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Abstract

Purpose: To examine the effects of intensive speech treatment on the conversational in-
telligibility of Castilian Spanish speakers with Parkinson’s disease (PD), as well as on the speak-
ers’ self-perceptions of disability.

Method: Fifteen speakers with a medical diagnosis of PD participated in this study.
Speech recordings were completed twice before treatment, immediately post-treatment and at a
one-month follow-up session. Conversational intelligibility was assessed in two ways—tran-
scription accuracy scores and intelligibility ratings on a 9-point Likert scale. The Voice Handicap
Index (VHI) was administered as a measure of self-perceived disability.

Results: Group data revealed that transcription accuracy and median ease-of-understand-
ing ratings increased significantly immediately post-treatment, with gains maintained at the one-
month follow-up. The functional subscale of the VHI decreased significantly post-treatment,
suggesting a decrease in perceived communication disability after speech treatment.

Conclusion: These findings support the implementation of intensive voice treatment to
improve conversational intelligibility in Spanish speakers with PD with dysarthria as well as to
improve the speakers' perception of their daily communicative capabilities. Clinical and theoreti-
cal considerations are discussed.



Introduction

Parkinson’s disease (PD) affects approximately 150,000 people in Spain (Federacion Es-
pafiola de Parkinson, 2010) and four to six million people worldwide. It is the second most com-
mon neurodegenerative disease following Alzheimer’s disease. In the United States, PD is esti-
mated to affect one million individuals and is rated the 14" leading cause of death (National Par-
kinson Foundation, 2013). The motor speech disorder of hypokinetic dysarthria is prototypically
associated with PD and its effects on various voice parameters (e.g., pitch, loudness, stress) have
been reported to negatively impact speakers’ intelligibility (Yorkston, Beukelman, Strand, &
Hakel, 2010), which, in turn may compromise this large population’s communicative participa-
tion (McAuliffe, Baylor, & Yorkston, 2016).

In a study of the incidence of PD in the US, Hispanics were found to have the highest in-
cidence of the disease, followed by non-Hispanic Whites (Van Den Eeden et al., 2003). Moreo-
ver, according to the 2010 U.S. Census Bureau report on the languages spoken in the United
States in 2007, of the 55.4 million people who spoke a language other than English at home, 62%
spoke Spanish (U.S. Census Bureau, 2010). Spanish is the second most spoken native language
in the world, with over 472 million native speakers. Moreover, Spanish is spoken by almost 567
million people when second language learners are included (Fernandez Vitores, 2016). Despite
the prevalence of this linguistic group, however, little is known about Spanish dysarthria and
even less, about the effects of speech treatment on intelligibility in Spanish.

Intelligibility is a complex construct, influenced by a number of factors, including the
complexity of utterances and the environment in which communication takes place. Research
studies examining intelligibility in dysarthria secondary to PD commonly undertake intelligibil-
ity assessment through estimates of intelligibility and/or transcription tasks focused on words
and/or sentences and usually in quiet laboratory conditions. Neel (2009), for example, examined
intelligibility in a quiet environment by means of a 7-point rating scale and word transcription
accuracy in two separate experiments. Tjaden and Wilding (2004) investigated intelligibility in
quiet in speakers with PD and multiple sclerosis (MS) using magnitude estimation of a paragraph
excerpt. Sentence transcription and visual analogue scales (usually assessing stimuli in quiet set-
tings) have also been used in the examination of perceived intelligibility (Sussman & Tjaden,
2012). Although these methods have provided insight into how dysarthric speech in PD is per-
ceived by naive listeners, they may be limited in their representation of the everyday communi-
cation difficulties experienced by those with PD in that conversational speech in noisy environ-
ments is more typical of communicative situations than repeated or read utterances in quiet, for
example.

One way in which intelligibility can be examined in perhaps more meaningful, real-life
contexts (Yorkston, Hakel, Beukelman, & Fager, 2007) is through the addition of background
noise (Fontan, Tardieu, Gaillard, Woisard, & Ruiz, 2015; Ozimek, Warzybok, & Kutzner, 2010).
Presumably, this approach better simulates communicative deficits experienced by those with
dysarthria in everyday listening environments. For example, Tjaden, Sussman, and Wilding
(2014) examined scaled intelligibility of utterances produced in three different speaking styles
(i.e., clear, loud, and slow) in 16 speakers with PD and 30 speakers with MS. Their sentence pro-
ductions were then mixed with multitalker babble before presentation to listeners who utilized a
continuous visual analogue scale to judge either the speakers’ intelligibility or severity. Simi-
larly, Stipancic, Tjaden, and Wilding (2016) examined the orthographic transcription of sen-
tences that were mixed with multitalker babble in a study that compared their objective measures
of intelligibility to the subjective measures in Tjaden et al.’s (2014) investigation.



The current study focused on the outcomes of an intensive speech treatment in a group of
Spanish speakers with dysarthria. Conversational speech was chosen for intelligibility analysis
because, although less easily controlled experimentally, it represents a more natural communica-
tive condition and is more likely to reflect the true speech characteristics of speakers with PD
than more structured speech tasks (Sapir et al., 2007). Because conversational speech is thought
to be the most socially-valid communication mode for evaluating intelligibility (Flipsen, 2006)
and, thus, may have greater external validity (De Bodt, 2002; Weismer, Jeng, Laures, Kent, &
Kent, 2001), an emotional monologue was selected in this study of treatment-related changes in
speakers’ intelligibility.

