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Sammanfattning 
 
Att uttrycka känslor är en viktig del av musiken som konstart. Forskning har visat att de 
akustiska tecken som används för att uttrycka känslor går att kopplas till rörelse; 
exempelvis hur en artist interagerar med sitt instrument. Bresin och Giordano utförde 
2004 ett experiment där ljudet av fotsteg av människor som uttrycker känslor genom sin 
gång spelades in och analyserades. Bresin och Giordano upptäckte att ljudnivå samt 
intervallet från att en ton trycks ned, till att den efterföljande trycks ned (IOI), liknade de 
akustiska tecken som används när känslor uttrycks i musik.  
 
I detta examensarbete har två experiment utförts. Det första experimentet undersökte 
om de akustiska parametrarna, funna av Bresin och Giordano, kunde användas till att 
kontrollera ett musikaliskt instrument för att kommunicera känslor. Testpersoner 
bedömde om de uppfattade de musikaliska ljudsekvenserna som de olika känslorna arg, 
rädd, ledsen, neutral eller glad, samt om det var möjligt att uppfatta vilket kön personen 
som framförde musiken hade. I det andra experimentet kontrollerade testpersoner 
timpanislag genom skjutreglar kopplade till genomsnittliga samt varierande värden av 
några av de akustiska parametrar som användes i experiment ett. Testpersonerna 
instruerades att uttrycka samma känslor som de som användes i experiment ett.  
 
Statistisk analys av resultaten visar på att mönstren av de akustiska parametrar såsom 
tempo och ljudnivå som används i expressivt gående går att överföras till att kontrollera 
musikaliska stimuli. I de båda experimenten används parametrarna på samma vis, vilka 
liknar de expressiva tecken som finns att finna i litteraturen från musikpsykologi.  
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Abstract 
 
In music the expression of emotions play an important role. Research has shown that 
some cues for how emotions are expressed in music can be connected to motion; for 
instance how the performer uses her body when interacting with the instrument. Bresin 
and Giordano conducted an experiment in 2004, where the foot step sound of people 
expressing emotions through their walking was recorded and analyzed. It was found that 
the sound level (SL) and the inter-onset-interval (IOI) of the feet were used  by listeners 
for decoding the emotions. The same parameters have been found to be used by 
performers when express emotions in music.  
 
In this master thesis two experiments were conducted. In the first one it was investigated 
whether the acoustic parameters from expressive walking gaits could be used for 
controlling the sound of a percussive musical instrument (timpani) in order to 
communicate emotions. Subjects rated if they perceived the emotions as angry, fearful, 
sad, neutral or happy and whether a male or female performed the musical sequence. In 
the second experiment participants controlled timpani drum strikes by means of sliders 
connected to the average value and variation of some of the acoustic parameters used in 
experiment one. The participants were instructed to express the same five emotions as in 
experiment one.  
 
Statistical analysis of the results show that the patterns of acoustic parameters such as 
tempo and sound level used in expressive walking could be successfully transferred to the 
control of musical stimuli. The trends for the parameters used for communicating 
different emotions were similar in both experiments as well as similar to the expressive 
cues variations known from literature in psychology of music.  
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List of Abbreviations 
 
Av = average 
Mea = mean value 
Std = standard deviation 
 
h2tIOI = heel to toe inter-onset-interval 
t2tIOI = toe to toe inter-onset-interval 
t2hIOI = toe to heel inter-onset-interval 
h2hIOI = heel to heel inter-onset-interval 
 
Hamp= heel amplitude 
Tamp=toe amplitude 
 
How to interpret the names of the sound files: 
- First letter is the intended emotion, where a=anger, f=fear, n=neutral, h=happiness 

and s=sadness. 
- Second number is the number of the walker (1-7) 
- Last letter is ascending (u) or descending (d) tone 
for example the name a6u stands for a=the emotion anger, 6=walker number six, u=the 
sound sequence starts with an ascending tone. s7d stands for s=the emotion sadness, 
7=walker number seven, d=the sound sequence starts with a descending tone. 
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1 Introduction 
 
 

1.1 Problem formulation 
 
The two main acoustical cues used for expressing emotions in music are sound level and 
tempo [1]. These acoustical cues can be taken into account when investigating emotional 
non-musical sounds. For example walking is an everyday experience, from which sounds 
are produced. It has been found that emotions can be communicated thorough the 
sounds generated by walking. The emotions are communicated mainly from the 
acoustical parameters of sound level (SL) and inter-onset-interval (IOI) of the footsteps 
[2]. This indicates a close link between sound and motion. Another fact contributing to 
this statement is that sound in general is the result of motion between two physical 
objects [3]. The movements of the objects and their features are therefore very vital for 
the outcome of the sounds.  
 
In this master thesis, the relation between sound and motion will be further investigated. 
SLs and IOIs extracted from walking sequences expressing different emotions will be 
used in order to control a musical instrument. From the walking sequences, the 
corresponding musical sequences in terms of SL and IOI will be produced. These 
musical sequences containing the original SL and IOI will be tested, in order to study if 
emotions still are possible to be perceived. This would in turn indicate that the action of 
walking is reflected in the SL and IOI parameters. Meaning that the parameters reflect 
the walkers’ movements, and can be used for different sounds still communicating 
emotions. 
 
 
1.2 Background 
 
In the year of 2004, Giordano and Bresin conducted an experiment, in order to 
investigate whether it was possible to perceive and assimilate information about people 
by listening to the sound of their recorded footsteps. A group of seven people consisting 
of both men and women were instructed to walk having five different states of mood in 
mind, (angry, fearful, happy, normal and sad). The sounds of the footsteps were recorded 
and their acoustical descriptors were thoroughly analysed. These descriptors were for 
instance the amplitude of the toe strike and heel strike envelope peaks (Tamp and Hamp), 
temporal distance between adjacent toe strikes (T2T), between heel strike and the 
succeeding toe strike (H2T), and between the offset of toe strike and the onset of the 
succeeding heel strike (T2H). Furthermore, spectral information of the strikes was 
extracted.  
 
Giordano and Bresin found that there were strong similarities between the acoustical 
cues for expressing emotion in music and walking, concerning the tempo related 
descriptors such as the average value and standard deviation of T2T and sound level 
related descriptors such as the average value and standard deviation of Tamp and Hamp. 
They found strong differences for the descriptors of the footsteps that were related to 
articulation; the average value and standard deviation of T2H. The measured T2H for 
sadness was for instance similar to staccato articulation, which is a cue used in angry or 
happy performances [1]. The T2H for anger was similar to legato articulation. It was 
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established that it was too difficult to control the T2H, and was therefore not consistent 
with articulation as a performance cue, rather the differences in tempo. On the other 
hand, the T2T was considered as a tempo cue and the Tamp and Hamp were considered as 
the sound level cues [2]. 
 
The next step of the experiment was to conduct a listening test with the recorded sound 
of footsteps as stimuli. 13 participants were to listen to 35 stimuli; five steps for each 
emotion and walker. The result from the listening test showed that the subjects could 
perceive e.g. emotions and gender of the walkers. After further analysis it also became 
clear that the information used for perceiving gender were mostly the spectral descriptors, 
while the information used for perceiving emotions were Tamp, Hamp and T2T [2].  
 
Based on previous studies and the results of the experiment, further questions arose. 
What if the parameters for perceiving emotion, the T2T and H2T temporal distance, and 
the Tamp and Hamp, were translated into music, would the same, if any, emotion still be 
perceived? The purpose of this project is to investigate whether the same emotions are 
being perceived, when the values of the acoustical cues extracted from footstep sounds 
are transferred into music. This would then further point out the relation between 
motion and sound. 
 
 

1.3 Definitions 
 
Before proceeding, some definitions need to be clarified. During walking, the foot 
generally produces a heel and a toe strike, followed by the other foot’s heel and toe strike. 
Walking therefore result in two impact sounds for each foot [2]. In this way, the 
amplitude of the heel and toe strike can be measured. Additionally, the time interval 
between the heel and toe strike (H2T), as well as between the toe strike of the first foot, 
and the toe strike of the next following foot (T2T) can be measured.  
 
 
 

 

 

Figure 1: Illustration of the t2tIOI and h2tIOI. 
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In music terms, there is a temporal measurement between two tones called Inter-Onset-
Interval (IOI). The definition of the IOI is the duration in milliseconds of when one tone 
starts sounding until the next following tone starts sounding [4]. This could thus be 
compared to time measurements of the walking parameters, where the measured H2T is 
the same as h2tIOI and T2T is the same as t2tIOI. To further translate the walking 
parameters into musical terms, the amplitude of the heel and toe strikes are the sound 
level and the average t2tIOI can be seen as describing the tempo. Further, the standard 
deviation of the t2tIOI is the variation in tempo.  
 
 

1.4 Outline of the report 
 
In part 2 of the report a literature review is presented, describing some facts about the 
connection between music and emotion, and music and motion. In part 3 the method, 
procedure and results followed by discussion and conclusion of the first experiment is 
described. Part 4 describes the sequence of work of experiment 2. In part 5 a comparison 
is made of the results of the two experiments, as well as the experiment conducted by 
Bresin and Giordano. Part 6 is a summary of the report and presents some ideas for 
future work. 
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2 Literature Review 
 
The perception of sound and music is a large and fascinating field where yet a lot needs 
to be explored [1]. The research about how we perceive sound and use it as information 
is important and can be useful in many different areas as for instance in sound synthesis 
and interfaces. Additionally sonification of motion is a new and growing part of sound 
research [3].  
 
 

2.1 Music and emotion 
 
Music is one of many forms of communication; as for instance talking is a form of 
communication. And as for talking, music is an effective medium for expressing 
emotions. This can be seen in movies, where film music is an important tool for 
enhancing the effects of the movie images [5]. Music is also an expressive way for 
composers and performers to communicate their moods, and a way for listeners to 
change their mood and emotions. In the past 20 years there has been many studies about 
music and emotion, but since it is a complex field where many factors are involved such 
as biological, cultural and physical aspects, there are yet many things that need to be 
looked in to [6].  
 
The communication in music is perhaps best described as a process. First, a composer 
composes the music, using notes, instruments and different stylistic methods for 
instructing the performer how the music should be played. The second part of the 
process is when one or several performers are interpreting the musical scores and also 
adding his or their individual colouring to the music. The third and last part of the chain 
is the listener, which interprets the music according to his knowledge and use of music. 
How music is played and perceived is very dependent on the context. Listening to music 
live in a concert hall is perceived differently than listening to the music from a CD at 
home. 
 
Further an important distinction needs to be made between induction of emotions and 
perceiving emotions. Induced emotions mean that the music generates emotions within 
the listener. Perceiving emotions means that the listener can acknowledge the by the 
performer or composer intended emotions [6]. Most research has been concentrating on 
the perception of emotions, since it is easier to measure.  
 
What are the emotions communicated in music? In the literature, the emotions that are 
most frequently mentioned are happiness, sadness, anger, fear and tenderness. These are 
also often mentioned as the basic emotions, which almost always can be communicated 
[1]. The reason for this may be explained by different factors. Studies show that 
emotions are being accurately perceived in music when the music is being played by 
professional performers [1]. Another important factor is that the basic emotions in the 
musical scores often are used as expression marks. One could therefore see it as people 
often connect these emotions to the music semantically and therefore also use the words 
to describe it.  
 
A way of explaining how these emotions are being communicated in music, is to extract 
acoustical cues and see how they vary with the emotions. It is the particular combination 
of the different cues that makes it possible for listeners to perceive the emotion intended 
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by the performer. Another way of describing the process of communicational emotional 
expression is to put the different cues in relation to each other in a two-dimensional 
space, where the x-axis represents the activity level of the cues and the y-axis the valence 
level. Figure 2 combines the categorical and dimensional methods for explaining 
emotional expression [1]. As can be seen in Figure 2, the expressional cues mentioned in 
the Figure are mostly concerned with the tempo, sound level and the articulation. There 
are also other important factors involved such as for instance timbre, pitch, descending 
or ascending melody, rhythm and tonality [7].  
 
