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1. Introduction 

When one produces speech, the speaker’s intention, occurring at a conceptual level, 
is  encoded into a series of acoustic signs, by complex psychological and articulatory 
processes. This does not mean that the speech sign only includes verbal meaning. Back 
in the 1920s, Edward Sapir raised the possibility of the correlation between the 
speaker’s voice quality and personality traits. In his work about the linguistic sign, Iván 
Fónagy (1957) was among the first ones in the Hungarian literature to point out the fact 
that besides the verbal message, speech also encodes internal, emotional states of the 
speaker. Such information, also occurring in speech, form a second part in the speech, 
and give cues to the verbal message, or modify, strengthen or weaken it.  

Voice quality does not only reflect the emotional state of the speaker. The individ-
ual properties that may occur in the acoustic structure of the speech can be divided into 
two main groups, expressive and organic qualities, as Traunmüller (1994, 1998, 2000) 
stated. The age, sex, or disease of the speaker are organic qualities, while emotional 
states and personality traits are considered expressive qualities. According to Laver 
(2003), such individual properties appear in the extralinguistic layer of the speech.  

When researching the extralinguistic layer of speech, there are three main research 
directions for the phonetician. One direction is revealing correlations between the a 
priori properties of the speaker and the acoustic qualities his or her voice. For example, 
the sex of the speaker is a differentiating factor. Our everyday experience also suggests 
that speaking fundamental frequency particularly differs between men and women 
(Trittín – y Lleó 1995, Guimaraes – Abberton 2005). Apart from fundamental fre-
quency, the temporal structure of speech also shows differences between males and 
females (Gocsál 2001). Significant differences in speech acoustic parameters were 
found between speakers of different age (Balázs 1993, Gósy – Nikléczy 2000, Bóna 
2009). As a third example, there is a rich literature of speech acoustic properties that 
can be attributed to the disease of the speaker.  

The aim of the second research direction is to investigate the impressions evoked in 
the listener when he or she hears the speaker. Such results were published by Collins 
(2000), Collins – Missing (2003), and Gocsál – Huszár (2003). These results strongly 
point out that very often there are common stereotypes in the listeners, for example, 
males with a lower pitch were considered more attractive and older than those with 
higher pitch, by the female listeners.  

The third direction of research is to examine whether or not the impressions evoked 
in the listener match with the real properties of the speaker. In some cases, we might 
find that they match more or less. For example, if the speaker’s age is described in 
broad categories (Cerrato et al. 2000). In most of the cases (speaker weight or height 
estimation), however no match was found (van Dommelen – Moxness 1995), or, esti-
mation only worked when certain conditions were met (Gósy 2001).  



The PhD thesis examines the speaker’s personality traits in the context described 
above. The thesis is the first one in the Hungarian literature to investigate 1. if there is a 
correlation between the speech acoustic parameters and the Big Five personality traits, 
2. how the impressions evoked in the listeners can be described using the Big Five 
categories, and 3. if the personality test results match with the impressions that have 
evoked in the listeners. The research is based on large amounts of empirical data. The 
results contribute to the research of individual traits in the speech, and also to a better 
understanding of how speaker related extralinguistic information is used by the listener.   

2. The structure of the thesis 

The thesis consists of two main chapters, which include sub-chapters. The two 
main chapters are followed by the Conclusions, the Results summary, Literature and 
Appendix.  

Chapter 1 describes the context of the research, providing a theoretical foundation 
the research, quoting a large amount of previous research results.  

Chapter 1.1 gives a short description about the research problem.  
Chapter 1.2 provides an analysis of the extralinguistic layer of speech, with an em-

phasis on its semiotic function.  
Chapter 1.3 gives a detailed description about how individual properties in speech 

acoustic can be classified. This system is based on Traunmüller’s (1994, 1998, 2000) 
model. Separate sub-chapters deal with speech acoustic parameters that correlate with 
the speaker’s psychic and organic properties. The same chapter also includes an exten-
sion of Traunmüller’s model, and another model that describes how extralinguistic 
information is summarized in speech.  

The second main chapter includes an acoustic and perceptual research.  
Chapter 2.1 presents research objectives and hypotheses.  
Chapter 2.2 includes Experiment 1. In Experiment 1, correlations were calculated 

between measured personality traits and speech acoustic parameters.  
Chapter 2.3 includes Experiment 2. In Experiment 2, speech samples were played 

to listeners, who wrote down their impressions about the speaker, using scales. When 
the data were processed, interrelations between impressions and acoustic pararmeters 
were investigated.  