Voice Treatment Speech in PD

The Lee Silverman Voice Treatment (LSVT LOUD) is an intensive speech treatment that
aims to increase vocal intensity in individuals with dysarthria secondary to PD. This treatment
has Level I evidence for improving vocal fold function in English speakers with PD (Ramig,
Countryman, Thompson, & Horii, 1995; Ramig ef al., 2001). It is based on motor learning prin-
ciples, mainly specificity, saliency, intensity and repetition, and aims to enhance neural plasticity
through the implementation of motor routines (Fox, Ebersbach, Ramig, & Shapir, 2012; Kleim,
Jones, & Schallert, 2003; Kleim & Jones, 2008). LSVT LOUD is reported to increase subglottal
air pressure and thus increase vocal intensity, improve vocal fold adduction and articulatory
movements, and enhance vocal tract configurations in English speakers with PD (Ramig et al.,
2001). The resulting physiological changes have been shown to improve vocal quality (Baum-
gartner, Sapir, & Ramig, 2001) and articulation (Dromey, Ramig, & Johnson, 1995), expand fun-
damental frequency range (i.e., prosodic inflections) and enhance resonance (Ramig et al, 2001).

A few studies report on the effects of LSVT LOUD on speech intelligibility in dysarthria.
For example, Ramig ef al. (1995) showed significant improvements in pre-to-post intelligibility
ratings following LSVT LOUD. In El Sharkawi et al.’s (2002) study of LSVT LOUD effects on
swallowing and voice, perceived speech, as measured by speech assessment scales, visual ana-
logue scales and Voice Handicap Index (VHI; Jacobson et al., 1997) scores, trended towards im-
provement as a function of treatment although the gains were not statistically significant. There
has been limited investigation of the outcomes of LSVT LOUD using orthographic transcription
tasks, which are considered the gold standard of intelligibility measurement (Fontan et al., 2015;
Hustad, 2006; Stipancic et al., 2016). In a single case study, significant increase in words under-
stood (in a sentence task) was observed based on six blinded listeners’ ratings pre and post LSVT
(Cannito et al., 2008). In a second study of eight participants with PD, Sentence Intelligibility
Test (SIT; Yorkston, Beukelman, Hakel, Dorsey, 2007) scores pre- and post-treatment presented
in pink noise to 24 listeners increased significantly following treatment (Cannito ef al., 2012). To
the best of our knowledge, however, only two studies have investigated the effects of intensive
speech or voice treatment on conversational intelligibility in English speakers with dysarthria
due to PD. In both investigations, preliminary results indicated that the group of 19 speakers who
received LSVT LOUD demonstrated significant improvements in conversational intelligibility
(Levy, Moya-Galé, Hopf, Forrest, & Ramig, 2016; Ramig et al., 2015).

Overall, LSVT LOUD results in improvements to voice and phonatory function and pre-
liminary results suggest enhanced intelligibility in English speakers with PD. While the approach
is practiced in numerous countries in which English is not the primary language, there has been
minimal study of the outcomes of treatment with non-English speakers. Whitehill, Kwan, Lee,
and Chow (2011) investigated the effects of LSVT LOUD in 12 Cantonese-speaking individuals
with idiopathic PD. Results revealed significant improvements in both vocal loudness and



intonation. However, lexical tone was already relatively intact at pre-treatment, as measured by
tone acoustics (i.e., fundamental frequency configurations) and perceptual analysis (i.e., tone
transcription of isolated syllables and identification of incorrect lexical tones in phrases). Intelli-
gibility in connected speech, however, was not measured and disability-based measures were not
included in this study. In a study on French dysarthria, Martel Sauvageau, Roy, Langlois, and
Macoir (2015) analyzed the effects of LSVT LOUD on vowel articulation and coarticulation in
nine speakers of Quebecois French with a medical diagnosis of idiopathic PD. Vowel space and
vowel duration increased and greater distinctiveness in consonant-vowel coarticulation patterns
was achieved post-treatment. Outcomes of an adaptation of LSVT LOUD have also been exam-
ined in speakers of Brazilian-Portuguese. Lemos de Azevedo, Soares de Souza, Marques de
Oliveira and Cardoso (2015) examined prosodic parameters in ten Brazilian-Portuguese speakers
with PD. Speakers received 16 50- minute sessions twice a week (instead of four 50-minute ses-
sions during four weeks, as described in the original protocol). Results yielded an increase in
fundamental frequency measures and intensity and a decrease in measures of duration after the
intensive treatment. Again, neither speech intelligibility nor disability-based measures were as-
sessed in these studies.

To the authors’ knowledge, the effects of the LSVT LOUD program have not been inves-
tigated in Spanish-speaking individuals with PD. Furthermore, overall research on the nature or
treatment of Spanish dysarthria secondary to PD is sparse. In his doctoral dissertation, Frass
(2003) investigated the relationship between the acoustic variables of voice onset time (VOT),
vowel space and second formant (F2) transitions and intelligibility at the single word level in 11
Spanish speakers from Texas and 14 healthy controls, with modest results. In an acoustic study,
Gamboa et al. (1997) examined the features of dysarthric speech in 41 Castilian Spanish-speak-
ing individuals with PD who were treated with dopaminergic drugs. Findings indicated in-
creased jitter (i.e., frequency perturbation) and reduced harmonic/noise ratio during sustained
vowel phonation, and reduced fundamental frequency range and intensity during sentence pro-
duction. Similarly, Jiménez- Jiménez et al. (1997) examined voice features in 22 Castilian Span-
ish-speaking individuals with PD who were not treated with dopaminergic medication (i.e., rec-
orded in their OFF phase). Acoustic analyses also revealed increased jitter and reduced har-
monic/noise ratio during sustained vowel phonation, as well as reduced fundamental frequency
range in sentence production. Increased shimmer was also reported in these speakers. Despite
these studies, however, little is known about speech intelligibility in Spanish speakers with
hypokinetic dysarthria and the effects of treatment on their intelligibility.

