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Introduction 

 

Several models and experimental evidences exist which describe speech production or speech 

perception (e. g. Garrett, 1988; Levelt, 1989; Marslen-Wilson, Tyler, 1980). However, it is 

less known about the changes of speech in different than normal or neutral states (such as in 

emotional states or in altered states of consciousness). 

We have everyday experiences about the way of speaking if someone is happy as something 

good has happened to him or he is anxious during a hard oral exam. We also know that we 

reasonably well can recognize the emotional or the alcohol influenced state of our friends 

only by listening theirs voice Still, it is an important research question what does exactly 

change in our speech in different kind of psychological states and what does influence the 

listener when he attributes any emotional or mental state to the speaker. 

As a theoretical background, we have used Scherer’s model of vocal emotion expression and 

perception (see Figure 1) (Scherer, 2003, 2013). According to the model, the process begins 

with the encoding of emotional speaker states when the emotional arousal of the speaker is 

accompanied by changes in speech in such a way as to produce emotion-specific patterns of 

acoustic parameters. These acoustic changes are called distal cues (distal in the sense of 

distant from the observer) and are transmitted by the speech signal to the listener. These 

perceived cues are the so called proximal cues (close to the observer). 

 

Figure 1.  Scherer’s model of vocal emotion expression and perception (based on Scherer, 2003, 2013; 

Grandjean, 2006) 
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The model highlights the fact that objectively measured distal characteristics are not 

necessarily equivalent to the proximal cues they produce in the observer. While the proximal 

cues are based on distal characteristics, the latter might be modified by the transmission 

channel (e.g. distance, noise) or the structural characteristics of the perceptual organ (e.g. 

selective enhancement of certain frequency bands). The result of the decoding process is an 

inference of speaker emotions and personality based on changes in perceived speech, the 

proximal cues. 

As mentioned, an error can occur everywhere in the process. For example, it is possible that 

the respective emotional state does not produce reliable externalizations in the form of 

specific distal cues in the voice (e.g. because of hiding the real emotional state). It also can 

happen that although distal cues express speaker’s emotional state, but are modified during 

transmission and perception in such a way that they no longer carry the essential information 

when they are proximally perceived by the listener (e.g. because of the noise). In addition, it 

is possible that also distal and proximal cues overlap, the inference mechanism “goes wrong”, 

for example when ascribing different emotional state to the speaker as it was intended to 

express, while listening to foreign language speech. 

As Figure 1 shows, according to the model, both emotion expression (coding) and perception 

(decoding) are influenced by psychobiological mechanisms (push effects) and norms, 

sociocultural rules (pull effects). 

While the mentioned phenomena usually occur together in social situations, they need to be 

separated when they are studied. If researcher is interested in the question of the co-

occurrences of certain inner states and speech features he needs to plan a ‘production study’ 

while if he wants to know more about the configuration of speech parameters that influence 

listeners in ascribing emotional states to the speaker, a ‘perception study’ is needed. One also 

can investigate the role of only one speech parameter in emotion ascribing. While doing this, 

one systematically manipulates distal cues to clearly establish the causal structure of the 

inference. (About the methods in more detail see Sudy [1].) 

Connected to the topic of the dissertation, we planned researches to investigate the proximal 

and the distal cues. In the first case, we investigated in native and in foreign language speech 

how speech pause length influences how listeners ascribe emotional states to the speaker. 

Only a few studies have investigated the relation of speech pauses and emotional states. 

Previous production research showed that number and length of silent pauses increase when 

the speaker is sad or anxious (Deppermann és Lucius-Hoene, 2005; Szabó, 2008; Mahl, 1956; 
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Pope et al., 1970; Hofmann et al., 1997; Laukka et al. 2008). Further, a perception study 

(Breitenstein et al., 2001) investigated how manipulation of speech rate changes the emotion 

ratings attributed to the speaker by the listener. Regarding the results, in most of the 

sentences, if the utterance became slower, then the frequency of sad ratings increased. 

Previous studies (Vanbezooijen et al., 1983; Thompson and Balkwill, 2006; Scherer et al., 

2001; Albas et al., 1976; Pell and Skorup, 2008; Fónagy and Magdics, 1963) showed that 

listeners can accurately detect and categorize emotional states from speakers with a different 

language and cultural background. However, some studies (Beier and Zautra, 1972; 

Vanbezooijen et al., 1983; Scherer et al., 2001) have reported an in-group advantage, as vocal 

emotions that are simulated by speakers of the same culture and language are more accurately 

identified when compared to speakers of a different culture and language. 