 

 
Figure 2: Summary of cues when performers communicate emotion in music. 
Extracted from [1]. 

What is it that makes us being able to perceive a certain emotion? There is one theory 
called the functionalist perspective, where there are two important factors involved; brain 
programmes and social learning. With brain programmes, it is meant that there are some 
biological factors that explain why humans perceive emotions in music. Studies have 
been made, where it has been seen that ’brain programmes’ tell the brain how vocal 
expressions should be interpreted. This could be an explanation of why it is not 
dependent on different cultures in order for people to be able to understand each other’s 
vocal expressions. Further, there are theories that say that music is similar to vocal 
expression of emotion. The acoustical variation of vocal cues used for expressing 
emotions shows many similarities with those that performers use for expressing 
emotions in music [1]. This would then imply that perceiving some emotions in music is 
a biological factor, which then also is independent of culture. The other factor of the 
functionalist perspective is social learning. This means that factors that cannot be 
connected with vocal expression are cultural dependent, and learnt during the childhood.  
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This explains those factors that cannot be connected together with the vocal expression. 
These factors are instead dependent on culture, and are therefore learnt from the 
beginning of ones life.  
 
The process of perceiving music is a complex combination of biological and cultural 
factors, as well as the contextual situation. This makes the musical research interesting 
but also challenging. The knowledge about emotion expression in music is growing and 
there are always new things and explanations being discovered. In recent years, the 
strong connection between music and motion is more and more investigated. An attempt 
to shed further light to this connection is presented in the next following part. 
 
 

2.2 Music and motion 
 
Sound and motion are closely linked together. Without motion, no sound can be 
generated. In general terms this claim can be described as the following. Sound is 
produced through the interaction of when one object is moving against a second object. 
Due to for instance the size, shape, and structure of the objects, different sounds are 
generated. These sounds then in turn supply information about the course of events to 
the listener. One example is when a glass that falls into the floor and crashes into a 
thousand pieces. The sound that is created in this moment provides enough information 
about the event, so that the listener probably does not have to see the accident in order 
to comprehend what happened. The ability of understanding that it is glass crashing into 
the floor is probably a knowledge based on previous experiences of the same situation [3]. 
But more of this will be described later on. 
 
The processes from where the sound is generated can be biological, such as when the 
vocal cords vibrate when producing the human voice. The process can also be 
mechanical, as when one presses the button on an analogue camera to take a picture, and 
it clicks. The digital cameras of today often recreate this particular sound, as to give the 
photographer feedback, a sense of that the picture now is documented [3]. 
 
There are examples of recent research that point out that motion and sound are closely 
linked together. It has for instance been found that people are able to distinguish if there 
is a man or a woman walking, only by listening to the sound of their footsteps [8]. 
Further it has been discovered that information used for distinguishing the gender, is to 
be found in the walking spectra. In the earlier mentioned experiment by Bresin and 
Giordano, this fact was further confirmed [2]. Another example of information that 
sound can provide us with is the size of its source. The fundamental frequency of the 
voice is for instance dependent on the size of the vocal cavity. A large vocal cavity gives 
rise to a voice with low fundamental frequency [8]. 
 
Motion in itself provides information about the physical object. Research has shown that 
the motion of a person walking may be reduced into a small number of light-points, still 
providing enough information to the viewer about different characteristics of the walking 
person such as gender, weight and mood [9]. This shows that also visually it might not 
only be the viewable features such as long hair or clothing that tells us that the person 
walking is a woman. Also the way she walks is important for our judgement of the 
gender. And the way she walks is then reflected in the sound, which we also listen to and 
analyse. 
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Music is often mentioned as structured sound, and it has also, as for sound in general, a 
close relationship to motion and body movement. Dahl and Friberg showed that it is 
possible to interpret the emotions that a marimba player expresses through her music, 
only by supplying visual stimuli [10]. A study made by Friberg et al showed that when 
transferring the pressure of the foot of different gaits into tones, these tones could be 
categorised into different terms of motion [11]. Further, walking can be connected to the 
articulation technique legato and running to the articulation technique staccato [12]. When 
playing legato on the piano the notes often overlap each other, meaning that keys are 
depressed simultaneously for a short period of time. This can be seen in walking, when 
the toe of one foot is touching the ground at the same time as the heel of the other foot 
is touching the ground. When playing staccato there is a small pause between every note. 
This can be seen in running, where sometimes both feet are in the air at some points of 
the running process. 
 
When considering the reason for the close relationship one could think of the following. 
In order to play an instrument, the performer needs to use motion to make the 
instrument sound. In the music, the performer playing the instrument is reflected in 
different ways. There is an emotional intention of the performer, which often can be 
recognized by the listener, as shown by Dahl and Friberg. Another important 
characteristic is the actual physical movements of the performer. Some motions are 
physically impossible for the performer to manage in e.g. a certain speed. This in a sense 
limits the possible sounds of the instruments. These physical limitations must be 
carefully considered so that they also are reflected for instance when having a computer 
as a performer [13]. For instance the KTH rule system is developed in order to reflect 
the physical constraints of the body and the instruments. Sound interpretation is also 
dependent on its context. One single footstep provides not enough information to be 
perceived as a footstep, but when put into a sequence, as it would be in nature it is 
perceived for what it is. Bresin and Dahl could also show that one sampled footstep 
presented in a sequence following the equations of biological motion was perceived as 
more natural, than just equeally obtained footstep sounds [12].  
 
The connection between sound and motion is a way of explaining the complex process 
of how the sounds that we hear are perceptually analyzed and interpreted. Below some 
examples of applications of this research in this field are given. 
 
 

2.3 Applications 
 
There are many areas where understanding the communication process of music and 
sound can be useful. One of these areas is for instance in sound synthesis. There are 
different ways and aims when synthesizing sounds. One major goal is to make the 
synthesized sound to be perceived as natural sounding. A way of achieving this 
naturalness is to make a model based on natural and physical parameters. For instance, 
Fontana and Bresin propose that these models should be physics-based [14]. This means 
that one takes the cause of sounding object into consideration, rather than the effect. By 
doing this, it is easier to change the parameters of the object in order to affect the sound. 
The parameters are physically specified, which makes them easier to relate to reality and 
therefore to comprehend. 
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Sound is an important information carrier that allows us to quickly interpret vital 
information about different situations and events. This can be used when designing 
interfaces. Sound feedback is effective in interfaces, and this is the focus of a quite recent 
research field called interactive sonification. Instead of visualization techniques, the 
information is given through sound. In order to make the sound interfaces effective, it is 
important to know how sound is being interpreted by the listener, so that the right 
information is provided. 



 9 
 

3 Experiment 1 
 
The purpose of the first experiment was to transfer the acoustic parameters collected by 
Bresin and Giordano from the expressive walking gaits into musical sounds, and to test if 
emotions were perceived through these new sounds. The parameters that were tested 
were the Tamp (toe sound level), Hamp (heel sound level), T2H (toe to heel duration), 
and T2T (toe to toe duration). 
 
 

3.1 Method 
3.1.1 Participants 
 
The participants were 15 students (seven female and eight male) from the Media 
Technology program at KTH. They were in the ages of 21 to 34, average age 25.3, were 
all given a cinema ticket as reward for taking part in the experiment. The time for 
participating in the experiment varied among the different subjects in a range of 45 
minutes up to one and a half hour. 

3.1.2 Stimuli 
 
Stimuli were played through a Pd1-patch connected to the MIDI-synthesizer Yamaha XG 
WDM SoftSynthesizer. Each footstep in the stimuli was represented by two distinct tones, 
one for the heel strike and one for the toe strike. At the end of the toe strike pitch bend 
was added. The pd-patch was designed to use the h2tIOI and the t2hIOI2. Since 
measurements only from the parameters h2tIOI and t2tIOI were given, the t2hIOI had 
to be calculated. This was done by the h2tIOI from the t2tIOI (see Figure 1). The 
calculation was made as follows: t12t2IOI – h22t2IOI = t22h3IOI. Due to this way of 
reasoning, the h12t1IOI could not be used in the stimuli.  
 
For each walker and emotion, a text file was created containing the data of that unique 
walking gate. The data were the measured parameters Tamp, Hamp in dB, and h2tIOI and 
the calculated t2hIOI in ms. Each text file was named after the first letter of the emotion 
for example A for anger, and the number of the walker (1-7).  
 

    

Note 
(in 
MIDI) 

Hamp 
(dB) 

h2tIOI 
(ms)       

Note 
(in 
MIDI) 

Tamp 
(dB) 

h2tIOI 
(ms)         

1000 HEEL 60 10.1404 88.9342 ; 88.9342 TOE 60 19.6021 411.0658 ; BANG 1 ; 

411.0658 HEEL 64 19.5149 0 ; 0 TOE 64 19.5149 526.4626 ; BANG 1 ; 

526.4626 HEEL 60 17.635 94.3537 ; 94.3537 TOE 60 23.4908 414.6259 ; BANG 1 ; 

414.6259 HEEL 64 11.0228 131.5646 ; 131.5646  TOE 64 18.9608 285.5556 ; BANG 1 ; 

285.5556 HEEL 60 19.6835 0 ; 0 TOE 60 19.6835 605.6916 ; BANG 1 ; 

605.6916 ;                           

Table 1: Example of a text file. This file has the name A1 (intended emotion anger, 
walker number 1). 

                                                
1 Pure data. http://www.puredata.org 
2 Notice that the t2hIOI mentioned here is not to be confused with the measure made by Bresin and 
Giordano. This measure of t2hIOI is the result from subtracting the value of H2T from T2T. 
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Figure 3:The pd-patch designed to steer a musical instrument. 

 
After designing the pd-patch, some considerations had to be made when choosing MIDI 
instrument and which tones that were to be used for representing the footsteps. It is well 
known that musical structure, instrument and timbre have great influence on the 
emotional expression in music [7]. The aim was to create a musical sequence as neutral 
sounding as possible, letting the sound level and tempo colour the emotional perception. 
One way of representing each foot could be to have two intervals with two different 
tones within each interval. The problem of using this solution was that there were too 
many tones involved, resulting in a sequence that was perceived as either too happy or 
too sad. Therefore one tone representing each foot was chosen. In many feet strikes 
recorded by Bresin and Giordano, the H2T was measured to zero. The reason for this 
was that for those cases two distinct impact sounds could not be found and therefore it 
was assumed that heel and toe had been put down into the ground at the same time [2]. 
For these cases the heel and toe amplitudes had been put to the same amount, and the 
H2T had been put to zero. For this experiment also the heel amplitude for these 
described cases was put to zero, reasoning that a strike cannot have a value of sound 
level when the IOI is zero. Further, this reasoning was better in the pd-patch. This 
resulted in that for those cases where the heel amplitude and H2T were zero; only one 
tone was heard representing one footstep. 
 
For all the recorded h2tIOI the shortest one measured was 54 ms. This information is 
important to be aware of, in order to understand the final choice of instrument used for 
producing the stimuli. The piano was at first considered to represent the footsteps. But 
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when playing the same tone twice where the preceding tone IOI was shorter than about 
70 ms, it sounded really unnatural [15]. Another instrument had to be used instead of the 
piano. A MIDI-synthesizer has at least 128 instruments to choose from. Even though 
this can be seen as a large amount, it was difficult to find a neutral instrument which also 
could play as short tones as 54 ms. After trying many different instruments a percussion 
instrument was chosen, where the timpani was the best suiting one. Even though the 
timpani has a tendency to sound dark, energetic and strong, it can play different tones 
and the sound available was realistic. The thought was also that the participants would 
become used to the instrument and put it into its context, and the different music 
excerpts in relation to each other when judging them. The tones were alternating 
between C3 and E3, which corresponds to the frequencies 130.8 Hz respectively 164.8 
Hz. These tones were chosen since they sound natural for timpani, and they are, based 
on previous studies perceived as neutral when played in combination with each other [7].  
 
