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Robots to Humans – Recognition of Music
Emotions by Means of Robot Gestures

Abstract

The goal of this master thesis project was to develop a robotic system that can
behave in an emotional way. We designed a 3-wheeled Lego Mindstorms NXT
robot, called M[E]X (derived from Musical EXpression), whose aim was to display
emotions in music performance by performing movements. Based on literature
about emotion in music, movements performed by instrumental musicians to ex-
press emotions, object shapes that convey different emotional intentions, and a
software agent that displays emotion in music by different facial gestures, char-
acteristic movements have been compiled and programmed. The three emotions
happiness, anger and sadness have been implemented in that way. One of the
main tasks was to handle the constraints due to the Mindstorms NXT system.

We designed an behavioral experiment to test the robot with subjects. This
experiment was divided into two parts, in the first part we presented just the
movements of the robot, while in the second part we added musical stimuli and
played the same movements of the robot. This musical input was designed to
convey the same emotional quality than the robot’s movements. The question was
if this musical input supports the recognition of the emotion. We were able to run
the experiment two times, in Stockholm and in Köln. As a general result it can
be said that emotions displayed by an artificial creature can be communicated,
at least in these restricted circumstances.
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1 Introduction

During musical performance instrumentalists conduct body movements that are
said to convey emotional intentions. Dahl & Friberg [14, 15] investigated these
body movements scientifically and found characteristic movements for the emo-
tions happiness, anger, sadness, and to a restricted degree for fear.

The question arose if the execution of these movements could be abstracted and
if characteristic movements could be performed by a robot instead. Thus it could
be examined how far it is possible to assign emotional behavior to an artificial
creature just because of its movements, or how far an artificial creature can
display emotional behavior via movements. It is to be considered here, that both
in the case of the musicians’ body movements and in the case of the robot’s
movements, the emotions are solely communicated by the movements – they are
not supported by e.g. facial expressions.

The task for this thesis project was to transfer different movement cues (e.g.
speed, fluency) of musicians, that were found in studies by Dahl & Friberg [14, 15],
to movements of a small, self designed mobile robot. It was to be tested if
observing subjects would assign the intended emotion to the robot. For this
purpose we developed M[E]X (derived from Musical EXpression), a robot built
and programmed with the Lego Mindstorms NXT system1. To enhance the
emotional behavior of the robot, additional results of investigations about three-
dimensional objects that ‘communicate’ an emotion by its form, were taken into
account (see Isbister et al. [29]).

Here and in the whole thesis the expression ‘emotion’ is used, even though a robot
has no emotions in the human sense. However, the description of our study will
become easier and clearer by using it. In recent times there have been several tries
to implement some kind of emotion on a robot or broader spoken on a computer
especially to simplify interaction between human and machine/computer. This
research area is called affective computing (see Picard [46]). Nevertheless, as
Frijda ([25], 510) notes, it has to be considered that these artificial emotions
should not be confounded with human feelings:

The goal is not to simulate human emotions, but to construct a com-
puter equivalent of emotions that is functional in the computers en-
vironment.

1http://mindstorms.lego.com/ (last visit: 16/8/07)
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1 Introduction

Emotions of a robot should be understood as functional, as Breazeal & Brooks
([7], 276) note. They should not be undistinguishable from the biological equiv-
alents, but rather broaden the cognitive abilities of the robot in order to operate
better in its complex and unpredictable environment: to make better decisions,
to learn more effectively, to interact with others in a more appropriate way. The
topic of our investigation was, however, not to implement an emotional model,
but the display of movements that were assigned an emotional content.

We converted the three human emotions happiness, anger and sadness into func-
tional movement equivalents of the robot, because these three emotions have been
treated extensively in the literature (see Chapter 3). The Lego Mindstorms NXT
system shows constraints of motors, sensors, and their programmability, so, due
to the few available degrees of freedom, the movements were restricted to driving
with two motors (forward, backward, and curves) as well as ‘arm movements’,
that were realized with a third motor.

In addition the movements were combined with musical stimuli, that were to
convey the same emotional intentions as the movements, in order to investigate
if a musical input influences the communication of the movements. It could
be presumed, that the subjects are able to assign an emotion to the robot’s
movements more reliable if a musical stimulus, containing the same emotion, is
played at the same time.

To investigate if M[E]X was able to communicate the emotions successfully, we
conducted two perceptual tests, in which the robot performed the programmed
movement patterns, that displayed the appropriate emotion. The first section of
the experiment contained only the movements, in the second section the move-
ments were combined with the musical stimuli. The observing subjects were
asked to state if and which emotions M[E]X was showing. Methods of descriptive
statistics were applied on the data obtained in this experiment.

This master thesis was carried out in cooperation with the Department of Sys-
tematic Musicology at the University of Köln, Germany2. This thesis is available
in English and German.

1.1 Structure of the thesis

This thesis is divided into two parts: a more theoretical part illustrating the
background of the thesis and a more practical part presenting the experimental
part of the project.

The theoretical part starts after this introductory chapter. The chapters two
and three introduce the research background for this thesis project. Chapter two

2http://www.uni-koeln.de/phil-fak/muwi (last visit: 19/11/07)
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1.1 Structure of the thesis

explains concepts used in research on robotics, which exhibit a certain link to
research in cognitive science. Chapter three consists of the description of emotions
and followed by research on music and emotion, especially investigations how
musicians express and communicate emotional intentions in music performance
by body movements.

Chapter four describes the Lego Mindstorms System, a robotic construction sys-
tem we used for building our robot.

The practical part starts in chapter five. Here, our self-built robot M[E]X is
explained. We describe the construction as well as the programming of the emo-
tional movements the robot performs.

Chapter six presents two experiments done in order to test the programmed
movements. The results of the questionnaires filled in by the subjects during
the experiments, are analyzed with methods of descriptive statistics and are de-
scribed.

In chapter seven the results of both experiments are joined, discussed and inter-
preted.

Chapter eight discusses M[E]X’ abilities in expressing emotional intentions and
whether he is a so called complete agent. Moreover, it is attempted to embed the
experiments in selected aspects within the area of musical and social robotics. A
short conclusion on our investigation is given.

Chapter nine describes ideas for future work.

The appendix includes the screenshots of the programmed NXT-G programs, the
batch files used for controlling the robot with a computer, and the experiments’
questionnaire.
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2 Robotics

Research with robots (robotics3) is an upcoming field, which still 20 years ago
in reality mostly consisted of programmable ‘manipulation automata’ (Knoll &
Christaller [35], 3) and in fiction of intelligent and often humanoid looking ma-
chines (e.g. the robots C3PO and R2D2 in the film Star Wars). In the past
robotics was often located in the engineering areas and includes mostly industrial
robots. They do not behave autonomously, but rather like machines: they per-
form fixed movements in a very high precision, that could not be done by humans.
However, they are restricted to a certain class of objects and need an elaborate
reconstruction if the objects change. Nowadays, the situation has changed: due
to increasing computational power on smaller processing chips, more efficient pro-
gramming, improvement of the mechatronics (smaller, more precise, more robust,
and more reliable), and wireless technologies, autonomous robots become more
and more interesting. These robots are flexible through legs or wheels, versatile
programmable, and possess e.g. picker arms or tools to grasp, hold, and handle
objects. When a robot has sensors, it can explore its environment. Autonomous
robots are robots that can, for example, explore their surroundings, avoid ob-
stacles, walk, model animal and human behavior, play and generate music, or
display emotions. Normally, they do not perform fixed movements, but change
and adapt their behavior according to sensor input in interaction with the envi-
ronment. Sophisticated and intelligent systems can ‘learn’ and rewrite or change
their programmed code to achieve a better adaption to their environment.

Building and experimenting with robots is a way to model and to validate bi-
ological and cognitive processes, in order to investigate them. Thus, biological
principles are being copied with robots in order to understand, how animals
and humans can behave autonomously in complex environments. For instance
the typical behavior of the desert ant Cataglyphis is modeled with robots by
Möller (see [41]) to explore its capabilities in navigation. Here principles can
be implemented that are already detected in nature, but new ideas can also be
implemented that have not been found (yet) in nature. Möller’s research group
collaborates closely with behavioral biologists, a cooperation which helps both
sides to new knowledge. Pfeifer & Scheier ([45], 82ff) note, that also sensors can
be used which are not available in nature (e.g. laser scanner). This approach
could be a successful way to investigate interaction in a natural environment as
well. On one hand it could be explored how something is not working and on the

3The word was shaped by the Czech author Karel Čapek and his play R.U.R. (Rossum’s
Universal Robots) in 1920. In the Slavic language ‘robota’ means drudgery or forced labor.
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2.1 Cognitive robotics

other hand new hints on possible biological principles and ideas could be found
in order to be able to perform a more realistic modeling.

2.1 Cognitive robotics

Cognitive robotics makes use of principles investigated in the cognitive science to
design and control robots.