Thus, in our study, we investigated how listeners’ attributions of the emotional state of 

speakers are affected by the systematic manipulation of the length of silent pauses in 

originally neutral speech samples. Secondly, we investigated whether there is a pause length 

effect when listeners with a German mother tongue listen to Hungarian speech. 

To investigate the distal cues, in our second research we investigated the effect of acute 

alcohol consumption on speech and on short term memory function. The previous studies 

about the topic are contradicting. Some studies showed that in an alcohol influenced state 

short term memory performance decreases (Miller és Dolan, 1974; Maylor és Rabbitt, 1987; 

Nordby et al., 1999), others showed no effect of alcohol (Jones és Jones, 1980), while others 

again (Baum-Baicker, 1985) even found an increased performance in an intoxicated state. 

Regarding the effect of alcohol on speech, results are inconsistent as well. Most of the studies 

showed that in an intoxicated state the length of pauses increases (Künzel et al. 1992), the 

speech rate decreases (Behne et al. 1991; Hollien et al. 2001; Künzel et al. 1992; Pisoni et al. 

1985; Pisoni and Martin 1989; Sobell et al. 1982). However, there was no investigation about 

whether decrease in speech tempo is firstly influenced by the increase of pause length or by 

the decrease in the articulation rate. There are more studies that showed that in an alcohol 

intoxicated state, more speech errors occur (Hollien et al. 2001; Künzel et al. 1992; Trojan 

and Kryspin-Exner 1968; Zaimov 1969) however, there is also one study (Christenfeld és 

Creager, 1996) that argues that alcohol reduces the rate of certain speech errors. 

Regarding fundamental frequency, results from previous studies are inconsistent. Many of the 

studies (Behne and Rivera 1990; Hollien et al. 2001; Klingholz et al. 1988; Trojan and 
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Kryspin-Exner 1968) found increased pitch in an intoxicated state. However, according to 

Sobell et al. (1982), Johnson et al. (1993) or Gyarmathy (2008), alcohol has no effect or has 

an ambiguous effect on fundamental frequency: in most of the cases fundamental frequency 

increases, but in some cases it decreases or does not change. Schiel and Heinrich (2009) found 

that fundamental frequency typically increased for women and decreased for men. Watanabe 

et al. (1994) found decreased pitch even for women. 

 

New scientific results 

 

The role of speech pauses in ascribing emotional states in native and in 

foreign language speech (Study [2]) 

 

Thesis 1. Due to changes in only one speech parameter, namely the speech pauses, intensity 

of the emotion attributed by the listener to the speaker changes. Using other speech 

parameters as well, listeners automatically ascribe emotional states to the speaker, even in 

content-neutral speeches. 

 

Thesis 2. The effect of pauses in ascribing emotions can also be detected in German speaking 

raters while listening to Hungarian speeches. The Hungarian speech samples are rated as 

sadder, less happy, more scared and less positive when pauses are longer. 

 

Two of our experiments attempted to answer the question how change of one speech 

parameter, namely the speech pause length influences listeners in ascribing emotional states to 

the speaker. An other aim of the study was to investigate whether there is a pause length 

effect when listening to foreign language speech. In our experiment, we used five one-minute 

long emotionally neutral speech samples. On the recordings, five female volunteers talked 

about their schools, jobs or an ordinary day in their lives. In these, naturally occurring pauses 

were manipulated in four different ways: the length of all silent pauses was elongated or 

shortened in two-two ways.  
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Hungarian and Austrian participants rated the emotionality of these passages by indicating on 

a 1–6 point scale how angry, sad, disgusted, happy, surprised, scared, positive, and heated the 

speaker could have been. The data reveal that the length of silent pauses influences listeners in 

attributing emotional states to the speaker. Combining the results from the Hungarian and the 

Austrian raters, we found that pause length modification has a significant main effect on the 

sad, happy, scared, and positive scales. Given that there was no interaction between language 

and pause modification, the results indicate that pause length plays a similar role for the 

Hungarian and the German speaking raters in ascribing sad, happy, scared and positive 

emotional states; longer pauses indicate sadder, less happy, more scared and less positive 

emotional state. The strongest effect was observed in the case of the sad emotion by the 

Hungarians. Therefore, according to the results speech rate and the speech/pause ratio seem to 

related to happy-sad (valence dimension, see (Fontaine et al., 2007) and scared emotional 

states. When we are happy, sad, or scared, we show our emotional state to listeners by 

modifying the pause length in our speech. Furthermore, when with a person we are speaking 

to perceives changes in the speech/pause ratio, he or she will ascribe these emotional states to 

us. In the case of the other emotions, there was no observable effect of the pause 

manipulation. Probably, speakers tend to express anger, surprise, disgust, and heatedness by 

using shorter utterances and pauses play no role. 

