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An examination of the sensitivity of acoustic-phonetic parameters of speech to depression were started in 

the Laboratory of Speech Acoustics. In the presented research work some segmental parameters of the 

depressed speech were examined, and compared with the parameters of normal one. It was clear from that 

experiments that there are significant difference between the parameters of depressed and normal speech. 

The jitter and shimmer values of the examined vowels were significantly higher, the first and second 

formant frequencies were lower in depressed speech. Because it is clear that for a good examination, 

much more depressed patient voices are necessary, so we are going to continue the collection of the 

depressed speech database. Moreover the extension of the examination to the supra-segmental parameters 

of speech, like speaking rate, vocalization/pause ratio etc. are planned. 
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I.  INTRODUCTION (HEADING 1) 

Physiological and psychological condition of humans is reflected in the speech production and thus, in 

the acoustic phonetic-parameters of speech. It is well known, that in case of vocal disorders the acoustical 

parameters of speech significantly differ from the normal speech. Speech production is a complicated 

process involving coordination of several brain areas and peripheral muscle controls. This is the reason 

why the acoustic-phonetic parameters of speech are sensitive to many neurological defects (cognitive 

dysfunctions). These defects can cause changes also in speech [6][7][8]. The defects generally occur in 

areas of phonation, articulation, prosody, and the fluency of speech.  

In phonation, the defects are reflected, due to improper working of muscles, when the vocal cords do 

not work perfectly. In that case the fluctuation and scattering of pitch frequency f0, what are described as a 

standard deviation [9] or as jitter (a measure of period by period variation of f0) - differ from the typical 



one. The patients can be observed by hypophonia (reduced voice intensity) [10] and dysphonia 

(degradation of voice quality - hoarseness and roughness, which reduce the intelligibility of speech) [11]. 

In the case of dysphonia the noise to harmonic component ratio of speech is different from the normal one. 

The level of speech intensity can be low [12] and, due to bradykinesia and rigidity; it does not fluctuate 

very much. In these cases the shimmer (a measure of period by period variation of sound pressure 

amplitude) becomes small [13]. 

 In articulation, defects are reflected primarily in the pronunciation of consonants [15]. 

The biggest problems [15, 16] occur mainly in the pronunciation of plosives [p], [t], [k], [b], [d], and 

[g]. This is again due to the improper working of muscles involved in speech production, in this case of the 

active articulatory organs (lips, tongue tip, the center of the tongue, tongue base, epiglottis, and larynx). 

During the pronunciation of plosives the position of articulation organs changes rapidly. In some cases, 

patients are not able to perform these rapid changes. The DDK (DiaDochoKinetic) tasks are often used to 

evaluate the precision of articulation [17]. The Voice Onset Time (VOT) defined as the time interval 

between the release of the plosive and the beginning of the vocal fold vibration associated with the 

subsequent vowel, is another frequently used acoustical parameter [18] to determine speech production 

problems. For example, it was proved that average VOT was shortened in case of hypoxia [19, 20] during 

a 48-h exposure, in a 4300m simulated altitude. 

Resonance occurs in the larynx, oral and nasal cavities. The frequencies at which these resonances 

occur are called formants. Formant values and corresponding spaces in the cavity are affected by the 

position of speech organs. Formant frequencies can be estimated by frequency analyses of speech. A 

disadvantage of the formant frequencies is their strong dependence on age and sex.  

Speaker prosody is partly based on phonation because the three basic acoustic features are pitch 

frequency f0, speech intensity and speech rate. In addition to these basic parameters the prosodic features 

also include rhythm, intonation, accent, timing [27,28] etc. These parameters are particularly sensitive to 

changes in moods states and emotions [1,2]. These three areas of the continuous speech production: the 

phonation, the articulation, and the prosody are closely related to each other. 

The relationships between depression and different acoustic-phonetic parameters were examined in the 

last years [23, 24, 25, 26]. It was found that time-based measures of speech production, such as total 



speaking time and the interplay between vocalization and pausing are more definitive and readily 

interpreted. Data indicate that more depressed patients take longer time to express themselves. They don’t 

vocalize more; rather they speak with greater hesitancy, producing more cumulative and variable pauses. 

Consequently, voice acoustic measures, such as the percent pause time, vocalization/pause ratio, and 

speaking rates reflect depression severity. Moreover, pitch variability about f0 and first and second 

formants correlate significantly with overall depression severity. The tendency is clear, but the data are 

different according to the measuring circumstances, the number of examined patients, and the patient 

population. And last but not least it is not clear whether the reflection of depression severity in speech 

parameters is language-dependent or not. 

