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Abstract 

Background: The Acoustic Voice Quality Index (AVQI) is a multiparametric tool for 

objectively measuring the general acoustic characteristics of voice. The AVQI uses both 

sustained vowel and continuous speech in its analysis, and therefore, validation is 

required for different languages. In the present study, validation was performed in the 

Finnish-speaking population. Methods: The study included 200 native Finnish-

speaking participants of whom 115 were voice patients attending a phoniatric clinic, 

and the remaining 85 subjects participated in the study as healthy controls. Voice 

samples were recorded, and the auditory evaluation was performed by five speech 

therapists. An ordinal four point interval scale was used to evaluate the degree of voice 

abnormality (Grade, G). Several statistical analyses were performed to test the validity 

and the diagnostic accuracy of the AVQI in the Finnish-speaking population. Results: 

The inter-rater reliability of four of the five raters was high enough to allow the use of 

Gmean in the validation. There was a statistically significant correlation between the 

AVQI scores and the evaluation of overall perceptual voice quality (r=0.74). 

Conclusions: The results confirmed the good discriminatory power of the AVQI in 

differentiating between normal and abnormal voice qualities. The AVQI 02.02 

threshold value for dysphonia was 2.87 in the Finnish-speaking population. 

 

Keywords: AVQI, acoustic analysis, perceptual evaluation, acoustic clinical tool, 

dysphonia, voice disorder, Finnish language 

 

Introduction 

The minimal standards of voice diagnostics in clinical practice are laryngoscopic 

examination, perceptual evaluation, aerodynamics, acoustic analyses and the patient’s 



subjective voice ratings (1-3). In the evaluation of voice quality, several subjective 

judgment scales have been generally adopted, such as the Grade, Roughness, 

Breathiness, Asthenia, and Strain i.e. the GRBAS scale (4), the Consensus Auditory 

Perceptual Evaluation of Voice (CAPE-V) (5), the Australian Perceptual Voice Profile 

(6), the Swedish Stockholm Voice Evaluation (7) or Danish Dysphonia Assessment  

(8,9). All of these judgment scales are subjective and the agreement within and between 

listeners/raters varies from low to high with respect to judgements of voice  quality 

(10). Acoustic analysis is a non-invasive method which objectively measures voice 

quality (11-13). Furthermore, a sensitive and time-saving acoustic tool would be 

beneficial in daily clinical practice. Therefore, Maryn et al. (14) developed an acoustic 

model called the Acoustic Voice Quality Index (AVQI) to measure the overall voice 

quality or hoarseness. Hoarseness is a voice symptom; it represents a common 

abnormality in the sound of the voice but it does not specify whether the abnormality 

is in breathiness, roughness, strain or asthenia (4). AVQI is a correlate of the perceived 

degree of hoarseness which allows an objective measurement of the overall voice 

quality. The index comprises six voice acoustic parameters based on a statistical linear 

regression analysis. The AVQI equation includes the smoothed cepstral peak 

prominence (CPPS), harmonics-to-noise ratio (HNR), shimmer local (SL), shimmer 

local dB (SLdB), general slope of the spectrum (Slope), and tilt of the regression line 

through the spectrum (Tilt). Over time further refinements of the AVQI have been 

made, and the AVQI version 02.02 is executed in Praat. (Paul Boersma and David 

Weenink, University of Amsterdam, The Netherlands) (15). The AVQI has been shown 

to be a valid and useful acoustic tool. Several investigations have revealed that the 

AVQI is highly sensitive to the voice changes through voice therapy (13,16). The 



graphical presentation of results of the AVQI is also easy for patients to understand [see 

figure 1]. 

 The AVQI uses a concatenation of continuous speech and a sustained vowel [a:] 

in the analyses, thus quantifying the overall acoustic voice quality into one score for the 

entire vocal sample (14). These two tasks have been found to be indispensable in voice 

quality assessment because they reflect vocal function both during rapid glottal and 

supraglottal changes (speech) and in a more steady state (sustained vowel) (12,15,17). 