Wav-files were then recorded using Soundswell 4.03. All together there were 70 different 
sound files; two files for each walker (seven walkers) and emotion (five emotions: anger, 
fear, happiness, neutral and sadness) where one version started and ended the sequence 
with the higher tone (E3) and one with the lower (C3). Each sound file or sequence 
consisted of five “footsteps”. This means that there were always five toe strikes, and 
sometimes heel strikes were present. 

3.1.3 Procedure 
 
An interface for the experiment was designed, using an interface made by Giordano in 
MATLAB. Giordano’s interface was adapted to the current experiment. The participants 
were to listen to a performance (a sequence of drum strikes) and then to judge the 
performance using seven different sliders. Each slider had a statement on each side that 
was connected to a text where the participants were asked to rate the sound after how 
they perceived it. On the left side of a slider it was for instance written is not angry and on 
the right side of the slider angry. The order of the sliders was randomized between each 
stimulus and the stimuli were played in random order. The participants were not able to 
go back and change a judgement. The participants were asked to judge if the sounds were 
perceived as the emotions angry, fearful, happy, sad or neutral and whether a male or 
female musician performed the musical sequence. They could listen to each sound as 
many times as they wanted, before moving on to the next one. Additionally, before the 
judgements of the sounds started, they were to listen to each stimulus at least once in 
order to become aware of the relation between the sounds. The participants also made a 
small trial test in order to get acquainted with the interface. To test the consistency of 
each participant, ten sound files were played and judged a second time at the end of the 
experiment. These files of the last part were randomly chosen from the 70 stimuli. 
Before performing the experiment, it was tested on one person in order to confirm that 
the experiment worked and was understandable. All of the listening tests were performed 
on the same computer with the same volume settings. The head phones used were AKG 
K 240. 
 

                                                
3 http://www.hitech.se/development/products/soundswell.htm 
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Figure 4: An example of the interface of the listening test. 
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3.2 Results 
 
The data from the 15 listening studies were gathered and analysed. The first thing to do 
was to examine the consistency for each participant. This was done by comparing the 
answers of the ten sound files from the last part of the experiment with the equivalent 
answers from the main part. The graph below displays the error rate for each participant. 
As can be seen, most of the participants had an error rate below 30%. The participants 
S8 and S14 with an error rate above 30% were discarded from further analysis.  
 

 
Figure 5: Consistency of each participant. 
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Figure 6 shows the average result of the participants’ ratings for each intended emotion. 
As can be seen, the intended emotion anger is rated as angry. The stimuli intended to be 
fearful got the highest ratings for sad and neutral. Intended emotion happiness was rated 
as angry. Intended emotion neutral was rated as sad and intended emotion sad was rated 
as sad. Overall the ratings for happy were low. There are quite large standard deviations 
among the rated values, which point towards a large spread of how the emotions were 
perceived.  

  

  

 

 

Figure 6: Average results of the different scales for each intended emotion. The 
bars represent the standard deviation. 
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Since there was a large spread in the ratings among the participants, it was found more 
interesting to look at which sound files that had received the highest rating for each 
emotion. 
 
Rated Intended Gender of File name 
 emotion  emotion  original walker   
Anger Happiness Male h1d.wav 
Fear Sadness Male s6d.wav 
Happiness Anger Male a4d.wav 
Neutral Sadness Male s5d.wav 
Sadness Fear Female f7d.wav 

Table 2: Highest rated sound files for each emotion. 

 
Table 2 displays the sound files that received the highest ratings for each emotion. As can 
be seen, none of the files were perceived as the emotions they were intended to 
communicate. The sound file rated as the happiest performance was intended to 
communicate anger, the angriest was intended to communicate happiness, the most 
neutral was intended to communicate sadness, and the saddest sound file was intended to 
communicate fear. The highest rating of fearful was intended to communicate sadness, 
(but sad was also ranked higher than fear). Both of the sounds that were identified as 
male respectively female were from the beginning performed by male walkers.  
 
    df Sum of Sq Mean Sq F-Value P-Value 
male Between Groups 1 1,379 1,379 19,718 0,000 
  Within Groups 908 63,481 0,070     
  Total 909 64,860       
female Between Groups 1 1,685 1,685 23,675 0,000 
  Within Groups 908 64,615 0,071     
  Total 909 66,300       

 
    male female 
starting low Mean 0,542 0,460 
  N 455 454 
  Std. Deviation 0,263 0,267 
starting high Mean 0,464 0,546 
  N 455 455 
  Std. Deviation 0,266 0,266 

Table 3: One-way ANOVA with fixed factor starting with lower (u) or higher (d) 
tone (2 levels), and the ratings of the different categories as dependent values in 
order to investigate the difference in starting with different tones. 

 
A one-way ANOVA was made in order to investigate whether there was a difference of 
perception when starting the musical sequence with a lower or a higher tone. The result 
of the test showed that for the perception of emotions, there was no significant 
difference whether the sequence starts with the lower or the higher tone. For the case of 
male and female performers however, there was a significant difference. The stimuli 
starting with the lower tone had been judged as more male and the sound files starting 
with the higher tone had been judged as more female.  
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    df Sum of Sq Mean Sq F-Value P-Value 
angry Between Groups 1 1,150 1,150 12,302 0,000 
  Within Groups 908 84,855 0,093    
  Total 909 86,004      
neutral Between Groups 1 0,689 0,689 7,256 0,007 
  Within Groups 908 86,156 0,095    
  Total 909 86,844       

 
    angry neutral 
male Mean 0,388 0,453 
walker N 650 650 
  Std. Deviation 0,298 0,304 
female Mean 0,466 0,393 
walker N 260 260 
  Std. Deviation 0,325 0,319 

Table 4: One-way ANOVA with fixed factor male or female and the ratings of 
different categories as dependent values in order to investigate difference between 
male and female walkers.   

 
Table 4 shows a one-way ANOVA examining whether there was a difference of 
perception between the two groups of male and female walkers. The results show a 
significant difference in perception for the cases of the stimuli that had been rated as 
angry and neutral. The male walkers were perceived as female musical performers and 
vice versa. The stimuli performed by female walkers had been judged as more angry and 
the stimuli performed by male walkers as more neutral.  
 

   
Sum of 

Squares df Mean Square F Sig. 
Between Groups ,090 1 ,090 ,949 ,330 
Within Groups 85,915 908 ,095     

Angry 

Total 86,004 909       
Between Groups ,148 1 ,148 1,548 ,214 
Within Groups 86,696 908 ,095     

Neutral 

Total 86,844 909       
Between Groups ,748 1 ,748 11,909 ,001 
Within Groups 57,025 908 ,063     

Happy 

Total 57,773 909       
Between Groups ,107 1 ,107 1,317 ,251 
Within Groups 74,096 908 ,082     

Sad 

Total 74,203 909       
Between Groups ,544 1 ,544 6,085 ,014 
Within Groups 81,221 908 ,089     

Fearful 

Total 81,766 909       

Table 5: A one-way ANOVA with fixed factor h2tIOI not present and h2tIOI 
present, and the emotion categories as dependent values in order to investigate 
difference between presence of heel strike and when they are not present. 

  
Table 5 displays the results of a one-way ANOVA that examines if the presence of heel 
strikes affected how the emotions were perceived. The results of the test show a 
significant difference for the emotions happy and fearful, where these emotions were 
used to rate files with heel strikes present. 
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The parameters of all of the sound files were submitted to a factor analysis. 
Component

1 2 3

hamp av 0,17 0,317 0,847

h2tIOI av 0,14 0,287 0,889

tamp av -0,516 0,294 -0,413

t2tIOI av 0,967 -0,172 -0,121

t2hIOI av 0,969 -0,21 -0,155

h2hIOI av 0,969 -0,194 -0,097

hamp std -0,127 0,87 0,122

h2tIOI std -0,117 0,735 0,328

tamp std -0,045 0,687 0,102

t2tIOI std 0,982 -0,018 -0,074

t2hIOI std 0,988 -0,027 -0,074

h2hIOI std 0,989 -0,011 -0,05  
Table 6: The results of a rotated component factor analysis of the parameters for 
all sound files. hamp=heel amplitude, h2tIOI=heel to toe IOI, tamp=toe 
amplitude, t2tIOI=toe to toe IOI, t2hIOI=toe to heel IOI, h2hIOI=heel to heel 
IOI, av=average value and std=standard deviation. 

 
Table 6 displays the results of a factor analysis of the parameters of all sound files. The 
parameters can be reduced into three components. As can be seen, the average t2tIOI, 
t2hIOI and h2hIOI and their standard deviations and average toe amplitude are best 
described in component 1. The standard deviation of heel amplitude, h2tIOI and toe 
amplitude are best described in component 2. The average value of heel amplitude and 
h2tIOI are described in component 3. 
 

 

  

Figure 7: Relation of average toe amplitude and average t2tIOI. 

 
In the left plot of Figure 7, the relationship between the average toe amplitude as a 
function of the average t2tIOI is displayed. As can be seen from the plot, the SL 
increases as the IOI decreases. The right plot presents the average heel amplitude as a 
function of the average h2tIOI. The trend line of this plot is the opposite of the previous 
one. For this case is the heel amplitude increasing as the h2tIOI is increasing. 
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    h amp av h2t IOI av 

h amp av Person Correlation 1 0.866 
  Sig. (2-tailed)   0.000 
  N 910 910 
h2t IOI av Person Correlation 0.866 1 
  Sig. (2-tailed) 0.000   
  N 910 910 

Table 7: Correlation test between heel amplitude and h2t IOI using Pearson. The 
correlation is significant at 0.01 level. 

As can be seen from the results of the correlation test in Table 7, the heel amplitude and 
t2hIOI are positively correlated to each other.  
 

 

  

  

 

 

Figure 8: The parameters of the highest rated sound files. 
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Figure 8 shows the parameters of the highest rated sound files. Since the participants 
listened to the sound files in relation to each other, the parameters will be compared in 
the same way.  
 
File H1d was rated as the angriest file but intended to be happy. In comparison to the 
other files it has the highest average value and standard deviation of toe amplitude. It has 
further the second shortest average value of the t2hIOI and t2tIOI, and the second 
largest value of standard deviation of t2hIOI.  
 
A4d, the file rated as the happiest but intended to be angry, has the shortest average value 
and standard deviation value for the t2hIOI.  
 
File S6d, which was rated as the most fearful file but intended to be sad, has the second 
lowest toe amplitude, a quite low value of the average t2hIOI and a quite large standard 
deviation of the t2hIOI.  
The sound file perceived as the saddest but intended as fearful, F7d, has the largest 
average and standard deviation value of t2hIOI, and the lowest value for the average toe 
amplitude. F7d did not have a heel strike. 
 
S5d, which was the sound file judged as the most neutral but was intended to be sad did 
not have heel strike either. For H1d, S6d and A4d, the heel strikes are present. For all of 
these cases, the heel amplitude is lower than the toe amplitude. For the case of H1d, the 
standard deviation of the heel amplitude is larger than the average value. For A4d, the 
h2tIOI average value is higher than for H1d and S6d. 
 

 
A correlation analysis using Pearson was made between the rated emotions and the mean 
values of parameters for each file. The result displays a significant correlation between 
the average toe amplitude and all emotions, where the correlation is positive for anger 
and happiness and negative for the other emotions. For the standard deviation of toe 
amplitude, the correlation is significant only for anger, where the correlation is positive, 
and neutral, where the correlation was negative. The average t2tIOI is significant for all 
of the emotions except for fear. For anger and happiness the correlation is negative and 
for sadness and neutral it is positive. As for the standard deviations of the t2hIOI it is 
negative for anger and happiness, and positive for neutral and sadness.  According to the 
correlation analysis, the average heel amplitude is significant for the emotions anger, 
neutral, sadness and fear, where anger has the only positive correlation. For the standard 
deviation of heel amplitude, there was a positive correlation for anger, and negative for  

Emotion h amp  h2t IOI  t amp t2t IOI  t2h IOI  h amp  h2t IOI  t amp  t2t IOI t2h IOI  
  av av  av av av std std std std std 
angry   -0,111 0,567 -0,208 -0,212 0,172   0,207 -0,167 -0,171 
fearful 0,065 0,122 -0,124               
happy 0,119 0,104 0,155 -0,173 -0,17       -0,123 -0,131 
neutral     -0,319 0,121 0,124 -0,176 0,102 -0,12 0,072 0,075 
sad     -0,325 0,246 0,243 -0,083     0,21 0,214 

Table 8: Pearson’s correlation coefficient. All significant. When italic only 
significant at 0.05 level. Otherwise at 0.01 level. 
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neutral and sadness. The average h2tIOI is significant for anger, happiness and fear, 
where the correlation for anger is negative and for happiness and fear the correlation is 
positive. The standard deviation of the h2tIOI is only significant for fear, where it is 
positive.  
 