At the same time, we found differences between the two groups. Austrian participants rated 

the Hungarian speakers as angrier, sadder, more surprised, more scared, less positive, and 

more heated than did Hungarian raters. It is conceivable that the results were affected by 

language differences. Thus, speech parameters such as loudness, pitch, and melody and the 

common appearance of these factors made the Austrians raters, compared to the Hungarian 

ones, feel more like that the Hungarian speakers were angrier, sadder, more surprised, scared, 

negative, and heated. 

The present study differs from previous studies in many respects. The so-called inference 

studies usually manipulate sentences that are uttered by actors (Ladd et al., 1985; Bergmann 

et al., 1988; Breitenstein et al., 2001; Scherer et al., 1984; Cahn, 1990; Carlson, 1992; 

Burkhardt et al., 2000). The advantage of using sentences uttered by actors is that it produces 

well controlled and high quality speech samples with intensive emotions, and changes can be 

well observed and measured. However, the disadvantage of this method is that these speech 

samples can differ in numerous ways (e.g. pausing, accentuation, speech errors) from those 

that occur in real life (see Juslin and Scherer, 2005; Scherer, 2003). Therefore, in our 
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experiment we used natural speech samples, namely, samples from interviews from a 

Hungarian speech database (Gósy, 2008) and from an experiment (Szabó, 2008) in which 

speakers were volunteers and talked about themselves for a few minutes. The speech material 

sounded natural and lifelike compared to emotional expressions by actors. We selected one-

minute long monologic sections to study speech pauses. 

Furthermore, in previous studies (e.g. Breitenstein et al., 2001), the tempo was modified by 

slowing down and speeding up sentences in a supposedly continuous way while also 

modifying the articulation rate and speech rate. In our case, tempo modification was the result 

of only manipulating pause length and leaving articulation fixed. Finally, the experimental 

arrangement allowed us to use pause length modification as the only independent variable. 

Thus, the results of the statistical analysis indicated that differences in emotion judgments 

were only affected by pause length modification. 

 

 

The effect of alcohol on speech and on working memory (Studies [3] and [4]) 

 

Thesis 3. Alcohol has an effect on disfluencies is speech: taking all types of speech errors 

(disfluencies, stops, replacements, omissions) into account, subjects make more errors in an 

alcohol influenced than in a sober state in phonologic, phonetic, morphologic, and syntactic 

tongue-twisters as well. 

 

Thesis 4. Decrease in speech rate is caused by the increased number of silent pauses and not 

by the slowdown of the articulation. 

 

Thesis 5. Previous studies produced contradicting results regarding the fundamental 

frequency change in a moderate alcohol influenced state. According to our results, 0.08% 

blood alcohol level has no effect on fundamental frequency. 

 

Thesis 6. Alcohol has no effect on the performance on digit span test, but has an effect on the 

working memory performance needed for the immediate recall of tongue-twisters: in an 

alcohol influenced state, subjects can recall as many numbers as in a sober state, however 

it occurs more often in an alcohol influenced state, that subjects are unable to finish the 
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sentence (stop), they replace the words they can not recall (replacement) or they omit a 

word (omission). 

 

The third and the fourth study investigated the distal cues: it investigated changes of certain 

speech features in an alcohol intoxicated state. We also analyzed effects on short term 

memory. As alcohol has an effect on mood, cognitive functions and motor coordination as 

well, we assumed that in an alcohol influenced state, speech changes. The task of the 

participants was to repeat tongue-twisters after consuming 3 times 50 ml of a 40% alcohol 

concentration shot drink, and in a sober state. We also measured participants’ performance on 

the digit span test both times. As the repeating of tongue-twisters needs capacity of speech 

production and of memory as well, later, we have separately investigated the effect of alcohol 

a) on speech features and b) on memory performance. Study 4 includes data about memory 

performance and detailed analysis of imprecise articulation, while study 3 presents data about 

fundamental frequency in more detail.  

According to the results, in an alcohol influenced state, the number of speech errors and the 

number of pauses increase; fundamental frequency and articulation rate don’t change (Szabó 

et al., 2012, Tisljár-Szabó et al., 2013). Regarding the effect of alcohol on memory 

performance, we found that moderate level of alcohol (resulting a 0.08 % blood alcohol level) 

has no effect on performance on digit span test, but it has an effect on the memory 

performance that is needed to the repetition of tongue-twisters: in an alcohol influenced state, 

subjects commit more errors, as there are more stops, replacements and omissions in theirs 

speech (Szabó et al., 2012).  