Knoll & Christaller ([35], 31) mean by cognitive robots those robots whose behav-
ior depends principally on the implementation of cognitive capacities, e.g. object
recognition, scene interpretation, problem solving, planning, and learning ability.

According to Knoll & Christaller ([35], 38ff), cognitive robots (or more gen-
eral embodied agent systems4 can be described with help of cognitive science.
Thereby, three principal approaches can be distinguished: the cognitivistic/func-
tional, the emergent/connectionist and the interactive/action bound approach.

The cognitivistic approach was shaped by Newell & Simon (see [42]) and is based
on the hypothesis that living creatures have internal cognitive structures that
represent the objects of the external world by symbols. The structures and sym-
bols are processed by rule systems that relate the representations to each other
in a logical way. Out of that, conclusions can be drawn, knowledge can be ac-
quired and action processes can be planned. In robotics internal representations
are generated from sensor inputs; rule systems are used to create action series for
the robot by means of these representations. (See Knoll & Christaller [35], 39ff;
Pfeifer & Scheier [45], 39ff)

The connectionism is based on the the idea to create implicit representations
by using cross-linked structures to generate knowledge, similar to the human
neural processing (see Knoll & Christaller [35], 42ff). Such a net gets an input
from the environment or from another network; in the case of the robot typical
by sensor data. The net learns to process the different inputs by adapting its
internal structure to achieve the desired output, e.g. specific motor movements
of the robot. Examples for applications, in which robots are controlled by neural
networks are described in Pfeifer & Scheier ([45], 139ff).

The (disembodied) cognitivistic approach led the robotics to problems, for in-
stance in the accomplishment of dynamic and changing environments (see Pfeifer
& Scheier ([45], 59ff). Around the same time consideration within cognitive sci-
ence came up, that gave priority to embodied actions of an entity situated in an
environment in order to investigate cognitive abilities. Both ideas together led to

4Knoll & Christaller ([35], 120) define ‘agent’ as effective device inside a physical or software
system that handles tasks goal-directed (for a client) and is usually equipped with a defined
interface to communicate with other devices, to change its environment and to understand
it.
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2 Robotics

approaches dealing with interaction between persons/robots and their environ-
ment, but abandoning representations. Brooks (see [10]) is a radical representa-
tive of the proposition, that intelligent systems can be built without the usage
of representation. Out of his research with autonomous mobile robots, he has
drawn a, for him, ‘unexpected conclusion’:

When we examine very simple level intelligence we find that explicit
representations and models of the world simply get in the way. It
turns out to be better to use the world as its own model. (Brooks
[10], 15)

This led him to the following hypothesis:

Representation is the wrong unit of abstraction in building the bulki-
est part of intelligent systems. (Brooks [10], 1)

Brooks ideas can be retrieved in the so called reactive systems or behavior-based
robotics:

[T]hey are instructed to perform through the interaction of a collection
of low-level primitive behaviors. Complex physical behavior emerges
through the interaction of the behavioral set and the complexities
of the environment in which the robot finds itself, resulting in more
rapid and flexible responses than are attainable through traditional
methods of robotic control. (Arkin [2], 949)

According to Arkin ([2], 949 and [3], 66), several aspects belong to the charac-
teristics of reactive robotic systems:

· A behavior is a simple sensomotoric circuit where the activity of the sensors
provides the required information to obtain a reactive answer of the motors
(e.g. for collision avoidance). ‘What an agent needs to perceive is based on
its need to act.’ (Arkin [2], 949, the basic idea of action-oriented perception
can be found in Arbib [1])

· Abstract representation is being avoided. Representations of the world
are time-consuming, error-prone processes. Reactive systems do not need
models of the world, they just react on stimuli that are presented by the
world (see also Brooks [10]).

· Models of animal behavior as well as models of neuroscience, cognitive
psychology and ethology are often taken as basis.

· The systems are modular. They can be built bottom-up by adding more
and more complex behavior. This is realized, e.g., in the Subsumption
Architecture developed by Brooks (see [9]).

5The page numbering refers to the online version of the article.
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2.2 Complete agents

Arkin ([3], 67) remarks that reactive systems form an extreme in the robotic
systems and indicates the necessity to equip them with additional capacities. So,
Brooks’ radical view about complete avoidance of representations are not shared
unrestrained.

One of the fields of cognitive robotics deals with the modeling of biological systems
with the aim to investigate principals of intelligence (see Pfeifer & Scheier [45], 3f).
and to develop intelligent robotic systems (see Arkin [2] and [3], 1f). Following
Knoll & Christaller ([35], 30) we call a robot intelligent if he is able to adapt to
his environment in order to be survivable as long as possible. Intelligent robotic
systems are especially needed, when situations emerge which cannot be handled
with the preprogrammed behavior. Apart from that Knoll & Christaller ([35], 33)
note that only a solid understanding of our own existence, in terms of cognitive
perspectives, can lead to robots that are able to afford the addressed intelligent
power – so robotics and cognitive science are seen in a certain relation of exchange.

2.2 Complete agents

By far the recent robotic applications are not yet enough intelligent and au-
tonomous to survive in dynamical environments and requirements and to perform
meaningful operations. Pfeifer & Scheier ([45], 82ff) describe the so called com-
plete agent that includes everything what is needed to survive in the real world
and to show intelligent and goal-directed behavior. This implies a range of cri-
teria the robot has to fulfill: autonomy, situatedness, self-sufficiency, adaptivity,
embodiment, adaption to ecological niches, and emergence6.

Autonomy means according to Pfeifer & Scheier ([45], 88ff) in general freedom
from external control. However, no agent is completely autonomous, it always
depends on some external factors: the agent is dependent on the environment
and/or on other agents. As main difference is to be mentioned here that the
environment does not have intentions as other agents do, which may want an
interacting agent to perform in a certain way. Autonomy also includes according
to Knoll & Christaller ([35], 31), that the agent is able to produce his own be-
havioral rules or, at least, to change them in interaction with the real world, to
replace them by better ones or to supplement them. Autonomy can be improved
by self-sufficiency, situatedness, learning, and development.

Situatedness means that the robot has to have its own view of the world from
its perspective. It is able to learn, and it can make experiences: it can acquire
knowledge. Information about the environment can only be acquired through

6Explicitly Pfeifer & Scheier mention five criteria on page 81 (adaptivity, autonomy, self-
sufficiency, embodiment, and situatedness) and four on page 135 (autonomy, self-sufficiency,
embodiment, and situatedness (see [45], 82ff), the other items and consequences mentioned
here are discussed equally in the corresponding chapter.
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2 Robotics

sensors in interaction with it. If the robot comes across a situation twice, its
behavior might differ in the second instance from the first: the robot has learned
and has increased its capacities, which makes it more autonomous. (See Pfeifer
& Scheier [45], 90f)

Autonomy in addition includes self-sufficiency, since we want to avoid humans to
repair the robot or to change batteries. The robot must be able to survive over a
certain period of time, so it has to take care about the energy supply, e.g. get to
the charging or fuel station in time and without additional human intervention.
It has to avoid obstacles and ‘enemies’ not to get damaged or destroyed. The
more the robot is self-sufficient, the more autonomous it is. (See Pfeifer & Scheier
[45], 85ff)

According to Pfeifer & Scheier ([45], 91f) robots implement the aspect of embod-
iment, since they are ‘physical agents’. Software agents are situated in their own
virtual world and contain very restricted possibilities to communicate with the
real world. Additionally there is the problem to program the environment ade-
quately enough to cover unexpected physical interaction (see [45], 136). Robots,
on the other hand are embodied and thus compelled to interact with their envi-
ronment. Biological organisms acquire knowledge and experience by interacting
in the environment. The robot must be able to perform this as well, which is
according to Pfeifer & Scheier ([45], 91) one of the most complex problems of
robotics and of research on intelligence. Embodiment implies that the robot is
exposed to the influences of the environment, like physical forces, energy con-
sumption or damage. It also implies that the robot is able to deal with them.
In some circumstances this makes the topic more complicated, but sometimes it
can also lead to simplifications, e.g. due to utilization of physical conditions (for
instance a walking robot, whose walking properties are only based on physical
laws and who functions without ‘brain’ and electronics.