The general aim: Examination of the sensitivity of acoustic-phonetic parameters of speech to depression 

and the development of a metric that alert the person at early stage of cognitive dysfunction (Automatic 

detection). 

Hypothesis: There are acoustic-phonetic parameters at segmental and supra-segmental level which 

reflect the change of speech productions in case of depression.   

 

II. METHODS 

The research of the acoustic-phonetic parameters of depression is a long-term project, and now we are 

at the beginning. Generally we are going statistically examine segmental and supra-segmental parameters 

of speech, but now at the first period only segmental parameters are examined, like jitter, shimmer, 

harmonics to noise ratio, and MFCC slope, first and second formant frequencies. To see the effect of the 

depression on these speech parameters, a comparison of healthy and defective speech are necessary. 

A. Depressed speech database 

Depressed speech data has been collected in a consulting room of the doctors at the Neurological 

Department of the Semmelweis Clinic in Budapest. Recording conditions: using near-field microphone 

(Monacor ECM-100), with Creative Soundblaster Audigy 2 NX: an outer USB sound card, at a 16 kHz 

sampling rate, quantized at 16 bits. 



This speech databases are composed of two parts: the first part is a voice diary between the doctor and 

the patient (about 10 minutes), it is spontaneous speech. The second one is a reading text, a standard 

phonetically balanced short folk tale (about 6 sentences all together), “The North Wind and the Sun”. This 

story is from the booklet "The Principles of the International Phonetic Association" [22]. In this booklet 

phonetic transcriptions of the story are given in 50odd languages, in order to illustrate the use of the 

International Phonetic Alphabet (IPA). The tale frequently used in the phoniatric practice for all European 

languages, and commonly used for acoustic analysis in the frameworks of international, multi-lingual 

clinical studies. 

Until now the sounds of 9 patients were recorded, and marked according to the BDI (Beck Depression 

Inventory) subjective scale [29]. The data of patients are presented in Table 1. 

TABLE I.  DATA OF PATIENTS IN THE DEPRESSED SPEECH DATABASE 

Recorded 

 date 

Identification BDI 

val

ue 

Sex Date 

of 

birth 

Smoking? Have 

a 

cold

? 

2011.12.01. 001   female 1956     

2011.12.01. 002   female       

2011.12.01. 003 28 female 1972     

2011.12.14. 004 25 male 1942     

2011.12.14. 005 36 male 1982     

2012.01.04. 006 25 male 1953 yes no 

2012.01.04. 007 43 male 1954 yes no 

2012.01.09. 008 36 female 1952 no no 

2012.03.07. 009 27 male 1960 no no 

 

For the help of the automatic statistical analyses an automatic speech recognition techniques, developed 

in the Laboratory of Speech Acoustics, were used [3, 4]. For example for the selection of speech sounds, 



mark their boundaries in the continuous speech and groups of them, automatic segmentation and labeling 

was used. 

For the comparison of the speech parameters of depressed speech with the healthy one, a normal 

continuous speech database, the MRBA Hungarian Reference Database was used [30]. This database is a 

phonetically balanced continuous speech database, segmented and labeled on phoneme level, recorded by 

330 healthy persons. 

B. Acoustic phonetic analyses 

The following acoustic-phonetic parameters and their statistical data were measured at the middle of 

each vowel [e] and [a] in 25 ms time window: 

jitter: This is the average absolute difference between consecutive time periods (T) in speech, divided 

by the average time period. 

 

 (1) 

 

where N is the number of periods, and T is the length of the periods. 

shimmer: This is the average absolute difference between consecutive differences between the 

amplitudes of consecutive periods. 

 

 (2) 

 

where A is the amplitude of the period. 

HNR (Harmonics-to-Noise Ratio) represents the degree of acoustic periodicity. 



  (3) 

 

where EH and EZ are the energy of the harmonic and noise component, respectively. 

The fundamental frequency calculation was done by autocorrelation method. Algorithm is described 

in [31]. 

The First and second formant frequency tracking was realized by applying Gaussian window for a 

150 ms long signal at a 10 ms rate. For each frame LPC coefficients were measured. The algorithm can be 

found in [32]. 