 

3. 3 Discussion 
 
The data of the participants 
According to the results of the mean ratings of the sound files of each intended emotion, 
the angry and sad sound files were perceived as the emotions they were intended to 
communicate. Happiness and fear received the lowest ratings. There are large standard 
deviations for all the ratings, which show that there was a spread in the judgments among 
the different participants. The fact that sadness and anger had a stronger tendency of 
being perceived as intended could be dependent on the choice of instrument. As written 
earlier, timpani with its’ dark timbre and percussive sound has a tendency to be perceived 
as more negative. Also for sadness the slower tempo helps in the classification. The 
influence of the instrument in the communication of emotions will be discussed later on.  
 
When considering the sound files that had the highest ratings for each emotion, one can 
see that no file was rated according to its’ intended emotion. The ratings of the most 
fearful and happy files have quite large standard deviations. It seems, as written earlier, 
that the participants did not associate the sounds to fear and happiness as much as to 
sadness and anger. The case of low ratings of happiness is also similar to the results of 
the listening test made by Giordano and Bresin. In that case it was suggested that walking 
sounds were not able to communicate happiness [2]. Additionally, when considering 
Figure 2, one can see that both happiness and anger are considered to be high-activity 
emotions. When considering their cues, it is also possible to see that they are fairly similar 
when it comes to sound level and tempo. Timpani is an instrument better suited for 
negative emotions, because of its’ timbre and therefore is the fact that happiness often 
was perceived as angry not that surprising. In order to have a better separation between 
happiness and anger perceptually, additional cues to sound level and tempo need to be 
added, as for instance different timbres. As being stated by Juslin [1], one could interpret 
it as if the axis from Figure 2 is best represented through the sound level and tempo, and 
the valence axis through for instance timbre. The fact that fear is an emotion difficult to 
be mediated has also occurred in other experiments [10]. The experiment conducted by 
Dahl and Friberg did also concern motion in musical expression. Some explanations to 
why fear is so difficult to be communicated in motion of musical expression are as 
follows. One explanation is that fear is an emotion that is difficult to define in terms of 
finding a consensus among different people. It can also be argued that there are different 
meanings of fear, as for being hunted or being afraid of being discovered when hiding. 
Another explanation to the low average received by fear is that it is easier to identify with 
other cues rather than sound level and tempo as for the case of happiness.  
 
When considering the results of the variation of the tones, some interesting reflections 
can be made. As presented in the Results section, the sound files starting with the lower 
tone were perceived as male and the sound files starting with the higher tones were 
perceived as female. The pitch is an extra information source besides sound level and 
tempo. Since the participants had to choose from either a male or female performer, they 
probably used that extra information in the variation of pitch in order to distinguish the 
gender of the performer when listening to the sound files. This result is also consistent to 
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the results from the experiment conducted by Bresin and Giordano, where it was shown 
that the information used for distinguishing gender in a sound source is the spectral 
information given in the sound, and not the SL or IOI, which was the basic information 
given in the musical drum sequences [2]. 
 
The sound files were alternating between two tones. Since there were five footsteps in 
each file, the first and last tone was the same. A file starting with a low tone also ended 
with a low tone and vice versa. Interestingly, the files starting and ending with a lower 
tone were perceived as being performed by a male. This phenomenon can be explained 
by different reasons. For one, many similarities have been discovered between music and 
the human voice [1]. Men have often a lower frequency than women, which then could 
be presented through the start and ending of the lower tone. A second explanation could 
be that women often are smaller and lighter than men, which then would be represented 
through higher frequency. A theory is that the varying tones have to do with the fact that 
an ascending melody is perceived as more energetic than a descending melody. 
According to Gabrielsson and Lindström an ascending melody can be associated with e.g. 
anger and potency and a descending melody with graceful and sadness [7]. The adjective 
potency is often more associated with male as well as graceful is more associated with 
female. This in turn could be another explanation to why the musical sequences starting 
with the lower tone were perceived as being performed by a male. One problem 
considering the theories mentioned is that the sound files started and ended with the 
same tone. Is the beginning or the end of the sound sequence the most important for the 
listener? And would the results be different from each other if the sound sequence would 
start and end with different tones? These questions could be answered with further 
experiments. 
 
 

  

Figure 9: Picture of alternating tone, either starting with the lower tone (left) or 
with the higher (right). 

 
When further considering the results, they showed that the angry files were perceived as 
more female and the neutral files as more male. An explanation to this could be that 
women are in average shorter than men, which would then result in a shorter t2tIOI. 
Additionally women often have harder shoe soles, which also would add to an increase 
of the sound level, which in turn is an important cue for how anger is perceived (see for 
instance Figure 2). Men have longer legs and bigger feet, resulting in a longer t2tIOI.  
 
In the first part of the discussion, the ratings of the sound files have been considered. In 
the following section the parameters of the sound files will be discussed. 
 
The parameters 
A factor analysis was conducted on the parameters of the stimuli. The results of the 
analysis can only be used as guidance when interpreting how the parameters were used, 
since the analysis was not weighted against the ratings of the participants in the 
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experiment. Instead it tells more about how the original walkers used the walking 
parameters to express the emotions. The results of the factor analysis display that the 
parameters can be reduced into three components, where a factor loading close to one or 
negative one means that the parameter has a strong relation or correlation to the 
component. In the first component the average value and standard deviations of t2tIOI, 
t2hIOI and h2hIOI are the dominating parameters. This indicates that these parameters 
describe the tempo, which in turn was an important parameter used by the walkers in 
order to express the different emotions. As mentioned before, also Giordano draw a 
parallel between the t2tIOI and the tempo. When looking at the resutl of Table 5, one 
can also see that the h2hIOI and t2hIOI are described almost in the same way as the 
t2tIOI. Therefore both t2tIOI and t2hIOI will be used when describing the tempo in 
further discussion.  
 
In the second component of the factor analysis the standard deviations of h2tIOI and 
heel amplitude are described, as well as the standard deviation of the toe amplitude. This 
result would imply that the presence of the heel strike and its variations play a large role 
when communicating the emotions. This fact is further enhanced when studying the 
third component, which is described through the average values of h2tIOI and heel 
amplitude. From the factor analysis one can come to the conclusion that the walking 
performers found the parameters controlling the tempo as the most important when 
communicating emotions. Additionally the variation of tempo is important. This fact 
may be somewhat intuitive, since the tempo probably is the easiest variable to control 
when walking. The fact that the variation of h2tIOI and heel amplitude is important is 
interesting, indicating that these measurements could have a certain role in the 
communication of emotions.  
 
Figure 7 displays the relation between firstly the toe amplitude and t2tIOI (left panel) and 
secondly between the heel amplitude and h2tIOI (right panel). The toe amplitude 
increases when the t2tIOI decreases. An explanation for this is that when a person walks 
with a high speed, the impact of the foot hitting the ground is hard, resulting in a higher 
sound level relative to normal walking. It is difficult to walk fast and silent, unless one 
has shoes with a very soft sole. For the plot of h2tIOI and heel amplitude, there is an 
increase in the heel amplitude when the h2tIOI increases. A correlation test also showed 
a significant positive correlation between the two parameters (Table 7). The h2tIOI is 
mainly the measurement of the size of the foot, where a larger foot results in a slower 
h2tIOI. The only way for the walker to really control the h2tIOI is then to consciously 
walk slowly, first thoroughly putting the heel into the ground, followed by the toe, and 
then also consciously accentuating both strikes. This was perhaps done by some of the 
walking performers in order to create a certain effect, using all of the foot’s physical 
assets when expressing a certain emotion. It can therefore be seen as if the heel strike 
was an important factor for the walkers to express the emotions. How could this be 
represented in the cues when expressing emotions?  
 
As written earlier in this thesis, tempo and sound level are musical cues that have been 
used in order to explain how the sounds of the footsteps can be interpreted. Another 
important cue in musical expression is articulation.  Research has shown that parallels 
can be drawn between walking and legato, and running and staccato [16]. Could the 
articulation also be applied to the parameters of walking, for instance the parameter 
h2tIOI, which basically is the measurement of the heel strike? When walking, the heel 
hits the ground first, followed by the toe. After that, the heel of the other foot hits the 
ground. Usually, at some point of this motion, there is a phase in which the toe of the 
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first foot and the heel of the second foot touch the ground during the same time interval. 
This is almost as a flow in the sound of the footsteps, and there is no rest between the 
tones, as in legato playing. By not accentuating the heel strike while walking, the gait 
becomes more fluent and gives a sense of calmness. 
 
Bresin and Battel found a parallel between staccato and running [16]. When running, 
both feet are at some point in the air at the same time, assimilating a rest between two 
notes. This rest is characteristic for staccato articulation. The walkers providing the 
stimuli did of course not run. But they might have used the heel strike as a way of raising 
the activity level of the walking gate, like chopping the gate into shorter and more 
distinctive sounds almost like staccato articulation. 
 
How the parameters were rated 
Since the purpose of the experiment was to investigate the perception, it is important to 
study how the actual parameters were perceived and rated. Correlation tests between the 
parameters and the participants’ ratings of the different emotions were conducted. These 
tests help to clarify which parameters that were used for different emotions by the 
participants when judging the files. The results of the correlation analysis have already 
been described above and show some interesting results. The results of the correlation 
analysis are also quite consistent with the files that have the highest ratings for each 
emotion.  
 
Before looking at each emotion one more thing must be clarified. As mentioned above, it 
was questioned whether the heel strike in some way affected the expression of the 
walking sequence. By looking at the data of the sound files which received the highest 
ratings for each emotion in this experiment, one can see that the heel strikes were present 
in three of the files, anger, fear and happiness. Since these are high activity emotions, one 
could think that the h2tIOI raises the activity level of the stimuli since it adds more tones 
to the sequences, giving the listener a sense of higher tempo. Another way of explaining 
it is with the articulation cue. The heel strikes could affect the perception of the 
articulation so that their presence gives an impression of more staccato-like sound, 
compared to those cases where there are no heel strikes present. In the experiment, heel 
strikes were played with the same note as toe strikes, with a small rest between the two 
strikes of the same foot. It may not exactly correspond to the models of articulation, 
since toe strikes often are longer and therefore not follow the rules of staccato, but it 
may still have a strong affectedness of the emotional perception. It has earlier been 
discussed that it seemed as if for some cases the heel strikes had been used with extra 
care when expressing emotions, since the average heel amplitude increased with an 
increase of h2tIOI. This is not consistent with the relationship of the t2tIOI and average 
toe amplitude, where the toe amplitude increases with a decrease of t2tIOI. A correlation 
test between the toe and heel amplitude also shows that the average values are not 
correlated. Having walked with a high sound level in general does not mean that the 
walker distinguished heel and toe strikes from each other while walking. Perhaps this was 
due to the fact that the walker walked with a fast IOI instead. But stimuli with heel 
strikes present have been judged as more happy and fearful (high activity-level emotions) 
in comparison to stimuli where no heel strike was present. For the other emotions this 
was not as clearly the case, even though one could see a tendency of rating as sad and 
neutral those stimuli lacking heel strikes, h2tIOI.  In these stimuli the note C3 
(corresponding to the first foot) was played only once before playing E3 (corresponding 
to the second foot). When varying between lower and higher frequency notes, this might 
have given the listeners a sense of legato, since they could not hear the heel strike not 
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knowing if it touched the ground at the same time as the next following toe. Therefore 
one could perhaps say that those stimuli were perceived as legato, i.e. with low activity. 
This could explain the tendency of rating the stimuli with fewer heel strikes as sad and 
neural (low activity-level emotions). Anger seems to be the most confusing emotion, 
since stimuli with and without heel strikes were judged as angry 
 
Figure 2 displays the categorical cues for how emotions are communicated in music 
performance for each emotion concerning tempo and sound level. When comparing 
these cues with the parameters of the highest rated sound files, and the results of the 
correlation analyses of how the parameters were perceived one comes to the following 
results. The names of the files is the first letter of the intended emotion, followed by the 
number of the walker and if the stimuli starts with an ascending (u), or descending (d) 
tone:  
 
Anger: The musical performance cues for anger are high sound level, fast mean tempo, 
small tempo variability, and staccato articulation. Compared to the other sound files, H1d 
(perceived as angriest sound but intended emotion happiness) has the highest average toe 
amplitude and the second fastest mean tempo. One thing that is not entirely consistent 
to the performance cues are that H1d has the second largest variety in tempo, compared 
to the other sound files. When looking at the correlation results of all the angry sound 
files, the correlation for tempo variability is negative, implying that most of the files rated 
as angry had a small variation in tempo. This would either imply that H1d is not a typical 
angry file even though it was judged as the angriest file, or it could show that the tempo 
variability is not as important for the perception of anger as for instance average tempo 
and average sound level. Further, H1d has heel strikes in its’ sequence which activity level. 
It may affect the sound so that it is perceived as more staccato-like. 
 