Agents have to be adaptive, which is a consequence from self-sufficiency. They
do not know their changing, unpredictable environment, but have to sustain in
it. Different forms of adaptation are possible, e.g. evolution (light moths that
became dark in order not to loose camouflage, since trunks of trees became darker
due to industrialization), physiological mechanisms (e.g. sweating as a result to
adapt to high temperature), or sensorial reactions (when the light is turned on in a
dark room, the eye pupil is adjusted in diameter). One of the goals in robotics are
robots, that can adapt themselves to those changes by their cognitive (sensorial)
and motor abilities, e.g. by imitation, reactivity to solve problems, proactivity,
learning by experience, innovation or evolution. (See Pfeifer & Scheier [45], 92ff;
Knoll & Christaller [35], 31ff)

(Biological) agents need an environment where they can survive and satisfy their
needs: a so called ecological niche. In general different agents compete for the
same resources in one niche. The robot needs energy, the right sensors, and the

8



2.2 Complete agents

right actuators to perform its task. The universal robot cannot exist, since there
are too many different environments. In addition, no universal animal exists, all
have their ecological niche. (See Pfeifer & Scheier [45], 94ff)

One of the highest goals of robotics is to design robots whose behavior is not
programmed into the agent by the designer. The robot performs actions that
lead to ‘unexpected’ results, for example cleaning up by avoiding obstacles or
helping other robots. This is called emergence. Very simple mechanisms can al-
ready produce emergent behavior, a classical example are the Braitenberg vehicles
(Braitenberg [4]). (See Pfeifer & Scheier [45], 124, 137)

Complete agents possess sensors to perceive the environment, and they perform
actions, they behave to change this environment (at least to achieve their goal).
(Humanoid) robots are used to discover e.g. how children learn to play with toys
like a ball. Aspects of social behavior can be also modeled with robots. One of
the most popular examples of a robot socially interacting with humans is Kismet
(see Breazeal [5]), developed at the MIT. In the last years research has been
increased in the field of emotional robotics (see among others Duffy [20]; Fellous
& Arbib [23]; Fong et al. [24], Malfaz & Salichs [38], Michaud et al. [40] oder
Salichs & Malfaz [52]).
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3 Emotion

In their beginnings, cognitive science and cognitive psychology were based on
computer inspired information processing models of cognition. Emphasis was set
on cognitive abilities as perception, speech, memory, problem solving, and deci-
sion making. The influence of emotion was seen as negligible at first. However,
in the last years, a change in awareness took place in both disciplines, especially
inspired by psychological experiments and research in the fields of neuropsychol-
ogy science (e.g. Damasio [16, 17]) and neuroscience (e.g. LeDoux [36]; LeDoux
& Fellous [37]) about underlying mechanisms of emotional brain processing: for
instance certain neurological damages influence the brain that much that these
patients show conspicuity in their emotional and social behavior (see Damasio
[16]). (See Ward [59], 309ff).

Everybody knows what an emotion is, until asked to define it (Sloboda & Juslin
[53], 73). Emotions are nearly omnipresent, they are

[...] the most pervasive aspect of human existence, related to practi-
cally every aspect of human behavior – action, perception, memory,
learning, and decision making. (Sloboda & Juslin [53], 73)

Emotions are current states of persons to gain a reward or to avoid penalty (see
Rolls [49], 118). In general an emotion is initiated by an event, which is important
for a certain desire. Emotions motivate to act and to choose a behavior to realize
the desired goal. They support the performance of the action e.g. by physiological
and motivational energy and focussing of attention. Emotions are experienced
physical and vary in quality, intensity, and duration. Another function of emotion
includes learning, on one hand to use behavior that was successful and on the
other hand to avoid behavior that led to failure. Emotions help surviving, since
they promote the adaption to the conditions. (See Ulich & Mayring [58], 53ff,
77).

This chapter presents some aspects about the research on emotion and possibili-
ties of classification and description of emotions, which were used in the investiga-
tions described thereafter. That is research on emotional intentions of musicians
during musical performance. The characteristic features described here build the
basis for the programming of the ‘emotional’ behavior of our robot.

10



3.1 Classification systems for emotions

3.1 Classification systems for emotions

Within emotion research there are different approaches to classify emotions. We
want to give a short overview, but will not discuss these systems in detail. Three
possible approaches are mentioned in Ulich & Mayring [58], but we will only
describe two of them, since the third one is not important for our question:

1. The search for basic emotions (primary emotions); specific emotions are
derived from these.

2. The Development of basic dimensions as a system of coordinates, in which
the concrete emotions are being organized.

The first approach is characterized by organizing emotions into discrete and in-
dependent categories. According to this view basic emotions are related to on-
togenetic development. Any individual has inborn or acquired basic emotions.
Specific emotions are derived from these basic emotions during development.
However, different classification systems lead to totally different listings. In addi-
tion the criteria regarding differentiation are very diverse. Ortony & Turner [44]
give a critical overview about basic emotions:

[T]here is little agreement about how many emotions are basic, which
emotions are basic, and why they are basic. [...] If there really are
basic emotions, how can there be so much disagreement about them?
([44], 315)

Dimensional analyses (see Posner, Russell & Peterson [47]; Russell [50]; Sloboda
& Juslin [53], 77f) are a way to show emotions as ‘ambiguous and overlapping
experiences’ (Posner et al. [47], 718) in form of a continuum. They are displayed
on orthogonal axes in a 2- or 3-dimensional space. Russell developed the ‘circum-
plex model of affect’ (first described in: Russell [50]; recent discussion: Posner,
Russell & Peterson [47]). The circumplex model of affect is displayed in Figure
3.1. In this model each emotion7 is represented by a linear combination along
two dimensions, one related to valence (pleasant - displeasant continuum) and the
other related to arousal (active - inactive). Joy or happiness is then a combination
of a high positive valence and a mid arousal. The other emotions are described
by the corresponding degrees of both dimensions). Each specific emotion has a
certain place in that space which was established using psychological experiments
and their statistical analysis such as factor analysis or multidimensional scaling
(see Russell [50], 1161). Emotions which lie in symmetrical and opposite position
relative to the center of the origin axis, like happy and sad, are said to be bipolar.

Ward ([59], 310) questions the dimensional models within neuropsychological re-
search. He argues that, according to the dimensional theories, patients with

7Following Posner et al. ([47], 716) and Oatley ([43], 273) we use the term ‘affect’ equivalent
to the term ‘emotion’.
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Fig. 3.1: Circumplex model of affect. Russell determined five different adjustments
of the emotional expressions depending on the measurement method used.
In the figure presented here the adjustment is shown which is derived from
onedimensional scaling (after Russell [50], 1169). Out of the 28 emotions pre-
sented in the original source, we chose seven for this figure (’happy’, ‘angry’,
‘sad’, ‘afraid’, and ‘calm’ proved to be relevant for the investigation; ‘excited’
and ‘tired’ are used as overview and further examples).
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3.2 Emotional expression in music performance

specific lesions should have deficits in one of the two dimensions, or that different
brain regions should process positive or respectively negative emotions. Accord-
ing to Posner ([47], 721) this is the case: they mention experiments which found
higher activity in the right frontal lobe when negative emotions occur, during pos-
itive emotions this activation was more on the left side. Posner et al. summarize
their view on emotions as follows:

Emotions can therefore be seen as the end product of a complex in-
teraction between cognitions, likely occurring primarily in neocortical
structures, and neurophysiological changes related to the valence and
arousal systems, which presumably are subserved largely by subcor-
tical structures. (Posner, Russell & Peterson [47], 719)

In the literature in the following section references are made to the concept of
basic emotions as well as to the dimensional model.

3.2 Emotional expression in music performance

Studies about emotional expressions in musical performances deal with a lot of
music styles, among them Classical music, Jazz or Pop music. The five emotions
happiness, anger, sadness, fear, and love/tenderness have been investigated most
extensively in combination with music. Juslin ([31], 313) points out, that the
studies concentrated on two aspects, on the one hand on the precise transmission
of the intended emotion and on the other hand on musical characteristics musi-
cians use as code to communicate emotions. Juslin ([31], 314ff) collected musical
cues that he and other scientists discovered while investigating performers’ com-
munication of emotion in music. Juslin combined the idea of basic emotions and
dimensional analysis “to illustrate that the code allows performers to commu-
nicate both graded systems (e.g. level of activity) and categorical signals (e.g.
happiness).” A shortened overview of Juslin’s survey can be found in Figure 3.2.

It can be concluded from Figure 3.2 that cues like tempo, sound level, and ar-
ticulation are rather related to the activity/arousal dimension, whereas timbre
(maybe in combination with sound level) seems to be related rather to valence:
medium sound level and high-frequent energy are associated with positive emo-
tions, extreme levels, however, are rather associated with negative emotions.