Chapter 2.4 presents Experiment 3. In Experiment 3, personality traits measured in 
Experiment 1, and impressions found in Experiment 2 were compared.  

Chapter 3 includes conclusions.  
Chapter 4 provides a summary of the results.  
List of used literature can be found in Chapter 5, while the Appendix is included in 

Chapter 6.  



3. Materials, methods, subjects 

For the examination of the hypotheses, speech acoustic parameters, personality test 
results and impression test results were used.  

According to Hypothesis 1, correlations were expected between speech acoustic 
parameters and personality traits. As a sub-hypothesis, it was expected that there are 
differences between all acoustic parameters of male and female speech. Another sub-
hypothesis expected no differences between personality traits between males and fe-
males.  

Hypothesis 2 suggested that all measured parameters of speech were responsible 
for the impressions evoked in the listeners. As a sub-hypothesis, it was stated that male 
and female listeners form their impressions about the speaker in the same way, and, 
male and female speakers raise impressions in the same way.  

In Hypothesis 3 we expected that the perceived personality traits do not match with 
the personality traits measured by the test.   

In the experiments, 40 subjects were used as speakers (20 males, 20 females, uni-
versity students). For the measurement of the acoustic parameters, spontaneous speech 
samples were used in the Praat 4.2 software. The speech samples were 50-80 seconds 
long. The measured parameters are as follows: full length (sec), total time of silent 
pauses, total time of filled pauses, number of speech sounds, number of silent pauses. 
Based on the measured data, the following parameters were calculated: average speech 
rate, articulation rate, the articulatory “efficiency” (proportion of total time used for 
articulation), average length of silent pauses, average number of pauses in 10 second. 
Apart from the parameters of temporal structure , the mode, skewness and kurtosis of 
F0 was calculated.  

The subjects’ personality traits were characterized by the Big Five test. The test 
was provided and evaluated by a psychologist, a university teacher. The test character-
izes subjects along five personality traits (Extraversion, Agreeableness, Conscientious-
ness, Emotional stability, Openness).  

For the examination of impressions, testing sheets were created for the listeners, to 
characterize speakers along the properties, which are the same used by the Big Five 
model. 84 listeners were involved (42 males, 42 females, university students). Each of 
the  listeners characterized all speakers.  

The data were processed by using Microsoft Excel 2003 and SPSS 13.00  

4. Interrelations between speech acoustic parameters and personality traits  

A number of results have been published, which have set the aim of finding corre-
lations between a personal trait and the acoustic parameters of speech. Out of the psy-
chological traits of the speaker, most of the publications have examined the correlations 
between emotional state and speech acoustic parameters. Other research have investi-
gated a variety of psychological disorders and mental diseases in this respect. There are 
much less publications to examine the correlations between the personality properties 



and speech acoustic parameters in healthy individuals. Iván Fónagy (1995) called this 
research field “voice characterology”.  

In Experiment 1, detailed  in the thesis, the main objective was to find correlations 
between the speakers’ personality traits and speech acoustic parameters. Since there are 
differences between male and female speech parameters, correlations were calculated 
separately for men and women. The results confirmed previous findings that suggested 
no difference between the speech rate and pause frequency data in men and women, 
while significant differences were found with the mode and the distribution data of the 
fundamental frequency. Personality traits, assessed with the psychological test, demon-
strated no differences.  

The results of the correlation computation show that articulation rate is not associ-
ated with any of the measured personality trait, so, it cannot be stated that those who 
speak faster are more extrovert, more agreeable, more conscientious, emotionally more 
stable or are more open than those who speak slower.  

Average speaking tempo correlated with agreeableness in men (r=0.526, p<0.05). 
Similar correlation was not found in women.  

Articulation efficiency correlated significantly with agreeableness in both genders 
(males: r=0.461, p<0.05, females: r=-0.458, p<0.05). This means that in men, the lower 
agreeableness values a speaker had, the higher articulation efficiency he achieved, 
while, in women, the correlation worked the other way, higher agreeableness values 
were associated with lower articulation efficiency.  

Average pause length values correlated with agreeableness, but only in the case of 
the female speakers (r=0.488, p<0.05). This means that higher agreeableness values had 
a significantly higher chance to hold longer pauses than those who achieved lower 
agreeableness scores. With men, the same calculations resulted r=0.429 and p=0.059, 
which is very close to the threshold level of 0.05.  

