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Sammanfattning 

Bakgrund: Patienter med Parkinsons sjukdom (PD) och patienter med Essentiell tremor 
(ET) som behandlats med Deep Brain Stimulation (DBS) upplever i allmänhet en positiv 
effekt, framför allt gällande de motoriska symtomen. Emellertid påverkas ofta 
patienternas kommunikativa färdigheter negativt. De bedömingsmaterial som används 
inom den kliniska nerurologiska vården; UPDRS/ETRS är alltför trubbiga för att kunna ge 
en tillfredsställande bild av patientens tal, röst och förståelighet. 

Mål: Skapa ett bedömningsverktyg för tal, förståelighet och röst med logopedisk validitet, 
och som kan användas inom den kliniska neurologiska verksamheten i samband med 
DBS-behandling. 

Metod: Bedömningsverktyget designades enligt generell designmetodik. En prototyp 
skapades och testades för reliabilitet på röstexempel av en läst text. Tre logopeder, tre 
DBS-sköterskor och tre naiva lyssnare deltog i testningen. Grad av samstämmighet 
beräknades med Percent Close Agreement, PCA.  

Resultat: Resultaten indikerar en relativt hög grad av samstämmighet mellan grupperna 
(µ: 0.82, 0.79, respektive 0.74). Logopederna bedömde nästan alla röstexempel som 
patienter i behov av logopedhjälp. DBS-gruppen och gruppen med naiva lyssnare 
bedömde ett mindre antal ha behov av logoped.  

Slutsats: Resultaten belyser behovet av ett bedömningsverktyg med logopedisk validitet 
för bedöming av tal, förståelighet och röst inom den kliniska neurologiska verksamheten. 
Bedömingsverktyget som framtagits i denna studie är en användbar och adekvat prototyp 
som enkelt skulle kunna utvecklas till ett verkligt användbart och mångsidigt perceptuellt 
bedömningsmaterial. Dock ska resultaten i denna studie tolkas en smula försiktigt med 
tanke på de låga antalet deltagare. 

Nyckelord: Deep Brain Stimulation, perceptuell bedömning, tal/röstnedsättning 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Abstract 

Background: Patients with Parkinson’s disease (PD) and Essential tremor (ET) who have 
been treated with Deep Brain Stimulation (DBS) generally experience a positive effect, 
particularly regarding the motor symptoms. However, the patients’ communication skills 
are often negatively affected and the assessment instrument currently used within 
neurological clinical care is not sufficiently sensitive to assess these patients’ speech 
clarity, voice and intelligibility satisfactorily. 

Aim: This study’s purpose was to develop a prototype assessment tool for speech clarity, 
intelligibility and voice, with speech and language pathology (SLP) validity, that is 
adaptable to a neurological clinical care setting. 

Method: The assessment tool was designed using general design methodology. A 
prototype was constructed and tested on speech samples of read text for reliability. Three 
SLP’s, three DBS nurses and three naive listeners (NL) were represented in the test group. 
Levels of agreement were calculated using Percent Close Agreement, PCA.  

Results: The results indicate a relatively high level of agreement between the groups, in 
particular the SLP group and the DBS group (µ: 0.82, 0.79, and 0.74).  

Conclusion: The results demonstrate the need for an assessment tool with SLP 
competence to assess speech clarity, intelligibility and voice within neurological clinical 
care. The assessment tool was shown to be a useful and adequate prototype that can easily 
evolve into a truly useful and versatile perceptual speech assessment tool. The results of 
this study should be treated cautiously, considering the test groups’ modest size. 

Keywords: Deep Brain Stimulation, perceptual assessment, speech/voice impairment 
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analysen blir alla informerade om att deltagandet är frivilligt samt att de när som helst kan 
välja att avsluta sitt deltagande utan påföljder. Materialet kommer att publiceras i en 
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Ethics statment 
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stimulation (Regional Ethics Committee in Umeå, Dnr 08-093M) and are not taken from 
any patient medical records. The participants (listeners) in the perceptual analysis were 
informed that their participation was voluntary and that they could at any time end their 
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Introduction 

Patients with Parkinson’s disease (PD) and Essential tremor (ET) who have been  treated 
with Deep Brain Stimulation (DBS) generally experience a positive effect, particularly for 
the motor symptoms (Rodriguez-Oroz, Obeso, Lang, Houeto, Pollak, Rehncrona et al., 
2005). However, the patients’ communication skills are often negatively affected 
(Volkmann, Albanese, Kulisevsky, Tornqvist, Houeto, Pidoux et al., 2009) and the 
assessment used currently within neurological clinical care is not sufficient for assessing 
these patients’ speech clarity, voice and intelligibility (Richards, Marder, Cote & Mayeux, 
1994). The aim of this study was to develop an assessment tool for speech clarity, 
intelligibility and voice, with speech and language pathology (SLP) validity that is 
adaptable to a neurological clinical care setting. The result is expected to facilitate the 
assessment of these patients’ speech clarity, voice and intelligibility. 

Background 

Deep Brain Stimulation 

Deep Brain Stimulation (DBS) is a surgical treatment were a stimulator is placed near the 
clavicula. The stimulator sends electrical impulses to a specific cerebral area, via an 
electrode and its extension cables. These impulses block  inaccurate nerve signals from the 
brain that cause eg. tremor and reduced mobility for the patient. 

DBS is a currently used treatment for the degenerative neurological diseases 
Parkinson’s Disease (PD) and Essential tremor (ET) to reduce the symptoms of the 
diseases. For PD the three main symptoms are; tremor (shakiness), rigidity (stiffness) and 
hypokinesis (inhibition of movement). The clinical picture is different for all PD patients, 
but they all have hypokinesis in common. The slow, weak and/or dis coordinated muscle 
movements often result in speech difficulties (Schulz & Grant, 2000). Cardinal symptoms 
of ET are kinetic and postural tremor, in the absence of any other known causes. This 
means involuntary tremor for the patient mainly during activity, but also at rest in some 
cases. The tremor mostly affects the hands and arms, but can involve other extremities as 
well; the head, facial muscles and voice are often also effected.DBS treatment is used 
particularly in the later stages of disease when the symptoms have become resistent to 
medication or when the patient experiences side effects of medication. The most common 
target area for DBS is the subthalamic nucleus (STN) or caudal zona incerta nucleus (cZi) 
for PD and the thalamus ventrointermediate core (VIM) for ET. Several hospitals in 
Sweden perform DBS-treatment, including Umeå University Hospital. 