Mancini, Bresin & Pelachaud [39] developed systems that give visual feedback
to expressivity in music performance. At first a real-time extraction and anal-
ysis of acoustic cues has been done, in which sound level, tempo, articulation,
attack time, and spectral energy have been extracted. With these cues the sys-
tem calculates the performer’s emotional intention and associates it with one of
the emotions happiness, anger, and sadness. One of the visual feedback appli-
cations, called ‘ExpressiBall’, displays the cues and emotions in real-time with a
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Fig. 3.2: Circumplex model of affect (see Figure 3.1) applied to musical cues used by
performers to communicate emotion in music (see Juslin [31], 315). In this
figure, in contrast to Juslin’s figure, the 2. quadrant (upper left corner –
‘afraid’ and ‘angry’) and the 4. quadrant (lower right corner – ‘tender’ ) are
exchanged. Furthermore, the valence-axis is rotated by 90◦ to the right and
the activity-axis is rotated by 90◦ to the left to conform with Figure 3.1. The
adjustment of ‘afraid’ and ‘angry’ is also adapted to the adjustment chosen in
Figure 3.1, since Juslin’s adjustment does not fit to any of the five possibilities
Russell displayed in [50]. In contrast to Figure 3.1 ‘tender’ instead of ‘calm’
is used, since the musical characteristics refer to ‘tender’ (see Juslin [31].
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3.2 Emotional expression in music performance

3-dimensional object, a ball. It is a computational model of gesture expressivity
in six dimension: it can change its position, size, and shape according to the
acoustical cues and the color shows the current emotion. The x-axis displays
tempo, the y-axis sound pressure, the z-axis the spectrum (attack time and spec-
tral energy), and the shape reflects the articulation. Figure 3.3 shows screenshots
of the ExpressiBall graphical interface.

Fig. 3.3: ExpressiBall graphical interface. The left figure shows the behavior for a
sad performance (the color of the ball is blue), the right figure for an angry
performance (the ball is red). (From Mancini, Bresin & Pelachaud [39], 283)

A second agent system is a facial agent called Greta and was developed at the
University of Rome ‘La Sapienza’ and ‘University of Paris 8’. Greta is a virtual
representation of a human face that can communicate verbal and nonverbal be-
haviors (gesture). The face changes when the quality of the music changes. Greta
can move her head, she can blink and has a facial expression. Speed, duration,
smoothness, and amplitude of the movements as well as power and repetition pro-
duce the emotional expression. The system calculates at every system clock the
emotional content of the music and adapts Greta’s face to it. The adjustments
are fluent, so steps in-between the three emotions happy, angry, and sad, can be
produced easily. Different gestures Greta can show are displayed in Figure 3.4.

Our research was stimulated by these two software systems and consists of im-
plementing the basic ideas to a physical agent, a robot. Herewith we tried to
investigate if an artificial creature could mediate emotions in a way that observers
will recognize them.

Dahl & Friberg [14], [15] investigated to what extent emotional intentions can
be communicated during performance only through musicians’ body movements
(movements that are not necessary for the sound production). Previous inves-
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3 Emotion

Fig. 3.4: A sequence of Greta’s gestures (from Mancini, Bresin & Pelachaud [39], 287).

tigations (e.g. by de Meijer and Boone & Cunningham as referred to in [15])
found different movement cues; they contained frequency of upward arm move-
ment, time of arms kept close to the body, amount of muscle tension, time of
leaning forward, number of direction changes in face and body, and number of
tempo changes. Joy e.g. corresponds with performers’ movements that are fast
and upward directed, and the arms are raised. Also joy is distinguished by fluent
movements with few breaks. They could correspond to acoustical cues: tempo
could be connected with gesture rate, sound level with gesture size, staccato ar-
ticulation with fast gesture with a resting part, and tone attack with the initial
gesture speed. Dahl & Friberg recorded musicians who were asked to perform
the four different emotional intentions happiness, anger, sadness, and fear on
video tape. Observers watched and judged these silent video clips. The clips
showed different viewing conditions, i.e. different parts of the body. In the first
experiment (see Dahl & Friberg [14]) a marimba player was used, who played
one piece of music with the four different emotional intentions. The player was
asked to express them with the musical performance only, not with extra body
movements. The original and filtered images can be seen in Figure 3.5.

Sad (most successful identification), happy, and angry were well communicated,
but fearful not. Fear was spread across the four emotions. Surprisingly only
anger received the best recognition when viewing the full body, for happiness and

8The page numbering refers to the online version of the article.
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3.2 Emotional expression in music performance

Fig. 3.5: Video images of the marimba player, left: original and filtered picture, right:
monitoring parts, no hands, torso and head (from Dahl & Friberg [15], 48).

sadness the presentations of the torso respectively head were rated highest. Anger
and happiness confused the subjects: e.g. anger was rated high when happiness
should be perceived and vice versa. The subjects rated also movement cues the
musician used to commit to each emotion: amount of the gesture, speed, fluency,
and regularity. Happiness and anger received a quite similar rating result, which
could correlate to the just mentioned confusion. Anger and happiness received
both a perception of large movements, angry was faster and jerkier compared to
happy. Sad was characterized by small, slow, smooth, and regular movements.
Fear was less clear, but the movements tend to be small, fast and jerky.

Dahl & Friberg conducted a second experiment (see Dahl & Friberg [15]) in which
a bassoon and a soprano saxophone player performed 12 emotional intentions
including happiness, anger, sadness, and fear. Only these four emotions were
used as material in the experiment. Both players knew that both audio and
movements were matter of analysis. The video recorded the player from the side.
A high contrast between (light) player and (dark) background was produced to
enhance the performer (see Figure 3.6).

In this experiment no different viewing conditions were used, since woodwind
instrumentalists are very much connected to their instruments with rather small
sound producing movements. The results here confirmed the results of the first
experiment: happy, angry, and sad were well recognized, while fearful was not.

17
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Fig. 3.6: Video images of the saxophone and the bassoon player. Only this filtered
viewing condition was used in the test (from Dahl & Friberg [15], 10).

The observers rated the same movement cues, although fewer cues were identified
for each emotion. In addition, the difficulties of happy and angry seemed not to
occur. According to the results of this experiment the most important cue to
predict anger is jerkiness. The other cues were not significant. For happy the
cues were different for the two players. For the bassoon player speed was most
important, whereas amount was most important for the saxophonist, so happy
movements are fast, large, and jerky. For sadness a slow speed/long duration and
fluency, smoothness were characteristic. Most important for fear was amount, and
also fluency for the saxophonist. Since fear was not recognized in the experiment,
these cues are only limited suitable. Because of the unclear results, we excluded
fear in our experiment.

The aim of our investigation was to test these movement cues with an indepen-
dent, artificial creature. The movement cues are similar to cues in audio signals
that convey emotions in music performance (see Figure 3.2). This correspondence
could be tested by adding a musical input that bears these cues. The emotional
intentions correlate to the following movement cues and acoustical cues:

· happiness
- very large amount of gestures, fast speed, jerky, moderate regular
- high sound level9, fast tempo, staccato articulation, small tempo vari-

9The mentioned cues are taken from Dahl & Friberg ([15], 14). Happiness and anger had
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3.2 Emotional expression in music performance

ability

· sadness
- small amount of gestures, slow speed/long duration, fluent, regular
- low sound level, slow tempo, legato articulation, final ritardando

· anger
- large amount of gestures, fast speed, very jerky, irregular
- high sound level, fast tempo, staccato articulation, small tempo vari-

ability

For a clearer distinction between the emotions the mean ratings of the movement
cues achieved by Dahl & Friberg are shown in Figure 3.7.

We took these analyses into account when we programmed the emotional behavior
of the robot, which will be described in chapter 5.2.

Since Dahl & Friberg found out that it is not necessary to see the whole body
to communicate an emotion, we tried a system with reduced degrees of freedom.
They pointed out that ‘the direction of movement and the arm movements seem
to be of such importance for perceiving expression [...]’ (Dahl & Friberg [15], 2)
that we tried to focus our implementation on these cues.

the same acoustical cues. See Chapter 6.2.1 for a more detailed description of the musical
stimuli used in our experiments.
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Fig. 3.7: Frequencies of movement cues for each emotion; in the marimba case the
values were chosen after the best viewing condition: happy: torso; angry:
full; sad: head. (After Dahl & Friberg [15], 8, 13)
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4 Lego Mindstorms

In this chapter a short introduction to the technology used is given. Lego Mind-
storms10 is a versatile system to develop robots with Lego bricks, a micropro-
cessor, motors, and different sensors. The behavior of the sensors and motors
can be subsequently programmed. On the first view Lego Mindstorms seems to
be a toy for children. However, since it is possible to build robots in different
levels of difficulty it is also a highly interesting tool of research, e.g in Artificial
Intelligence.