The number of pauses per 10 seconds only demonstrated correlation with agree-
ableness, and only in women (r=0.489, p<0.05). This results suggests that those female 
speakers who achieved higher agreeableness values held silent pauses more frequently.  

The other speech parameters, measured during the experiment, i.e. F0 mode, kurto-
sis, skewness, did not correlate with any of the personality traits. Table 1 summarizes 
the findings of Experiment 1.  

Two methods were used to examine whether such correlations exist or not. For the 
application of the first method, numbers (ranks) were assigned to each speaker, based 
on the acoustic analysis and the impression test. E.g. the person who had the fastest 
articulation was assigned Rank 1, the second fastest was Rank 2 etc.  By calculating 
Spearman’s rank correlation coefficient, the existence of association between the two 
rankings, i.e. ranking by the speech acoustic parameters and also by the impressions 
was examined. Because the data received from males and females were handled sepa-
rately, four calculations were made in each case (male listener – male speaker, male 
listener – female speaker, female listener – male speaker, female listener – female 
speaker).  



Table 1. The summary of the results of Experiment 1

5. Correlations between speech acoustic parameters and listeners’ impressions  

The second method that was applied was linear regression analysis. Impression 
scores were handled as dependent variables, while the speech acoustic parameters were 
the independent variables. As a result of the regression analysis, y = a + bx type regres-
sion equations were defined. Before the regression models were created, regression 
diagnosis was implemented in each case in the SPSS, which demonstrated multicollin-
earity in every case. The reason of this phenomenon is that there was a linear relation 
between the parameters that described the temporal structure of the speech. When the 
regression analysis was carried out, the FORWARD method was used, so the models 
included the strongest explanatory variables. 

Without mentioning the numbers, the results of the rank correlation calculations 
and the regression analyses in male speakers are presented in Tables 2 and 3.  

Table 2. The results of the rank correlation calculations in male speakers  



Table 3. The results of the regression analyses in male speakers  

In the perceived extraversion dimension, the two tables differ. While several sig-
nificant correlations were found, the regression analysis showed the significant explana-
tory power of only one acoustic parameter. The reason of this phenomenon is that aver-
age speaking tempo significantly correlates with articulation rate (r=0.758, p<0.001) 
and the average length of pauses (r=-0.697, p=0.001). So these variables do not provide 
further explanatory power.  

Also differences have occurred, the results of the two methods do not contradict 
with each other. The same conclusion can be drawn from both: males who used a higher 
proportion of the available time for articulation and had shorter pauses were perceived 
more extraverts.  

In the perceived agreeableness dimension, differences were found between the re-
sults of the two calculations, but the explanation of those differences is the same as 
mentioned above. The articulation efficiency and the average length of pauses are 
highly correlated (r=-0.702, p<0.001), i.e. higher efficiency is associated with shorter 
pauses. The rank correlation calculation with the data of the male speakers showed that 
both parameters correlate with the index indicating perceived agreeableness, but only 
the average length of pauses, whose correlation coefficient had the larger absolute val-
ue, was included in the regression model. The articulation efficiency did not provide 
further explanatory power because of the multicollinearity. The situation was reversed 
with women: both parameters correlated with the perceived agreeableness, but only the 
articulation efficiency was included in the model, because its correlation coefficient was 
stronger, while the average length of pauses did not provide any further explanatory 
power. It can also be observed that while the perceived extraversion significantly corre-
lated with the average speech tempo (i.e., the perceived extraversion, did not correlate 
with the articulation rate, but it tolerated the tempo factor), in the case of the perceived 
agreeableness, the tempo factor rules out any correlation. So, perceived agreeableness is 
explained by the length of the pauses, whether males or females were the listeners, and 
those men with less and shorter pauses seemed more agreeableness.  

Similar results were found in the case of the perceived conscientiousness. In male 
listeners, rankings by average speech tempo, articulation rate, and average length of 



pauses correlated with the perceived conscientiousness ranking. The regression analysis 
showed the strongest explanatory power of the articulation rate. The other acoustic 
parameters did not provide any further explanatory power because of multicollinearity, 
so they are not included in the model. Correlation, however, only occurred between the 
average pauses ranking and the perceived conscientiousness ranking, which was con-
firmed by the regression analysis. The fact that the significance level of the correlation 
coefficient between the articulation efficiency and average speaking tempo only ap-
proached 0.05, suggests that for the female listeners it is primarily the length of the 
pauses that serves as a ‘marker’ to make judgments about the male speakers’ conscien-
tiousness. In the case of the male listeners, some summative parameters, describing the 
whole speech sample, also correlated with the perceived conscientiousness. In sum, it 
can be concluded that in the assessment of male speakers’ conscientiousness, only the 
parameters that are related with pauses were responsible for the judgments, out of the 
acoustic parameters used in this research. Those men speaking with less pauses, in a 
more ‘efficient’ way, from a temporal point of view, seemed more conscientiousness. In 
the male speakers, also the summative parameters, while in the female speakers, only 
the average length of pauses correlated with perceived conscientiousness.  

