages

and cognitive backgrounds.

4. Monitor examiner prosody-voice throughout the sample. The examiner must
be careful not to model inappropriate prosody or voice characteristics (e.g.,

narrative register, character register) that could in¯ uence the speaker’s prosody

or voice characteristics.

5. Obtain at least 12 codable utterances. Twelve utterances is the minimum

number of utterances needed for a reliable prosody-voice screening assessment
(see Appendix B) and is likely to be su� cient and e� cient for speakers with
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typical prosody-voice or evident utterance-to-utteranc e consistency in pros-

ody-voice involvement. For speakers with notable but variable involvement

in one or more of the prosody and voice domains, the clinical-research
recommendation is to obtain 24 codable utterances.

In addition to these ® ve sampling guidelines, technical and environmental factors

must be monitored to ensure a high-quality speech sample. The recording equipment

should be of high quality and well maintained. An external microphone should be

used, and a recorder with a VU indicator is desirable so that input levels can be set

and monitored throughout the recording session. Environmental noise should be
minimized so that there are no sounds that could potentially interfere with the

transcription or coding of the speech sample. For this reason, the use of noisy toys

during the speech sample is discouraged. The microphone should be placed approxi-

mately 6 inches from the speaker’s mouth, and this lip-to-microphone distance

should be maintained throughout the sample. A head-mounted microphone can also

be used and is preferable if acoustic analyses will be performed.
The 31 exclusion codes (® gure 2) discussed next require additional procedures

to maximize the quality and e� ciency of speech sampling. As reviewed in detail in

the references cited, additional speech sampling strategies include: minimizing ques-

tions that require no more than a single-word response (Exclusion Code C7);

glossing utterances during the conversation to minimize the number of utterances

that would be excluded due to unintelligibility (Exclusion Code C12); avoiding
interruptions or overtalk (Exclusion Code C5); avoiding test situations that could

encourage the use of character or narrative registers (such as role-playing or describ-

ing books or movies; Exclusion Codes R1 and R2); and monitoring body movements

and avoiding topics or situations that encourage the speaker to sing, whisper, use

sound eŒects, or laugh excessively (Environment, Register and States codes). As
noted in the review of PVSP ® ndings, the occurrence of high rates of such behaviours,

despite examiner precautions, may itself provide information on paralinguistic

aspects of a speaker’s communicative de® cits.

Glossing and Segmenting a Speech Sample for PVSP Coding

The second step in the PVSP procedure requires glossing and segmenting the utter-

ances in the speech sample using a playback device to listen to an audio or video

recording of the sample. Due to the variance associated with technical diŒerences

in audiocassette technology, all such listening for audiocassette tapes to date has
been standardized to one analogue device. Clinical researchers interested in using

digital audiotape procedures will need to explore such technical issues when using,

for example, the audio output from microcomputer speakers for glossing and coding

PVSP data. The speaker on the playback unit should face the listener, and the

volume may need to be turned up and/or the playback speed may need to be slowed

down to capture faint or ¯ eeting noises (such as certain intermittent behaviours or
part-word repetitions). A playback device that allows the listener to easily control

loudness, speed, and the number and length of repeats is desirable.

Making an accurate, exact written gloss of each utterance is vital to the validity

of the coding procedure. The PVSP procedural manual includes examples and

guidelines for the variety of glossing and segmentation decisions that occur in
conversational samples from typical and atypical speakers. As with transcriptions
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for the purposes of language analyses and speech-sound analyses, glossing for the

purposes of prosody-voice analyses requires conventions for semantic, syntactic, and

morphological decisions that ultimately aŒect the validity and clinical utility of the
analysis.

Excluding Utterances and Coding Utterances for Prosody-Voice

The third step in the PVSP procedure is to go through the sample a second time
and exclude those utterances that meet the criteria for one or more of the 31

exclusion codes listed in ® gure 2 and to code non-excluded utterances for each of

the prosody-voice domains. The PVSP manual contains detailed information on the

criteria for each of the inappropriate codes and descriptions of exemplars on the

accompanying audiocassette training tape. Several of the inappropriate prosody-

voice codes provide a way to indicate utterances with multiple occurrences of
inappropriate prosody-voice. A record kept in the Notes section of the Prosody-

Voice Coding Log provides additional descriptive information. For example, PV15:

Excessive/Equal/Misplaced Stress includes four types of behaviour that coders anno-

tate to provide the speci® c source of the behaviour(s) used to code stress as inappro-

priate. These four behaviours include excessive/equal stress at the phrase or utterance

level, misplaced stress relative to normal phrasal or emphatic stress, sound blocks
and sound prolongations. Similarly, PV26: Break/Shift/Tremulous is an inappropri-

ate voice code that includes three types of inappropriate vocal behaviours; the

examiner annotates which one or more of these vocal behaviours was the basis for

coding the utterance as inappropriate for PV26. Rationale for the use of multiple

codes is provided in the references cited, essentially re¯ ecting validity and reliability

constraints obtained in the psychometric studies.
In paper-pencil PVSP processing, prosody-voice codes are recorded on a four-

page PVSP Scoring Form that includes speaker and sample identi® cation informa-

tion, utterance-by-utteranc e tallies of exclusion and prosody-voice codes, a section

to graph summative scores, and space to annotate comments and recommendations

regarding the validity of the sample and any other information that may aid inter-
pretation of the screening results. The computerized version provides for similar

information to be stored and retrieved using database formats.

Analysis and Interpretation of PVSP Data

The ® nal steps in the PVSP diŒer considerably in the computer compared to pencil
and paper versions of the procedure, with the software providing considerably more

analytic information. Whichever version is used, ® ndings should be viewed as screen-

ing information, with the limitations attendant to auditory-perceptua l data obtained

in a single sample of behavioural data. The psychometric studies described in

Appendix B provide validity support for dividing the summative PVSP scores on

the seven dimensions into a three-way ordinal classi® cation. For each of the seven
suprasegmentals , summative scores of 90% or above appropriate indicate a pass,

scores of 80.0% to 89.9% indicate a questionable pass, and scores below 80.0%
indicate a fail. In keeping with customary screening conventions, higher rates of

false positives (speakers with fails on the PVSP who have appropriate prosody-

voice) are more desirable than false negatives (speakers who pass the PVSP and
have inappropriate prosody-voice) . In the clinical diagnostic context, failing scores
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indicate areas of prosody-voice that require further review and assessment using

other available methods to make clinical decisions and to monitor progress.

Appendix B: psychometric studies of the PVSP

Validity Studies

Face, content and consensual validity for the PVSP were developed and supported
from a number of sources and studies, including reviews of the literature on prosody

and voice in descriptive linguistics and clinical speech pathology; discussions of

terms and concepts with researchers and clinicians experienced in the areas of speech,

language, ¯ uency, voice, and hearing disorders; and pilot studies that yielded neces-

sary and su� cient exclusion and prosody-voice codes, based on several hundred

conversational speech samples from speakers with typical and disordered speech.
Criterion and concurrent validity for the PVSP was assessed in acoustic studies

for ® ve of the seven prosody-voice variables, including instrumental studies of rate,

stress, pitch, laryngeal quality and resonance quality (Shriberg et al., 1992). Criterion

validity studies for these variables, as well as for phrasing and loudness, included

comparisons of PVSP ® ndings with the perceptual decisions of a panel of expert

listeners. Concurrent validity was assessed by comparing data from the prior studies
that used the ® rst version of the prosody-voice coding procedure to estimates

obtained using the present version of the PVSP. Acceptably close results were

obtained for all but two of the seven prosody-voice domains. DiŒerences between

the two versions on speakers’ rate and pitch appeared to be due to the more stringent

criteria for inappropriate in the present version of the PVSP.

Reliability Studies

Conversational speech sampling. The stability of conversational speech samples has

been assessed in considerable detail, including information on intra- and inter-sample

occurrence of consonants and vowel/diphthongs, canonical forms, parts of speech,

type-token ratios per minute, intelligible words per minute, speech registers, and the
eŒects of alternative sampling modes (e.g., Morrison and Shriberg, 1992; Shriberg

and Kwiatkowski, 1983, 1985; Shriberg et al., 1986; Shriberg and Lof, 1991; Shriberg

and Widder, 1990). Essentially, studies indicate that conversational speech samples

obtained using standardized evocation and recording conventions are quite robust

relative to the linguistic stability and signal ® delity needed for prosody-voice studies.