4.1 History

In the 1970s the concept now known as Lego Technic was developed under the
name Expert Builder. In 1986 the name was changed to Lego Technic. It was
supposed to be a challenging and educative toy for older children and included
different technical elements like cogwheels, pneumatics, and engines. In 1984 a
contract with the Massachusetts Institute of Technology’s Media Lab was con-
cluded to combine education and technology. First of all the cooperation was lim-
ited to educational matters (e.g. the programming language ‘Lego TC Logo’11),
but in 1998 the first successful product was released in USA and in Europe com-
mercially: the Lego Mindstorms Robotic Invention System (RIS ). With that set
people were able to build a robot with the well-known Lego Technic pieces and
different sensors and motors. The programming of the robot (that means the be-
havior of motors and sensors) is done very easily by programming on a computer
and then upload the program to the robot. The main part of the Mindstorms
set is the battery-operated programmable brick, called RCX (Robotic Command
Explorer), which can be connected with a computer via infrared12, so that the
written program can be uploaded to the robot. It possesses an LCD-Display and
ports for sensors and motors. Because of the infrared interface two or more RCX
are able to communicate. The RCX 1.0 could be operated by electricity, so that
a continuously operation was possible. The next version RCX 1.5 was published
in 1999 but without electrical support, so it could be used with batteries only.
In 2001 Lego released the RCX 2.0. The biggest improvements were a software

10http://www.mindstorms.com
11http://el.media.mit.edu/Logo-foundation/logo/index.html (last visit: 16/8/07)
12A serial connection between the computer and an infrared tower which sends the written

program to the robot. After that the robot functions autonomously on its own, based on
external sensor input and internal program instructions.
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4 Lego Mindstorms

update and the USB support: it was now possible to connect the infrared tower
with a USB cable to a computer. In autumn 2006 Lego released the third Mind-
storms generation: the NXT (NeXT Generation). There are new sensors, a new
programmable brick, Bluetooth communication, and new pieces included, which
make a more stable and lighter building technique possible. In our project we
worked with this set. Therefore I will describe the parts in Chapter 4.2 in more
detail.13

4.2 Lego Mindstorms NXT

In this chapter we introduce the hard- and software of the Lego Mindstorms NXT.
Two different sets can be bought, the normal set14 and the Education basis set15.
The normal set includes the graphical programming language NXT-G, which is
not included in the Education set but can be bought separately. We used the
normal set.

4.2.1 Hardware

The normal purchasable set consists of 577 pieces, among them a new pro-
grammable processor brick, three motors, and five sensors: a touch sensor, a
sound sensor, a light sensor, an ultrasonic sensor, and built-in rotation sensors
included in the motors. The Education basis set consists of 431 pieces, among
them the programmable brick, three motors with built-in rotation sensors, two
touch sensors, one sound sensor, one light sensor and one ultrasonic sensor. More-
over three lamps and three adapter cables to connect motors and sensors with the
Lego Mindstorms RCX system are included. The Education basis set includes an
accumulator, whereas the brick in the normal set is powered by six AA-batteries.
To get more parts one can buy the Lego Mindstorms extension set with 672 parts.

13http://www.lego.com/deu/info/default.asp?page=timeline (last visit: 16/8/07),
http://www.lego.com/eng/info/default.asp?page=timeline (last visit: 16/8/07)
http://en.wikipedia.org/wiki/Lego_Mindstorms (last visit: 16/8/07)
http://www.losaltosrobotics.org:8080/Main/FLL/MindStormRobotIdeas.html#
Power (last visit: 16/8/07)
http://ivs.cs.uni-magdeburg.de/EuK/lehre/sopras/praesentationen/2006_2/
mind.html (last visit: 16/8/07)

14http://shop.lego.com/ByTheme/Product.aspx?p=B8527&cn=17&d=70 (last visit:
16/8/07)

15https://ssl.kundenserver.de/s106179487.einsundeinsshop.de/sess/utn;
jsessionid=1546b0740f30ab5/shopdata/index.shopscript?main_url=https%3A%
2F%2Fssl.kundenserver.de%2Fs106179487.einsundeinsshop.de%2Fsess%2Futn%
3Bjsessionid%3D1546b0740f30ab5%2Fshopdata%2F0010_1.%2BBauk%3DE4sten%2Bund%
2BLehrerhandb%3DFCcher%2F0045_LEGO%2BRobotik.%2BMINDSTORMS%2BEducation%2B-%
2BNew%2BNXT%2Fproduct_overview.shopscript (last visit: 16/8/07)
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4.2 Lego Mindstorms NXT

It consists not only those parts included in the normal set which are not in the
Education set, but also additional parts which are not included in both sets.

The intelligent brick has two processors: a 32 bit ARM7 main microprocessor
running at 48 MHz with 256 kB flash memory and 64 kB of RAM, and an 8-bit
Atmel AVR microcontroller running at 4 MHz with another 4 kB of flash memory
and 512 byte of RAM. It has four input ports for the sensors, three output ports
for the motors, a 60x100 pixel LCD matrix display, and a loudspeaker with 8
kHz digital/analog conversion. Programs can be sent via a USB 2.0 port or a
Bluetooth wireless connection. It is also possible to control the robot remotely
with a computer, mobile phone or PDA or to let two to four robots communicate
with each other. The sensors and motors are connected by cables with RJ12
plugs. The different sensors, the motor, and the intelligent brick are shown in
Figure 4.1.

The touch sensor is activated in three ways: pressing the orange front, releasing
it and ‘press and release’.

The sound sensor measures the sound pressure level in dB or dBA. dBA is ad-
justed to the characteristics of human hearing at relatively low signal strength.
The sensor can measure levels up to 90 dB (main road, jackhammer), although
the values are actually shown in percentages to make it easier for children.

The light sensor detects the intensity of ambient light in the room or of the surface
reflection. Either the surrounding light is bright enough or the LED included in
the sensor provides the light source. In the latter case the light sensor must be
directed e.g. downwards to the floor or straight on the wall so that the reflection
can be detected.

As the light sensor the ultrasonic sensor gives the robot the ability to ‘see’ as
well. It measures the distance to an object to detect it and e.g. to avoid the
obstacle. The distance can be shown in centimeters and in inches. It works by
calculating the time the sound wave needs to hit an object and return to the
sensor. It is possible to measure distances from 0 to 255 cm with a precision of ±
3 cm. Large objects with a hard surface generate the best results, whereas soft,
curved, small, or thin objects are much more difficult to detect.

The rotation sensor controls the robots movements. It measures the motor rota-
tions in degrees or full rotations with an accuracy of ± 1 degree. One rotation is
equal to 360 degrees. The motors can run for a certain time, degree, number of
rotations, or unlimited and in different speeds.

Besides the official set new sensors have been developed for the NXT by other
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Intelligent Brick Motor

Touch sensor Sound sensor Light sensor Ultrasonic sensor

Fig. 4.1: Intelligent brick, motor, and the different sensors (see http://shop.lego.
com/ByTheme/Product.aspx?p=9841&cn=17 (last visit: 16/8/07))

firms than Lego itself. There is e.g. a compass sensor16, a color sensor17 for mea-
suring the intensity of each color reflected by the surface or an acceleration/tilt
sensor18 to measure acceleration and tilt in the three axes available. Other hard-
ware developed by third party firms consists of a motor multiplexer19 to include
four RCX-motors, or of an interface to use the Sony PlayStation 2 controller de-
vice20 to control the robot. Mindsensors.com21 is developing a camera sensor, a
temperature sensor, and an adapter to include the old RCX sensors to the NXT.
There is also a speech synthesis interface in the testing stage.

16http://www.hitechnic.com/index.html?lang=en-us&target=d18.html (last visit:
16/8/07) and
http://www.mindsensors.com/index.php?module=pagemaster&PAGE_user_op=view_
page&PAGE_id=56 (last visit: 16/8/07)

17http://www.hitechnic.com/index.html?lang=en-us&target=d18.html (last visit:
16/8/07)

18http://www.hitechnic.com/index.html?lang=en-us&target=d18.html (last visit:
16/8/07) and
http://www.mindsensors.com/index.php?module=pagemaster&PAGE_user_op=view_
page&PAGE_id=63 (last visit: 16/8/07)

19http://www.mindsensors.com/index.php?module=pagemaster&PAGE_user_op=view_
page&PAGE_id=58 (last visit: 16/8/07)

20http://www.mindsensors.com/index.php?module=pagemaster&PAGE_user_op=view_
page&PAGE_id=61 (last visit: 16/8/07)

21http://www.mindsensors.com/index.php?module=pagemaster&PAGE_user_op=view_
page&PAGE_id=54&MMN_position=22:22 (last visit: 16/8/07)
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4.2 Lego Mindstorms NXT

The robot receives its power from six AA batteries22. This power supply turned
out to be a big problem because the batteries reached very fast a power state
that was too low to control the robot reliably. In order to avoid this problem23

rechargeable batteries were bought. Although advised on the Lego internet site
not to use rechargeable batteries, it turned out that the robot worked even better
with them than with non-rechargeable batteries.

4.2.2 Software

The Mindstorms NXT set is delivered with a software called NXT-G which runs
on Windows and Mac computers. The software is produced by LabVIEW from
National Instruments24 and is a visual programming language in which one has
to drag-and-drop the different icons or blocks and connect them to a sequence
beam. Simultaneous programming comparable to threads in Java is also possible
by extending the sequence beams to multiple beams. The language consists of 35
different blocks for controlling motors, sensors, and program flow. These include
loops, variables, switch statements, and basic mathematics. New blocks can
easily be added to extend the functional range, e.g. to integrate new sensors, as
mentioned in the previous Chapter 4.2.1.

