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Previous research shows that emotional expressions in speech and 
music use similar patterns of acoustic cues to communicate discrete 
emotions. The aim of the present study was to experimentally test if 
manipulation of the acoustic cues; F0, F0 variability, loudness, 
loudness variability and speech rate/tempo, affects the identification 
of discrete emotions in speech and music. Forty recordings of actors 
and musicians expressing anger, fear, happiness, sadness and 
tenderness were manipulated to either go with or against the acoustic 
patterns that previous studies suggest. Thirty-two participants listened 
to 120 recordings and judged which emotion they thought the actress 
or musician tried to communicate. Results showed an overall effect of 
manipulation in the expected direction, but the manipulation affected 
some emotions (anger, happiness and sadness) and not others (fear 
and tenderness). There was no significant interaction effect between 
manipulation and mode. 
 
 

 
There are two main theoretical frameworks in emotion research, discrete and 
dimensional. The discrete emotions framework propose that there is a small number 
(about 9-14) of so called basic emotions (Ekman, 1992; Izard 1993; Juslin & Laukka 
2003; Scherer, 2005) whereas the dimensional framework propose that emotions should 
be viewed as a continuum with at least two dimensions, for example valens and activity, 
(Scherer, 2003). The concept of discrete emotions was first suggested by Darwin (1998) 
and was further developed by Ekman (1992). Ekman define basic emotions as a number 
of separate, discrete emotional states such as fear, anger or joy, that differ in how they 
are expressed and probably also in other important aspects such as appraisal, previous 
experience and behavioural responses (Ekman, 1992). The dimensional view was first 
suggested by Wundt (1874/1905). The two most common dimensions in this view are 
valence (positive or negative emotions) and activity (active-passive). Sometimes a third 
dimension is used as well, often power or control (Scherer, 2003).  

Within the discrete emotion framework, the Component process model define emotions 
as a short-term condition, triggered by external or internal stimuli that are of great 
importance for the individual, that will give rise to a synchronised change in five 
interconnected systems. The five systems consist of (1) an interpretation of the event (2) 
a neurophysiological response (3) preparation for action (4) an emotional expression 
(facial and vocal) (5) a subjective emotional experience. This definition seeks to 
separate emotions from other affective states such as feelings, attitudes and moods 
(Scherer, 2005). 
 
Scherer observed the paradox that listeners are very good at decoding emotions from 
vocal expressions, despite researchers’ difficulties in identifying reliable differences in 
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acoustic cues among emotions (Scherer, 1986). Since then, many studies have examined 
listeners’ ability to identify the speaker’s emotion expression from voice samples. The 
samples that are typically used in these studies are produced by actors who vocally 
portray different emotional states while producing a standard utterance such as 
numbers, letters of the alphabet or standardized sentences. The emotions that previous 
research has found that listeners can identify best in speech are sadness and anger, 
followed by fear and happiness. Scherer reported an average accuracy of 60% for 
identification of emotions, including both basic emotions as anger, joy, sadness and fear 
but also emotions that are not fundamental; love, pride and jealousy  (Scherer, 1995). A 
meta-analysis by Juslin & Laukka (2003) showed that listeners could identify up to 90% 
of the basic emotions anger, fear, happiness, sadness and tenderness in vocal 
expression. If listeners are able to identify emotions in voice samples better than chance, 
it should be possible to determine which acoustic cues the listeners perceive and use to 
understand emotions in speech (Scherer, 1995).  
 
Results from cross-cultural studies show that listeners are able to identify emotion 
expressions in speech with accuracy better than chance even if the speaker belongs to an 
unfamiliar culture. A study by van Bezooijen, Otto, and Heenan (1983) included vocal 
portrayals of emotions produced by Dutch adults using standard sentences. Groups of 
about 40 listeners each from the Netherlands, Taiwan, and Japan were able to identify 
the emotions portrayed with better than chance accuracy. Scherer, Banse and Walbott 
(2001) did a cross-cultural study in nine countries among Europe, the United States and 
Asia. The emotions that was included in this study was anger, sadness, fear, joy and a 
neutral voice and the result showed an overall accuracy of 66% across all emotions and 
countries. Juslin and Laukka (2003) also found that vocal expression of emotions was 
cross-culturally accurate, even if the accuracy was lower than for the within-cultural 
expressions. These results suggest that there is a universal component to vocal 
expressions that are understood across cultures.  
 