Aims of the Present Study

The current study was motivated primarily by the paucity of evidence on which to base
speech treatment for Spanish speakers with PD. We examined the changes in conversational in-
telligibility of native Spanish speakers with PD as a function of LSVT LOUD. This treatment,
which emphasizes increased vocal loudness, was selected for two primary reasons: First, LSVT
LOUD is the treatment with the strongest evidence (i.e, Ramig et al., 1995; Ramig et al., 2001)
to date for improving vocal function in English speakers with dysarthria secondary to PD. Sec-
ondly, increased vocal loudness has been shown to improve perceived intelligibility in English
speakers with dysarthria (e.g., Levy et al., 2016; Tjaden & Wilding, 2004). Loud speech has
been hypothesized to enhance cues to syllabic stress in English dysarthria (e.g., increasing vocal
intensity, improving pitch, changing vowel articulation), potentially facilitating lexical stress
segmentation (Lansford, Liss, Caviness, & Utianski, 2011). If improvements in intelligibility



occured universally as a function of louder speech, LSVT LOUD would also be expected to im-
prove intelligibility in Spanish and across languages.

Additionally, in the present study the speakers’ self-perception of disability (as measured
by the VHI) and sound pressure level (SPL) were examined pre- and post-treatment, as well as
one-month post-treatment to assess maintenance of any changes. We hypothesized that there
would be a significant increase in conversational intelligibility (i.e., percentage of words under-
stood after LSVT LOUD treatment and in intelligibility ratings), as well as in SPL in Spanish
dysarthria. We also hypothesized a significant decrease in VHI scores, which would be indica-
tive of an improvement in the speakers' functional communicative abilities, the physical condi-
tion of their voice and their emotional state.

More theoretically, examining intelligibility (e.g., as assessed by naive listeners) in vari-
ous languages could be of interest to better understand not just the universal deficits of speech
production induced by neurological pathologies, but also difficulties induced by the linguistic
characteristics and constraints of the particular language studied (Pinto, Chan, Guimaraes, Rothe-
Neves, & Sadat, 2017: Miller & Lowit, 2014). In addition, examining more global intelligibility
changes in Spanish speakers with dysarthria as a function of treatment is a clinically urgent and
theoretically relevant first step in such cross-linguistic research.

Method

This study was approved by the Institutional Review Board at Teachers College, Colum-

bia University and in Barcelona, Spain.

Speakers

Fifteen adults (10 males and 5 females) with a medical diagnosis of PD and no history of
speech or language problems prior to the onset of their disease participated in the study. Speak-
ers’ biographical details are presented in Table 1.

Table 1. Biographical details of the 15 speakers with hypokinetic dysarthria

Participant Age Sex Hoehn & YPD Dysarthria Perceptual Impression
Yahr stage Severity
(1967)

Pl 82 F 25 7 Mild Hoarseness, reduced volume

P3 58 M 2.0 8 Mild Hoarseness, monopitch

P4 59 M 2 11 Moderate Fast speech, rapid rushes of speech, imprecise
articulation

PS5 78 M 3 8 Moderate Monoloudness, monopitch, reduced volume,
imprecise articulation

Pé6 69 F 25 9 Mild Vocal harshness, reduced volume

P7 80 M 25 NA Moderate Monopitch, imprecise articulation, reduced volume,
monoloudness

P8 77 M 2 14 Mild-moderate Reduced volume, short rushes of speech, monopitch

P9 58 M 2 15 Mild monopitch

P10 75 F 25 6 Mild Reduced volume

P11 69 M 2 5 Mild-moderate Monopitch, monoloudness, reduced volume

P12 79 M 3 17 Moderate Fast speech, rapid rushes of speech, imprecise
articulation, reduced volume

P14 64 M 2 7 Mild Hoarseness, instances of pallilalia

P15 65 M 3 25 Moderate Breathiness, reduced volume, monoloudness,
monopitch

P16 77 F 2 1 Mild Reduced volume

P17 62 F 2.5 1 Mild Reduced volume

Note. Perceptual impressions were determined by two experienced speech-language pathologists. YPD = years post-diagnosis; M =
male; F = female; NA = not available




All were native speakers of Castilian Spanish, ranging in age from 58 to 82 years (M =
70, SD = 8). Speakers scored a minimum of 25/30 on the Mini-Mental State Examination (Fol-
stein, Folstein, & McHugh, 1975; Lobo et al., 1999) in their initial evaluation, suggestive of no
cognitive impairment. Their degree of motor severity was categorized as Stages I-I1I on the
Hoehn and Yahr (1967) Scale during their ON phase, as determined by a neurologist. Similarly,
speakers scored no higher than 2 (i.e., moderate difficulty with little or no assistance) in the gross
motor components (e.g., walking) of Part III of the Unified Parkinson Disease Rating Scale (UP-
DRS; Goetz et al., 2008) for their motor evaluation and obtained a minimum score of 1 (i.e.,
mild difficulty) during their ON phase. Presence and severity of hypokinetic dysarthria were de-
termined by two speech-language pathologists, both native speakers of Castilian Spanish, via a
consensus rating procedure (McAuliffe, Kerr, Gibson, Anderson, & LaShell, 2014). Perceptual
judgments were based on audio recordings of the speakers’ maximum phonation, diadochokine-
sis, and a brief conversational monologue (Tjaden & Wilding, 2004).