After choosing and placing a block on the sequence beam, its precise configuration
can be accomplished through the configuration panel in the lower left corner of
the software window. However, if values have to be transferred from one block
to another block, the data hubs available for (nearly) all blocks are used and the
output of one block is connected with the corresponding input of the other block
with a data wire. A screenshot of the software can be seen in Figure 4.2.

There are also other possibilities to program the Lego Mindstorms robot. Textual
programming languages like e.g. Java, C, Perl etc. can be used.25

Since NXT-G, like most of the visual programming languages, is quite restricted,
textual programming languages normally provide more independent and ad-
vanced programming. However, the NXT was so new, when we started pro-
gramming, that it was quite difficult to find a textual environment we could

22In the beginning of our work with the NXT the mentioned accumulator was not yet available,
so we were reliant on batteries. However, one problem appears while using the accumulator
with a brick from the normal sets: the brick lacks the hole that the bricks from the education
sets have to connect the charger directly, without removing the accumulator from the brick
first. Therefore the accumulator has always to be removed from the normal brick before
loading is possible.

23It was not only the problem of producing a huge mass of half empty batteries, but also the
permanent question whether the program was wrong or the power too less to implement
the program correctly.

24http://www.ni.com/academic/mindstorms/
25An overview on the possibilities can be found here:

http://www.teamhassenplug.org/NXT/NXTSoftware.html (last visit: 16/8/07)
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4 Lego Mindstorms

Fig. 4.2: Screenshot of the Mindstorms NXT software

work with (in terms of simplicity to use, sufficient documentation, compatibility
with operating systems and robot). Therefore the programming was continued
graphically.
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5 M[E]X and its emotional behavior

In the first part of this chapter the construction of the M[E]X robot is described.
In the second part of the chapter the programming of the robot’s emotional
behavior is presented.

5.1 Construction

To get acquainted with the NXT we decided to build the first task of the LEGO
building instruction, a robot called Tribot26 (see Figure 5.1). It is a three-wheeled
mobile robot that can explore the surroundings. Tribot shall, as suggested by
Lego, detect a ball and pick it up. It uses all the four sensors which was helpful in
order to get to know their functionality. In the Tribot, the three motor bricks are
connected as a chassis. The two outer motors control the driving of the two tires.
The steering functions as a result of different speeds of the motors. A third wheel
in the back is used to stabilize the robot. It rotates passively according to the
steering of the engine. The Tribot’s third motor moves its ‘arms’ in the horizontal
plane to catch small things like balls. The sound sensor is put above the NXT
Brick (shown in Figure 5.1) and shall react to sudden changes in loudness to start
the program. The ultrasonic sensor is mounted in the front and shall search a
target. The touch sensor is assembled under the ultrasonic sensor. If the robot
hits the ball, the touch sensor is activated and the arms are closed to grab the
ball. The light sensor, also in the front, points to the floor. The program ended
when the light sensor detected a certain value of darkness (after picking the ball).

We used the basic structure of the Tribot for building our robot M[E]X. We made
several changes before achieving the final setup of M[E]X. Especially speed of
the movements in the program of the emotion anger (see Chapter 5.2) appeared
too slow so that one of the major problems was to increase the speed of the
movements. To get it faster, we mounted bigger wheels. In order to be still able
to use the arms, we had to widen the chassis. After that the robot, due to the
new center of gravity, was more unstable and overturned on the surface of the
experiment room (the recording studio at TMH, KTH, Stockholm). Finally two
more big wheels were mounted on each side for stabilization. Nevertheless, the
robot tends to slide and especially to roll over when changing directions. The
third wheel was replaced by a bigger one because it was too small. We used
a cogwheel of middle size and improved it with non-Lego parts: rubber bands

26http://mindstorms.lego.com/Overview/MTR_Tribot.aspx (last visit: 16/8/07)
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5 M[E]X and its emotional behavior

Fig. 5.1: Tribot (from http://www.pcmag.com/slideshow_viewer/0,1205,l=
188785&s=25141&a=187957&po=1,00.asp?p=y (last visit: 16/8/07))

and tape to make it smoother and more quiet (the plastic made a very irritating
grinding and creaking sound). We changed the direction of the third motor,
so that M[E]X could move the arms in the front up and down to ‘gesticulate’.
At first we included all four sensors, although not all of them were used in the
programming. However, they were set up in different places than in the Tribot.
The ultrasonic sensor turned out to be the most important sensor. Like in the
Tribot, we used it to detect objects situated in the front (but this time for obstacle
avoidance). However, we placed it above the intelligent brick instead of in front
of it. The biggest problem of the ultrasonic sensor is its shape, it looks very
much like human eyes. Since it was one of the tasks to build a ‘not so much’
humanoid looking robot, the placement of this sensor proved to be difficult. It
should direct to the front to avoid collisions when driving forwards. Therefore,
we decided to change the place of the sound sensor and the ultrasonic sensor. In
order not to disturb the sound waves emitted by the ultrasonic sensor, the sound
sensor was attached to the (left) side of the brick. The light sensor stayed in
front. The Tribot’s touch sensor, which was located in the front, was changed to
the back of M[E]X, in order to enable collision detection when driving backwards.
Unfortunately we could not realize this, because NXT-G does not support two
break conditions in a loop. Light sensor as well as sound sensor were not used.

The appearance of the arms required changes in the construction as well. We had
to reduce the number of pieces and the length of the arms, because they were
too heavy for the new direction of movement. They had still the same character
and were similar to the original ones. Figure 5.2 shows a preliminary version of
M[E]X.
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5.1 Construction

Fig. 5.2: M[E]X
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5 M[E]X and its emotional behavior

5.2 Programming of emotional behavior

This section describes the implementation of the three emotions happiness, anger,
and sadness. Program screenshots can be found in Appendix A.

Basically, all three programs contain different interleaved loop structures. The
outermost loop is infinite, which means that the program does not finish on its
own. In the experiments the programs did not have to terminate by themselves, as
they could be controlled via Bluetooth and a command line program (see Chapter
6.2.1). The break condition of the next inner loop in all three programs is the
activation of the ultrasonic sensor. As long as the ultrasonic sensor is not being
activated, the blocks in the inner loop are being executed. If the ultrasonic sensor
measures a distance shorter than 60 cm when checking the condition, M[E]X
‘knows’ that an obstacle will probably appear if continuing driving forward. So
the program jumps out of the loop and executes the part after it, which means
driving backwards and a curve to avoid the obstacle. Then the program returns
to the beginning of the infinite loop and the inner loop(s) are being executed
again.

The development of each of the three emotions is based on the research mentioned
in Chapter 3.2 and is described in the next sections.

5.2.1 Happiness

We tried to transfer the values of movement cues, found out by Dahl & Friberg
[14, 15] and described in Chapter 3.2 and Figure 3.7, to the movements of the
robot27. For the happy movements, we chose a quite large amount of gestures and
quite fast, fluent, and regular movements. Since the values are rather moderate
for all four cues we focussed on a special movement: circles. This was confirmed
by investigations made by Isbister, Höök, Sharp & Laaksolahti [29]. They asked
an artist to create eight different objects with biomorphic qualities in order to
express emotions through these objects and investigated during experiments that
subjects grabbed objects of round shape rather than objects with sharp edges
when pictures of a positive emotional intention were shown. The objects asso-
ciated with happiness and similar emotions were round and without spikes. We
adapted this to our programming and focussed on round, circular movements.

The happy behavior contains two interleaved movements. The basic movement
shows a big circle with a fixed radius. The direction of the big circle should not
change too often to keep it regular. There is a chance of 80% that the direction
does not change (see Figure A.1–1). However, if it changes, the other direction is
preferred from now with a chance of 80% to avoid permanent direction switches.

27An overview on the movements of the robot can be found in Table 5.1 in the end of this
chapter.
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5.2 Programming of emotional behavior

The big circle is repeatedly interrupted by the other movement, which describes
a smaller circle. These circles are (at least they should be) closed. The optimal
idea of this circular movement is shown in Figure 5.3.

Fig. 5.3: The idealized circular movement in happy

These idealized movements were not possible to program, but we tried to imple-
ment them approximately. M[E]X is to drive a complete circle, however, it turned
out to be difficult to set the correct values for the steering / distance combination
for small circles. The distance which the robot drives is dependent on the rough-
ness or smoothness of the floor (slipperiness, dirt, floor material), on the size of
the wheels, and on the power supply of the batteries. We programmed circles
with six different diameters, each can be executed with the same probability. So,
M[E]X drives nearly closed circles, while some are too short and others too long,
but the main idea is still perceivable. However, these not closed circles seem not
to be a huge problem, since they yield a bit more irregular and less stereotypic
movements, which was a good contrast to the more regular movement of the big
circle.

Since the happy program is very long, an in-between obstacle detection is imple-
mented after every big circle movement. The value for the ultrasonic sensor is
again set to 60 cm. If it is activated, the robot moves a bit backwards and turns
slightly before continuing with the small circle.