Several studies show that music performers are able to communicate basic emotions to 
listeners (Bigand, Filipic & Lalitte, 2005; Gabrielsson & Juslin, 1996; Juslin, 2000; 
Scherer, 1995). The reliability of the communicative process for music has been 
explored in listening experiments using a variety of response formats, such as 
quantitative ratings, forced choice, or free labelling (Juslin, 2000). Music can express 
and evoke emotions in different ways, by being associated with a certain situation, by 
generating deviations from expectations or by mirroring the structure of emotions 
(Gabrielsson & Juslin, 1996). Expert performers shape the amplitude and the spectral 
envelope of the first tone of a piece of music in a way that prefigures the main mood of 
the whole piece. This should mean that it would be enough to simply hear a short tone 
at the beginning of a piece of music in order to determine which emotion is being 
communicated (Bigand et al, 2005).  
 
Listeners’ ability to identify emotions in musical expressions has been shown to be 
almost as accurate as for vocal expressions. A meta-analysis of identification accuracy 
for discrete emotion expressions in music, showed an overall accuracy of 88% for 
identification, the emotions that was analysed in this study was anger, fear, happiness, 
sadness and tenderness (Juslin & Laukka, 2003). When it comes to individual 
differences of identifying emotions in music, there are no difference between 
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professional musicians, who are accustomed to listen and analyse music, and amateurs 
(Bigand et al, 2005). Age is not a factor that substantially affects listener’s ability to 
identify emotions in music. Even infants are able to decode simple emotional meanings 
from intonation patterns (Papousek, 1994) and children as young as 4 years old can 
identify basic emotions in music (Dolgin & Adelsson, 1990).  
 
Listeners are also sensitive to musically expressed emotions in an unfamiliar tonal 
system. When familiar cultural cues are absent, the basic perceptual cues such as tempo 
and complexity become more important to the listener to be able to understand the 
emotional expression in music (Balkwill & Thompson, 1999). A cross-cultural study on 
the performance and perception of affective expression in music showed that 
communication was, in general, more accurate for culturally familiar than unfamiliar 
music, and for basic emotions than non-basic affective states, but the result also showed 
that the musicians’ expressive intentions could be identified with accuracy above 
chance both within and across musical cultures. These results might suggest that the 
universal component of basic emotions in speech is also valid for music expressions 
(Laukka, Eerola, Thingujam & Yamasaki, 2013).  
 
Scherer (1995) argues that speech and music is a fusion of two different signal systems 
that together have an important purpose for our communication skills. In 2003, Juslin 
and Laukka conducted a meta-analysis consisting of 104 studies of vocal expression and 
41 studies of music. One aim of the meta-study was to find out whether there are any 
similarities between these two domains that could support the hypothesis that speech 
and music have evolved from a common origin. The result of their study showed that 
musical and vocal expressions use similar patterns of acoustic cues that are used to 
communicate discrete emotions. For example, speech rate/tempo, voice intensity/sound 
level and high-frequency energy had the same pattern of acoustic cues in both speech 
and music. Speech rate/tempo and voice intensity/sound level were typically increased 
in anger and happiness and decreased in sadness and tenderness. Irregularities in 
frequency, intensity and duration seem to be signs of negative emotions, positive 
emotions are more regular in these acoustic cues. Sound level variability increased in 
anger and fear and decreased in sadness and tenderness. They also found that a rising 
f0/pitch was associated with more active emotions as happiness, anger and fear in both 
vocal and music and falling contours/pitch level may be associated with less active 
emotions as sadness and tenderness in both vocal expressions. One conclusion of this 
meta-study was that speech rate/tempo, voice intensity/sound level, voice quality/timbre 
and pitch/F0 seem to be the most powerful cues for listeners to identify emotional 
expression in vocal and music (Juslin & Laukka, 2003).  
 