 Since continuous speech is used in the AVQI analyses, the phonetic 

characteristics of languages may affect the acoustic measures of AVQI. Therefore it is 

necessary to validate the method and to determine a threshold value between 

normophonic and dysphonic voices individually for different languages. Studies have 

shown the AVQI to be cross-linguistically robust in the Indo-European language 

family: in Germanic languages (Dutch, German, English) (13,18-21), in a Romance 

language (French) (18) and in a Baltic language (Lithuanian) (22). The AVQI has also 

been validated in Japanese (16) and for the Altaic language family (Korean) (23).   

 The present study investigated the validity of the AVQI in the Finnish-speaking 

population. The Finnish language represents the Finno-Ugric language family (24), 

which differs from all of the other language families in which the AVQI has been 

validated. The Finnish language has eight vowels: a, e, i, o, u, y, ä, ö, and seventeen 

consonants: p, t, k, (b), d, (g), m, n, ŋ, (f), s, (š i.e. ʃ), h, l, r, v, and j. The consonants in 

brackets are used mainly in some foreign loan words. None of the consonants are 

produced as aspirated. A tremulant /r/ is produced with the tip of the tongue. The 

consonants /v/ and /j/ are semivowels in Finnish language. Both vowels and consonants 

appear in short and long variants. The appearance of vowels and consonants in the 

Finnish standard language is 47.9 % and 52.1 % (25). In a cross-linguistic comparison, 



the ratio of vowels to consonants can be rated as moderately low (26), and the mean 

duration ratio of single over double vowels (V/VV) is 1 : 2.3 in Finnish, whereas for 

example in English it is smaller (1:1.8) (27). The Finnish language utilizes vowel 

harmony, and it is an agglutinative language (using many suffixes instead of 

prepositions), and therefore it is characterized by long word constructions. 

The present study aimed to investigate whether AVQI would be suited for use 

as a clinical tool in a Finnish speaking population.  The results from validation of AVQI 

in different languages serve a larger purpose of development of cross-linguistically 

robust and globally applicable clinical tools for voice evaluation and therapy.   

  

Methods 

Participants 

The Ethics Committee of Tampere University Hospital provided an ethical approval for 

the present study (R15014). The study applied the AVQI to 200 native Finnish 

participants. Forty-eight of the participants were male and 152 were females. Although 

there was an uneven gender distribution, the male-female ratio in this study was 

acceptable because it corresponds to the gender ratio of voice patients (28). The mean 

age of all participants was 47 years (SD 15.1 years, range 19−84). One hundred and 

fifteen participants were voice patients attending the Department of Phoniatrics in the 

Tampere University Hospital and they all had a diagnosed voice disorder (86 females, 

29 males, mean age 51, SD 15, range 19−84). The main laryngeal diagnoses of the 

patients are listed in table I. Eighty-five participants were volunteers with normal voices 

(66 females, 19 males, mean age 42, SD 14, range 19−67). These participants were 

volunteers who were enlisted from students, teachers and other staff from the university 

or from visitors to the Voice Research Laboratory in the university who had no 



diagnosed voice disorders, although nine of them scored more than 38 points in the 

Voice Activity and Participation Profile (VAPP) self-evaluation questionnaire which is 

regarded as the maximum score for healthy voice users (29).  

 

 

[Please insert the table I. near here] 

Voice recordings 

The recordings were made in Tampere University Hospital, in the University of 

Tampere, and in the Tampere University of Technology. Thirty-eight of the recordings 

were conducted under studio conditions in the University of Tampere, while the other 

recordings were made in field conditions (i.e. a quiet office or a surgery room). The 

mean signal-to-noise ratio of the recordings was 39.8 dB with SD of 5.6 dB. Thus, all 

the recordings were consistent with the recommended norm of SNR, > 30 dB, for 

acceptable conditions for acoustic recordings and analysis (30). 

 All voice samples were recorded with an AKG C544L head-mounted condenser 

microphone and digitised at 44,100 samples per second using the Focusrite iTrack Solo 

audio interface. The 4 cm mouth-to-microphone distance and the 45° azimuthal angle 

were controlled by using a ruler from the corner of the participants’ mouths. The 

participants were standing during the recording, and the text for reading was placed on 

a music stand, comfortably adjusted to the height of each participant. The recordings in 

the hospital were made by one speech therapist and those in the university were 

recorded by an experienced technician provided with detailed instructions for the 

present study. The participants undertook two tasks in the recordings. First they read 

aloud a short text (“The north wind and the sun”, in Finnish “Pohjatuuli ja aurinko”), 

and secondly, they phonated the sustained vowel [a:] three times for at least 5 seconds 



per phonation. In both recordings, the participants used a comfortable pitch and 

loudness, and these samples were saved in a WAV format. In cases where the 

participants tended to raise the pitch towards a singing-like phonation during the vowel 

task, they were requested to revert to their habitual speaking pitch by producing short 

phrases or uttering Uh-Huh with a descending pitch. 

