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The aim of this study is to investigate the effects of age and gender in sound 
reflection of anxiety with acoustic analysis. In the study, 148 speech records 
that express the emotions of the actors as anxiety and neutral were used as 
the data set. PRAAT software is used for acoustic analysis. The ANOVA 
method was used to analyze the data. The according to the results of 
statistical analysis, gender and age increased the count of acoustic 
parameters that affected of anxiety. The standard deviation of F0 increased 
too much, jitter local and jitter rap increased mid-range and other 
parameters did not change when examined changes based gender. The mean 
of F0, shimmer apq3 and number of unvoiced frame decreased to mid-range, 
the standard deviation of F0 and jitter local increased too much, the standard 
deviation of F3 and jitter rap increased to mid-range and other parameters 
did not change when examined changes based age. The changes occurring in 
emotions cause changes in sound by affecting respiratory and muscle 
tension. The anxiety has been changed according to gender and age because 
the number of parameters in the analysis based on the gender and age is 
more. The gender causes change in the speed of glottic cycle and this change 
increases with anxiety. In addition, vocal cords by both male and female 
occur irregularities and this case also differs according to age. The 
irregularities in intensity of sound in lower ages are being further while the 
pauses in the conversation with advancing age are increasing. 
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1. Introduction 

*Anxiety emerges in cases the threat or danger 
and people are prepared to take action in case of 
danger. However, if anxiety is severe than expected 
and takes longer than necessary and mind is 
constantly busy and disrupts people's daily 
functions, pathological anxiety is concerned. The 
somatic symptoms related to the respiratory system 
that occurs in the case of anxiety affects a person's 
sound system.  

The objective and subjective methods are used 
for psychological diagnosis of the human voice, 
emotion recognition and identity person. Acoustic 
analysis is used for objective assessment of the 
sound with various parameters were obtained from 
the sound.  
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When examined the data used in studies on 
anxiety, available databases (Murray and Arnott, 
1993; Ruiz et al., 1996) as well as studies using 
sound recordings collected by investigators 
(Protopapas et al., 1997; Drioli et al., 2003; 
Hagenaars and Minnen, 2005; Fuller et al., 1992; 
Diamond et al., 2010; Goberman et al., 2011; Weeks 
et al., 2012) are also available. 

According to the results obtained in the studies, 
average value of F0 is increased in general in case of 
anxiety (Murray and Arnott, 1993; Ruiz et al., 1996; 
Drioli et al., 2003; Diamond et al., 2010; Goberman et 
al., 2011; Weeks et al, 2012; Ververidis and 
Kotropoulos, 2006). According to the study of non-
verbal parts of speech, average value of F0 is 
decreased (Laukka et al., 2008). When the variability 
of F0 examined, the studies detected decrease 
(Hagenaars and Minnen, 2005) as well as increase 
(Goberman et al., 2011) are available. In case of 
anxiety, the speech time (Ververidis and 
Kotropoulos, 2006) and pause rate (Goberman et al., 
2011; Laukka et al., 2008) are decreased, speech rate 
is very increased (Murray and Arnott, 1993). 
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According to the study of the speech energy value, it 
varies (normal, high, and low in the non-verbal part) 
(Murray and Arnott, 1993; Drioli et al., 2003; Laukka 
et al., 2008). The gender and age causes change in 
vocal cords the effective on the voice formation (i.e. 
F0 value) (Gerçeker et al., 2000). Accordingly, the 
various speech parameters such as speech rate, 
pause rate, speech energy varies by gender and age 
(Özseven and Düğenci, 2016). In a study of emotion 
recognition, seven different moods are used and 
determined that more reflect the emotions to speech 
the Middle Ages than young people, the male than 
female in all emotions (Paulmann et al., 2008). In 
addition, it has been concluded that vary according 
to the type of emotion of success emotion 
recognition (Paulmann et al., 2008). This 
information shows that gender and age cause 
changes on all emotions. However, this information 
does not provide information about whether 
difference between the effected rate from gender 
and age of emotions. 

The changes according to both moods of speech-
related features were investigated based on gender 
and age using speech records in the case of anxiety 
and neutral. In addition, the affected rate the anxiety 
than neutral of gender and age was investigated. The 
acoustic analysis and statistical methods were used 
to investigate the relationship between anxieties of 
the effect. 

2. Materials and methods 

In this paper, 148 speech expressions contain 
anxiety and neutral emotions in EMO-DB database 
are used. Berlin Database of Emotional Speech 
(EMO-DB) was obtained by expression by actor’s 
different emotions. Speech records are 16 bit mono 
and 16 kHz sampling frequency (Burkhardt et al., 
2005). The distribution of the used data is given in 
Table 1. 

Table 1: The distribution of used data 
 Male Female Number of Speakers Number of Sentence 20-30 Age 31-35 Age 

Neutral 39 40 10 10 29 50 
Anxiety 36 33 10 10 19 50 

 

PRAAT (Boersma, 2002) software used for 
acoustic analysis and 17 acoustic parameters are 

obtained of each speech record. Acoustic parameters 
used in this study are given in Table 2. 