In vocal, F0 (fundamental frequency) is defined as the vibration rate of vocal folds 
(Scherer, Johnstone & Klasmeyer, 2003). In music expression F0 is defined as the 
lowest periodic cycle component of the acoustic waveform (Juslin & Laukka, 2003). 
Speech rate is defined as number of speech segments per time unit (Scherer, Johnstone 
& Klasmeyer, 2003) but the rate can also be measured as overall duration (Scherer, 
1982). The mean tempo is calculated by dividing the total duration (the duration from 
the beginning (onset) of one tone/sound event to the beginning of the next tone/sound 
event) by the number of beats, and transforming this to a metronome value (bpm; 
Bengtsson & Gabrielsson, 1980). Variability of the sound level and the variability of 
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F0/pitch is the variation within the stimuli and function linguistically as semantic and 
syntactic markers in speech and music expressions (Scherer & Oshinsky, 1977).  
Juslin and Laukka (2003) showed that musical and vocal emotion expressions use 
similar patterns of acoustic cues to communicate discrete emotions. However, no 
previous study has tested if listeners ability to identify emotions in speech and music 
become better or worse if the acoustic cues are manipulated to follow the theory or go 
against the theory.  

The aims of the present study were 1) to experimentally test the assumption that 
listeners use the acoustic cues suggested by Juslin and Laukka (2003) to identify 
discrete emotions and 2) to test if these acoustic cues affect the identification of 
emotions in speech and music in a similar way. If F0, F0 variability, loudness, loudness 
variability and speech rate/tempo are the main cues that convey anger, fear, happiness, 
sadness and tenderness, the identification of a stimuli should decrease if these acoustic 
cues are manipulated to go against the theory and increase if the acoustic cues are 
manipulated to follow the theory.  

Method 
 
Participants 
Thirty-two participants were recruited to participate in this study, twenty-one females 
(M = 29, SD = 9,2) and eleven men (M = 34,8, SD = 11). The participants were either 
students at the Department of Psychology in Stockholm, who were recruited through an 
ad on a bulletin board at the department, or friends and acquaintances who were 
recruited through social media. Participation by the students was compensated with 
course credit.  
 
Stimuli selection 
The speech stimuli were a subset of a larger database with professional and semi-
professional actors expressing a wide range of emotions. Selected stimuli consisted of 
20 expressions performed by six female actresses. The emotions (anger, fear, happiness, 
sadness and tenderness) were expressed with two different sentences: one in Swedish 
"En gång tvistade nordanvinden och solen om vem av dem som var starkast" and the 
other one was a nonsense sentence that resembled Swedish "Enocken lär sjölva, så 
marginen har ett visserlag mot såteng ferup". There were four vocal expressions for 
each emotion, two different versions with the Swedish sentence and two different 
versions with the nonsense sentence. The length of the original speech stimulus was in 
average 4,4 sec. 
 
The music stimulus consisted of 20 emotion expressions performed by three 
professional musicians on violin, viola and cello. Emotions (same as for speech) were 
expressed with two different melodies: one improvised by the musician and one 
standard melody that could be transposed to express different emotions. There were four 
music expressions for each emotion, two different versions with the standard melody 
and two different versions of the improvised expressions. The length of the original 
music stimulus was in average 6,5 sec.  
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The choice of the emotions that was used in this study (anger, fear, happiness, sadness 
and tenderness) was made based on the findings of Juslin and Laukka (2003). These 
emotions had a high identification rate in both speech and music. Table 1 show the 
mean values of the acoustic cues for the chosen stimulus in the present study. Sound 
level is measured with Root Mean Square (RMS) and it is these values that are 
presented in Table 1. The values for speech rate are the average length for every 
emotion in seconds.  
 
Table 1 
Mean values of the acoustic cues for the original stimulus (music and voice together) 

        
            Emotion 

 
Acoustic cue                  Anger           Fear        Happiness      Sadness        Tenderness 
Sound level                  .019              .014        .018           .01          .006  
Sound level variability  .016              .011        .012           .006          .003  
F0/pitch                   329.08         313.05    289.63            203.89         180.92  
F0/pitch variability         61.98           81.58      58.46            45.89           37.05 
Speech rate/tempo          3.82             5.25        4.41            7.55           6.32 
 
The speech and music expressions were selected so that every speech stimuli had a 
similar pattern of acoustic cues as one of the music stimuli. This selection was crucial 
though it made the comparisons between speech and music possible. Table 2 show that 
the matching of the speech and music stimulus were successful, in other words, that the 
acoustic cues for the matched pairs were correlated. 
 