In the case of perceived neurocity, the results of the two calculation methods dif-
fered. While, the rank correlation method did not reveal correlation with any of the 
parameters, the regression method found the significant explanatory power of the fre-
quency of pauses in male listeners, and, the frequency of pauses and the articulation 
rate, in the female listeners. The reason of the differences can be attributed to the fact 
that the explanatory power is much lower than in the previous cases. The frequency of 
pauses can only explain 20% of the perceived neurocity in male listeners. In the case of 
the female listeners, it can only explain 15.9% by itself. The rank correlation method 
was not sensitive enough to demonstrate this explanatory power, so no correlation was 
found. Based on the results of the regression analysis, it can be stated that the male 
speakers who rarely had pauses emotionally seemed more stable (in the female listen-
ers, slower articulation also contributed to this impression), however, although these 
parameters had a significant explanatory power, it was very low, so perceived neurocity 
can be attributed to other speech parameters, not investigated here.  

There were no fundamental differences between the results of the two methods, 
when the perceived openness was examined. The rank correlation method demon-
strated the correlation of perceived openness with the average speaking tempo, the 
articulation efficiency and the average length of pauses. The regression analysis showed 
the significant explanatory power of articulation efficiency, both in male and female 
listeners (52.7 % and 48.3 %). Because of multicollinearity, speaking tempo and aver-
age length of pauses were not included in the regression model. In the assessment of 
openness, the temporal structure of speech provided again significant explanatory 
power, males that used a larger proportion of time for articulation were judged as more 
open by both male and female listeners.  

Tables 4 and 5 summarize the same data for female speakers.  



Table 4. The results of the rank correlation calculations in female speakers 

Table 5. The results of the regression analyses in female speakers  

In the perceived extraversion dimension, the temporal parameters of speech 
showed correlation. In the case of the male listeners, the rank correlation method dem-
onstrated the stronger correlation with articulation rate. The regression analysis showed 
that average speaking tempo had a stronger explanatory power, however, regression 
diagnostics demonstrated the failure of this model. So, solely based on the results of the 
rank correlation method, it can be stated that the articulation rate of the female speakers 
explain well the way their extraversion is judged, i.e. those females with a faster articu-
lation were believed to be more extraverts. It can also be observed that there is a sig-
nificant, but very low scale effect or the F0 kurtosis values. As soon as F0 is included in 
the regression model, its explanatory power is increased to 51,3% from 41,1%.  

In the perceived agreeableness dimension, the rank correlation method showed a 
significant correlation with the average length of the pauses, and this was also con-
firmed by the regression analysis in the case of  both genders (the signs in the two ta-
bles differ, but there is only a technical reason for that). This means that the females 
speaking with shorter pauses were perceived as being more friendly by both the male 
and female listeners. Articulation efficiency, however,  provided further explanatory 
power when the regression analysis was implemented. In a way similar to the previous 



cases, the effect of articulation efficiency, as an independent variable included in the 
second step, could not be demonstrated by the rank correlation method.  

The results of the two calculations differ again in the dimension of perceived con-
scientiousness. The rank correlation method only demonstrated a correlation with ar-
ticulation rate, but p only approached closely the threshold level of 0.05.  In contrast, 
the regression analysis suggested that average speaking tempo had a significant ex-
planatory power. This explanatory power is only 22%, and the rank correlation method 
was not sensitive to it. Some extra explanatory power was provided by the kurtosis of 
F0, resulting an explanatory power of 37.2% altogether. As a result of the regression 
analysis, it can be stated that to a little extent the tempo parameters were responsible for 
the perceived conscientiousness, with some extra explanatory power of F0 kurtosis, in 
the case of male listeners, but the pause parameters did not have any role in making 
such a judgment about the speaker. Further analysis is needed, however, to clarify why 
only the articulation rate had a significant or nearly significant correlation with per-
ceived conscientiousness when the rank correlation coefficients were calculated. Since 
the tempo values were not associated with perceived conscientiousness in any way, it 
can be concluded that it was the speech rate content of speaking tempo, rather than the 
pause content, that provided explanatory power.  