The arms always move up when M[E]X starts to drive a small circle. After the
small circle the arms move down again. This was inspired by the human behavior
to throw one’s arms up when happy.

After the small circle and the arm down movement the ultrasonic sensor checks
the distance to the next obstacle in front. If it is nearer than 60 cm, M[E]X will
drive backwards in a curve and continues with the movement for the big circle.

One fact that has proved to be a problem are the motors. They always stop
completely after getting out of a loop or a switch statement. This results in non-
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5 M[E]X and its emotional behavior

fluent movements, which are sometimes rather chopped, but it was impossible to
avoid them.

5.2.2 Anger

Because of the investigation (see Dahl & Friberg [14, 15]) that a successful percep-
tion of anger corresponds very much with jerky movements, we tried to make the
angry movement as irregular, jerky, and unpredictable as possible. Since speed is
also an important cue for anger we programmed M[E]X to drive very fast which
was problematic because the robot became unstable (see Chapter 5.1.). Due to
the investigations of Isbister et al. [29] we took the spiky and sharp objects as
a model and transformed them to irregular movements. Also the asymmetry in
the movements leads back to these investigations.

The inner loop of the program is divided into two parts. The first part consists
of an if-statement. In 80% of the cases, the true branch is being executed, which
means that the robot drives a fast and more or less curvy route. Because of
the built-in behavior of the motors they stop after the movement due to the if-
statement. That yields jerky and irregular movements which fit well to anger.
The remaining 20% of the cases causes a very jerky movement: three28 short and
fast forward movements. After the if-statement M[E]X performs a third movement
in 33% of the cases.This results in another jerky movement: at first a short, fast
movement to the right followed by the same movement but to the left. Then the
ultrasonic sensor checks if an obstacle is closer than 60 cm. If not, the program
jumps (after stopping the motors) to the beginning of the loop and performs the
movements again. If there is an obstacle closer than 60 cm, the robot drives a
backward curve. After that the distance is checked again by the ultrasonic sensor
to avoid turns that end at another obstacle (corners of walls e.g.). If the measured
value is less than 60 cm, a backward curve will be performed again.

These three possibilities of movements form very different actions, so the whole
behavior is disordered, variable and appears nearly aggressive sometimes. Every
running results in slightly different movements. Due to the irregularity in this
emotion M[E]X tends to drive more often against the walls than in the other
emotions which maybe supports the impression of an angry and aggressive robot.
A possible movement sequence is shown in Figure 5.4.

In the part for the arms we explored the parallel programming possibility of
NXT-G. The arms move independently from the wheel movements. They shall
always go up and down without a break. To support the angry behavior the
arms should sometimes hit the floor and produce noise. This tries to simulate

28A better idea to make the movements more irregular would have been to use a random
number between e.g. 1 and 5, but the break condition of the loop does not accept a random
number.
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5.2 Programming of emotional behavior

Fig. 5.4: Possible movement sequence for angry. The duration of the movement was
14 seconds.

the gesture for anger, at first lift the arms and then move downwards very fast,
e.g. for hitting a table with one’s fists.

5.2.3 Sadness

The sad program is easier built compared to the other two programs. It just
consists of two loops and very few blocks.

According to Juslin’s acoustic cues for music performance (see [31]) and the
research by Dahl and Friberg about musicians’ movements (see [14, 15] the overall
tempo is set very slow. The path M[E]X drives is slightly in circles, not very jerky
or irregular, due to the high values of fluency and regularity that can be seen in
Figure 3.7. This programming is also confirmed by Isbister et al.[29]: smooth,
symmetrical, but slightly irregular movements. The steering has a small range,
since we wanted to keep the amount of gestures rather low. The movements
themselves are based on random numbers, so that monotony is avoided.

Together with every wheel movement there is an arm movement, which is also
small and slow. Here we use the parallel programming technique again to achieve
independence from wheel movement: in this way, the wheel motors and the arm
motor can work at the same time.

After finishing every movement the ultrasonic sensor checks the distance to the
next obstacle. If it is closer than 60 cm, M[E]X drives backwards and perform a
circle.

The random calculation of the input values sometimes turns out to be prob-
lematic, since especially the speed values differ noticeably from each other and
produce jerky switches. The motors of the robot always stop completely after
every loop cycle, which increases the jerky behavior even more.
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5 M[E]X and its emotional behavior