Hypokinetic dysarthria was operationally defined as the presence of some or all of the
following speech characteristics: mono-pitch, mono-loudness, reduced stress and loudness, short
rushes of speech, inappropriate silences and/or tremor (Rosen, Kent, Delaney, & Duffy, 2006).
Speakers’ severity of dysarthria was categorized as mild (» = 8), mild to moderate (n = 2) and
moderate (n = 5). All speakers were neuropharmacologically stable during treatment. Those who
had undergone surgical procedures such as deep brain stimulation (DBS) were excluded from
this study.

Speakers were recruited from UParkinson, a specialized unit for PD research and treat-
ment, at the Teknon Medical Center in Barcelona, Spain. They received intensive speech treat-
ment from the first author and all services were free of charge. Recruitment took place in Spain
because it provided a good opportunity to establish dialectical homogeneity among the speakers
with PD.

Procedure

Speech testing took place at the Laboratory of Phonetics of the University of Barcelona
on four occasions—one month and one week before initiation of treatment, one week post-treat-
ment, and one month after the post-treatment test. At their first assessment, speakers completed a
language background questionnaire at the beginning of the recording session. At each session
they underwent recordings of their conversational speech and completed the Spanish-validated
version of the Voice Handicap Index (VHI; Nufiez-Batalla et al., 2007). Full details are provided
below.

For the conversational speech recording, speakers wore an EMW Omnidirectional
Lavalier microphone taped to their forehead and secured with a headband. A mouth-to-micro-
phone distance of 8 cm was maintained constant across speakers. The microphone signal passed
through a LBS Whirlwind Splitter and a Focusrite Scarlett 2i2 audio interface and was recorded
into a digital (ZOOM H4n handy) recorder at a sampling rate of 48kHz with 16 bits of quantiza-
tion. The input level was not changed throughout the entire study. A calibration tone was gener-
ated at the beginning and at the end of each recording session with a KORG LCA-120 Chromatic
Tuner for calculation of SPL and noted on a Galaxy CM 140 sound level meter (SLM). For each
calibration tone, the forehead microphone and the SLM were positioned 8 cm from the mouth of
a Styrofoam head, modeling the actual recording conditions for each speaker (Fox & Boliek,
2012).

During the testing sessions, speakers were recorded producing an emotional monologue



in which they described a happy day in their lives for approximately 60 seconds (e.g., Ramig et
al., 1995). The instructions were: ‘Ahora quiero que piense en un dia o momento feliz en su vida
y que lo comparta conmigo’ [Now I want you to think of a happy day or moment in your life and
share it with me]. The principal investigator, who delivered speech treatment, did not collect
post-treatment data in order to avoid speakers’ familiarity with the clinician (Kapsner-Smith et
al., 2014).

The VHI was administered to provide information on the impact of the speakers' commu-
nication disorder on their quality of life and activities of daily living. This questionnaire was se-
lected because of its ecological validity as a measure of self-report (Kapsner-Smith, Hunter,
Kirkham, Cox, & Titze, 2014).

Treatment Protocol

Participants engaged in treatment in their ON phase because motor learning has been
found to depend not only on task-training per se (i.e., speech treatment exercises) but also on do-
pamine effects (Beeler et al., 2010; Kang & Auinger, 2012). The speech intervention for this
study, LSVT LOUD, followed the protocol as described in Ramig et al. (1995) and was imple-
mented in four individual and consecutive 60-minute sessions a week for four weeks (i.e., total
number of sessions = 16). Following the treatment protocol, maximum performance tasks (i.e.,
maximum sustained phonation of ‘ah’ and maximum fundamental frequency range), and reading
of functional phrases constituted the first half of each session. Language tasks, which varied
daily, constituted the second half of the session and were constructed following a weekly hierar-
chical order of language complexity (i.e., single words/phrases, sentences, paragraph and conver-
sational level). Treatment materials were tailored toward each speaker’s personal interests in or-
der to increase treatment saliency.

Augmented feedback, a component of the LSVT LOUD protocol, was provided to partic-
ipants through various instruments (e.g., voice recorder, stop watch, voice mail) in order to en-
hance speakers’ performance. As sensory dysfunction is a common characteristic in PD (Nolano
et al., 2008), knowledge of results was provided as a substitute for the missing task-intrinsic
feedback that is required to learn the target skill (Magill, 2011). All speakers received daily
homework and carry-over tasks. Treatment sessions were video-recorded on a Canon VIXIA HF
R500 Digital Camcorder and reviewed by a second speech-language pathologist in order to en-
sure treatment fidelity (Moncher & Prinz, 1991), strengthening the study’s internal validity.
Listeners

A total of 21 listeners (nine men and 12 women) were recruited to complete the two intel-
ligibility tasks. The listeners’ average age was 38.1 years (SD = 14.2, range = 18-57 years). Lis-
teners were native speakers of Castilian Spanish and reported no history of speech, language or
hearing disorders. Additionally, none of them reported having had experience with motor speech
disorders. They all passed a bilateral pure-tone hearing screening at 25dB at 500, 1000, 2000 and
4000 Hz (American National Standard Institute, 2010) and completed a language background
questionnaire prior to their participation in the study.

The intelligibility investigation was based on samples from the emotional monologue
produced by the speakers with PD. Listeners were seated in front of a MacBook Pro laptop with
Mac OSX 10.10.3 and wore Sennheiser HD 280 pro headphones at a comfortable listening level.
Two tasks were conducted to examine speech intelligibility: transcription accuracy and intelligi-
bility ratings, as described below.