 

Discussion 

 

In the PhD thesis I presented studies which investigated how internal states influence speech 

parameters or how listeners attribute internal states to the speaker based on the co-occurrence 

of certain speech parameters. 

We investigated speech pauses and speech disfluencies that are research topics of 

conversation analytic and of vocal emotion expression studies as well. Our experiments that 

investigated the role of speech pauses in ascribing emotions showed that speech pauses play 
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an important role in what kind of emotions one attributes to the speaker. The same speech 

samples are perceived to be sadder, less happy, less positive and more scared when pauses are 

longer. As in everyday situations people usually talk for longer time without interruption, it is 

highly reasonable to study longer than one sentence utterances. A previous study of us 

(Szabó, 2008) showed that people in a sad emotional state speak with longer pauses and with 

a higher pause ration than in a happy emotional state. And, our present study pointed out that 

speech pauses also function as proximal cues providing information to the listener about the 

inner state of the speaker. 

As it was showed, pause ratio and other speech disfluencies depend on the inner state of the 

speaker and it also has been demonstrated that pauses can function as proximal cues. As there 

are still only few studies that analyze 1) sentences in natural situations, 2) longer speech 

samples, 3) pauses and speech disfluencies depending on different emotional states – further 

studies are needed on this field. Again, we still don’t have exact knowledge about the effect of 

emotions on cognitive processes needed to speech production. 

Since our papers had been written and submitted, several speech technology papers have been 

published which analyze the possibilities of emotion recognition by human and machine on 

Hungarian speech samples or by using the ratings of Hungarian listeners (Vicsi 2010, Vicsi et 

al., 2010, Tóth et al., 2008, Riviello et al. 2012). The novelty of these is that they established 

emotional speech data bases and they analyze emotion specific prosodic patterns on these. 

These papers also investigate emotion recognition by machine. They use phrase (an intonation 

unit) as the basic unit (Vicsi és Sztahó, 2012), in contrast to word level or sentence level units 

in previous studies. As it is known that beyond the universal cues, language specific effects 

influence the relationship between emotions and speech, Hungarian studies help to discover 

similarities and differences in languages.  

Beside the role of speech pauses in emotion attribution we investigated the effect of alcohol 

on speech and on short term memory. It is known that alcohol has an effect on the emotional 

state, the cognitive and motor processes thus, we assumed that these effects could be tested in 

repeated tongue-twisters. We analyzed changes within subjects in intoxicated and in sober 

states. We found that people talk with more speech errors and more pauses in alcohol 

intoxicated states. The reason of the increased number of errors is the alcohol’s effect on the 

motor-articulation processes. The separated analysis of pauses and articulation rate showed 

that similarly to previous studies, speech rate decreases in the intoxicated state, however, the 

decrease in speech rate is due to the increase in the number of pauses and not due to the 
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decreased articulation rate. According to our results regarding the fundamental frequency, 

0.08% blood alcohol level has no effect on fundamental frequency. However, based on 

previous studies we assume that a higher blood alcohol level would increase fundamental 

frequency. 

We analyzed speech errors in more detail and found that about half of the errors was caused 

by the imprecise articulation and the other half was caused by the decreased short term 

memory performance. The fact that moderate level of alcohol (resulting a 0.08 % blood 

alcohol level) has no effect on performance on digit span test, but has an effect on the 

memory performance implies that the two tasks (repeating numbers or complex sentences) 

involves different kind of processes. Interpreting the results in the working memory model 

(Baddeley, 20003), while the digit span test only uses the phonological loop, repeating 

complex sentences also requires the performance of the central executives. Thus it is possible 

that the effect of moderate amount of alcohol only appears in the case of tasks needing the 

central executives and such an amount of alcohol has no effect on simply repeating. To 

precise understanding of the process, further studies are needed. 

 

Application, conclusion 

 

The presented papers help us to better understand the relationship between inner states, 

emotions, personality and speech features. With the help of this knowledge we can let 

psychologists, doctors, political speech analysts know what kind of changes in speech are to 

pay attention. Also, the use of the distal and proximal enables to generate emotional speech by 

machine (e. g. Türk és Schröder, 2008), or to detect emotional (e. g. Vicsi és Sztahó, 2011) or 

alcohol influenced (e. g. Schiel és Heinrich, 2009) states automatically. 

One of the aim of the future research will most likely be to connect researches from different 

areas and to generate models and computer programs which simultaneously are able to 

process content, voice, and the interaction structure of the conversation. 
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