Happiness: The musical performance cues for happiness are fast mean tempo, small 
tempo variability, staccato articulation, high sound level, and little sound level variability. 
These cues fit very well the parameters of the file A4d (perceived as the happiest sound 
but intended emotion anger). It has high toe and heel amplitude with small variations, a 
fast mean tempo with fairly small variations. When comparing the cues of happiness and 
anger, they are fairly similar to each other. Normally there are other cues than sound level 
and tempo that distinguish them from each other, but these were not present in this 
experiment. Perhaps that explains the large tempo variation for the file that was 
perceived as the angriest. In order to separate anger from happiness the files with larger 
variation was chosen as more angry than happy. The parameters for A4d are also quite 
consistent to the results of the correlation test. What differs is that there is no significant 
correlation between happiness and the standard deviations of toe and heel amplitude. 
This would therefore imply that the variation in amplitude is not that important for the 
perception of happiness. As written earlier, the presence of heel strikes in sound files 
rated as happy was significant, implying that the presence of heel strikes enhances the 
perception of happiness. This could, as mentioned earlier, be similar to a non-legato 
articulation. 
 
Fear: The musical performance cues for fear are very low sound level, large sound 
variability, fast mean tempo, large tempo variability and large timing variations. In 
comparison to the other sound files the sound level of S6d (perceived as the most fearful 
sound but intended emotion sadness) for both heel- and toe-strike is quite low. The 
standard deviation for the heel strike is quite large, but not for the toe strike. The t2hIOI 
is quite fast in comparison to neutral, and also the tempo variation is quite large in 
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comparison to the other files. Except for the small variation for the toe sound level, the 
parameters of the file S6d fit somewhat to the cues of how fear is communicated. When 
looking at the correlation results one can see that there is a positive significance of the 
t2hIOI standard deviation meaning a large variability and additionally a significance of a 
positive average h2tIOI, although there is no significance for the average t2hIOI. This 
could imply that there is no exact consistency to the tempo of how fear is perceived. 
Also here there was significance in presence of heel strikes for the sound files perceived 
as fearful.  
 
Sadness: The musical performance cues for sadness are slow mean tempo, legato 
articulation, low sound level, and large timing variations. These cues fit very well into the 
parameters of the file rated as most sad, F7d (intended emotion fear) which has large 
tempo variation, no heel strike, and low sound level. This is consistent to the results of 
the correlation test.  
 
Neutral: Neutral is often not considered as an emotion, rather a reference when that can 
be used for comparing other emotions. One could perhaps think of neutral as to be 
somewhat in the middle of the other emotions. S5d (intended emotion sadness) that was 
judged to be the most neutral and it has almost no tempo or sound level variations. The 
mean sound level is quite high in comparison to the other files, but the tempo is slower 
than fear, anger and happiness. Also, it lacks heel strikes, which makes the overall 
listening experience calmer with less variability. The correlation test show significant 
negative correlations for average as well as standard deviation of toe and heel amplitudes. 
There is also a significant positive correlation between the mean, as well as standard 
deviation and the t2hIOI.   
 
 

3. 4 Sources of error 
 
After the experiment was carried out, it was discovered that there was an error in the 
sound level of the sound sequences. In MIDI the sound level, which from the collected 
data was in dB, needs to be recalculated into strike velocity.  The strike velocity has a 
range of numbers between 0 and 127. The error was that amplitudes of 26dB already 
reached a MIDI message of 127, meaning that higher amplitudes than 26dB would not 
reach its corresponding value in MIDI message strike velocity. Due to this, some of the 
dynamic range was lost. When discussing the parameters, all the values with amplitude 
over 26 dB were put to 26d B, since that is what the participants would perceive as the 
highest sound level. The sound files that were affected by this error by having amplitudes 
over 26 dB were A2, A6, H1 and H2. A stands for the by the walker intended emotion 
anger, H for happiness and the number is the number of the walker. 
 
Another source of error was the length of the experiment. The participants had to listen 
to 70 stimuli and in addition another 10. For some people the experiment took as long as 
one and a half hour, which is very exhausting, especially when one has to listen to 
monotone timpani sounds. The participants might have lost their concentration in the 
end. Another source of error could be the choice of designing the footsteps. 
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3. 5 Conclusion of experiment 1 
 
An experiment was conducted where the stimuli was based on sevens walkers expressing 
five different emotions. The sound level of the heel and toe strike and the h2tIOI and 
t2tIOI were used in order to control a MIDI timpani drum. From the results of the 
experiment it was concluded that important parameters used by the walkers were the 
average and standard deviations of the t2t IOI as well as the t2h IOI, which can be seen 
as the tempo. Other important parameters were the standard deviation of the h2tIOI and 
the heel amplitude. The conclusion of this fact is that either the presence or the lack of 
heel strike affects the perception of the articulation of the sound sequence, where the 
presence of heel strikes make it sound more staccato-like. Further it was found that the 
toe amplitude as a function of t2tIOI is increasing when the t2tIOI is decreasing. The 
heel amplitude is on the other hand increasing when the h2tIOI is decreasing. From the 
result of the listening test, it could be seen the toe amplitude was used for all emotions 
when the sound files were rated. The results of the listening test also showed that for the 
average results, the emotions that were identified as intended were sadness and anger. 
Happiness and fear were the most difficult emotions to be identified. Gender was not 
possible distinguish only through the information provided from sound level and tempo. 
In a musical sequence with two varying tones is the sequence starting with the lower tone 
perceived as more male than female and vice versa. The female walkers/performers were 
perceived as more angry and the male as more neutral.  
 
The parameters of the sound files that had the highest ratings for each emotion seem to 
fit quite well to the cues for performing emotions in music. Further the timpani were not 
an effective instrument in mediating the emotion happiness, because the happy sounds 
became low ratings for happiness by the participants in the experiment. The happy 
sounds were rather rated as angry. The fact that the timpani was an ineffective 
instrument for communicating a certain emotion could also be the case for fear. On the 
other hand seem fear overall to be an emotion that is difficult to communicate.  
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4 Experiment 2 
 
To continue the investigation, a new experiment was planned. This experiment was 
partly based on the results of the previous experiment (Experiment 1). In that 
experiment, a file for each emotion with certain parameters that best communicated that 
emotion had been found. Additionally, the result indicated that the average t2tIOI as well 
as t2hIOI were the most important acoustic parameters that was used by the walkers to 
express the emotions. Additionally when perceiving emotions the toe amplitude seemed 
to be of importance.  The purpose of the new experiment was to let the participants 
themselves control the parameters of the drum sequences. Would the values of 
parameters identified by the participants be similar to those used for the sound files of 
experiment 1? 
 
 

4.1 Method 
4.1.1 Participants 
 
The subjects who toke part in this experiment did not participate in Experiment 1. They 
were taken from the same group as Experiment 1, which were Media Technology 
students from KTH. Due to difficulties in finding female students to participate in the 
test, there was one female student and nine men between the ages of 25 and 30 (average 
age of 26.4).  

4. 1. 2 Stimuli and procedure 
 
In the previous experiment the participants were forced to rate sound files they were 
listening to. For this experiment it was decided to change the experimental method, 
making a production experiment. It would be interesting to investigate what the results 
would be if the participants themselves were to control the expression of emotions of 
timpani strikes. If the result of the experiment would turn out as one would expect, the 
parameters for each emotion would be similar to the ones of the previous experiment.  
 
Since the participants were to control the performance themselves, it was important to 
limit the number of parameters. Therefore it was decided that the participants could 
control only the toe amplitude and the t2hIOI. The thought was that they were going to 
use four sliders to control the average and the standard deviation value of the SL and the 
IOI. When using these sliders, calculations based on the settings of the sliders would be 
executed in real time, creating a sequence of drum strikes randomly varying within the 
average and standard deviation values. The participants would be able to listen to their 
performances while they were changing the parameters, in order to get an instant feed 
back. Slider 1 was connected to the SL average value, slider 2 to the SL variation, slider 3 to 
the average tempo or t2hIOI and slider 4 to its variation. 
 
The participants were instructed to control the timpani sounds for communication a 
specific emotion. They were asked to follow a statement such as You are angry in order to 
use the sliders for controlling the drums so that that certain emotion was being 
communicated. The settings of the sliders always started from the parameters of the five 
highest rated sound files from experiment 1, as a proposal of how the drum sequence 
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could sound in relation to the statement given. The participants were instructed to first 
listen to the drum sequence and then to adjust the performance so that it best suited the 
statement. All together there were 25 tasks presented in random order. Each statement 
was combined with each sound file of the best rated emotions from Experiment 1. The 
participants were not able to go back and change their setting of a sound.  
 
Since the parameters that were going to act as proposals were the data from Experiment 
1, heel strikes were sometimes present in the sound. This was the case for for instance 
stimuli perceived as angry and happy. Stimuli perceived as neutral and sad contained no 
heel strikes (see Figure 8). Since there were no sliders controlling the heel strikes, it was 
argued whether to remove the heel strikes from the stimuli for Experiment 2. Then it 
was considered that it would be more interesting for the participants to have some 
variation in the sound and therefore the heel strikes were not removed from the stimuli 
that had them in Experiment 1. Since the participants could only control the variation 
and average value of the toe amplitude and t2hIOI it was decided that the sound level of 
the heel strike would be the same as the sound level of the toe strike. And the sound 
level of the heel strike followed the sound level of the toe strike. The h2tIOI was 
automatically controlled by a model derived from the results of Experiment 1.  
 
The experiment stimuli and interface was designed in Pd. First the calculations of the 
drum strikes were implemented, using the average and standard deviation sound level 
and inter-onset-interval. Still the same instrument (timpani) and notes were used as 
previous experiment, although this time a different MIDI-synthesizer was used, the 
Yamaha Roland 1100.  Since the strikes were controlled through a metronome, the 
participants could listen to each sequence for as long as the wanted, stopping and starting 
it as they wanted. The scales of the sliders were set to a toe sound level of between 0-35 
dB, same for variation. The average tempo was set between 15 to 1200 bpm and the 
variation 0 to 2100 ms. These settings were based on the range of values from the 
parameters of Experiment 1. The final sound level was limited to not exceed 40 dB 
(106.4 in midi velocity) so that the participants’ hearing would not be damaged when 
listening to the timpani sounds. Additionally there was a limit for the calculated IOI, so 
that it would not reach below 50 ms. The interface of the experiment was designed to be 
as easy to comprehend as possible. All the experimental data of the particpants’ 
parameters were gathered and saved into a text-file. Before the real experiment was 
carried out, two people tested it. The volume setting of the synthesizer and the computer 
used were the same for all of the experiment rounds. All participants were using the same 
pair of headphones, the Sennheiser HD 433. 
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Figure 10: Interface of experiment. 
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4. 2 Results 
 
One of the participants was discarded for further analysis due to very inconsistent results. 
The results of the other participants will be presented below. 
 