Table 2 
Correlations between the original samples of speech and music 

                   
Acoustic cue                      Correlation 
Sound level                         .979 
Sound level variability        .918  
F0/pitch                               .996 
F0/pitch variability              .605 
Speech rate/tempo               .377 
  
Stimuli manipulation 
The original versions of both music and speech were manipulated in the exact same 
way. One version was manipulated to be more recognizable as the intended emotion, 
based on the theory of Juslin and Laukka (2003), and one version was manipulated to be 
less recognizable. The three versions of stimulus will from now on be referred to as 1, 2 
and 3 where 1 = decreased identification, 2 = original stimulus and 3 = increased 
identification. In total there were 60 pieces of music (20 original versions and 40 
manipulated), and 60 pieces of speech (20 original versions and 40 manipulated). The 
manipulation was done through changes in sound level, pitch level and tempo. The 
manipulation of the sound level and sound level variability was done by increasing or 
decreasing the sound level by 10 decibels from the original stimulus. The pitch level 
was manipulated with a whole tonal step up or down from the original stimuli, this 
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manipulation also changed the tempo of the stimulus. To standardize the amount of 
acoustic information available to the listeners across speech and music, the length of all 
samples was cut to 2 sec.  
 
Procedure   
The experiment was conducted individually on a computer running Psychopy in a sound 
attenuated room. Before the experiment began, participants were informed that their 
participation was voluntary and that their data will be treated confidentially. The 
participants were first given a sheet with definitions of the emotions presented in the 
current study and were informed of the importance of trying to identify which emotion 
the musician or the actress was trying to express and not to focus on their own feelings 
about the expression. The experiment started with two test trials with example 
expressions (not re-used in the experiment) to make sure the participants understood the 
procedure. The task was to listen to the audio samples with headphones and then choose 
one of five emotion labels, (anger, fear, happiness, sadness and tenderness), that they 
thought the musician or actress was trying to express. They were also asked to rate how 
intense they thought the emotion expression was on a scale from weak to strong, but 
these ratings will not be analysed in the present study. Both the emotion judgement and 
the intensity rating were made in a single click. 120 stimuli were presented for all 
participants in a unique random order for each participant. After the experiment, the 
participants were informed of the aim of this study.  
 

Resul ts  
 
A 3x2x5 ANOVA for dependent measures with manipulation (1, 2, 3) mode (speech, 
music) and emotion (anger, fear, happiness, sadness, tenderness) yielded significant 
main effects of mode F(1,31) = 37.908, p <.001, η2 = .550, emotion F(4, 124) =14,515, 
p <.001, η2 = .319 and manipulation F(2, 62) = 32,879, p < .001, η2 = .515. The main 
effect of mode indicated that there was a difference in identification rate between the 
speech and the music stimulus. The main effect of emotion indicated that there was a 
difference in identification rate between the emotions. The main effect of manipulation 
indicated that there was a difference in identification rate depending on the 
manipulation.   
 
A significant interaction effect between manipulation and emotion F(8, 248) = 4,397, p 
<.001, η2 = .124 indicated that the manipulation affected the identification of some 
emotions more than others. A significant interaction effect between mode and emotion 
F(4, 124) = 4,242, p <.001, η2 = .493 indicated that some emotions had a higher level of 
identification among the speech stimulus than the music stimulus and reversed. There 
were no significant interaction effect between manipulation and mode F(2, 62) = 1,069, 
p <.350, η2 = .033. There was also a significant three way interaction effect between 
manipulation, mode and emotion F(8, 248) = 3.65, p <.001, η2 = .105. 
 