DBS outcome 

Studies show that DBS-treatment overall has an positive impact on motor symptoms 6-12 
months after DBS-surgery (Rodriguez-Oroz, Obeso, Lang, Houeto, Pollak, Rehncrona et 
al., 2005) and has a good effect on health-related quality of life for patients with advanced 
PD (Volkmann, Albanese, Kulisevsky, Tornqvist, Houeto, Pidoux et. al., 2009). However, 
Volkmann et al. found that no significant improvement of communication skills were seen 
after three years, and dysarthria and dysphonia have been reported as among the most 
common adverse side effects. Surgery seems, compared to medical treatment, to affect 
voice more unpredictably than it does the motor symptoms (Frost, Tripoliti, Hariz, Pring 
& Limousin, 2010).  
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Speech clarity, voice and intelligibility after DBS 
Even though DBS has been shown effective as a treatment for PD patients, its impact on 
speech can vary , and the motor benefits of the treatment can counterbalance 
deterioration of speech intelligibility (Skodda, 2012). Significant deterioration in speech 
has been reported one year after surgery for PD patients (Rodriguez-Oroz, Obeso, Lang, 
Houeto, Pollak, Rehncrona et al., 2005; Østergaard & Sunde, 2006). Impaired speech is 
associated with less intelligibility and a weak, monotone voice (Ahlberg, Laakso & 
Hartelius, 2011). Worsened speech may be a side-effect of DBS, both as a stimulation 
induced side effect and as a transient effect caused by e.g an operative hemorrhage (Beric, 
Kelly, Rezai, Sterio, Mogilner, Zonenshayn & Kopell, 2002). Peceptually, the speech is 
more slurred with lower intelligibility after DBS. Within the group of STN-DBS-treated 
patients there has been found improvements after DBS such as a greater voice intensity 
and variation of fundamental, frequency, even though this does not improve the actual 
functional speech (Dromey,Kumar Lang & Lozano, 2000; Åström, Tripoliti, Hariz, Zrinzo, 
Martinez-Torres, Limousin et al., 2010). Stimulation in the thalamus used as a treatment 
for ET and PD primarily to reduce tremor in the hands, and the treatment appears to have 
little effect on voice tremor (Sullivan, Hauser & Zesiewics, 2004). There are reportings of 
reduced voice tremor as a benefit of Vim stimulation, however these voice gains seemed to 
be restricted to those patients who have more severe symptoms (Carpenter, Pahwa, 
Miyawaki, Wilkinson, Searl  & Koller, 1998). DBS has also been reported not to have been 
associated with effects on speech performance based on measurements of syllable length 
for ET patients (Kronenbuerger, Konczak, Ziegler, Buderath, 2009). 
 
Clinical assessment of a DBS-patient 

As part of the clinical procedure at Umeå University Hospital, the patient is examined 
before and after DBS surgery by a specialist nurse, as well as during the period of setting 
the electrical impulses (A. Fredricks, personal communication, September 10, 2012). To 
find the optimal setting for a patient, the stimulation parameters are altered. Increasing 
stimulation amplitude to relieve motor symptoms commonly increases speech difficulties 
and reduces intelligibility. Often patients and their neurologist must find a stimulation 
setting that gives a compromise between motor stability and speech difficulties (Frost, 
Tripoliti, Hariz, Pring & Limousin, 2010). 

Routine clinical follow-up occurs at 6, 12, 24 and 36 months after surgery. The 
patient is assessed in different states; ON and OFF stimulation states, with and without 
medication (eg. L-dopa). 

UPDRS, ETRS 
Within neurological clinical practice Unified Parkinson’s Disease Rating Scale (UPDRS) is 
used to measure motor function and its impact in Parkinson’s disease. The main focus is 
to analyze motor function. UPDRS evaluates different aspects of the disease (including 
swallowing, dressing, hygiene and walking) and includes two individual assessment items 
for speech and communication. UPDRS scores are used to monitor changes in motor 
symptoms following DBS surgery. The item primarily used for speech assessment in 
UPDRS is Motor Examination: Speech (Part III., Item 18) where the tester assesses the 
patient’s speech between 0 (“Normal”) and 4 (“Unintelligible”). Also used is Part II. 
“Activities of daily living” Item 5. Speech, in both on and off-state. The patient grades 
his/her speech between 0 (“Normal”) and 4 (“Unintelligible most of the time”). 

The scores on motor tasks in UPDRS have been found to improve after STN-DBS, as 
well as increased volume during sustained phonation and better control of the tongue in 
non-speech tasks (Pinto, Gentil, Fraix, Benabid & Pollak, 2003). Also the effectiveness in 
the muscles controlling the articulation increases (Gentil, Garcia-Ruiz, Pollak & Benabid, 
1999). When tested for inter-rater reliability UPDRS was found to be very useful for 
accurate rating of fast repeated non-speech movements, gait and bradykinesia. However, 
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the reliability for rating speech disorder and facial mobility accurately was poor (Richards, 
Marder, Cote & Mayeux, 1994). 

Essential Tremor Rating Scale (ETRS) is a corresponding test for ET. In ETRS Item 
15 Speaking is used, where voice tremor in the patient’s speech is assessed by the tester 
and graded between 0 (“Normal”) and 4 (“Severe Voice Tremor”).The evaluation of speech 
clarity, voice and intelligibility in the neurological clinic at Umeå University Hospital is in 
addition to UPDRS and ETRS most often based on a subjective estimation of the 
parameters speech slur and voice strength made by the DBS nurse (Fredricks, personal 
communication, 2012). Within neurological clinical care, the terms dysarthria, meaning 
slurred speech, and hypophonia, meaning weak voice, are sometimes used. The use of the 
term dysarthria may differ slightly between medical literature and speech- and language 
literature, the SLP definition is more narrow and specific. Dysarthria is sometimes used 
generically to any neurologic impairment of speech or even any impairment of speech. It 
has been suggested that this use of vague definition can diminish the diagnostic value of 
the term dysarthria (Duffy, 2005). 