Stimulus preparation



The stimuli (n = 270) consisted of grammatically correct six- to nine-word utterances
(Beijer, Clapham, & Rietveld, 2012). Utterances were selected approximately 20 sec into the
speech sample in order to eliminate potential effects that tend to be associated with the beginning
and end of the speech signal (Turner, Tjaden, & Weismer, 1995). Three utterances per data col-
lection point for each speaker (i.e., two baselines, one immediate post-test, and one-month fol-
low-up) were included in these tasks, totaling 12 utterances per speaker. Speech samples were
discarded if they contained extraneous noise (Levy, Chang, Ancelle, & McAuliffe, 2017), most
often due to dyskinesias. Although some degree of experimental control was relinquished when
using utterances from a spontaneous speech sample, semantically unpredictable utterances of the
length selected for the present study have been found to be suitable intelligibility measures for
efficacy research (Beijer et al., 2012). For stimulus verification before the selected utterances
were embedded in noise, two trained scorers transcribed them, attaining 100% accuracy. Utter-
ances were randomized across time point and speakers and presented in five blocks of 54 items.
Differences in speaking rate between the samples were not eliminated.

Utterances were then embedded in six-talker babble (Simpson & Cooke, 2005; Van
Engen & Bradlow, 2007) using Matlab software. This type of noise was chosen to increase eco-
logical validity (Cullington & Zeng, 2008; Fontan et al., 2015; Wilson, Abrams, & Pillion, 2003)
because communicative environments that include background talkers are frequently experi-
enced by listeners. The multi-talker babble consisted of six native Spanish speakers (three males
and three females) speaking about different topics in order to approach recreation of listeners’
daily communication environment (to the extent possible in this experimental setting). The re-
cording for each babble talker was processed separately so that the noise component had the in-
tensity of -25 dB. Possible pauses between words in the babble were also deleted. The individual
recordings were subsequently mixed together to create a single six-talker noise. In order to en-
sure that the noise intensity was constant at all times, the noise was divided in consecutive win-
dows of 0.025 seconds, each of which was adjusted to have the intensity of -25 dB. The resulting
noise file was then adjusted to have the same intensity as each pre-treatment utterance to achieve
0 dB SNR for that utterance. Finally, the noise levels for the post-test and follow-up samples
were maintained constant relative to the pre-test noise levels of each utterance in order to exam-
ine treatment effects in the same noise environment. Multitalker babble has been studied in the
literature at various SNRs (Simpson & Cooke, 2005; Van Engen & Bradlow, 2007). Noise levels
for these speakers were piloted at -5 dB, -2 dB, 0 dB, +2 dB and +5 dB SNR, and the resulting
ceiling and floor effects on the intelligibility measures were examined. A final SNR of 0 dB was
selected to best capture the perceived range of severity of the speakers’ dysarthria.

Listener Tasks: Transcription Accuracy and Intelligibility Ratings

Listeners were instructed to type orthographic (i.e., word-by-word) transcriptions of the
recordings on an Excel spreadsheet. They were further instructed to provide an estimate of intel-
ligibility for the target utterances using a 9-point Likert scale (i.e., 1 = nada inteligible [not at all
intelligible] and 9 = completamente inteligible [completely intelligible]). The following instruc-
tions were provided verbally and also appeared on the computer screen: ‘Por favor transcriba
esta muestra de voz. Las transcripciones son ortograficas (con letras normales). En una escala del
1 al 9, valore cémo de inteligible es la frase que acaba de transcribir’ [Please transcribe this
speech sample. Transcriptions are orthographic (with normal letters). On a scale from 1-9, rate
the intelligibility of this sentence you just transcribed]. A practice phase was included for task
familiarization purposes. In this phase, listeners were presented with six utterances (of speakers
with PD and stimuli not included in the experiment) and completed the transcription and rating



tasks as detailed above. They were given the opportunity to ask clarification questions to the in-
vestigator during familiarization. The practice and experimental tasks were self-paced and took
approximately 90 minutes to complete. Listeners were given a 2-min break after each block of
stimuli if needed. Listeners heard each utterance only once to avoid learning effects (Wilson,
Bell, & Koslowski, 2003).

Six utterances were replayed to each listener (with intervals of 54 stimuli) to assess in-
tra-listener reliability. Reliability was high for all listeners, with Cohen's linearly weighted kappa
ranging between 0.83 and 1 for ratings and between 0.875 and 1 for transcription accuracy. Alt-
hough there was some variation in the transcription ability of the listeners, there were no clear
positive or negative outliers. The average transcription accuracy per listener ranged from 42.05%
to 58.36%, with a mean of 49.67% (SD = 4.38). Average ratings ranged from 4.18 to 6.44 (M =
5.05; SD = 0.49).

Statistical Analysis

A series of general linear mixed-effects models was fitted to the data set to test for signif-
icant differences in transcription accuracy, intelligibility ratings, SPL and VHI scores across data
collection points. The trichotomous categorical variable ‘dysarthria severity’ was included in the
model as predictor (with categories ‘mild’, ‘mild to moderate’ and ‘moderate’). The first pre-
treatment session (for time) and ‘moderate’ (for severity) were coded as reference categories.
Random effects were restricted to random intercepts (for each speaker). Approximate F-tests
were used to verify whether the estimated fixed effects were statistically significant.