To investigate the difference between manipulations for each mode and emotion; 95% 
confidence intervals (CIs) were calculated on the mean difference between manipulation 
2 and 1, manipulation 3 and 2, and manipulation 3 and 1. These CIs are presented in 
Figure 1 together with the mean identification rates for each manipulation, emotion and 
mode. Looking at the difference CIs of manipulation for the music stimulus expressing 
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anger, manipulation had an effect between all three versions of stimulus indicating that 
the identification rate was lowest for manipulation 1, higher for 2 and highest for 3. For 
the speech stimulus expressing anger, the CIs indicate that there was an effect between 
1 and 2, i.e. that the identification rate was higher for manipulation 2 than 1. For fear, 
the CIs show that there was no effect of manipulation neither for music or speech. For 
the music stimulus expressing happiness, there was an effect between manipulation 3 
and 1. For the speech stimulus expressing happiness there was an effect between 
manipulation 2 and 1 and 3 and 1 indicating that the identification rate was affected by 
manipulation but there were no effect between 2 and 3. For the music stimulus 
expressing sadness there was an effect between manipulation 3 and 1. For the speech 
stimulus expressing sadness there was an effect for all three versions of stimulus. For 
tenderness, there was no effect of manipulation neither for music or speech.  
 

 
Figure 1. Lines show the mean identification rate for each emotion, mode and 
manipulation. Confidence intervals (95%) show the mean difference between 
manipulation 1, 2 and 3 for each emotion and mode.  
 
An analysis of the stimuli data in the current study showed that some emotions were 
more frequently identified as another emotion than others. Table 3 shows which 
emotion expression each emotion was most often confused with for both the music and 
the speech stimulus separately. The music stimulus expressing tenderness were often 
confused with sadness, regardless of manipulation.  
 
 
 
 
 
 
 



8 

Table 3. Most common confusions in percent 
       

Anger Fear Happiness Sadness   Tenderness 
Music 1 hap 0.35 sad 0.16 ten 0.17 ten 0.23 sad 0.66 
 2 hap 0.30 sad 0.13 ten 0.11 ten 0.23 sad 0.70 
 3 hap 0.20 sad 0.19 ang 0.06 ten 0.16 sad 0.69 
Speech 1 hap 0.16 sad 0.30 sad 0.32 fea 0.23 hap 0.27 
 2 hap 0.13 sad 0.25 fea 0.20 fea 0.19 hap 0.21 
 3 fea 0.14 ang 0.20 fea 0.16 fea 0.13 sad 0.13 

 
Discussion 

 
The aim of this study was to experimentally test the assumption that listeners use the 
acoustic cues suggested by Juslin and Laukka (2003) to identify discrete emotions, and 
also test if these acoustic cues affect the identification of emotions in speech and music 
in a similar way. The hypothesis was that if F0, F0 variability, loudness, loudness 
variability and speech rate/tempo are the main cues that convey anger, fear, happiness, 
sadness and tenderness, the identification of a stimuli should decrease if the acoustic 
cues are manipulated to go against the theory and increase if the acoustic cues are 
manipulated to follow the theory.  
 
The main effect of manipulation indicated that the manipulations of the stimulus had an 
overall effect on the identification rate of emotions. Following the predictions of Juslin 
and Laukka (2003), the stimuli that was manipulated to go against the theory were less 
often identified and the stimuli that was manipulated to go with the theory was 
identified more often as the intended emotion. When this effect was analysed for each 
emotion separately, results suggest that manipulation had an effect on the recognition 
rate for anger, happiness and sadness but not for fear and tenderness.  
 
A main effect of emotion indicated that some emotions were better recognized than 
others. There was also an effect of mode, indicating that there was a difference between 
the speech and the music stimulus in how well they were identified. Previous research 
has shown that basic emotions in speech stimulus are somewhat easier to identity than 
basic emotions in music stimulus (Juslin & Laukka, 2003), so some differences between 
these two domains were not surprising to found.  
 