Dysarthria 

Dysarthria is a neurological speech disorder, caused by an impaired neurological control 
over the muscles used in speech production which may result in less control over the 
respiratory, phonatory, resonatory, articulatory and prosodic aspects of speech production 
(Duffy, 2005). Within the SLP clinical care dysarthria is classified based on perceptual 
symptoms according to the Mayo-classification (Hartelius, 2007). Dysarthria can be of a 
non-progressive type, e.g. as a complication after stroke, or of a progressive type e.g. in 
neurological diseases such as PD. Prior to the DBS treatment there may be speech 
problems of varying degree, and dysarthria is a part of the clinical picture for a majority of 
PD patients especially in the late course of disease. It has been shown that ET patients 
may suffer from the feature of lengthened syllable duration which has been associated 
with dysarthria (Kronenbuerger, Konczak, Ziegler & Buderath, 2009) even though voice 
tremor is far more common. Subclinical findings are that ET in rare cases can be 
associated with increased syllable length (Kronenbuerger, Konczak, Ziegler & Buderath, 
2009) as well as effects on voice intensity (Gamboa et al, 1998; Louis, 2005). 

Hypo-kinetic dysarthria 
Dysarthria for patients with PD are mainly of hypo-kinetic type (Adams & Dykstra, 2009; 
Duffy, 2005; Hartelius, 2007). Hypo-kinetic dysarthria is seen in 70% of all PD patients 
and about 90% of the patients have a lowered voice intensity (Hartelius, 2007). Because of 
the slow, weak and/or dis coordinated muscle movements the patients speech, voice and 
intelligibility are reduced. The speech can be slow with a indistinct and imprecise 
articulation. Moreover the prosody, the rhythm and melody in speech, can become diverge 
and perceived as monotonous. The voice turn soft with leakage and the speech rate vary. 
Accelerated speech may occur (Darley, Aronson & Brown, 1969a and 1969b) and short 
phrases are common. 

Voice tremor 

Voice tremor is estimated to be a part of ET for 10-25% of patients (Sulica & Louis, 2010). 
As a consequence of damages in the basal ganglia or parts of the extra pyramidal system 
with nerve connections, tremor occurs in the muscles surrounding the larynx causing 
voice tremor. Commonly all muscles in the larynx are affected by tremor; however, the 
impact on separate muscles varies which results in different effects on the voice 
(Hartelius, 2007). Voice tremor can cause a forced or weak/leaky voice with varying 
implications, but mainly it is characterized by an unstable voice with tremor that occurs 
when the patient is speaking but rarely during rest (Hartelius, 2007).  
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SLP assessment  

The patient’s disease e.g. PD or ET, is often already known and can be taken in 
consideration in the SLP’s assessment. An SLP assessment can be a part of a neurological 
examination of a patient, together with assessments made by other health care 
professionals part of a team. The purpose of assessment is to describe speech and voice, as 
well as the effects on intelligibility and communication (Hartelius, 2007). Assessment is 
based on a medical history and a subjective estimation by SLP of speech clarity, voice and 
intelligibility, together with the results from testing with e.g. Dysartritestet. Dysartritestet 
is designed to assess dysarthria based on respiration, phonation, oral motor function, 
articulation, prosody and intelligibility, as well as a qualitative description of strength, 
voice range, speech rate, speech precision and coordination of voice and speech. 

Dysarthria tests used in English speaking clinics are The Frenchay Dysarthria 
Assessment, FDA, (Enderby, 1983) and Assessment of Intelligibility of Dysarthric Speech, 
AssIDS, (Yorkston & Beukelman, 1981). The first is a standardized assessment of the 
neuromuscular function of the speech production mechanism and the latter quantifies 
intelligibility in dysarthric subjects with respect to words, sentences and speaking rate. 
However, the perceptual assessments most often used when assessing dysarthria have a 
base of rating scales to determine the presence and/or severity of various deviant speech 
parameters in selected speech samples (Theodoros, Murdoch and Horton, 1999). One 
example using this method is the Mayo Clinic perceptual analysis, where a list of speech 
dimensions is used to rate a standard speech sample, a reading passage (Darley, Aronson 
& Brown, 1975). A new assessment tool that could be used to rate spontaneous speech as 
well as read text to determine presence and/or severity of various deviant speech 
parameters within the spectrum of dysarthria could fill a gap. 

Benefits of perceptual assessments are their relative ease of use, low cost and the fact 
that most clinicians are generally familiar with the procedures (Rosenbeck and La Pointe, 
1978). However, perceptual assessments struggle with low inter- and intra-judge 
reliability (Theodoros, Murdoch and Horton, 1999). This is due to the general subjectivity 
of the judgments that are made (the skill and experience of the clinician is of essence) and 
the sensitivity of the assessment scale used. The accuracy of perceptual assessments might 
also be negatively affected by other parameters i.e. the patient’s age reflected in the 
speech, the premorbid medical and social history of the patient, the inconsistency of 
symptoms across different conditions and the influence of some speech symptoms on the 
perception of others (Theodoros, Murdoch and Horton, 1999). These are all issues that 
need to be addressed when developing a perceptual assessment tool for use in connection 
with DBS. 

As pointed out above the perceptual impression often is that the speech is more 
slurred and that the patient’s intelligibility is decreased after DBS treatment. For these 
patients a speech assessment by a SLP would be preferable. However, current clinical 
arrangements in many medical settings do not provide that opportunity. A practical 
solution would be if the clinicians who are involved in clinical examination of the patients 
also could assess their speech. In order to do so, an assessment tool with SLP validity, 
would be required. This study aims to provide just that. The goal is to develop and test an 
assessment tool for speech clarity, intelligibility and voice, with SLP validity, which is 
suitable for use in neurological clinical services for DBS patients. 

Designing something new 

When creating something new for people to actually use, rather than keep in a box, a 
design approach is preferable. The system needs to be easy to learn, easy and pleasant to 
use, reliable and have functions that the users really require in their work (Gould & Lewis, 
1985). This is indeed valid for the development of a new assessment tool. The assessment 
tool developed in this study was created following three basic principles of design stated 
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by Gould and Lewis (1985); early focus on users and tasks, empirical measurement and 
iterative design. Early focus on users and tasks in this case meant a thorough 
understanding of the clinical context and its requirements, from the DBS nurses 
perspective in particular. Empirical measurement would here mean letting the user (i.e 
DBS nurses, but in this study SLP and naive listeners are also included for the sake of 
validity) actually use a simulated version and a prototype of the assessment tool to identify 
problems with reliability and responsiveness. Regarding the principle of iterative design 
this study and its format of a degree project only allowed starting the process with the first 
loop of what needs to be a cycle of design, test and measurement, followed by redesign 
(Gould & Lewis, 1985). As stated above; speech clarity, intelligibility and voice may all be 
affected of DBS. Hence, these are factors needed to be assessed in conjunction with the 
treatment. 