In the case of the perceived neurocity, the mode of the fundamental frequency has 
an obvious explanatory power. The two calculation methods confirmed, both in male 
and female listeners, that women speaking at higher fundamental frequencies were 
perceived as more neurotic, while those speaking at lower F0 were believed to be more 
relaxed. The explanatory power of the regression models that included F0 mode was 
30,2% with male listeners and 40.7% with female listeners.  

In the dimension of perceived openness, the two calculation methods differed 
again. The average length of pauses explains well the perceived openness, both in male 
and female listeners, which means that those women who spoke with shorter pauses 
were believed to be more open. In the case of male listeners, only the length of pauses 
demonstrated such a correlation, while, in the female listeners, tempo parameters also 
played such a role, the female listeners believed that female speakers with faster tempo 
were more open. Because of multicollinearity, however, the regression algorithm ex-
cluded tempo variables from the regression model. Kurtosis occurred again as an ex-
planatory variable, however, in a way similar to what was experienced in earlier cases, 
kurtosis was introduced in the second, stronger model. The average length of pauses 
had an explanatory power of 56.7% by itself, while, when kurtosis was introduced, 
explanatory force was increased to 68.9%.  



6. A comparison of the measured and the perceived personality traits  

In Experiment 3, detailed in the dissertation, it was examined how much the results 
of the psychological test and the personality perception test overlap.  The data obtained 
from earlier measurements were compared using Spearman’s rank correlation method. 
The summary of the calculations,  without mentioning each result, can be found in 
Tables 6 and 7.  

In the tables, the “+” sign indicated a significant correlation with a positive sign. 
“(+)” refers to a positive correlation coefficient, whose significance level is close to 
0.05 (and is smaller than 0.1).  

Table 6. Correlations of the measrued and perceived personality traits (male speakers) 

Table 7. Correlations of the measured and perceived personality traits (female speakers) 

The two tables show that  there was only one case when the measured and the perceived 
parameters correlated, it was openness, in the male speaker – male listener combination. 
Other correlations close to the threshold level of 0.05 also occurred only with male 
speakers.  



7. Conclusions 

A large amount of data was collected during the research. After processing the 
data, the following statements were formulated:  

1. It was demonstrated that out of the Big Five personality traits (Extraversion, 
Agreeableness, Conscientiousness, Neurocity, Openness) and the acoustic parameters 
of speech, measured in this research, only Agreeableness and the speech parameters 
related to the pauses correlated. In male speakers, less pauses, while in female speakers, 
more, longer and more frequent speech pauses correlated with higher scores of Agree-
ableness.  

2. It was proven, partly confirming, partly completing previous research, that the 
acoustic structure of the male and female speech differs in F0 mode, F0 distribution 
parameters, and the pause structure of the speech. However, speech rate values do not 
differ significantly. It was also proven that no significant differences exist between 
male and female personality traits.  

3. It was demonstrated, also for the first time with Hungarian speakers, that impres-
sions about the speakers evoked in the listener are mostly associated with speech 
pauses, out of the speech parameters measured in the research. Shorter and less pauses 
are generally associated with a more favourable impression about the speaker. The 
mode of the fundamental frequency explained the impressions only with female speak-
ers, lower F0 resulted in the impression of a more relaxed speaker. Tempo values were 
also associated with the formation of impressions about female speakers.  

4. It was demonstrated that listeners form more favourable impressions about fe-
males than males, based on their speech, in the dimensions of Extraversion, Agreeable-
ness, Conscientiousness, and Openness. In the dimension of perceived Neurocitism, 
male listeners believed that male speakers were more relaxed than female speakers.  

5. It was shown that impressions evoked by male and female speakers do not differ 
in the dimensions of perceived Extraversion and Neurocitism. Differences were found 
in the dimensions of Agreeableness (males could evoke a more friendly impression in 
females), and Conscientiousness (speakers of both genders could evoke higher scale 
values in the female listeners), and Openness (female speakers seemed more open for 
the listeners of both genders).  
 6. It was demonstrated that the results of the Big Five personality test and the per-
sonality perception test, based on the same personality dimensions, do not overlap, with 
the exception of one property. The male listeners’ judgments about the male speakers 
openness correlated with the male speakers’ Openness measured with the test.  
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