 

III. MEASURING RESULTS 

A. Jitter, shimmer, HNR 

Jitter, shimmer and HNR values were measured at the middle of each vowel [e] and [a] in the depressed 

and normal database. While there were no significant differences between these parameters in spontaneous 

and reading part of the depressed speech, those were handling together. Jitter and shimmer mean values 

and their standard deviations are presented separately in case of male and female for [e] sound in Fig. 1. 

and for [a] sound in Fig. 2. 

 

 

Standard deviation Jitter (%) Shimmer (%) 



Depression  3,6 8,4 
male 

Normal 1,6 6,2 

Depression 2,5 6,9 
female 

Normal 1,6 5,4 

Figure 1.  Jitter and shimmer mean values in % for sound [e] and their standard deviation 

 

Standard deviation 
Jitter 

(%) 

Shimmer 

(%) 

Depression 4,7 9,3 
male 

Normal 2,7 6,2 

Depression 4,2 8,8 
female 

Normal 2,3 7,7 

Figure 2.  Jitter and shimmer values in % for sound [a] and their standard deviation 

Jitter and shimmer values were much higher in case of depressed speech, but the standard deviation of 

the measured values was quite large, thus the the calculation of significance tests were necessary in all 

cases. The results of the Student-t significance test were presented in Table 2.  

The Student-t value is 1,96 at a significant level of 95% (p = 0,05) and at larger degrees of freedom than 

120. It is clear from the Table, that the calculated t value is much more than 1,96 in all cases. That means 

that there are important differences between the expected values of normal and depressed speech data. 

 

 



 

 

 

 

TABLE II.  RESULTS OF THE STUDENT-T SIGNIFICANCE TEST 

Speec

h 

soun

ds 

Sex 

Degrees 

of 

freedom 

Acoustical 

parameter 

Test 

statistics 
Student-t 

694 Jitter (ddp) 5,53 1,96 

male 
595 

Shimmer 

(dda) 
12,60 1,96 

739 Jitter (ddp) 5,69 1,96 
"e" 

female 
702 

Shimmer 

(dda) 
9,96 1,96 

500 Jitter (ddp) 9,76 1,96 

male 
595 

Shimmer 

(dda) 
11,63 1,96 

654 Jitter (ddp) 5,50 1,96 
"a" 

female 
616 

Shimmer 

(dda) 
7,53 1,96 

 

In case of the measurement of HNR values we did not find any important differences between the 

normal and depressed speech.  

 



B. First and second formants 

The spectral values of the depressed speech were much more uncertain than the values of normal 

speech. The detection of the formants, especially the higher formants were blurred, as you can see it on the 

spectrograms of Fig. 3. 

 

 

Figure 3.  A spectrogram example of normal (right) and depressed (left) female speech 

 

The mean formant frequency values of the depressed and normal speech were measured at the middle 

of vowel [e] in both, the depressed and normal speech databases. 

There were not any significant differences between the spontaneous and read part of the depressed 

speech database thus we handled the data together in this series of the experiments, too. The obtained 

results are presented in Table 3. 

TABLE III.  MEAN FIRST AND SECOND FORMANT FREQUENCIES OF NORMAL AND DEPRESSED SPEECH 

Mean 

formant 

frequences 

Depressed 

female 

Normal 

female 

Depressed 

male 

Normal 

male 

F1 (Hz) 604,9 662,0   521,1   590,5 

F2 (Hz) 1646,4 1923,6 1580,9 1629,2 

 

 



The first and second formant frequencies are lower in case of depressed speech. In case of the third 

formant, due to the uncertainty of the measurement of higher formant frequency we have not received any 

clear results.  

To see the deviation of the measured frequency values, those were presented in a well-known form, on 

the first and second formant plate on Fig. 4 in case of male experimental subjects. 

 

 

Figure 4.  First and second formant frequencies of [e]sounds of normal and depressed male voice 

 

IV. CONCLUSION 

The presented experiments were only a part of a longer period of study.. Until now the speech of only 9 

patients were recorded and processed, but it is clear from that experiments that there are significant 

difference between speech parameters of depressed and normal speech already at segmental level. The 

jitter and shimmer values are significantly higher, the first and second formants are lower in depressed 

speech that in normal one. 

It is clear that for a good examination much more depressed patient voices are necessary. Thus we want 

to continue the collection of the depressed speech database. The examination of the supra-segmental 

parameters of speech, like vocalization/pause ratio, and speaking rates, are also planned to examine. 

Moreover, there is an interesting question, whether the degree of changing of the speech parameters on the 

severity of depression is language-dependent or language-independent. 
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