Aim 

The aim was to develop and test a prototype assessment tool for speech clarity, 
intelligibility and voice, with SLP validity, that is adaptable to neurological clinical care 
setting associated with DBS. 

The tool is to provide a clinical picture of changes of speech clarity, voice and 
intelligibility that may occur after DBS-treatment as well as worsening of problems with 
speech clarity, intelligibility and/or voice. Depending on the assessment outcome as well 
as the patient’s wishes, a referral would then preferably be sent to an SLP for an extended 
assessment of speech clarity, intelligibility and voice for a full diagnosis. The tool is to be 
used by health professionals with competence other than SLP, who work with PD and ET-
patients especially DBS-patients, e.g. nurses, neurologists, neurosurgeons (henceforth 
referred to as direct users). 

Research questions 

1. What is the inter- and intra-agreement between three groups of listeners (SLP’s, DBS 
nurses and naive listeners) when they use the new assessment tool to rate test speech 
samples from PD patients recorded postoperatively, ON and OFF stimulation. 
 
2. Is there consensus between the groups regarding the need for a referral to an SLP? 
 
3. Is there consensus between the groups regarding their experience of using the new 
assessment tool?  

Method 

Design process 

The test tool was given the identity SIV, which is short for Speech clarity, Intelligibility and 
Voice. SIV was designed using the general methodology of design, following three main 
principles; early and continual focus on users; empirical measurement of usage; and 
iterative design (Gould & Lewis, 1985). The two first principles were implemented in the 
user focused construction of SIV, the testing of the assessment with DBS nurses, SLPs and 
Naive Listeners as listeners. For the iterative design principle this study is to be seen only 
as the start of a more extensive process. As part of the implementation of the Gould and 
Lewis design principles, an interaction designer, Linda Bogren at Umeå Institute of 
Design, was consulted when designing SIV. 
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Prototyping 

User preferences 
SIV was developed based on preferences from the direct users regarding time 
consumption, administration and the precision that SIV measures speech clarity, 
intelligibility and voice for patients that have been treated or are to be treated with DBS. 
This was taken in consideration through a user interview with the DBS-nurse who does 
the clinical evaluation of the DBS-treated patients at Umeå University Hospital (A. 
Fredricks, personal communication, September 10, 2012). Fredricks estimated the time 
available for assessing speech clarity, intelligibility and voice as 2-3 minutes. SIV was 
made to be a specific complement to UPDRS and ETRS for assessing speech clarity, 
intelligibility and voice, without being as time consuming and specific as Dysartritestet, an 
assessment material clinically used by SLPs to assess dysarthria. SIV was designed to 
permit assessing without being a trained SLP and it can be used on any type of speech 
material available according to the user’s preferences (A. Fredricks, personal 
communication, September 10, 2012). The aspect of SIV being easy to adapt to a digital 
application was also considered. 

Usability, colors and layout 
To take account of the direct indirect users’ (i.e. the patients) experience of SIV, a mood 
board was put together (see appendices I). The assessment tool was designed to feel 
trustworthy, serious and have a friendly appearance for the direct as well as the indirect 
users. Blue colors with a hint of green were chosen based on their inherent ability to 
promote relaxation and calmness (Dalkea, Littlea, Niemanna, Camgoza, Steadmana, Hilla, 
& Stottb. 2006). A short simple operating manual was compiled. To simplify 
administration of test and make it easy to review the result the assessment layout was 
restricted to one A4 sheet. 

The layout of SIV reflected a three level hierarchy. It had three main parts; Speech 
clarity, Intelligibility and Voice. The main parts consisted of one or two parameters per 
part, divided into ordinal scales. The ordinal scales had a maximum of 3 categories. This 
for ease of use for naive listeners and direct users (i.e. listeners who are not SLPs), to keep 
the administration time at a low level and to meet the requirement of SIV being less 
specific than Dysartritestet. This number of steps has also been proven quick and 
relatively easy to use and suggested as an adequate alternative under conditions of time 
pressure (Preston & Colman, 2000). A more precise assessment would of course be 
conducted by an SLP if the patient was to be referred. Suitable extra descriptions with tick 
boxes complemented the parameters.Under Speech clarity were Articulation and Speech 
rate put where the latter could be further described as having Deviating prosody and/or 
Speech rushes. Intelligibility was made a category of its own. Under Voice was Voice 
intensity and Voice quality put. Voice intensity could be further described as Unstable and 
Voice quality as Weak/strained/leaky/hoarse voice and Tremor. 

The parameters most common and prominent in dysarthria were placed on the right 
side of the scale and were marked with boxes in a dark blue color which indicated that the 
patient would require a referral to an SLP. The middle box in the scale had a light blue 
color which indicated a “warning sign” and should be taken into special consideration 
when assessing the patient. The tick boxes also indicated “warning signs” and should be 
taken in to special consideration. The tick boxes for Tremor and Speech rushes were given 
a frame in dark blue, indicating that the patient would require a referral to an SLP. 

SIV was constructed to require no post processing, with the results easily identifiable 
on the tool sheet. The results of all the parameters together equaled the result, giving an 
overview of the patient’s speech clarity, intelligibility and voice.  To ensure that SIV was 
designed to print well in both color and black-and-white and to endure being copied 
repeatedly, print and copy tests were carried out. SIV was made using Adobe’s program 
Indesign, CS 6. 
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Parameters for speech clarity, intelligibility and voice in SIV 
The parameters used in SIV were chosen based on research findings about speech 
problems associated with the diseases PD and ET, as well as known side effects of DBS, 
described above.   

Therefor SIV assesses speech clarity with respect to the parameters articulation and 
speech rate, with the additional parameters speech acceleration and deviant prosody. In 
dysarthric speech, one of the most prominent features is slurring and imprecise 
articulation. The speech rate is often reduced with flat prosody and/or monotone speech. 
Occasionally occurs Speech rushes occur occasionally i.e. the speech tends to speed up 
during speaking (Darley, Aronson & Brown, 1969a and 1969b).  