Internal consistency studies. Two studies support the internal consistency of the

PVSP (Shriberg et al., 1992). One study compared the ® rst 12 utterances to the

second 12 utterances in 24-utterance samples of 64 children with developmental

phonological disorders. Using a 90% pass criterion for each suprasegmental , it was

found that 80± 100% of the retest decisions were similar for those speakers that

passed based on the ® rst 12 utterances. Too few speakers received failing scores on
the ® rst 12 utterances to assess their stability. A second study split the transcripts

of 40 speakers with normal speech and 40 speakers with speech delay into odd and

even utterances; similar scores were obtained for the odd compared to the even

utterances. The internal consistency of the pass scores was again found to be more

stable than the fail scores, but too few fail scores were available for inferential
statistical comparison.
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Prosody-voice coding. Estimates of interjudge and intrajudge agreement for each

phase of the PVSP procedures summarized in Appendix A were obtained in the

developmental studies, and have been reported in nearly all of the clinical studies
using the procedure.

For segmenting conversational speech, estimates of average interjudge agreement

have ranged from 90± 100% (Shriberg, Kwiatkowski and Rasmussen, 1989; Shriberg

et al., 1990). The detailed segmentation rules provided in the PVSP manual appear

to be su� cient for even inexperienced users to obtain high reliability in segmenting
a conversational speech sample for prosody-voice coding.

For exclusion coding, estimates of average agreement on exclusion codes have

been essentially similar, with average intrajudge percentages of agreement ranging

from 71% to 100% and average interjudge percentages of agreement ranging from

76% to 100% (Shriberg et al., 1989; Shriberg et al., 1992). For prosody-voice coding,

estimates of intrajudge and interjudge agreement have been obtained both in the
developmental studies and in nearly all of the clinical studies with this procedure.

In the developmental studies, average intrajudge agreement ranged from 85% to

99% and average interjudge agreement ranged from 78% to 96%. In the clinical

studies, including four separate estimates, interjudge and intrajudge agreement has

ranged from 74% to 99%. These agreement estimates re¯ ect only agreement at the

summative level averaged across the seven prosody-voice domains. Agreement in
the use of the inappropriate codes within each domain are notably lower, depending

on the severity of involvement of the speakers in each study. Thus, although the

summative data are generally reliable for screening purposes, they are not considered

reliable at the level of codes for clinical diagnostic purposes. For such needs,

especially for the three voice suprasegmentals , additional assessment is warranted

using instrumental measures.

E� ciency Studies

E� ciency data on administering the PVSP are assessed by estimates of the time

required to obtain a speech sample long enough to yield the required number of
codable utterances. An approximately 10 minute conversational speech sample has

been found to be su� cient for the various speech and prosody-voice procedures and

analyses used for research purposes, assuming that the speaker produces an average

number of utterances, most of which would not be excluded using PVSP guidelines.

The same conversational speech sample can be used to assess a speaker’s speech

and language as well as prosody-voice, an e� ciency issue that is not always acknow-
ledged when estimating the e� ciency of procedures separately in each domain.

E� ciency data on the time needed to code utterances for PVSP analysis are

described in Shriberg et al. (1992). Pilot and larger group studies indicated that

examiners require approximately 2 minutes per utterance to code the seven supraseg-

mentals as appropriate or inappropriate. This average varies greatly depending upon

the speech and prosody-voice involvement of the speaker, the quality of the sample,
the e� ciency and skill of the examiner who obtained the conversational speech

sample, and, most importantly, on the experience and auditory-perceptua l skills of

the coder.

A related e� ciency issue concerns the number of utterances in a conversational

speech sample that must be excluded from prosody-voice coding. As described in
the PVSP manual, from 15% to 85% of utterances may need to be excluded from
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prosody-voice coding because they meet criteria for one or more of the exclusion

codes. For a group of young children with speech delay, the average percentage of

excluded utterances was 51% with a standard deviation of 17%. Of the excluded
utterances, 87% were due to three codes: C7: Only One Word, C12: Too Many

Unintelligibles, and R2: Narrative Register. As suggested in Appendix A, the use of

speech sampling procedures that minimize the occurrence of these types of utterances

greatly increases the e� ciency of the prosody-voice coding.

Finally, several studies have provided e� ciency data on the time needed to learn
the PVSP, including an initial study involving two clinical instructors, an independent

learning group study, and a group learners study (Shriberg et al., 1992). For the

independent learning group study, in which three students were recruited to learn

the PVSP procedure on their own using only the training materials, the average

training time was 15 hours, 17 minutes. As with other procedures for prosody

assessment cited in this volume, acquisition of the skills required to complete pros-
ody-voice analysis with the PVSP is a challenging task.