The percentage of correctly transcribed words and listeners' ratings of each utterance
were averaged per speaker and data collection point from a total of 3780 observations (15 speak-
ers x 4 data points x 3 utterances x 21 listeners). First an average of the 21 listener ratings was
calculated per sentence, and then the average of the three sentences per data collection point was
determined for each speaker. The pairwise inter-listener reliability was high for both the percent-
age of correctly understood words (n = 60; 0.667 <r < 0.906; p <0.01) and the ratings (n = 60;
0.702 <r<0.894; p <0.01). Likewise, SPL was averaged over the three sentences per speaker
and data collection point.

Results
The findings on transcription accuracy, intelligibility ratings, and SPL are described be-
low, followed by results of the VHI.

Transcription, Ratings, and Sound Pressure Level

Table 2 shows the mean percentage (and standard deviation) of correctly transcribed
words, intelligibility ratings and SPL per data collection point. Detailed
parameter estimates and fit statistics of the mixed effects models are provided in Table 3, and the
results of the approximate F-tests of the fixed effects are given in Table 4.



Table 2. Means, standard deviations and range for transcription accuracy scores, intelligibility
ratings, and sound pressure level

Transcription Intelligibility Sound
Accuracy Ratings Pressure Level
(%) (1-9) (dB)

M min M min M min

Time (SD) max (SD) max (SD) max
Pretest 1 32.28 0.18 3.61 1.17 65.03 57.19
(31.81) 89.64 (2.35) 7.83 (5.11) 74.40
Pretest 2 28.55 0.40 3.51 1.21 64.72 58.00
(27.17) 83.02 (1.98) 7.17 (3.76) 70.20
Immediate 71.73 16.47 6.75 2.84 69.15 61.40
post (26.68) 100 (1.92) 8.78 (3.53) 75.60
Follow-up 66.08 2.34 6.33 1.86 68.27 60.70

(28.22) 97.53 (2.03) 8.43 (3.73) 75.20

Transcription accuracy increased significantly as a function of treatment (p < 0.0001).
The average transcription accuracy scores for speakers with PD were 32.28% (SD = 31.81%;
range: 0.18% — 89.64%) for the first pre-treatment and 28.55% (SD = 27.17%; range: 0.40% —
83.02%) for the second pre-treatment sessions. Performance did not differ significantly at base-
lines (p > 0.05), as indicated by approximate F-tests (see Table 4). The average transcription
scores immediately post-treatment were 71.73% (SD = 26.68%; range: 16.47% — 100%) and
66.08% (SD = 28.22%; range: 2.34% — 97.53%) at the one-month follow-up, with no significant
difference in performance between the two post-treatment sessions. (p > 0.05). Intelligibility rat-
ings also increased significantly after treatment (p < 0.0001). The utterances by the speakers with
PD were rated 3.61 (SD =2.35; range: 1.17 — 7.83) on average at the first pre-treatment and 3.51
(SD = 1.98; range: 1.21 — 7.17) at the second pre-treatment session. There was no significant dif-
ference in performance between both baseline pre-treatment sessions (p > 0.05). The average in-
telligibility ratings after the treatment were 6.75 (SD = 1.92; range: 2.84 — 8.78) for the immedi-
ate post-test and 6.33 (SD = 2.03; range: 1.86 — 8.43) for the one-month follow-up. No signifi-
cant difference was found between the ratings immediately post-treatment and the ratings one
month afterwards (p > 0.05). Sound pressure levels followed a similar pattern to both measures
of intelligibility. The mean SPL increased significantly as a function of treatment (p < 0.001).
SPL at the first pretest was 65.03 dB (SD = 5.11; range: 57.19 — 74.40) on average and 64.72 dB
(SD = 3.76; range: 58.00 — 70.20) at the second pretest. The difference in SPL between the two
pretests was not significant (p > 0.05). Immediately post-treatment, the average SPL increased to
69.15 dB (SD = 3.53; range: 61.40 — 75.60), and one month later SPL was 68.27 dB (SD = 3.73;
range: 60.70 — 75.20). No significant difference in SPL was found between the immediate and
the delayed post-test (p > 0.05).

The estimates for the categorical variable of dysarthria severity are presented in Table 3
below. Transcription accuracy scores for speakers with mild dysarthria were estimated to be
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39.18 percentage points higher than for those diagnosed with moderate dysarthria, and 11.50 per-
centage points higher compared to speakers with mild to moderate dysarthria. As for intelligibil-
ity ratings, speakers with mild dysarthria received, on average, a rating 3.14 points higher than
the rating obtained by individuals with moderate dysarthria, and 1.04 points higher than those
with mild to moderate dysarthria. Furthermore, average SPL for moderate dysarthria was 5.13
dB lower than the SPL of mild dysarthria and 2.57 dB lower than that of mild to moderate dysar-
thria.

Table 3. Parameter estimates and fit statistics mixed effects models for transcription accuracy,
intelligibility ratings and sound pressure level

Transcription Intelligibility Sound
Accuracy (%) Ratings Pressure Level

Estimate SE Estimate SE Estimate SE

Fixed effects

Intercept 7.69 8.51 1.65™ 0.57 61.95™ 1.30
Time
Pretest 1 0 . 0 . 0
Pretest 2 -3.73 6.42 -0.09 0.43 -0.31 0.94
Immediate post 39.44™ 6.42 3.15" 0.43 4.12™ 0.94
Follow-up 33.80™ 6.42 2.72% 0.43 3.25™ 0.94

Dysarthria severity

Mild 39.18" 9.62 3.14™ 0.65 5.13* 1.49
Mild to moderate 27.68 14.12 2.10" 0.95 2.57 2.18
Moderate 0 ) 0 . 0