Impaired speech is associated with less intelligibility (Ahlberg, Laakso & Hartelius, 
2011). Thus assessing Intelligibility is an important aspect of SIV.  

SIV assesses voice considering the parameters volume and quality of voice, with the 
additional parameters voice tremor and weak/strained/leaky/hoarse voice. Reduced 
volume is a part of dysarthria especially for PD; the voice turns soft due to leakage (Darley, 
Aronson & Brown, 1969a and 1969b).  Reduced voice intensity and lack of control over 
voice strength is a problem for a majority of the PD patients (Schulz & Grant, 2000). 

Qualities of voice refer to a deviant character of voice. This aspect is important since 
DBS seems to affect voice more unpredictably than motor symptoms (Frost, Tripoli, Hariz, 
Pring & Limousin, 2010). The terms weak/strained/leaky/hoarse voice are used to give an 
extended description of the voice qualities and the term are combined as a single 
additional option on the basis that naive listeners have difficulty in differentiating the 
terms (J. Holmberg, personal communication, September 12, 2012; L. Bogren, personal 
communication, October 12, 2012). Even though stimulation in the thalamus reduce 
tremor in primarily the extremities it seems to have little effect on voice tremor (Sullivan, 
Hauser & Zesiewics, 2004). Voice tremor in SIV is explained as a “shaky” voice when 
speaking. 

A registered SLP (J. Holmberg, personal communication, September 12, 2012) who 
works with assessment and treatment of patients with dysarthria at Umeå University 
Hospital and who is involved with DBS treated patients was also consulted for the use of 
parameters in SIV.  

SIV uses everyday language to avoid problems with misunderstandings of 
terminology, especially for naive listeners. The everyday language was combined with 
terms used by SLP for inter-group agreement. SIV was continuously evaluated by the SLP 
during the design process. 

Testing SIV 

Pilot testing 
During its design, the SIV drafts were tested continuously by the authors using various 
recordings of a reading passage in order to check the design, and was thereafter revised to 
make its format easy to comprehend. The pilot testing was not based on any recordings 
used in the actual testing and aimed only to check the design and usability of SIV. 

Listeners 
The listeners filled in a consent form to participate in the testing. Listeners with known 
hearing impairment were excluded. The perceptual analysis was conducted by three direct 
users (i.e. DBS nurses), three SLPs and three naive listeners. Validity was achieved by 
using the competence of a SLP while designing SIV, as well as having SLPs participating in 
the perceptual analysis. Naive listeners were used in order to provide an everyday 
significance (Brunnegård, 2008). All listeners were female, aged between 33 and 62 years 
(average of 42,22 years of age, median and typical value 43 years of age, variation is 29 
years). The consent form also contained questions about the administration and 
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trustworthiness of SIV. All consent forms and assessment answers were coded and treated 
confidentially. 

Recordings 
Existing voice samples from DBS-patients with PD were used. The recordings were 
approved for research use and were taken from a larger set of recordings that form part of 
the project Speech, voice and swallowing outcomes after deep brain stimulation of the 
zona incerta and the pedunculopontine nucleus in Parkinson’s disease: Comparison with 
stimulation of the subthalamic nucleus. Approved by the Regional Ethical Review Board in 
Umeå (Dnr: 08-093M; 2008-08-18). No recordings with ET-patients undergoing DBS 
were available for this study. A reading passage taken from the recordings was used. The 
recordings used in the perceptual analysis were chosen on the criteria of a mixed range of 
ages to ensure there was no age related issues affecting the results, as well as a mixed 
grade of dysarthria to ensure that SIV could assess both mild and severe dysarthria. It was 
also ensured that voice samples contained patients recorded in both ON and OFF state to 
ensure that SIV assesses differences between states as well as different areas of DBS. The 
speech samples contained samples from both male and female patients. 

The recordings are representative of one of the types of speech samples, i.e. reading, 
that can be assessed with SIV. At the time of the recordings the PD patients were aged 
between 53 and 70 years of age and had undergone DBS treatment (STN bilateral or cZi 
bilateral). The patients were given an anonymous letter code to secure that no 
identification of patient could be done. The recordings was randomized with the program 
Glue 2.0 (Svante Granqvist, Tolvan Data) and combined into a single sound file. The file 
for the perceptual analysis started with a patient estimated to have normal voice volume. 
This was to make it possible to assess lowered or increased voice volume. The recordings 
were calibrated based on a calibration tone that was at the beginning of every recording. A 
total of 12 assessments were conducted in the testing. Every assessment was based on two 
separate readings (Reading 1, Reading 2) from the same patient during the same recording 
session (i.e. at the recording session the patient read the same text twice, both times in the 
same state). Each reading was an average of 30 seconds long, and between every reading 
was a pause of 15 seconds left for the test administrator to fill in the test sheet (when 
needed the test leaders gave the listeners more time to administrate). This dichotomy of 
each assessment in first assessing speech clarity and intelligibility (from reading 1) and 
then assessing voice (from reading 2) was to facilitate the process for the naive listeners 
and to accommodate their lack of experience in assessing speech. In each testing session, 
recordings from three patients in both ON and OFF-state were presented (i.e. 6 
assessments) for testing any difference between the states and three speech samples were 
repeated for intra listener reliability (making a total of 12 assessments). 
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Table 1: The speech samples used for testing SIV. 

Assessment no.1 Patient Gender DBS State Months after DBS Doublet 

1 A Female cZi bilat Off 12  

2 B Male cZi bilat On 6  

3 C Female STN bilat Off 6 no. 12 

4 D Female STN bilat On 12 no. 10 

5 E Male STN bilat On 12 no. 8 

6 F Male cZi bilat On 12  

7 A Female cZi bilat On 12  

8 E Male STN bilat On 12 no. 5 

9 B Male cZi bilat Off 6  

10 D Female STN bilat On 12 no. 4 

11 F Male cZi bilat Off 12  

12 C Female STN bilat Off 6 no. 3 

Procedure 
SIV was tested through a perceptual analysis of existing recordings with PD-patients. The 
listeners listened to the recordings and estimated the speech clarity, intelligibility and 
voice. Both test leaders were involved in giving instructions and handling the testing. 
Testing was conducted in a closed quiet room, i.e. the listeners’ workrooms (seven test 
sessions) or the listener´s homes (two test sessions). Only the test leaders and the listener 
were in the room. A laptop together with two external speakers was used to play the 
recording, and the same equipment was used in all testing. The volume was kept the same 
from all testing. The listeners were allowed to pause, ask questions and think aloud. 