 
Figure 11: Average amplitude for each emotion and the variation for each emotion. 

 
When studying Figure 11 it is possible to see that the emotion anger has the strongest 
average toe amplitude, followed by happiness, although the average amplitude of fear 
also is quite high. Sadness has the lowest mean toe amplitude. When it comes to the 
variation of amplitude, anger has the highest variation, followed by fear, happiness, 
sadness and neutral with the least variation.  
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Figure 12: Average tempo for each emotion and variation for each emotion. 

 
Figure 12 displays the average and varying t2hIOI for each emotion. Anger has the 
shortest t2hIOI, followed by happiness, fear, neutral and sadness. When it comes to the 
variation, fear has the largest variation which is even larger than its average value. Neutral 
has the smallest variation followed by happiness and anger, where anger has almost the 
same average value as the variation.  
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Figure 13: Plots for each parameter for the emotion ANGER. 
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Figure 14: Plots for each parameter for the emotion FEAR. 
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Figure 15: Plots for each parameter for the emotion HAPPINESS. 
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Figure 16: Plots for each parameter for the emotion NEUTRAL. 
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Figure 17: Plots for each parameter for the emotion SADNESS. 

 
When looking at the plots for each emotion and parameter the following can be noticed. 
For anger (Figure 13) the amplitude is varying in a band of 10 dB, between 25 and 35 dB. 
The t2hIOI is varying between 50 and 800 ms between every timpani sound. For fear 
(Figure 14) the amplitude does not go below 10 dB. The IOI seems to move towards the 
faster region, between 50 and 1000 ms. For the average toe amplitude of happiness 
(Figure 15); there is a band between 15 and 35 dB. It is interesting that the subjects have 
answered quite consistent, since many also described happiness to be the most difficult 
emotion to express through the drums. The t2hIOI is quite fast, varying between 50 and 
700 ms. For neutral (Figure 16); there is low variation in toe amplitude and t2hIOI. 
Sadness (Figure 17) also has quite a large spread in IOI and sound level, although there is 
a tendency that the sound level should not be much higher than 20 dB and the IOI 
somewhere between 3500 and 1000 ms.  
 

 
Table 8: Factor analysis of the parameters of experiment 2 was submitted. Extraction Method: Principal 
Component Analysis. Rotation Method: Varimax with Kaiser Normalization. Rotation converged in 3 
iterations. 
 
As can be seen in Table 9, the average t2hIOI is negatively correlated to component one 
and average toe amplitude is positively correlated. In component 2 the standard deviation 
of toe amplitude and t2h IOI are strong.  

Comp onent

1 2

tamp av 0,899 0,088

t2hIOI av -0,901 0,006

tamp var 0,382 0,790

t2hIOI var -0,189 0,891

Table 9: Factor analysis of the parameters of experiment 2 was submitted. 
Extraction Method: Principal Component Analysis. Rotation Method: 
Varimax with Kaiser Normalization. Rotation converged in 3 iterations. 
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Figure 18: Plot of the toe sound level as a function of the t2hIOI.  
 
As can be seen in Figure 18 above, the average toe sound level increases as the average 
IOI decreases. 
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Figure 18: Plot of the toe sound level as a function of the t2hIOI. 
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A two step cluster analysis was conducted using SPSS. 
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Figure 19: Two step cluster analysis of the subjects’ settings of the sliders. 
G1=Group 1, one cluster and G2=Group 2, the second cluster. 

 
The result of the two-step cluster analysis reveals that the subjects can be divided into 
two groups (G1 and G2), where it is either a lot of variation or little variation of 
amplitude and IOI that is used to express the different emotions. 

 
Figure 20: Parameters relative neutral was calculated for each emotion, average 
value for each person. X-axis was inverted. 

 
Figure 20 displays the toe amplitude as a function of t2hIOI relative to neutral. It can be 
seen as stimuli clusters to emotions. One can clearly see a high-energy area and a low 
energy area. 
 



 39 
 

4.3 Discussion 
 
As previously mentioned in section 4.1, the method of this experiment was to have a 
production experiment where the participants themselves were the performers. This was 
done by letting the participants change and control the timing and sound level of the 
timpani sounds. When giving the participants this freedom one might expect some 
variation in the results. But when looking at the plots of each parameter and emotion, it 
is still possible to see that the results mostly stay in a certain range, at least for the 
average results. It is more difficult to see patterns from the variations. One explanation 
to this could be that they are not as important for the communication of emotions when 
it comes to drum strikes. Another explanation is that there still were too many 
parameters for the participants to control, and it was easier for the participants to focus 
on the average values. After the experiment, some of the participants complained that it 
was difficult to really express the demanded emotions, since it was difficult to find a 
stable beat. The presence of heel strikes could have contributed to this experience of an 
unstable beat. On the other side, the main aim was not to achieve a stable beat. 
 
Figure 11 displays the average results of the mean sound level and the variation of the 
sound level. It seems as if the variation follows the average values. This would then 
further indicate that the variation of sound level and IOI were the main focus for the 
participants when controlling the sliders. This is further confirmed in the factor analysis 
(Table 8), where the average t2hIOI and toe amplitude is in the first component and 
their standard deviations in the second. The result of the factor analysis further conveys 
that the average toe amplitude and t2hIOI are negatively correlated to each other. An 
interesting parallel can be drawn to the analysis made between the t2tIOI and the toe 
amplitude of experiment 1. For that case it was assumed that it was the result of when 
the walker walks in a high tempo, the toe strike force hitting the ground is stronger, 
resulting in a higher sound level. For this case, one could see it as an intuitive choice 
made by the participants. This could slightly confirm the theory that motion is perceived 
through sound. 
 
Figure 12 illustrates the average results of the mean value and variation of t2hIOI. In this 
case, the variation does not follow the mean values as in the case for the sound level. The 
variations are quite small in comparison to the mean values, which would imply that a 
large variation in tempo was not desirable for the participants.   
 
Figure 19 displays the results of a two-way cluster analysis. The cluster analysis divides 
the participants into two groups, which are characterised by how they used the sliders for 
controlling the timing of timpani sounds for each emotion. What mostly seem to 
differentiate the two groups from each other is how they have used the variation of 
tempo and sound level. When for instance considering the emotion fear; one group of 
participants has used higher temporal variability, and more variation in sound level, than 
the other group. 
 
Figure 20 displays a plot of average t2hIOI against the toe amplitude for all emotions 
relative to neutral. The x-axis was multiplied with -1 in order to reassemble Figure 2. The 
high activity level emotions are placed in the upper right field and the low activity level 
emotions are placed in the lower left field. Anger is the emotion with the highest activity, 
followed by happiness. Sadness is mostly placed in the low activity area. This indeed 
indicates that the parameters follow the performance cues for expressing emotions, 
perhaps except for fear. One must mention that this validate only the activity level 
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dimension in Figure 2. The valence dimension is not considered, and as discussed earlier, 
perhaps not able to be communicated through the parameters used for this experiment. 
In this figure it is possible to see that happiness is quite well represented, while fear is 
mostly high activity but also low activity. Here it can be seen that there are problems 
when defining fear, since it may have different meanings to different people. What is 
interesting though is that anger has higher activity than happiness. This could perhaps be 
a way for the participants to really distinguish the two emotions from each other.  
 
When comparing the average parameters for each emotion with the performance cues 
from Figure 2, the result is the following.  
 
Anger: For anger the cues are: high sound level, fast mean tempo and small tempo 
variability. These cues fit well into the results of the experiment for anger, where the 
sound level of the toe is high, although with a large variation. The h2tIOI is small with 
low variability. For happiness the cues are fast mean tempo, small tempo variability, high 
sound level and little sound level variation.  
 
Happiness: The values for happiness of this experiment fit quite well into the performance 
cues, although the variability in sound level is quite high in comparison to the other 
emotions.  
 
Fear: For fear the performance cues are low sound level, large sound variability, fast 
mean tempo, large tempo variability and large timing variations. The mean sound level of 
fear in this experiment is quite high, which differ to the cues for musical performance. 
Otherwise fear has a quite high variability of tempo and a high mean tempo.  
 
Sadness: For sadness the musical cues are slow mean tempo, low sound level and large 
timing variations. In the average results for sadness in this experiment, the timing 
variation is quite small; otherwise one can say that the results are quite similar to the cues. 
This would indicate that there is some consensus in how emotions are expressed through 
sound level and tempo.  
 
 

4.4 Sources of error 
 
Something that might have been confusing to the participants was that heel strikes 
sometimes were present and sometimes not. In the interview at the end of the test, some 
of the participants complained about it being difficult to find an even beat. Perhaps the 
presence of the heel strikes was responsible for this difficulty.  
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4.5 Conclusion of experiment 2 
 
A second experiment was conducted, where the participants were asked to control the 
timing of timpani sounds themselves using sliders connected to the average toe 
amplitude, the variation of the toe amplitude, the average t2hIOI, and the variation of 
the t2hIOI. Even though there were some variations in the answers among the different 
participants, it was possible to see some trends. As for the parameters used in experiment 
1, the toe amplitude was decreasing when the t2hIOI was increasing. The average value 
of each emotion of each person was plotted relative to neutral, with the average toe 
amplitude as a function of the average t2hIOI. The result was a plot resembling Figure 2, 
dimensionally describing emotional expression in the dimensions activity and valence. In 
this experiment there was a quite large spread of the values selected for fear, and some 
spread of those selected for happiness. This further indicates that either the choice of 
instrument for the stimuli was a bad choice when representing these emotions, or that it 
is not enough using only sound level and IOI in order to express the emotions happiness 
and fear.  
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5 Comparing results of the two experiments 
 
There have altogether been four experiments concerning the problem formulation of this 
master thesis. First Bresin and Giordano performed two, where the first experiment was 
to record seven people walking with five different moods. They were the performers. 
The second experiment was to have a listening test where participants were instructed to 
listen and to rate the sound of the footsteps in different categories. In this master thesis 
two experiments were conducted. The sound level and the IOI parameters of the 
footsteps recorded in the first experiment were extracted and sonified with timpani 
sound. A listening test was performed. Based on this project’s first experiment, a second 
one was then conducted. This time, the participants themselves were again the 
performers; controlling sliders of the toe strike represented by timpani sound. It 
therefore seems very valuable to compare the results of the different experiments with 
each other. The experiments of this project will be referred to, as before Experiment 1 
and Experiment 2. The experiments conducted by Bresin and Giordano will be referred 
to as Experiment I and Experiment II, where Experiment I is where the footsteps were 
recorded and Experiment II was the conducted listening test. 
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5.1 Results 
 
Below the results of the listening test of Experiment II are displayed. 
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Figure 21: Parameters of the highest rated emotion in experiment II [2]. The 
written emotion is how the file was rated. The name of the sound file is written in 
the parenthesis, where the letter is the first letter of the intended emotion and the 
number is the number of the walker. Egg H5 is intended emotion happiness and 
walker number 5. 

 
As can be seen in Figure 21, different sound files received the highest ratings for each 
emotion compared to the result of experiment 1. In the latter case, anger, fear and 
sadness were perceived as intended. The file rated as most angry was A2, intended 
emotion angry by walker two. The file rated as happiest was A3, where the intended 
emotion to be communicated was anger. The file rated as most fearful was F1, with the 
intended emotion fear. The most neutral file was H5, with the intended emotion 
happiness and S5 with the intended emotion sadness was rated as most sad. 
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Figure 22: The toe amplitude of the highest rated stimuli for each emotion of 
Experiments II and 1. For Experiment 2 the average value of the parameters 
divided into the two clusters G1 and G2. All values are relative to neutral. For the 
variation of amplitude of fear of G2 of Experiment 2, the bar was cut due to its 
high value (2101%). 