Acoustic analyses 

All voice samples were analysed using the AVQI-script version 02.02 with Praat 

(5.3.55) software (15). Three medial seconds of the middle [a:] vowel and the first 23 

syllables ‘Poh-jan-tuu-li ja au-rin-ko väit-te-li-vät kum-mal-la o-li-si e-nem-män voi-

maa’ of the text were used in the analyses. The regression formula for the analyses of 

the AVQI version 02.02 was 9.072 − 0.245 × CPPS − 0.161 × HNR − 0.470 × SL + 

6.158 × SLdB − 0.071 × Slope − 0.170 × Tilt. The analysis automatically merged the 

voiced segments of the text with the sustained vowel and it was possible to obtain one 

AVQI-score index value per participant on a scale from 0 to 10 (figure 1).   

[Please insert figure 1 near here] 

Perceptual evaluation 

In the present study, the concatenated samples of continuous speech and sustained 

vowels from the original recordings were used for perceptual evaluation. The six-

second long listening samples included 23 syllables of continuous speech from the 

reading task and immediately thereafter a 3-second long sustained vowel. Five Finnish 

speech therapists with considerable experience of working with voice patients 

evaluated the voice quality of the samples using the ordinal four-point equivalent to the 

interval GRBAS scale (4). In this study, only the G-rating from the GRBAS-scale 

(representing the overall degree of voice abnormality) (4) was utilized in the 



perceptual evaluation (31). The complete listening task included 225 voice samples and 

the listening order of the voice samples was randomised. Twenty-five voice samples 

(i.e. 12.5% of the total number) were presented twice to check the listeners’ intra-rater 

reliability.  

  In the listening task, the speech therapists were given a set of anchor voice 

samples representing different degrees of voice dysphonia (32,33). The principal author 

listened and pre-evaluated the samples, and selected the specimens to be used as anchor 

samples. Thereafter the suitability of the anchor samples was evaluated in the phoniatric 

clinic by three speech therapist and two phoniatricians, who were specialised in voice 

disorders. In the final anchor sample set, there were eight voice samples, two for each 

degree of the G on the scale from 0 to 3. The speech therapists received the voice 

samples and listening instructions on a memory stick, and they listened to the voice 

samples using on their own computer with around-ear headphones. The listeners were 

asked to make a combined judgement of both sample parts in each case and they listened 

to the anchor voice samples prior to the listening task and after every twenty-fifth voice 

sample. In the subsequent analyses, only the mean ratings of the G-scores were used 

(Gmean). 

Statistical analyses 

All statistical analyses were conducted using SPSS for Windows version 22.0 (IBM 

Corp., Armonk, NY, USA), and all the results were considered statistically significant 

at p ≤ 0.05, except when otherwise stated. Firstly, to evaluate the rater reliability of the 

perceptual judgments, the Cohen kappa (Cκ) for intra-rater reliability and the Fleiss 

kappa coefficient (Fκ) for inter-rater reliability were calculated. Guidelines for the 

interpretation of the κ statistics were provided by Landis and Koch (34).  The analyses 

were calculated with the software package of r-Studio v. 3.0.1 software package (R 



Core Team, Vienna, Austria). Furthermore, significant changes (i.e. considered 

statistically significant at p≤0.01) in all kappa values were tested using bootstrapping 

with 1,000 replications (i.e., this mothod consists in q samples of size n with 

replacement [35]) based on a script devised by van Belle (36). In order to establish a 

group of raters with a homogeneous and a high level of reliability, the following criteria 

were applied: (1) no significant differences should be found in the intra-rater Cκ results 

between all pairs of raters; (2) each rater should reached an intra-rater reliability of a 

level of Cκ≥0.41 (34) and (3) all remaining raters with representative and comparably 

high intra-rater reliability were analysed to find a homogenous rater group with an inter-

rater reliability of Fκ≥0.41 (34). If the Fκ result was significantly better by excluding 

one rater, the rater with the highest significant value was to be excluded for the next 

round. Thus, in each round we used a backward stepwise method to exclude the rater 

whose kappa value differed most significantly from the Fκ for all tested raters. This 

procedure was repeated until a minimum kappa value of ≥0.41 was achieved without 

any significant improvement in the Fκ by excluding one of the raters. After this 

procedure four raters from five remained in the study. 