In order to suit the testing situation, a customized version of SIV was used for the 
perceptual analysis (see appendices II). Before the testing started, the listener was given 
verbal instructions and information about the testing, i.e. how many recordings. The 
listener had the opportunity to read the SIV-manual and the instructions on the test sheet 
SIV. Questions about the content of the manual and SIV were answered by the test 
leaders. The test-SIV contained instructions for each listening. Testing started with 
reading 1 which was thereafter assessed according to speech clarity parameters as well as 
intelligibility, marked as 1a and 1b on the test sheet. The assessment of intelligibility was 
combined with the first reading to make sure there was no habituation. Secondly, the 
listeners listened to reading 2 by the same patient at the same recording session (same 
reading passage as reading 1, different/new recording) and assessed it according to voice 
parameters, marked as 2 on the test sheet. 

Data analysis 

As only three scale points were used in the present study, percent of exact agreement was 
calculated, hereafter denoted as PEA. The criterion for an acceptable level of agreement in 
the present study was considered  to be equal to or greater than 80% exact agreement (e.g. 
Constantinescu, Theodoros, Russell, Ward, Wilson and Wootton, 2010). A weighted 
calculation was also conducted where it was considered whether the listeners answers 
were none, one, or two steps apart. Quadratic weighted Kappa (kw) statistic was chosen to 
calculate the agreement on parameters where that was possible (articulation, speech rate, 
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intelligibility, voice intensity and voice quality), making this number more precise than the 
agreement based on answers exactly corresponding only, the PEA. The kw is often used for 
ordinal data and gives an indication of agreement between raters (Landis and Koch 1977). 
In the present study, the statistic was used to provide a measure of agreement between the 
assessments made by the SLP group, the DBS group and the NL group. The kw assigned 
weights to the observed and chance agreement and presented levels of agreement where 
kw less than 0.20 is interpreted as poor; 0.21–0.40 is fair; 0.41–0.60 is moderate; 0.61–
0.80 is good, and 0.81–1.00 indicates very good agreement (Constantinescu, Theodoros, 
Russell, Ward, Wilson and Wootton, 2010; Landis and Koch 1977). For this study, the 
criterion for an acceptable level of agreement was set at kw. 0.6 (good agreement) in 
keeping with previous studies (Constantinescu, Theodoros, Russell, Ward, Wilson and 
Wootton, 2010). 

The proportions of intra and inter-group agreement were calculated considering all 
parameters in total and each parameter individually. For intra-listener reliability each 
assessment session included three sets of doublets. The proportion of agreement (µ) was 
calculated for each set of doublets as well as a total µ. 

All calculations were made using R (R Core Team 2012).  

Redesign 

With the findings from the testingpart of the designprocess gathered a redesign of the 
prototype was produced, SIV version 2.0 (see appendices IV).  

As part of the routine clinical neurological examination at Umeå University 
Hospital, the patient is video recorded in the beginning of every session. This provides the 
opportunity to  return to the video recordings at a later time in order to assess speech, 
voice and intelligibility more precisely.  Sentences or a short text was requested for the 
patient to read in order to have more speech material to assess with SIV (A. Fredricks, 
personal communication, September 10, 2012). A text document that was customized for 
the patients with regard to font size and length of text to enable easy reading was added to 
SIV. The text chosen was Nordanvinden och Solen, a fable frequently used by SLPs. In 
normal reading, the text takes approximately 1 minute to read out loud, which is within 
the preferred time scale of 2-3 minutes. This text is not necessary in order to assess speech 
clarity, intelligibility and voice,  SIV can be used on any speech material available, 
according to preference by the direct user e.g. spontaneous speech. Lines for extra 
comments were added to SIV. Those were not part of the test version of SIV because it was 
considered redundant for the purpose. During testing a request for a word-list for the 
words used in SIV was made by the actual direct users (i.e. DBS nurses), this was included 
in the final tool. The estimated time for assessing and administrate SIV, based on the 
perceptual analysis during the testing, is approximately 1-3 minutes. 

Results 

Reliability 

Inter-rater agreement, group level 
The PEA values and kw for intra and inter-group agreement are presented in table 1 
showing the pairwise comparisons on the entire data within the groups. Mean values (µ) 
for the groups are also shown. The SLP group have a higher level of agreement (73%, 
w0.82) than the DBS nurses group (DBS) (71%, w0.79) and the Naive Listeners group 
(NL) (66%, w0.74).  
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Table 2: The Percent Exact Agreement (PEA) and kw of intra- and inter-group agreement. 
Comparison (comp.). Mean value (Mean V). 

 
 DBS DBSw SLP SLPw NL NLw 

 
Comp 1 71 0.78 73 0.82 62 0.72 
Comp 2 72 0.81 80 0.87 68 0.73 
Comp 3 70 0.79 67 0.78 68 0.76 
Mean V (µ) 71 0.79 73 0.82 66 0.74 

 

Inter group agreement - parameters 
The PEA and kw for inter-group agreement, specified for each parameter based on mean 
values (µ), are showed in table 2. The DBS group had an evenly spread and relatively small 
variance of agreement on all parameters (63-78%, w0.70-0.80). For the DBS group the 
highest level of agreement (78%) was for the parameters of Voice intensity, 
Weak/strained/leaky/hoarse voice, and Voice tremor. Voice quality had the highest 
weighted level of agreement (w0.80) Lowest agreement was found for Articulation, Speech 
rate, Deviating prosody and intelligibility. Voice intensity had the lowest weighted level of 
agreement (w0.70). 

The SLP group had overall a relatively high level of agreement (µ: 73%, w0.82). The 
lowest agreement was found for Voice quality (48%, w0.65). For the SLP group the highest 
level of agreement was for Deviating prosody and Voice intensity (93%), with highest 
weighted level for Voice intensity (w0.95). The lowest level of agreement was for Voice 
quality (48%, w0.65).  

The NL group showed a large variance in agreement in terms of exact answers (30-
100%). Highest level of agreement was found in Unstable Voice intensity (100%, w0.65). 
The lowest level of agreement was for Articulation (30%, w0.51). 
 