 
Table 2: Acoustic parameters used in this study 

Acoustic Parameters Mean Standard Deviation 
F0, F1, F2, F3   

Jitter (Local, Rap), Shimmer (Local, apq3)  
 

HNR  
 

Unvoiced frame, Voiced break  
 

Energy   

 

F0 is defined as the number of opening and 
closing per second of glottis and the number of 
vibrations per second of the vocal cords 
(Sarımehmetoğlu, 2012). F0 increases when tension 
and thickness of vocal cord is constant and 
subglottic pressure increased (Sarımehmetoğlu, 
2012). F0 decreases with increasing age because it is 
inversely proportional to the mass of the vocal cords 
(Akçam et al., 2004; Çevik, 1999; Franz and 
Aharinejad, 1994). The change of F0 is related to 
change of glottic cycle (Sarıca, 2012). The value of F0 
is between 100-150 Hz and 150-250 Hz respectively 
in adult male and female while an average of 220-
240 Hz in pre-adolescent girls and boys (Sarıca, 
2012). Jitter and shimmer is commonly used in 
speech analysis, and these values are increased in 
patients with voice disorders (Göksel and Topaloğlu, 
2009). The irregular closure and asymmetric 
vibrations in the vocal cords are evaluated by jitter. 
Shimmer used to examine irregularities and changes 
in sound intensity (Sarımehmetoğlu, 2012). 
Unvoiced frame includes a ratio to the entire speech 
time of the time waited in silent during people 
speaking. To increase the ratio of silent stand of 
mood disorders is expected. Voiced break is the 
number of pause in speech. Formant (F1, F2, and F3) 

resonance in vocal tract and it provides information 
about the quantitative properties of vocal tract. HNR 
is ratio noise energy of the total energy of the 
harmonics which F0 and its folds.  

Statistical methods: Testing for normality is made 
according to value of skewness and kurtosis. If these 
values between -1.5 and +1.5, distribution of data is 
considered normal (Tabachnick and Fidell, 2012). 
The ANOVA was used to determine whether this is 
effective in distinguishing of neutral and anxiety 
emotions of the acoustic parameters with normal 
distribution. Statistical analyzes were performed on 
the IBM Statistics 20 software and 95% confidence 
level (p <0.05) was used. 

3. Results 

The normality test and ANOVA results are given 
in Table 3. According to Table 3, standard deviation 
of F0, mean of F1 and standard deviation of energy 
do not have a normal distribution. These parameters 
were tried to normalize with logarithmic 
transformation. However, standard deviation of 
energy is removed from the analysis for providing 
normal distribution after normalization. 
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Table 3: The results of statistical analysis 

Acoustic Parameters Skewness Kurtosis 
Emotion Emotion+Age Emotion+Gender 

p (ANOVA) 
F0 mean 0.634 -0.231 0.000* 0.000* 0.000* 

F0 standard deviation 1.210 1.832 0.055 0.000* 0.000* 
F1 mean 0.957 2.595 0.000* 0.000* 0.000* 
F2 mean 0.435 0.434 0.000* 0.000* 0.000* 
F3 mean 0.459 0.355 0.003* 0.000* 0.000* 

F1 standard deviation 0.151 -0.197 0.211 0.000* 0.000* 
F2 standard deviation -0.016 -0.202 0.000* 0.000* 0.000* 
F3 standard deviation -0.139 -0.274 0.054 0.000* 0.000* 

Jitter Local 0.404 -0.675 0.505 0.000* 0.000* 
Jitter Rap 0.871 0.079 0.000* 0.000* 0.000* 

Shimmer Local 0.123 -0.215 0.405 0.113 0.000* 
Shimme apq3 0.465 -0.020 0.618 0.210 0.000* 

HNR 0.102 -0.370 0.071 0.039* 0.000* 
Unvoiced Frame 0.186 0.442 0.475 0.166 0.003* 

Voiced Break 0.730 -0.047 0.681 0.835 0.871 
Energy mean -0.024 -0.077 0.105 0.001* 0.000* 

Energy standard deviation 8.934 91.289 
   

*p<0.05 

 

The analyses were performed on three groups 
(emotion, emotion+age and emotion+gender). The 
average value of the acoustic parameters was used 
to examine the changes in anxiety based on gender 

and age. The change was detected compared to 
neutral emotion. The gender-based and age-based 
changes in the acoustic parameters are given in 
Table 4 and Table 5. 