Variance components

Speaker 207.48" 117.42 0.94" 0.53 5.14" 2.80
Residual 308.64™ 67.35 1.39" 0.30 6.66" 1.45
REML log-likelihood 493.7 202.0 287.8

» <0.05; “p<0.01
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Table 4. Approximate F-tests of fixed effects

F.42) Pr>F
Transcription Accuracy
Prel vs Pre2 0.34 0.564
Prel vs Immediate post 37.80 <0.0001
Prel vs Follow-up 27.76 <0.0001
Pre2 vs Immediate post 45.29 <0.0001
Pre2 vs Follow-up 34.23 <0.0001
Immediate vs Follow-up 0.77 0.384
Ratings
Prel vs Pre2 .05 0.830
Prel vs Immediate post 53.50 <0.0001
Prel vs Month follow-up 32.92 <0.0001
Pre2 vs Immediate post 56.71 <0.0001
Pre2 vs Follow-up 42.70 <0.0001
Immediate vs Follow-up 0.99 0.325
Sound pressure level
Prel vs Pre2 0.11 0.746
Prel vs Immediate post 19.12 <0.0001
Prel vs Follow-up 11.87 0.001
Pre2 vs Immediate post 22.08 <0.0001
Pre2 vs Follow-up 14.22 0.0005
Immediate vs Follow-up 0.86 0.359
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Voice Handicap Index

VHI scores per subscale (i.e. functional, physical and emotional) were calculated follow-
ing standard procedures. Missing responses were imputed using the mean score obtained for the
other questions within the relevant category. Table 5 shows the mean scores and standard devia-
tions (SD) for the three subscales of the VHI as well as the total score for the three data collec-
tion points. Note that the VHI was completed at only three different occasions (i.e., not at the
time of the second pretest). The parameter estimates for the mixed effects model are provided in
Table 6.

Table 5. Mean and total scores (with standard deviation) for the three VHI subscales

Functional Physical Emotional Total score
Time M SD M SD M SD M SD
Pre 15.14 10.73 13.87  8.69 853 10.75 37.54 27.67

ImmPost 10.55 853  11.90 9.71 7.08 8.74  29.53 2437
Month 11.49 9.06 11.61 7.39 6.88 8.08  29.98 2227

Mean scores post-treatment were lower than at pre-test in all three subscales. Large
standard deviations are indicative of high inter-individual variation. For the functional subscale,
post-treatment values showed a significant decrease compared to pre-treatment values (p < 0.05),
indicating an improvement in self-perceived communicative abilities as a function of treatment.
The mean score at pre-test was 15.14 (SD = 10.73), compared to 10.55 (SD = 8.53) immediately
post-treatment and 11.49 (SD = 9.06) at follow-up. The difference between the two post-treat-
ment scores was not significant (p > 0.05). On the physical subscale, the mean score at pre-treat-
ment was 13.87 (SD = 8.69); immediately post-treatment, 11.90 (§SD =9.71) and 11.61 (SD =
7.39) at follow-up. None of these differences was significant (p > 0.05). Changes pre-to-post-
treatment in the emotional subscale were not significant either (p > 0.05), with the mean score at
pre-treatment being 8.53 (SD = 10.75); immediately post-treatment, 7.08 (SD = 8.74) and 6.88
(SD = 8.08) at follow-up. The difference pre-to-post-treatment for the total VHI score was also
not significant (p > 0.05).

The parameter estimates for dysarthria severity indicated that speakers with moderate
dysarthria scored 15.82 points higher on average than those with mild dysarthria in the functional
subscale, and 5.44 points higher than individuals with mild to moderate dysarthria. Scores in the
physical subscale were estimated to differ by 12.79 points between speakers with moderate and
mild dysarthria, and only by 3.50 between those with a moderate and mild to moderate speech
disorder. On the emotional subscale these differences were 9.66 and 0.26 points, respectively. In
total, the average score of speakers with moderate dysarthria was estimated to be 38.26 points
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higher than for speakers with mild dysarthria, and 8.69 points higher compared to individuals
with mild to moderate dysarthria.

Table 6. Parameter estimates for the mixed effects model in the Voice Handicap Index

Functional Physical Emotional Total score

Estimate SE  Estimate SE Estimate SE Estimate SE

Fixed effects

Intercept 2430 230 21.15" 239 13.65" 3.06 59.11" 6.67
Time
Pre 0 . 0 . 0 . 0
Immediate post -4.59* 1.67 -1.97 1.85 -145 2.38 -8.01 4.70
Follow-up -3.65" 1.67 -2.26 1.85 -1.65 2.38 -7.56 4.70

Dysarthria severity

Mild - 2.66 - 272 -9.66 3.49 -3826" 7.77
15.82"" 12.79*

Mild to moderate -544 390 -350 399 026 5.12 -8.69 11.40

Moderate 0 . 0 . 0 . 0

Variance components

Speaker 1477 9.08 1425 957 2330 1576 130.32" 77.17

Residual 21.01" 562 25557 6.83 4254 1137 165.64™ 44.27

REML log-likelihood 260.9 266.9 287.2 344.4

p<0.05; " p<0.01

Discussion
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To the best of our knowledge, this study is the first to examine the effects of intensive
voice treatment on conversational intelligibility in Spanish speakers with dysarthria secondary to
PD. Overall, significant increases in intelligibility were observed following treatment, as meas-
ured by listeners’ transcription accuracy and median intelligibility ratings. In tandem, significant
decreases in VHI scores were observed—evidence of improvements in functional communica-
tion following treatment.