Figure 22 shows the differences of the sound levels relative to neutral from the three 
experiments, where the results of Experiment 2 have been divided into two groups (G1 
and G2) according to the cluster analysis (see section 4.2). The variation of amplitude bar 
of fear for Group 2 of Experiment 2 has been cut due to the very high values. The value 
was 2101%. As can be seen, it is possible to see a pattern of the average toe sound level. 
Anger has the strongest sound level for all experiments except for perhaps Experiment 1 
where neutral also is strong. For happiness the result is somewhat unclear, the sound 
level is always weaker than anger, and stronger than sadness. Fear is also somewhat 
ambiguous, in Experiment II it has the weakest sound level, in Experiment 1 it is 
somewhat stronger than sadness and for both G1 and G2 of Experiment 2, the sound 
level is quite strong. As for sadness the sound level is weak compared to the other 
emotions. 
 
When looking at the variation, the results are much more unambiguous among emotions 
and experiments. For Experiment II, happiness has the smallest variation in toe 
amplitude, followed by anger. For Experiment 1 and G1 Experiment 2, anger has the 
largest variation and for G2 Experiment 2, fear has the largest variation (2101%) 
followed by anger. For sadness the variation of toe amplitude is quite low. 
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Figure 23: The t2hIOI of the highest rated stimuli for each emotion of 
Experiments II and 1. For Experiment 2 the average value of the parameters 
divided into the two clusters G1 and G2. All values are relative to neutral. The 
average value and variation of t2hIOI bars for sadness of Experiment 2 were cut 
due to high values (416% for the average value and 10693% for the variation). For 
Group 2 of Experiment 2 the bar of variation of t2hIOI of fear was also cut due to 
its high value (4581%). 

 
Figure 23 displays the t2hIOI of the different emotions of the different experiments. 
Some bars were cut due to their high values. The bars of sadness for Experiment 1:  the 
average IOI had a relative value of 416% and the variation 10693%. The bar of fear for 
Group 2 of Experiment 2: the variation had a relative value of 4581%. 
 
In the Figure of the average t2hIOI it is possible to see patterns. Anger has the fastest 
t2hIOI in all experiments, compared to the other emotions (except for happiness in 
Experiment 2, where the t2hIOI is somewhat faster). Sadness has always the slowest 
average t2hIOI.  Fear has for all experiments faster t2hIOI than neutral, and slower than 
anger. For happiness the t2hIOI is somewhat more varying when looking at the results 
of the different experiments.   
 
For the variation of t2hIOI the results are ambiguous. Anger of Experiment 1 has a large 
variation compared to the other experiments where the variation is close to neutral. What 
is interesting is that the results of Experiment II and Experiment 1 are quite similar to 
each other, except for the emotions anger and fear. 
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Acoustical Tested Orig. music Walking Results Results 
property descriptor performance performance (exp I) exp 1 exp2 
Tempo av t2t/t2h (A=F=H)<S  (H=A)<(S=F) (A=H=F)<S (A=H=F)<S 
Tempo         
variability std t2t/t2h (A=H)<F A<H<F A=H<F<S (A=H)<F<S 
Sound level av tamp F<S<(A=H) (S=F)<H<A S<F<H<A S<(F=H)<A 
  av h amp F<S<(A=H) (S=F)<H<A ?   
Sound level std tamp     S<F<H<A S<H<(A=F) 
variation std hamp     ?   

Table 10: Comparison of the cues of expressing emotions in musical performance 
with the cues of the results in the different experiments. The data of Original 
music performance and Walking performance Experiment 1 is taken from [2]. 

 
In Table 10 a qualitative comparison of the parameters from the different experiments is 
made with the cues for expressive musical performance.  The tempo is quite similar 
between the different experiments, as well as for sound level where anger and happiness 
often are the strongest. 
 
 

5.2 Discussion 
 
When comparing the different experiments with each other one must take into 
consideration that the stimuli and methods differed from each other. In Experiment II, 
the participants listened to real recorded footsteps, where there also were differences in 
the spectral area due to different walkers with different shoe sole, weight, feet lengths 
and gender. In Experiment 1 the participants listened to the same parameters as 
Experiment II but this time as timpani sounds, where the only difference between the 
different timpani sequences was pitch, sound level and tempo. In Experiment 2 the 
participants listened to timpani sounds but with a synthesizer different from that one of 
Experiment 1 and they were themselves the performers, controlling sound level and 
tempo.  
 
Even though there are large differences in situations, it is still very interesting to 
investigate the similarities and differences of the results. As pointed out in section 4.2, it 
is possible to see trends among the parameters of the average values in Figures 22 and 23. 
As for the parameters of the variation the results are more ambiguous. Anger and 
sadness are the emotions that are most similar to each other when comparing the 
different experiments, where happiness and fear are more varying in the results. For 
instance, the average amplitude of fear is much lower in Experiment II than Experiments 
1 and 2, where the amplitude is quite similar (Figure 22). This has also been discussed 
earlier, that both fear and happiness are difficult emotions to describe. 
In Experiment 1, fear was a difficult emotion to recognize, it did not seem as if the 
participants agreed on how the parameters ought to be for that emotion. When looking 
at the resulting t2hIOI of fear from each experiment it is also possible to see that the 
parameters differ from each other. For Experiments II and 1, the trend is similar; since 
the average h2tIOI is faster, and the toe sound level is lower than the values for neutral 
stimuli. In Experiment 2 the result is the other way around. This would imply that fear is 
an emotion difficult to communicate and also that other cues rather than variation of 
sound level and tempo need to be present in the sound. One of the reasons for this 
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could be as follows. According to Juslin [1] some of the cues communicating fear are 
very low sound level and fast mean tempo. As written before, one of the explanations to 
why the sound level increases with the tempo is that the foot hits the ground with a 
greater force. Is it therefore possible to walk with a high tempo but with a low sound 
level? Of course this is possible when one has soft shoe soles or perhaps is barefoot, but 
otherwise it seems quite difficult and unnatural.  
 
In the section of Experiment 1 it was discussed whether the h2tIOI had an effect on the 
articulation and hence affected the emotional perception of the timpani sequences. When 
comparing the results with Experiment II, where the real recorded footstep sounds were 
played to the participants, one can see that heel strikes are present in all the sound files. 
This could have to do with the fact that there is a large difference between listening to 
timpani and to footsteps. Having two timpani strikes representing each strike makes the 
strikes much more distinct and obvious than having a footstep sound, except when the 
shoes had e.g. high heels. For Experiment 2, the presence of heel strikes was not much 
considered when the experiment was designed.  
 
When considering Table 10, displaying qualitative data of the expressive parameters of 
each experiment, it is possible to see some patterns. For tempo, the results of all 
experiments are similar to each other and to the cues for emotional expression. 
Additionally the average sound level of the toe strike is also very similar. This indicates 
that sound level and tempo are parameters that are useful for communicating emotions 
in both music and motion. As for the articulation, if the theory described above is right, 
the descriptors describing it would be the h2tIOI and the heel amplitude, where for 
Experiment 1 the h2tIOI is present in anger, fear and happiness.  
 
 

5.3 Conclusion 
 
After conducting two experiments it was time to compare the results. The parameters of 
the highest rated emotions of Experiments II and 1 were compared with each other, as 
well as the average parameters that were obtained from Experiment 2. The comparison 
showed similar trends in how the different parameters were communicated, at least for 
the average values. This can further indicate that at least some emotions are possible to 
be communicated through the sound level and IOI of a single sequence. These 
sequences can either be a musical one, made of two timpani sounds, or a non-musical, 
made of footstep sounds.  
 



 48 
 

6 Summary and further research 
 
In general, sound is generated when two objects interact with each other. One way of 
explaining how sound is perceived, is that the sound is interpreted as result of motion in 
the brain. Research shows that body motion is reflected in sound and music. The music 
performer uses the body for enhancing emotions in music both visually and aurally. 
There are also physical constrains of the body which forces the musician to use an 
instrument in a certain way. This knowledge about body motion can be used when 
designing sounds in computer interfaces. When taking the physical constrains into 
consideration, it has been found that the sound is perceived as more natural and not so 
computer like. Knowing the patterns of human body motion, makes it easier to create 
sounds that are more enjoyable and appreciated. Learning how sound is perceived and 
analyzed is also of importance when designing interfaces.  
  
The purpose of this master thesis was to continue the investigation on the sounds of 
human footsteps, started by Bresin and Giordano. They had found that through the 
sound level and the inter-onset-interval of the footsteps, it was possible to communicate 
emotions such as anger, fear, neutral, happiness and sadness. In the present study, by 
using these parameters, the sounds were translated into timpani strikes in order to create 
stimuli to be used in a listening test. The participants of the test were asked to judge 
which emotions they perceived, and if the performer was male or female. One interesting 
result that was found is that sound is indeed an effective information carrier. For 
instance when starting a sequence of two tones with the tone with lower frequency, the 
sequence is connected to maleness. When the sequence starts with the higher frequency 
tone, it is connected to femininity. Additionally at least some emotions can effectively be 
communicated through the sound level and tempo, such as anger and sadness. The 
emotions that were the most difficult to communicate were fear and happiness, which 
indicates that other cues also need to be added in order to make the communication 
more efficient. None of the emotions that had the highest rating for each emotion were 
perceived as the intended emotion. Something that is interesting though, is that the 
parameters of these files are similar to the acoustic cues used in emotional expression. 
 
In the second experiment there were also found some interesting results. Among other 
things there was a similar trend as in experiment 1 for how the parameters were used to 
communicate emotions. Additionally, as for the parameters produced by the walkers, the 
average toe amplitude increased when the average t2tIOI decreased. This could be 
interpreted as if it really is a connection between sound and emotion. The values of the 
parameters were similar to those of the acoustic cues used by performers when 
expressing emotions, which are controlled by the body movement and the physical 
constraints of the instrument. 
 
When comparing the results of Experiments II, 1 and 2 with each other it was further 
found that the acoustic parameters of the emotions between the different experiments 
were similar. This would then validate the hypothesis that emotional expressions of 
walking sounds can be transferred into a musical sequence, still mediating emotions to 
the listener. 
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6.1 Further research 
 
It would be interesting to further investigate the perception of gender when varying 
different tones. In this project, it was found that the musical sequences of two tones 
starting and ending with the tone with lower frequency were perceived as male. The 
musical sequences starting and ending with higher frequency were perceived as female. It 
is not yet clear whether it was the first or the last note of the musical sequence that 
affected the perception of gender distinction. In order to investigate this, one could run 
an experiment applying a factorial design where four different kinds of stimuli could be 
used: 2 stimuli starting and ending with the same tone, and 2 stimuli starting and ending 
with different tones (alternatively starting with higher or lower frequency).   
 
There is still a lot to do in the field of how sound and music is interpreted. An interesting 
thought could be to let a drummer or timpani performer to play its’ instrument, 
communicating different emotions. Then to extract the sound level and tempo in order 
to produce walking sound for instance through sound synthesis. 
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Appendix A 
 

Experiment 1 – Instructions 
 
First the instructions are written in Swedish since that was the language used. The bold 
text is the translations written in English. 
 
Under detta experiment kommer du att lyssna på ett antal olika utföranden av samma 
musikstycke.Du kommer att bli ombedd att svara på frågor angående dessa utföranden. 
Tryck OK för att fortsätta. 
 
During this experiment you will listen to different performances of the same 
musical piece. You will be asked several questions about the performances. Press 
OK to continue. 
 
För varje utförande du hör kommer du att få göra ett antal bedömningar. Tryck OK för 
att fortsätta. 
 
For each performance you will hear, you will be asked do make some judgments. 
Press OK to continue. 
 
Dels ska du bedöma hur väl olika känslor passar in på respektive utförande. I detta fall 
ska du bedöma hur utförandet låter utefter känslorna arg, glad, ledsen, rädd och neutral. 
Tryck OK för att fortsätta. 
 
You are partly to judge how well different emotions fit each performance. In this 
case you will be asked to judge how the performance sounds in relation to the 
emotions angry, happy, fearful, sad, or neutral. Press OK to continue. 
 
Dels ska du bedöma om personen som utför musikstycket är en man eller en kvinna. 
 