 
Table 4: The gender-based changes in the acoustic parameters 

Acoustic Features 
Male Female Difference of 

Change Neutral Anxiety Change Neutral Anxiety Change 
F0 mean 115.88 170.58  186.07 270.13   

F0 standard deviation 27.92 37.15  43.64 40.93   
F1 mean 779.85 878.72  707.50 758.21   
F2 mean 1919.05 2038.77  1916.28 1949.8   
F3 mean 2989.40 3094.98  3032.12 3019.09   

F1 standard deviation 511.71 538.43  487.27 481.39   
F2 standard deviation 605.03 574.27  556.42 479.49   
F3 standard deviation 514.22 499.94  432.34 397.51   

Jitter Local 1.98 2.05  1.20 0.95   
Jitter Rap 0.52 0.37  0.21 0.12   

HNR 9.92 9.45  12.82 12.24   
Energy mean 75.71 76.10  77.81 76.37   

: very decrease, : decrease, : very increase, : increase, : no change 

 

According to Table 4, acoustic parameters vary 
according to gender for both anxiety and neutral. 
The change column in the table shows the rate and 
direction of change in the parameters when 
switching anxiety emotion from neutral emotion. 
The difference of change column in the table shows 
the rate and direction between changes. In the case 
of anxiety for male; mean of F0 and standard 
deviation of F0 increased too, jitter rap much 
decreased, mean of F1 increased and there is no 
change in the other parameters. In the case of 
anxiety for female; mean of F0 very increased, jitter 
rap very decreased, standard deviation of F2 
decreased, jitter local decreased and there is no 
change in the other parameters. When gender-based 
difference of change examined; standard deviation 
of F0 very increased, jitter local and rap increased 
and there is no change in other parameters. 

According to Table 5, acoustic parameters vary 
according to age for both anxiety and neutral. The 
mean of F0 and standard deviation of F0 very 

increased, jitter local increased, jitter rap decreased 
and there is no change in the other parameters for 
anxiety and 20-30 age range. The mean of F0 very 
increased, mean of F1 decreased, standard deviation 
of F2 decreased, jitter local decreased, jitter rap very 
decreased and there is no change in the other 
parameters for anxiety and 31-35 age range. When 
age-based difference of change examined; mean of 
F0, shimmer apq3 and unvoiced frame decreased; 
standard deviation of F0 and jitter local very 
increased; standard deviation of F3 and jitter rap 
increased and there is no change in other 
parameters. 

4. Discussion 

The human voice occurs the result of changing 
with larynx structure and mouth movements of air 
pressure discharged from the lungs. Acoustic 
analysis used for the objective evaluation of voice 
disorders by various parameters were obtained 
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from the voice. Anxiety emerges in cases the threat 
or danger and people are prepared to take action in 

case of danger. 

 
Table 5: The age-based changes in the acoustic parameters 

Acoustic Features 
20-30 Age 31-35 Age Difference of 

Change Neutral Anxiety Change Neutral Anxiety Change 
F0 mean 126.72 167.53  165.75 237.44   

F0 standard deviation 25.59 41.99  41.85 37.80   
F1 mean 788.60 849.06  716.89 810.45   
F2 mean 1980.03 2028.72  1881.47 1983.87   
F3 mean 3074.46 3084.40  2974.24 3048.91   

F1 standard deviation 523.76 545.23  485.17 498.20   
F2 standard deviation 589.97 562.63  574.87 516.13   
F3 standard deviation 491.41 531.54  461.94 420.32   

Jitter Local 1.77 2.07  1.47 1.31   
Jitter Rap 0.45 0.35  0.31 0.21   

Shimmer Local 12.14 12.69  11.35 11.67   
Shimmer apq3 4.16 3.95  3.69 3.94   

HNR 10.80 10.36  11.74 10.95   
Unvoiced Frame 37.81 34.71  34.65 37.53   

Energy mean 75.71 76.66  77.39 76.06   
: very decrease, : decrease, : very increase, : increase, : no change 

 
In this paper, the effects on the gender and age of 

anxiety were examined by acoustic parameters. The 
severity of anxiety has been ignored on the study. 
Therefore, the limitation of the study cannot rule out 
the effect of the severity of anxiety on the changes in 
gender-related. Because, the severity of anxiety in 
female is usually more. 

According to the statistical analysis, the number 
of parameters increases on anxiety when gender and 
age be included. This result shows that vary 
according to gender and age of anxiety. In both of 
the results of gender and age based; F0, F3, jitter, 
shimmer and unvoiced frame showed change. 

According to the results, the change of F0 shows 
that change according to the gender of the glottic 
cycle, and this value increases case of anxiety than 
neutral. In addition, the value of mean of F0 is high 
than the reference values set for adults in anxiety. 
Jitter local decreased in female while don't change 
for male and this change is more than neutral in 
anxiety. Jitter rap is decreased too much for both 
male and female, and the difference of change by 
gender-based is a medium level. This state of the 
jitter parameter shows that the more irregular of 
vocal cords of both male and female in anxiety. 
However, these irregularities moderate rate varies 
by gender. Jitter local showed decreasing on 31-35 
age range while increasing on 20-30 age range. This 
change is more than neutral in anxiety. Jitter rap 
showed decrease on both 20-30 and 31-35 age 
range. This result is an indication of different of 
irregularities in the vocal cords by age. The change 
of shimmer and unvoiced frame is very low for 
neutral and anxiety. However, pause rate shows the 
changes by age group. The elderly people more 
pausing in anxiety while the young people more 
pausing in neutral. The volume of the young people 
is slightly higher, but not much differ by age in 
anxiety while the volume of the elderly people is 
high in neutral. 
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