Overall Intelligibility

LSVT LOUD resulted in significant improvements (from baseline) in intelligibility, as
measured by blinded listeners’ orthographic transcriptions and ratings of intelligibility at two dif-
ferent time points—immediately post-treatment and at a one-month follow-up. When a 5%
change in sentence intelligibility is obtained in settings with adverse listening conditions, it is
likely considered to be clinically meaningful (Stipancic et al., 2016; Tjaden, Kain, & Lam,
2014). Consequently the intelligibility gain of more than 30 percentage points in transcription ac-
curacy and of three points in median ratings pre-to-post treatment in the present study’s sen-
tences in noise represents a substantial gain in intelligibility for our speakers. Moreover, because
transcription accuracy is considered the gold standard measure for assessing intelligibility (Fon-
tan et al., 2015; Hustad, 2006; Stipancic et al., 2016), the increase in accuracy scores post-treat-
ment is of clinical relevance. Thus, the treatment shows promise for increasing communicative
skills in Castilian Spanish speakers.

Although studies on LSVT LOUD have been conducted in a few other languages (e.g.,
Hsu, 2017; Lemos et al., 2015; Martel Sauvageau et al., 2015), these have primarily focused on
the analysis of acoustic parameters pre- and post-treatment. The increase in conversational intel-
ligibility both in English and in Spanish dysarthria secondary to PD following LSVT LOUD
treatment could reflect different, potentially language-universal factors (Pinto et al., 2017). First,
improved audibility yielded by increased vocal loudness is hypothesized to enhance cues to syl-
labic stress, thus potentially facilitating lexical segmentation of the degraded speech signal
(Lansford et al., 2011). Second, Cannito et al. (2012) hypothesized that this treatment may also
induce changes in the spectral features at the voice source, and that such changes could impact
intelligibility. In other words, alterations in formant relationships pre- to post-treatment could re-
sult in increased amplitude of the harmonic frequencies beyond the FO or first harmonic (Can-
nito, Buder, & Chorna, 2005). These spectral changes would then lead to more intense formant
peaks and to narrower formant bandwidths (Cannito et al., 2012), the latter being associated with
increased vowel identification (Hawks, Fourakis, Skinner, & Holden, 1997). Consequently, all
the aforementioned changes at the voice source would result in increased saliency of acoustic
cues (Cannito et al., 2008) that would contribute to increased speech intelligibility.

The present study provides preliminary support for this treatment technique for Spanish
dysarthria at a complex linguistic level, i.e., conversation, which, to date, has been under-re-
searched in any language. If the present findings are supported by future studies of speakers of
other languages (and other Spanish dialects), this could indicate that LSVT LOUD may be bene-
ficial to communication cross-linguistically.

Voice Handicap Index

Results from the VHI following LSVT LOUD revealed a reduction in mean scores for all
three subscales: functional, physical, and emotional, suggesting a decrease in perceived disabil-
ity. Pre- to post-treatment changes were significant only for the functional subscale, indicating an
improvement in the speakers' daily communication abilities, such as being understood in noisy
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environments or interacting more with their family and friends. Pre-treatment scores for the
physical and emotional subscales, however, were already low (i.e., not perceived as very disa-
bled) for most speakers in this group, as their primary complaint before initiation of speech treat-
ment was the impact of their reduced vocal volume in their daily lives, rather than on their physi-
cal or emotional wellbeing. These findings cannot be compared to the seminal LSVT study
(Ramig et al., 2001), as those participants did not complete the VHI. Perceptions of voice handi-
cap were analyzed in Spielman, Ramig, Mahler, Halpern, and Gavin’s study (2007), in which
they explored an extended treatment version of LSVT LOUD (LSVT-X) in 12 speakers with PD.
In this treatment protocol, intensive therapy sessions to improve vocal function were provided
twice a week for eight weeks. Their group data findings showed an improvement in VHI scores,
which was significant for four of the speakers.

Limitations and Directions for Future Research

The present study provides preliminary support for the implementation of LSVT LOUD
for increasing conversational intelligibility in Castilian Spanish speakers with dysarthria. How-
ever, future studies need to examine the effects of speech treatment with a larger sample of par-
ticipants and a more homogeneous number of severity subgroups. It is also suggested that future
studies with the same population include different SNRs to further explore intelligibility in noise
in Spanish. It is hypothesized that similar results may be obtained in other Spanish dialects, such
as those spoken in the United States (e.g., Puerto Rican or Mexican) because treatment-related
changes are rooted in the voice source (Cannito ef al., 2012). Future research, however, should
also be conducted in other Spanish dialects in order to verify whether our current findings can be
generalized to other varieties of this language.

This investigation did not include speakers with severe dysarthria; thus, it remains to be
determined whether current findings would also apply to speakers with more severe dysarthria
and whether gains, if any, would be maintained past the completion of treatment. Positive effects
of LSVT LOUD were found with hypokinetic dysarthria secondary to PD; but other types of
dysarthria in Spanish speakers should also be considered in future studies. Finally, a limitation of
the use of (the presumably more ecologically valid) conversational speech is that some stimulus
control was relinquished as utterances varied linguistically within and across speakers.

In conclusion, this study found that intensive voice treatment improved intelligibility at
the conversational level in the current group of Spanish speakers with hypokinetic dysarthria sec-
ondary to PD. LSVT LOUD also benefitted speakers' perception of their daily communicative
capabilities. These results contribute to a better understanding of the effects of LSVT LOUD on
intelligibility and communication disability in speakers of Spanish with PD. Additionally, these
data may help speech-language pathologists reach informed clinical decisions when treating
Spanish-speaking patients with this motor speech disorder.
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