Table 3: The PEA and kw for each parameter between the groups, based on mean values (µ). 
Deviating prosody (Dev. Prosody), Speech accelerations (Speech rus.), Intelligibility (Intell.), Voice 
Intensity (Voice Int.), Unstable voice intensity (Unst. v.int.), Weak/strained/leaky/hoarse voice 
(Weak/strain.) 

 
DBS DBSw SLP SLPw NL NLw 

 
Speech clarity: 
Articulation 63 0.75 63 0.75 30 0.51 
Speech rate 63 0.75 56 0.70 59 0.60 
Dev. prosody 63 - 93 - 70 - 
Speech rus. 85 - 70 - 93 - 
 
Intelligibility:63 0.75 78 0.85 52 0.56 
 
Voice: 
Voice int. 78 0.70 93 0.95 56 0.65 
Unst. v.int. 70 - 85 - 100 - 
Voice quality 70 0.80 48 0.65 44 0.60 
Weak/press. 78 - 70 - 85 - 
Voice tremor 78 - 78 - 70 - 

 

Intra-rater reliability  
The PEA on speech samples doublets (SS) are presented below in table 3. Mean values (µ) 
for each SS in each group are shown, as is a total mean value. The SLP group shows the 
highest level of agreement (µ=87%) and the NL group the lowest (µ=70%). The DBS group 
has a slightly higher level of agreement (µ=73%) than the NL group. 
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Table 4: PEA on speech samples (SS) doublets. Mean values (µ) for each SS in each group and a 
total mean value. 

 
DBS SLP NL 

 
SS. no. 3-12  73 90 70 
SS. no. 4-10  73 83 67 
SS. no. 5-8   73 87 73 
Mean value (µ) 73 87 70 

 

Referral to SLP 

Number of assessments per group directly indicating referral to SLP are presented in table 
5 regarding ON-state, OFF-state (in brackets) and a total for each patient (Pat. N). The 
SLP group assessed 10/12 speech samples as having a profile indicating referral. The DBS 
group had a lower level of speech samples considered for referral (7/12) and the NL group 
only assessed 5/12 to need a referral to a SLP. Patient E and patient F were the patients 
assessed with the highest level of agreement, both at intra group-level and inter group-
level. 
 
Table 5: Number of assessments per group direct indicating referral to SLP, OFF-state in brackets. 
Patient A, B and F (Pat.A, Pat.B and Pat.F) were presented twice each in the perceptual analysis 
and therefore have two results. 

 
Pat.A Pat.B Pat.C Pat.D Pat.E Pat.F Total 

DBS 
(1) 0(2) (1) 1 2 0(0)  7 

SLP 
1(0) 1(2) (1) 2 3 0(0)  10 

NL 
1(0) 0(0) (1) 1 2 0(0)  5 

 

User impressions of SIV 

The listeners were asked about their experience of using SIV. The questions were “How 
was SIV to administrate?” and “How trustworthy was SIV?”. The results are presented in 
table 6 and table 7. Most of the listeners thought SIV was easy to administrate (6/9) while 
2/9 thought administration was moderately easy and 1/9 thought it was difficult. The 
naive listeners as a group had highest level of agreement, 3/3 (easy). DBS as a group has 
highest level of disagreement. 

SIV was considered trustworthy by 5/9 or quite trustworthy by 4/9 listeners. The 
DBS and NL groups had the highest level of agreement. 

Administration 
 
Table 6: Question: How was SIV to administrate? 

 
Easy Moderate Difficult 

 
DBS 1 1 1 
SLP 2 1 0 
NL 3 0 0 
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Credibility 
 
Table 7: Question: How trustworthy was SIV? 

 
Trustworthy Quite trustworthy Not trustworthy 

 
 
DBS 0 3  0 
SLP 2 1  0 
NL 3 0  0

 

Discussion 

Reliability 

The overall result was that the SLP group had a higher level of agreement than the DBS 
and NL groups. The SLP group had a higher level of intra- and inter-agreement than the 
other groups, and the DBS group’s level of agreement was placed in the middle. Even 
though the DBS and NL groups had a lower level of agreement than the SLP group, the 
level of inter agreement, kw, in DBS and NL group was relatively high (µ: SLPw 0.82 (very 
good), DBSw 0.79 (good), NLw 0.74 (good)). This indicates that it might be possible for an 
untrained listener to assess speech clarity, intelligibility and voice with the assessment tool 
SIV with acceptable reliability. However, this is something that needs further 
investigation. Especially since the PEA values for all the groups were found under the level 
of acceptable agreement at 80%.  

The inter-group agreement for parameters was studied to see which parameters had 
the highest/lowest level of agreement. There was low variance for inter group agreement 
for numerous parameters (Speech rate, Voice tremor, Unstable voice intensity and 
Weak/strained/leaky/hoarse voice). Highest agreement was found for the parameter 
Speech rushes and the parameters with lowest agreement were Quality of voice and 
Articulation. The SLP group had the highest level of agreement in intra reliability when 
assessing the doublets, that is the speech samples repeated in the sound file. The DBS 
group was in the middle and the NL group had the lowest level of agreement when 
assessing doublets. 

The overall reliability result may reflect the level of listening skills and experience 
that the listeners possess. The SLP listeners were professionally trained and had more 
experience of assessing voice based on criteria similar to those in SIV. The listeners in the 
NL group lack experience in assessing audio material and are also less experienced when it 
comes to listening to impaired speech and voice, and therefore have a lower inter 
agreement. The assessment by naive listeners can reflect the attitude of the people the 
person with impaired speech meets in his/her daily life (Dagenais, Watts, Turnage, & 
Kennedy, 1999; Dagenais, Brown, & Moore, 2006).  

Most important regarding the reliability results is to interpret them with great 
caution considering the limited data. 

Referral to SLP 

The SLP group considered almost all of the patients to require a referral to an SLP. The 
other groups agreed for a smaller number of the patients. The results showed consensus 
regarding the patients not assessed for referral (patient A in the OFF-state and patient F). 
For patient F there was total agreement between the groups regarding referral, for patient 
A in the OFF-state one listener in DBS-group considered the patient for referral. 
Parameters indicating “warning signs” that should be taken in special consideration when 
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assessing the patient (i.e. light blue boxes) was not considered in the results for referral to 
SLP, due to the subjective aspect when summing the patient’s need of referral due to 
“warning signs”. The highest level of agreement was found for patients E and F, both on 
intra group-level and inter group-level. That could possibly be due to the patients both 
being estimated as extremes. Patient F was assessed as having no deviant aspects at all 
and patient E was assessed as having a very high level of deviant aspects. The results 
emphasize the need to have an assessment tool with SLP the competence to assess speech 
clarity, intelligibility and voice within neurological clinical care so that appropriate 
referrals can be made as needed. 