There was no significant interaction effect between manipulation and mode indicating 
that there was no difference of manipulation between the speech and the music 
stimulus. A very small effect size for the interaction effect between manipulation and 
mode indicated that it probably wouldn´t have been an effect of mode even if the 
sample of this study had been much larger. A result that could give some support to the 
theory by Juslin and Laukka (2003) that music and vocal expressions use similar 
patterns of acoustic cues to mediate emotions. The interaction effect between mode and 
emotion suggests that some emotions had a higher level of identification rate among the 
speech stimulus than the music stimulus and reversed. The effect of mode could 
therefore also be a result of variation between the stimuli data in this study there some 
of the original stimulus from the beginning had a lower accuracy of identification within 
the music stimulus than the speech stimulus and contrary. 
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For the music stimulus there were a clear effect of the manipulation for anger, for 
speech on the other hand, there were only an effect between the stimulus that was 
manipulated to go against the theory and the original stimulus. One possible explanation 
for this is that the original stimulus in some cases already had a very high level of 
accuracy for identification and it is possible that this stimulus had reached a ceiling of 
recognition and therefore the manipulation had a little or no effect for the identification 
rate. The recognition for the original stimulus for speech was quite high (mean = .73) 
compared to the original music stimulus for anger (mean = .31). But it could also mean 
that the acoustic cues that were manipulated in this study (F0, F0 variability, loudness, 
loudness variability and speech rate/tempo) had a different impact on the speech and the 
music stimulus for anger.   
 
The identification rate for fear was not affected by manipulation in the predicted 
direction. For the music stimulus of fear, there was a reverse effect for the stimulus that 
was manipulated to be better recognized as fear. Of the four original music stimulus that 
were chosen to this study to represent fear, two stimuli could be classified as "panic 
fear" and these stimulus got a different reaction to the manipulation than the other two 
stimulus. Juslin and Laukka (2003) saw the same pattern in their meta-study and explain 
this inconsistency with various intensities of the same emotion, or qualitative 
differences among closely related emotions (e.g. mild fear may be associated with a low 
sound level and panic fear with a high sound level to be better recognised).  
 
Tenderness had an overall low accuracy for identification of the music stimulus in the 
current study, (below the chance level). By analysing the stimuli data further, it become 
clear that these stimulus frequently were mistaken for sadness in both the original 
version and the two manipulated versions of stimulus. Juslin and Laukka (2003) found 
that tenderness usually had the lowest rate of identification among these five emotions 
and often was confused with sadness. Sadness and tenderness share the same pattern of 
acoustic cues as a decreased tempo, sound level, high frequency energy and variability, 
a low pitch, falling contours, many pauses, slow tone attacks among many. The only 
difference in acoustic cues between sadness and tenderness that was found in this 
previous study, was that sadness seem to have a microstructural irregularity and 
tenderness a microstructural regularity. This means that negative emotions appear to 
have more irregularities in frequency, intensity and duration and positive emotions are 
more regular in these domains (Juslin & Laukka, 2003). It is possible that the music 
stimulus that should represent tenderness in this study had a more regular 
microstructural pattern and therefore was mistaken with sadness but further analyses 
need to be done before any conclusions can be made about this.  
 
The fact that the design of the experiment only consisted of five different emotions and 
had a force choice design, allows a risk that the participants used an exclusion method 
to guess which emotion the stimuli represented. Some participants expressed that they 
for some stimulus had lacked an appropriate emotion to choose, they did not feel that 
any of the available emotions was the right choice but they were forced to pick one. 
However, they could not say which emotion that was lacking. It is possible that some of 
the stimulus that was manipulated to be less recognised should had a different outcome 
if the participants would have more emotions to choose among.  
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The main findings in this study are that the manipulation of the acoustic cues F0, F0 
variability, loudness, loudness variability and speech rate/tempo had an effect on the 
identification of basic emotions. A non-significant interaction effect between 
manipulation and mode indicated also that the manipulation had a similar effect on the 
stimulus for both speech and music, supporting the theory of Juslin and Laukka (2003) 
and the hypothesis of this study. However, the result also shown that there are 
differences among emotions there some emotions (anger, happiness and sadness) were 
more affected of the manipulations of these acoustic cues than others (fear and 
tenderness). There were also differences between the speech and the music stimulus 
there some emotions were more affected of the manipulations within the speech 
stimulus than the music stimulus and reversed.  
 
To conclude if the deviations from the theory are a result of some differences between 
emotional expressions in speech and music or a result of differences among basic 
emotions, further research need to be made. It is possible that some of these acoustic 
cues are more important for identification of speech stimulus than for music stimulus 
and contrary. It is also possible that these acoustic cues have a bigger impact on some 
emotions than others, which could explain the differences in identification rate between 
the emotions in this study. Future research will be needed to determine how the 
manipulations affect the identification of emotions for each of these acoustic cues 
separate.  
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