Secondly, the concurrent validity of the AVQI in the Finnish language was 

investigated using the Spearman’s rank order correlation coefficient (rs) and the 

coefficient of determination (r2) between the mean ratings of the G-scores (Gmean) and 

the AVQI. Interpretation guidelines for rs were provided by Frey et al. (37).  

Finally, the diagnostic accuracy of the AVQI was evaluated using the receiver 

operating characteristic (ROC) statistic with several estimates. The diagnostic precision 

of the AVQI was evaluated by its sensitivity (i.e. correctly identified hoarseness when 

tested positive on the AVQI) and specificity (i.e. correctly identified hoarseness when 

testing negative on the AVQI). The absence of hoarseness was defined at Gmean (0.0–



0.49). The best threshold level for the AVQI in the Finnish language was determined 

using the Youden Index, with this based on the results of the ROC statistics. The 

Youden Index was calculated by the maximum of sensitivity + specificity − 1. 

Furthermore, the applicability of the best threshold for a clinical decision was assessed 

by the balance between the “likelihood ratio for a positive result” (LR+) and the 

“likelihood ratio for a negative result” (LR−), which were defined as the 

sensitivity/(1−specificity) and (1−sensitivity)/specificity, respectively. As a general 

guideline, the diagnostic value of a measure is considered to be high when LR+≥10 and 

LR−≤0.1 (38). Additionally, the ability of the AVQI to discriminate between normal 

and hoarse voices was assessed by the “area under ROC-curve” (AROC). An AROC = 1.0 

will be obtained for measures that perfectly distinguishes between normal and hoarse 

voices. An AROC = 0.5 corresponds to a chance-level diagnostic accuracy (39). 

 

Results 

The intra-rater reliability based on 25 voices samples out of 200 samples revealed no 

significant difference between the perceptual raters in Cκ values (Cκ = 0.63 to 0.87, t = 

4.35, p = 0.363). An inter-rater reliability was determined for all five raters. The Fκ 

results revealed a sufficient kappa value but significant differences were detected 

between the five raters (Fκ = 0.51, t = 17.8, p = 0.004).The inter-rater reliability when 

there were only four judges showed significantly better Fκ results, i.e. one rater out of 

the group of five was excluded (see Methods, Statistic analyses) while still achieving a 

sufficient level of the kappa value (Fκ = 0.55, t=6.624, p=0.159). Therefore, all analyses 

were conducted with the perceptual Gmean ratings of the four raters. The descriptive 

statistics for the AVQI score are presented in table II. The frequency distribution of the 

mean auditory-perceptual overall voice quality ratings is presented in figure 2. A 



substantial correlation was found between the AVQI scores and the overall rating of 

perceptual voice quality (Spearman’s rho = 0.74, p = 0.01) (figure 3) (37). In order to 

evaluate the AVQI’s potential to distinguish Finnish-speaking subjects with normal 

voice qualities from those with an abnormal voice quality, an ROC curve was 

constructed (figure 4). The AROC was 0.862 (i.e. 86.2%) thus confirming the high 

discriminatory power of the AVQI in differentiating between normophonic and hoarse 

voices in the Finnish population. The AVQI 02.02 threshold level in the Finnish-

speaking population was 2.87, which is related to the highest Youden’s Index of 0.606. 

At this threshold, a sensitivity of 0.796 (79.6%) and a specificity of 0.862 (81%) were 

achieved. The general guideline of the likelihood ratio statistics was not reached (i.e. 

LR+=4.08 and LR-=0.25).  