User impressions of SIV - Administration and Credibility 

The aim of SIV was to make the tool easy to learn and administrate, as well as easy and 
pleasant to use, reliable and to have functions that the users really need in their work. The 
number of listeners is too small to make a conclusion about how easy SIV is to 
administrate and how trustworthy it is, though the results showed tendencies towards 
consensus between groups and SIV was considered easy to administrate and trustworthy 
or quite trustworthy. 

Methodological aspects 

Design Process - Prototyping  
Perceptual assessments can often have low inter- and intra-judge reliability, partly due to 
the general subjectivity of the judgments that are made. This makes the skill and 
experience of the clinician essential (Theodoros, Murdoch and Horton, 1999). Thus, 
having design principles that included user focus in the process of developing SIV was 
logical. The tendencies presented in the results may give a hint of a relatively high inter- 
and intra-judge reliability. By meeting the needs and restrictions of the direct users (i.e. 
DBS nurses), SIV seems to be a prototype of an assessment with sufficient clinical 
relevance to make a difference. One of the requirements of SIV was that it should 
complement the UPDRS and ETRS. A new assessment tool such as SIV that can be used to 
rate both read text as well as spontaneous speech to determine presence and/or severity of 
various deviant speech parameters within the spectrum of dysarthria could fill the gap left 
by UPDRS and ETRS in the DBS nurses’ investigations of the patient’s speech, 
intelligibility and voice. 

Design Process – Testing 
A group of direct users as well as experts (SLPs) and a group representing the conditions 
that the indirect users (i.e. the patients) face every day regarding intelligibility (i.e. the NL 
group) have used SIV to assess speech samples in this study. For practical reasons the 
number of listeners was small, too small to draw definitive conclusions or find any 
significances. Even so, the empirical measurements have allowed identification of 
problems with reliability, such as the listeners’ tendency to choose either the parameter 
Unstable voice intensity or the parameter Voice tremor, and responsiveness, from which 
the short word-list, that was added to SIV version 2.0, sprung. Quite possibly there are 
problems with SIV that did not emerge in this initial study. However, problems with a 
design are often not as idiosyncratic as feared (Gould & Lewis, 1985). 

Factors that influenced the assessments 

There are a few factors that may have influenced the listener’ assessments using SIV. 
One is that the listeners did not all have the exact same test situation, which would have 
been optimal. For practical reasons this was not possible. Most of the assessments were 
made at the listener’s office, but two (from the NL group) were carried out in the listener’s 
homes and this is a possible influence on the testing. The results from the perceptual 
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analysis showed that the listeners tended to choose either Unstable voice intensity or 
Voice tremor in the Voice category. This could be due to that the listeners considered 
these two parameters as similar. This is in line with what Rosendal (2010) found. Based on 
this the parameter Unstable voice intensity was excluded in the version of SIV that was 
given to the DBS nurse Anna Fredricks to be trialed in a clinical context. 

Suggestions for further research 

This study and its format as a degree project only allowed the design process with a first 
loop of what needs to be a cycle of design, test and measure, and redesign. The assessment 
tool SIV would definitely benefit from a continuous process. A future study should include 
a similar process with more iterations and bigger test groups. It would then be possible to 
make comparisons of assessments between the groups, using for instance Spearman’s 
correlation, and reveal eventual significances. 

SIV uses ordinal scales of a maximum of three points which has been proven quick 
and relatively easy to use and suggested as an adequate alternative under conditions of 
time pressure (Preston & Colman, 2000). However, the reliability of Likerttype scales is 
decreasing the fewer response categories there are and if validity is considered paramount 
a less blunt rating scale would be preferable  (Lozano, García-Cueto & Muñiz, 2008; 
Preston & Colman, 2000). Where there is a statistical win in comparison to measurement 
loss, reliability is increased, and if the other way around, reliability is reduced (Chang, 
1994). With this paradox in mind, a future study need to include an evalutation of SIV’s 
ease of administration in comparison to the actual usability of SIV.   

Even though the DBS group and the NL group had a lower level of agreement than 
the SLP group, the level of inter agreement in DBS and NL group is relatively high (µ: 
SLPw 0.82, DBSw 0.79, NLw 0.74). The results indicated that it might be possible for an 
untrained listener to assess speech clarity, intelligibility and voice with the assessment tool 
SIV with acceptable reliability. However, this is something that needs further investigation 
with a larger number of participants. 

A comparison of results of SIV and e.g. Dysartritestet, acoustic measurements or 
physiological correlates could contribute with information of SIV’s abilities. 

The speech samples contained a read text. It is suggested that intelligibility is higher 
in reading compared to conversational speech (Brown & Docherty, 1995; personal 
communication, Holmberg, 2012). Given that, a different outcome would therefore be 
possible if using spontaneous speech instead of a read text in the perceptual analysis. By 
having SIV tested in a clinical context, an actual patient meeting, the ability of assessing all 
kinds of speech material is examined. This requires further testing. The indirect users i.e. 
the patient’s clinical experience of SIV is not yet researched and could lead to useful 
insights. This could also be a part of further studies. The speech samples only contained 
PD-patients, further studies would benefit from also using ET-patients. The aspect of SIV 
being easy to adapt to a digital application was also considered. In this study it was only 
briefly considered, during the layout development, by giving the assessment form a 
visually clear layout. Future research could fruitfully include further testing on layout, 
colors and adapting SIV for a digital application. 

Conclusion 

The reults of this study indicate that the assessment tool SIV is a useful and adequate 
prototype that could easily evolve to a truly useful and versatile perceptual speech 
assessment. There was a rather high level of inter agreement between the groups, in 
particular the SLP group and the DBS group which can cautiously be interpreted to 
indicate that SIV a perceptual assessment tool usable by health professionals other than 
SLPs. Furthermore, most of the listeners found SIV easy to administrate and considered 
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the assessment tool trustworthy. A larger cohort of listeners and a more variable speech 
corpus will be required to confirm these findings. 
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