You are partly to judge whether the person performing the musical piece is a man 
or a woman. Press OK to continue. 
 
För att svara på frågorna använder du en skjutregel som här under. Med denna skjutregel 
kan du till exempel bedöma hur säker du är på att den som utför musikstycket är en 
kvinna. Efter att ha lyssnat på ljudet, ska du placera skjutregeln efter hur pass säker du är 
att den som utför stycket är en kvinna. Tryck OK för att fortsätta. 
 
In every case, to give your answers you will use a slider like this one. For example, 
with this slider you can tell how sure you are that the performer is a female. After 
hearing the sound, you will have to place the slider in a certain position, 
depending on how sure you are that the walker is female. Press OK to continue. 
 
Nu ska vi prova att använda skjutregeln. Klicka på regeln för att aktivera den. Ju säkrare 
du är att den som spelar INTE ÄR en kvinna, desto mer åt VÄNSTER placerar du 
skjutregeln. Ju säkrare du är att den som spelar ÄR en kvinna, desto mer åt HÖGER 
placerar du skjutregeln. Tryck på PLAY för att lyssna på utförandet. När du är färdig kan 
du trycka på OK för att fortsätta. 
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Now we will try to use the slider. To activate the slider click on it. The more you 
are sure that the walker is not female, the more you will place the slider to the left. 
The more you are sure that the walker is female, the more you will place the slider 
to the right. Press PLAY to listen to the sound. Once you are done press OK to 
continue. 
 
 
Till varje utförande kommer du få ett antal olika frågor. Du kommer att kunna svara på 
frågorna genom att använda skjutreglar som nedan. Tryck OK för att fortsätta. 
 
For each of the performance you will be presented with different questions. You 
will answer using sliders like those below. Press OK to continue. 
 
Ju starkare du associerar en känsla (t.ex. arg) till det aktuella utförandet, desto mer åt 
höger placerar du skjutregeln. Ju svagare du associerar en bestämd känsla med det 
aktuella utförandet, desto mer åt vänster placerar du skjutregeln för detta påstående. 
Tryck OK för att fortsätta. 
 
The more you associate an emotion (e.g. angry) to the performance, the more you 
place the slider to the right. The more you think the attribute does not 
characterize the sound you hear, the more you place it to the left. Press OK to 
continue. 
 
För att kunna använda varje skjutregel måste du först klicka på den. Prova att svara på 
frågorna nedan. Du kan lyssna på utförandena hur många gånger du vill genom att trycka 
på PLAY-knappen. När du är färdig, tryck OK för att fortsätta. 
 
To use each of the sliders you will have first to click on them. Now try to answer 
these questions. You can listen to the sound as many times as you want by 
pressing the PLAY button. Once you are done press OK to continue. 
 
Kom ihåg att använda hela längden av skjutregeln när du gör dina bedömningar. Ibland 
kanske du upplever att det är svårt att göra en bedömning. Försök ändå att göra så gott 
du kan, och tänk på att du ska bedöma varje utförande i relation till övriga utföranden. 
Nu provar vi med ett nytt utförande. Tryck OK när du är färdig. 
 
Remember to try to use the entire length of the slider to make your judgments. 
Sometimes you may feel that it is difficult to make a judgment. Try at least to do 
as good as you can, and remember that you are to judge every performance in 
relation to the other performances. Let’s try with another performance. Press OK 
once you are done 
 
 
Har du några frågor? Om du är redo kan vi prova med en liten testrunda. Tryck OK för 
att fortsätta. 
 
Do you have any questions? If you are ready we can start with a short test session. 
Press OK to continue. 
 
Innan vi börjar med provrundan är det bra om du lyssnar igenom alla utförandena, detta 
gör du genom att trycka på varje knapp här under. 
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Antalet gånger som du lyssnat på ett utförande kommer att stå på respektive knapp. Tänk 
på vilka känslor som utförandena förmedlar, och om det är en man eller kvinna som 
spelar. Tryck på OK när du är färdig att fortsätta. 
 
Before starting with the trial session please listen to all the performances, 
pressing each of the buttons below. The number of times you listened to each of 
the sounds will be shown by a number on the button. Please pay attention to what 
emotions that the performance is mediating, and if it is a man or a woman 
playing. Once you are done press OK to continue. 
 
 
Lyssna på alla utföranden åtminstone en gång. 
 
Please listen to all the performances at least once. 
 
Lyssna på utförandet. Bedöm sedan hur väl du tycker att nedanstående känslor passar in 
på utförandet. Svara också på hur pass säker du är att det är en man eller en kvinna som 
spelar. Du kan lyssna på utförandet så många gånger du vill. När du är nöjd med dina 
svar klicka på OK. 
 
Please listen to the performance. Judge how well you think that the emotions fit 
to the performance. Also answer oh sure you are whether there is a man or a 
woman performing. You can listen to the performance as many times as you want. 
Once you are satisfied with your answers click on OK. 
 
Ok, nu är vi färdiga med första delen. Om du inte har några frågor kan vi börja med 
experimentet. Ibland kanske du upplever att det är svårt att göra en bedömning. Försök 
ändå att göra så gott du kan, och tänk på att du ska bedöma varje utförande i relation till 
övriga utföranden.              Du gör inte experimentet på tid. När du är redo, tryck OK 
för att fortsätta. 
 
Ok, now we are finished with the test session. If you do not have amy questions 
we can start with the experiment. Sometimes you may feel that it is difficult to 
make a judgment. Try at least to do as good as you can, and remember that you 
are to judge every performance in relation to the other performances. You have an 
unlimited amount of time to make the test. When you are ready press OK to 
continue. 
 
 
Innan experimentet börjar ska du lyssna på alla utföranden. Detta gör du genom att 
trycka på knapparna här under. Antalet gånger som du lyssnat på varje utförande 
kommer visa sig genom siffran på motsvarande knapp. Det är bra om du samtidigt har 
följande i åtanke: vilka känslor förmedlas och är den som spelar en man eller en kvinna. 
När du är färdig tryck OK för att fortsätta. 
 
Before starting with the trial session please listen to all the performances at least 
once, pressing each of the buttons below. The number of times you listened to 
each of the sounds will be shown by a number on the button. Please pay attention 
to which emotions that are being mediated and whether there is a man or woman 
playing. Once you are done press OK to continue. 
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Lyssna på utförandet. Bedöm sedan hur väl du tycker att nedanstående känslor passar in 
på utförandet. Svara också på hur pass säker du är att det är en man eller en kvinna som 
spelar. Du kan lyssna på utförandet så många gånger du vill. När du är nöjd med dina 
svar klicka på OK. 
 
Please listen to the performance. Judge how well you think that the emotions fit 
to the performance. Also answer oh sure you are whether there is a man or a 
woman performing. You can listen to the performance as many times as you want. 
Once you are satisfied with your answers click on OK. 
 
Experimentet är snart färdigt. Du ska bara lyssna på och bedöma några fler utföranden i 
ett nytt fönster som snart kommer att öppnas. 
 
The experiment is nearly finished. You are only to listen to some more 
performances in a new window that soon will open. 
 
Experimentet är färdigt. Tack så mycket!!! 
 
The experiment is finished. Thank you very much!!! 
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Appendix B 
 

Experiment 2 – Instructions 
 
I det här experimentet studerar vi hur människor associerar känslor till musik. Du 
kommer få att utgå ifrån att du känner en viss känsla. Din uppgift är att styra ett 
utförande av trummor så att det kommunicerar denna känsla. De känslor som behandlas 
är arg, glad, rädd, ledsen samt neutral. 
 
In this experiment we are studying how people associate emotions to music. You 
feel a certain emotion. Your task is to steer a performance of drums so that it 
communicates this emotion. The emotions are angry, happy, fearful, sad and 
neutral. 
 
Utförandet styr du med hjälp av fyra skjutreglar. 
 
The performance is being controlled by four sliders. 
 
Med skjutregel nr 1 och 2 justerar du ljudnivån. Med nr 1 bestämmer du hur starkt ljudet 
ska vara. Ju högre upp på skalan du ställer in skjutregeln, desto starkare blir ljudet. På 
skjutregel nr 2 ställer du in mellan vilket intervall som du anser att ljudnivån ska variera. 
Ju högre upp på skalan du ställer in skjutregeln, med ju större intervall varierar ljudnivån. 
 
With slider nr 1 and 2 you adjust the sound level. With nr 1 you decide how strong 
the sound is going to be. The higher the scale you put the slider, the stronger is 
the sound. With slider nr 2 you set the interval of how much you think the sound 
level should vary. The higher up the scale you set the slider, the higher interval is 
the sound level varying. 
 
Med skjutreglar nr 3 och 4 ställer du in tempot. Med nr 3 ställer du in i vilken hastighet 
på tempo som utförandet ska spelas. Ju högre du ställer in skjutregeln, desto högre 
tempo har utförandet. På regel nr 4 ställer du in mellan vilket intervall som du anser att 
tempot ska variera. Ju högre du ställer in skjutregeln, med ju större intervall varierar 
tempot. 
 
With the sliders nr 3 and 4 you set the tempo. With nr 3 you set how the 
performance is being played. The higher you set the slider, the higher tempo has 
the performance. With slider nr 4 you set in which interval you think the tempo 
should vary. The higher you set the slider, the bigger interval is the tempo varying. 
 
Varje gång du ska arbeta med ett utförande öppnas ett nytt fönster. När du trycker på 
START får du lyssna på ett förslag på ett utförande som är tänkt att förmedla känslan i 
påståendet. Sen är det upp till dig att ställa in reglarna så att utförandet enligt dig 
förmedlar denna känsla. För att stoppa utförandet trycker du på STOP. När du känner 
att du är nöjd trycker du NEXT för att komma vidare. 
 
Every time you are working with a performance, a new window is opened. When 
you press START you can listen to a proposal of a performance that is meant to 
mediate the emotion in the statement. Then it is up to you to set adjust the sliders 
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so that the performance is communicating that feeling. To stop a performance 
you press STOP. When you think you are satisfied you press NEXT to move on. 
 
Innan experimentet börjar på allvar kommer du att få göra en testomgång. Ta tillfället i 
akt och prova på hela skalan på skjutreglarna. När du känner att du har läst färdigt 
instruktionerna och har klart för dig vad du ska göra är det bara att trycka på NEXT för 
att börja med testomgången. 
 
Before the real experiment starts you will be able to do a test trial. When you 
think you are finished reading the instructions and know what to do, press NEXT 
to start the test trial.  
 
Tänk på att testet inte går på tid, utan ta god tid på dig när du gör dina bedömningar. 
LYCKA TILL! 
 
You have unlimited time, take your time when making your judgments. GOOD 
LUCK! 
 
Du är ARG 
Tryck på START och lyssna på förslaget. Använd sedan skjutreglarna för att ställa in 
trumslagen så att de förmedlar ovanstående känsla. Tryck på STOP för att stänga av 
trumslagen. När du är färdig tryck på NEXT för att komma till nästa utförande. 
 
You are ANGRY 
Press start and listen to the proposal. Use the sliders to adjust the drum strikes so 
that they mediate the emotion. Press STOP to stop the strikes. When you are 
finished, press NEXT to get to next performance. 
 
Om du inte har några frågor är det dags att börja experimentet. Tänk på testet inte är på 
tid utan ta den tid du behöver för att besvara frågorna. 
 
Unless you have any questions it is time to start the experiment. Take your time 
answering the questions. 
 
När du känner dig redo att starta experimentet, tryck NEXT. 
 
When you are ready to start the experiment, press NEXT. 
 
För att komma åt de olika uppgifterna tryck på de gröna knapparna nedan. Ett fönster 
kommer att öppnas och så att du kan du utföra din uppgift. När du väl är färdig med en 
uppgift och stängt fönstret går det inte att göra igen. 
 
To get to the different tasks press the green buttons below. A window will open so 
that you can do your task. Once you are finished a task and closed the window, 
you cannot change it. 
 
Experimentet är färdigt. TACK FÖR DIN MEDVERKAN! 
 
The experiment is finished. THANK YOU FOR YOUR PARTICIPATION! 
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