  [Please insert table II and figures 2, 3, 4 near here] 

Discussion 

This study tested the validity and diagnostic accuracy of the AVQI for the Finnish 

language. These results confirmed the good discriminatory power of the AVQI in 

differentiating between normal and abnormal voice quality (i.e., sensitivity of 79.6% 

and specificity of 81%). The threshold for dysphonia was determined to be 2.87. Thus, 

the threshold value for Finnish occupies a low position in comparison with the other 

languages already tested. The values have been found to range for 2.97 in Lithuanian 

to 3.66 for Dutch with the AVQI version 02.02 and when perceptual ratings have been 

based on the Gmean from GRBAS. The highest ROC statistics in previous AVQI 02.02 

validation studies have been presented in the German language (AROC 0.958) (18). In 

addition, investigations in the Dutch (AROC 0.893), French (AROC 0.869) (18), 

Lithuanian (AROC 0.940) (22) and Japanese (AROC 0.905) (16) languages have higher 

AROC values than those found in the present study (AROC 0.862). In this Finnish 



validation of the AVQI 02.02, the values for sensitivity and specificity were also among 

the lowest of those languages tested previously. The result of concurrent validity was 

in line with the investigation on the Lithuanian language (22), but lower than that 

obtained with the other tested languages (16,18,23).   

 The lower diagnostic validity may be attributable to the quality and size of the 

dysphonic participant groups. A large number (n = 25) of voice patients with a diagnosis 

of adductor spasmodic dysphonia (ADSD) participated in the present study. ADSD is 

mainly characterized by intermittent voice breaks, and blockages in phonation resulting 

due instability in the adductory movement of the vocal folds (40). The AVQI may not 

always detect the poor voice quality in a patient with ADSD, because his/her voice 

quality is not necessarily rough or breathy but unstable, and only occasionally strained. 

Figure 3 shows variations in the AVQI data per mean G score. The variation is most 

prominent at mean G=3 (i.e., a level of G for which variability between raters is 

expected to be at its lowest). A further analysis of the data showed that this large 

variability in the AVQI values among samples that were rated as representing G=3 was 

mainly due to samples from patients with ADSD. The exclusion of these samples 

slightly improved the correlation between AVQI and perceptual rating (the 

Spearmans’s rank order correlation coefficient increased from r=0.74 to r=0.75). In 

general, one cannot expect a perfect correlation between the Grade in GRBAS and 

AVQI. In fact, Grade has been defined as ‘the degree of hoarseness or voice 

abnormality’ (4). There are different kinds of vocal abnormalities (such as trembling or 

breaking quality, abnormally high or low pitch, register shifts) that may not be reflected 

in the parameters of AVQI as well as various noise characteristics in the voice. A further 

source of discrepancy between acoustic and perceptual results may stem from variations 

of voice quality with time (e.g. 41). Listeners may react more to intermittent signs of 



hoarseness than is apparent in the acoustic analysis. Additionally, some listeners may 

pay more attention to voice quality either in the continuous speech part or the vowel 

part of the sample, while the acoustic analysis examines each sample as a whole. In the 

present study, a relatively high variation in AVQI was also found for those voice 

samples which were rated as normal (G=0) (see Figure 3). A particularly striking 

discrepancy is seen in the voice sample whose AVQI was 3.96. This means that all four 

raters judged this voice to be normal, whereas AVQI suggested that there was 

hoarseness (i.e., a value higher than the threshold value 2.87). The reason for this 

discrepancy may stem from the fact that the sample was spoken relatively softly. Earlier 

results have shown that acoustic measures of hoarseness such as jitter and shimmer 

values, SN ratio and cepstral measures, react to voice loudness: better values are 

obtained when speaking more loudly and vice versa (e.g. 42-44). To summarize, the 

results revealed that there is an overlap in the AVQI scores between different levels of 

perceived abnormality of voice. This has also been found in previous studies (e.g. 

13,16,22). 

 Differences in the AVQI threshold between languages are most likely 

attributable to differences in their phonetic structure as well as due to cultural aspects 

in the perceptual evaluation. A high rate of fricatives and strongly aspirated consonants 

may increase the threshold value. At present the AVQI has been shown to be adaptable 

with highly comparable validity across studies using very different languages, 

regardless of the phonetic content of the continuous speech segments, and the 3-second 

sustained [a:] segments are a relatively constant factor across the different languages. 

Furthermore, voiceless fragments, including voiceless fricatives, are automatically 

removed from the continuous speech recordings before the acoustic analysis and the 

determination of the AVQI. Therefore, the differences in the diagnostic AVQI 



thresholds seem to lie in perceptual evaluation, i.e. the listeners’ language and culture 

related tolerance for certain linguistic traits e.g. nonmodal breathiness (as in aspirated 

fricatives). The perceptual ratings in the present study correlated strongly with the 

AVQI, as has also been found in earlier studies with other languages. However, the 

inter-rater reliability was moderate, but higher than in the previous AVQI validation 

studies in which the Fleiss kappa coefficient has been used (16,22). The perceptual 

evaluation was made on the basis of both a sustained vowel and a text extract. It is 

possible that the listeners concentrated their attention on different parts of the material, 

which would explain the inter-rater differences. Instead the AVQI sums up various 

acoustic characteristics into single value. Therefore, it has the potential to be a more 

accurate classifier than a rarely calibrated auditory-perceptual rating. In the script of the 

AVQI 02.02, the vowel dominates in terms of length over the connected speech. In the 

future, the more balanced AVQI version 03.01 (21) should also be validated with the 

Finnish language. Future studies should focus on the performance of the AVQI in 

different types of dysphonia due to various causes. Furthermore comparative studies 

will be required, for example, comparing the AVQI results and the patients’ subjective 

evaluation of their voices. 

Conclusions 

There was a significant correlation between the perceptual rating of the degree of voice 

abnormality (i.e. Gmean of the GRBAS scale) and the AVQI. The results suggest that the 

AVQI 02.02 is valid and specific in distinguishing between normal and dysphonic 

voices in Finnish speakers. The AVQI version 02.02 threshold in the Finnish language 

was 2.87.    
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Figure 1. Example of the graphical output of the Praat script for the AVQI 02.02. The 

graphic presents the AVQI 02.02 result of subject number 115 who was a 42-year old 

female with idiopathic vocal cord paresis. The AVQI score is 5.03 where as the Gmean, 

the mean of voice abnormality ratings by five speech therapists, was 1.80. The table 

on the left side illustrates the outcomes of the six separate acoustic measures in the 

AVQI model. The severity line from 0 to 10 demonstrates the AVQI values next to 

the table. The higher the AVQI score, the more abnormal is the voice and vice versa.    

 



Figure 2. Frequency distribution of the mean auditory-perceptual overall voice quality 

ratings (average of the G-scores of the four judges) for the 200 concatenated voice 

samples. 

 

 

 

 

 

 

 

Figure 3. Scatterplot and linear regression line illustrating the proportional 

relationship between the AVQI version 02.02 and Gmean (the two lines above and 

below the regression fit line delineate the upper and lower boundaries of the 95% 

prediction interval, respectively). 

 



 
 

Figure 4. ROC-curve illustrating the diagnostic accuracy of the AVQI. 

 

 

Table I. List of the participants with and without laryngeal diagnoses, ICD-10 codes 

and the number of participants in each group in the study.   

 

Laryngeal diagnosis  ICD10 code Detailed definition Number of  
participants 



Participants with no 
diagnosed voice disorder 

  85 

Functional dysphonia  R49.01   31 

Paralysis/paresis of vocal the 
cords  

J38.0 Different degree of 
vocal cord paralysis 

25 

Spasmodic dysphonia R49.02  25 

Chronic laryngitis J37.0  9 
Nodules   J38.2  5 
Other diseases of the vocal 
cords 

J38.3 E.g. cyst, bulge in a 
blood vessel, swelling 
of the vocal cords 

5 

Other undefined dysphonia R49.08 Granuloma, 
multifactorial voice 
disorder  

4 

Larynx irritable J39.3  2 
Transsexualism F64.0 Male-to-female 2 
Polyp of the vocal cord  J38.1  1 
Other diseases of the larynx J38.7 Myoclonus 1 
Cough R05  1 
Laryngeal spasm J38.5    1 
Dysphagia R13 With voice symptoms 1 
Ehlers-Danlos syndrome Q79.6    1 
Larynx trauma 
 

Y96.0, W17    1 

  Total of voice patients 115 
  Total of participants 200 

 

 

Table II. The mean, standard deviation, and minimum and maximum results of the 

AVQI 02.02 index values. 

 

 N AVQI index 
mean 

SD Min Max 

All participants 200 3.16 1.6 0.18 9.35 

Volunteers from the university 85 2.25 0.9 0.18 4.79 

Voice patients 115 3.84 1.6 0.94 9.35 
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