An overview of the used movement cues can be found in Table 5.1.

``````````````̀Movement cue
Emotion

Happiness Anger Sadness

Amount of gestures large large small
Speed fast fast slow
Fluency fluent jerky fluent
Regularity regular, circular irregular regular
Direction of arm movements upwards fast up and down slow up and down

Table 5.1: Implementation of the robot’s movements
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6 Experiments

This chapter explains the two experiments which were performed for testing
M[E]X’ movements. The first one (with a pilot experiment) was held in Stock-
holm, Sweden, and the second one in Köln, Germany.

6.1 Pilot experiment in Stockholm, Sweden

We made a pilot test with researchers and students of music acoustics at TMH,
KTH, Stockholm, in which we presented the three different movements for hap-
piness, anger, and sadness (without any music). The subjects were asked to
identify the intended emotion after each presentation in an oral discussion. This
pilot text was used to modify the robot’s movements and shape to the final setup
as presented in Chapter 5. This design was used for running the first experiment
in Stockholm. The wheels were changed to the bigger ones to make M[E]X faster.
The happy movements were changed to the ‘organized’ circular movements (see
Chapter 5.2.1), since the subjects found the movements of angry and happy very
similar. The arm movement was reduced in the happy movements to let the robot
appear less hectic.

6.2 Experiment in Stockholm, Sweden

6.2.1 Method

Stimuli

The idea of the experiment is based on the question whether it is possible to
recognize different emotions which are communicated just by movements of a
robot. The three emotions happiness, anger, and sadness were used. Three NXT-
G programs described in 5.2, which should transform the emotional intentions to
the movements of the robot, were developed for these experiments.

In order to analyze whether an additional musical input supports the identifica-
tion of the robot’s emotion, we used short and simple music stimuli run simulta-
neously with the robot’s movements. It consists of the melody of the theme from
the 1. movement of Haydn’s Quartet in F major for strings, Op. 74 No. 2. In
an experiment by Juslin and Lindström (see Juslin & Lindström [33]; Bresin [8],
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1) the melody was performed by nine professional musicians: three piano, three
guitar, and three saxophone players. They were asked to play with twelve differ-
ent emotional intentions, among others happiness, anger, and sadness. Subjects
were asked to rate these performances regarding to their emotional character.
We chose the recordings of the guitar player who received the highest ratings for
happiness, anger, and sadness.

The three music pieces differ mainly in tempo, rhythm, sound level, and attack.
The sad piece was very slow in tempo, the attack was soft and the rhythm was
constant. The angry piece is slightly slower than the happy piece. Both are much
faster than the sad piece.29 The happy piece had a lively, syncopated rhythm and
a normal attack. The rhythm of the angry piece was regular and the attack was
very accentuated. The angry piece was louder (overall SPL: 73.2 dB) than the
happy piece (68.1 dB); the sad piece had an overall SPL of 62 dB.

Subjects

15 subjects participated in this experiment. They consist mostly of students of a
Master’s program in Music, Mind and Technology at Jyväskylä University, Fin-
land, and the corresponding teachers. They were 10 male and 5 female subjects.
13 of them had knowledge about research in emotion and music.

Equipment

We used the NXT robot M[E]X (see Chapter 5.1), that was programmed to com-
municate three different emotional expressions as explained in Chapter 5.2. One
laptop was used for the control of the robot’s movements. This was done via
Bluetooth communication between the computer and the robot. The music was
played through loudspeakers.

Procedure

The subjects were divided into two groups by chance (first group: 9 subjects;
second group: 6 subjects). The members of each group were watching the robot
together. To exclude effects depending on the order of presentation we decided
to change the order of the programs during the presentations. This gave us the
possibility to change the order of happy and angry as much as possible within each
of the two (homogenous) groups. We divided the experiment into two sections.
The first section only consisted of the movements (and own noise) of the robot,
while in the second section each of the movements was combined with the musical
stimuli communicating the same emotional intention and ran simultaneously.

29The actual duration of the sounds: happy: 21.21 s; angry: 21.41 s; sad: 46.92 s.
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6.2 Experiment in Stockholm, Sweden

As the movements for the emotional intentions happy and angry could not be
differentiated sufficiently during the pilot experiment, the question aroused if the
succession of the movements changes the perception of the subjects. In order
to investigate this, we decided to change the order of happy and angry with in
the groups. In the first group the order of the emotions was happy, angry, sad,
when presenting the movements only. Then we changed the order to angry, sad,
happy while running M[E]X in combination with music. For the second group
we changed angry and happy opposite to the first group. Without music the
presentation order was sad, angry, happy. With music we arrived at the order of
happy, sad, angry.

The experiment was controlled via Bluetooth communication with help of a free
and open source software called bt2nxt30. It is a Windows command line appli-
cation which can start and stop the programs stored on the NXT. To automate
the execution of the experiment we wrote four batch files31. The code of these
files can be found in Appendix B.

In the presentations without music the three programs with the intended emotions
were presented in the above mentioned order for 30 seconds each. After each
emotion the execution was stopped for 30 seconds to give the subjects the chance
to make their judgement about the emotion and to write down comments in a
prepared questionnaire.

In the presentation with music the musical examples were played with the Win-
dows standard sound player. We introduced one second of waiting time before
starting the robot’s movements. This was done to create the impression that
the robot first listens to the music, ‘thinks’ about how to react and then starts
to move. The length of the movement was to be adapted to the length of the
music. The movement started a bit later than the sound and lasted a bit longer
(to generate the feeling that the robot listens and stops when he is sure that the
music has also stopped)32.

The subjects were asked to fill in a questionnaire. The questionnaire can be
found in Appendix C. For each part of the presentation (three without music,
three with music) the corresponding part of the questionnaire consists of five rows,
three labeled with the intended emotions happy, angry, and sad and additionally
neutral and expressive to see how expressive the emotions were perceived. Each
row was scaled in seven steps from not ... to very .... The subjects were required
to mark with a cross in each of the five rows for every emotion (happy, angry,

30http://www.pspwp.pwp.blueyonder.co.uk/science/robotics/nxt/index.html (last
visit: 16/8/07)

31Batch file: file which executes commands successively in the DOS command line application.
32That is why the execution is stopped for a certain amount of time between starting one

NXT-G program and ending it (see batch files in the Appendix B.1.2 und B.2.2). This time
was however shorter than the duration of the corresponding music piece, since the command
execution and the bluetooth communication needed some time.
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sad, neutral, expressive) to receive a fully scaled answer. They were also asked
about age, nationality, gender, musical experience, and familiarity with research
on emotion in music.

The selection of criteria to judge a presentation is a problem not to be underesti-
mated. In other studies about musical expressivity there are several possibilities
of choice. The subject is asked to choose one possibility that fits best in his/her
opinion. This is called forced choice (Dahl [13], 58). Our questionnaire repre-
sents another possibility. Our data collection is near to that applied by Dahl and
Friberg [13, 14, 15] in their experiments about emotional expression of movements
within musical performance: every emotional expression is rated by specifying one
value on rating scales for all asked criteria (in our case happy, angry, sad, neutral
and expressive as described above). Dahl ([13], 58f) calls this method multiple
choice schemata and refers to Resnicow et al. [48] and Juslin et al. [32] with-
out giving further methodical information concerning her experimental design.
Resnicow et al. [48] used the same method to evaluate the experiments about
emotional and artificial intelligence, same as Juslin et al. [32] in their analy-
sis about emotional expression in musical performance33. Likewise both do not
discuss and describe their methodical basis in more detail. We used this kind
of evaluation, as the answers reflect more precisely how the subjects perceived
the stimuli than with forced choice. Certainly it is more difficult to analyze the
results, as there are no ‘right/correct’ answers and different scales could be rated
on the same level.

Following Dahl and Friberg we chose seven steps. An uneven number of possibili-
ties is suitable, as the subjects have a neutral center. The use of seven possibilities
seemed to be appropriate, on the one hand not to loose information due to less
possibilities and on the other hand not to get too much information if more steps
are allowed.

6.2.2 Analysis of the questionnaires

In this section the results of the experiments are presented. First we will analyze
the intended emotions happiness, anger, and sadness based on the ratings made
in the questionnaire with (fundamental) statistical methods. After that we will
illustrate some of the written and oral comments that were given during and after
the experiment.

To analyze the experimental data, we used two SPSS statistical methods: bar
plots and box plots. In this context the bar plot is used to display the arithmetic

33They developed a computer model that was to perform music in an expressive and emotional
way. Therewith they wanted to investigate and model expressive micro structure observed
in human performance of music.
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mean of the rating of the subjects34 for each category, which is shown in the
form of bars. A box plot is a graphical representation of dispersion and extreme
scores. The values are divided into four equal-sized parts called quartiles. The box
contains the two middle quartiles, that means 50% of the data (the interquartile
range). The size of the box is a measure of the dispersion of the data. The
black line inside each box marks the median, the value located in the middle
of all values. This indicates the skew of the data. The whiskers, the vertical
lines above and under the boxes, have a length of maximally 1.5 times of the
interquartile range and the end is always a data value. Values further apart
indicate outliers. They are marked with circles or stars. The number next to a
mark indicates the corresponding row in the data sheet.

In addition the arithmetic mean, the median, and the standard deviation were
calculated with SPSS. After the analysis of each intended emotions arithmetic
mean and median are shown in tabular form. Furthermore we produced line/point
plots on Microsoft Excel basis for those analysis with only a few subjects, to
recognize exactly the dispersion of the values (the lines between every single
value shall ease the mapping of the values to the subject).

Three subjects (first group) were excluded because they only rated on one scale
instead on all five.

Intended emotion happiness

To analyze how the movements of the intended emotion happiness were perceived,
we looked at the ratings regarding these movements. When taking into account
both groups (12 subjects) for the presentation without music it can be seen in
Figure 6.1–1 that the value for happy35 as well as for angry have a nearly similar
arithmetic mean and median36 in the middle of the scale (see Table 6.1) The box
plot shows a wider dispersion for happy than for angry. This means that the
middle 50% of all values are wider dispersed. The mean for expressive is higher
than the means for happy and angry. Moreover the dispersion of expressive is
very little. Due to the low medians for sad (the mean is higher, because some
subjects rated high in this scale, but most rated low – also expressed by a wide
dispersion) and neutral, it can be said that the subjects on average perceived the
movements neither sad nor neutral. In the following we will not take this kind of
‘not applicable’ result into account.

34That is, the answers (the ‘crosses’ in the questionnaire) are assigned to the integer values
from 1 to 7, whereby 1 represents not [emotion] and 7 very [emotion].

35‘Happy’ indicates here and in the following the category ‘happy’ used in the questionnaire.
‘Angry’, ‘sad’, ‘neutral’, and ‘expressive’ are used accordingly.

36In the following medians are only mentioned when they differ noticeable from the mean value
or characterize a skew of the distribution.
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The rating for the presentations with music (see Figure 6.1–2 and Table 6.1)
shows that happy obtained a very high mean. In comparison the mean for angry
is very low. Moreover the diversion is low. Expressive obtained a lower mean
than happy.

To analyze if the eight male subjects perceived different than the four female
subjects, we divided the values in the data set in male and female and analyzed
both separately. Due to the small number of participants we made no box plots
and bar plots but line plots to be better able to recognize the results. The ratings
of the male subjects (see Figure 6.2–1) show a significant difference between the
performance without and with music. Without music there are high values for
happy as well as for angry and expressive. The values for angry are slightly higher.
Here in some cases the movements were perceived as sad. The performance with
music shows very high values for happy, angry got lower values. In addition
expressive was rated relatively high, although with two lower ratings. The mean
values for the male participants are shown in Table 6.1.

The female participants’ ratings were indifferent in the presentation without mu-
sic (see Figure 6.2–2), because two of the four persons perceived the movements
as sad and the two others as happy. All four perceived the performance as expres-
sive. In the performance with music (see Figure 6.2–2(b)) happy was rated high
by the female subjects. Also it was perceived as expressive. The mean values for
the female subjects are not shown, because every participant can clearly be rec-
ognized in the line plot (moreover the ratings would be distorted by calculating
the mean values, see e.g. Figure 6.2–2(a) for the category happy).

Next we analyzed whether familiarity with research on emotions in music supports
the recognition of the movements. Ten of the participants were familiar with
research on music and emotion. Because these were most of the subjects, the
results (see Figures 6.3–1 and 6.3–2) are very similar to those achieved by all
participants (see Figures 6.1–1 and 6.1–2). The exact distributions of mean values
are shown in Table 6.1.

Both subjects not familiar with research on emotions in music perceived the
performance without music as sad (compare analysis for the female subjects),
but the performance with music as happy (see Figures 6.3–3(a) and 6.3–3(b)).
Both presentations were perceived as expressive. (Again due to the small size of
the group no mean or median are given in Table 6.1.)

When we analyze both groups separately, we can see for the first group that the
movements without music were perceived rather angry than happy (see Figure
6.4–1(a) and Table 6.1). Expressive received high ratings from all subjects. The
perception was rated clearly happy when presented with music (see Figure 6.4–
1(b)). The values for expressive are more spread and lower compared to the
performance without music.

The results of the second group show no clear direction in the presentation with-
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out music (see Figure 6.4–2 and Table 6.1). Happy, angry, and sad were perceived
incoherently, the mean value for happy is slightly higher than the other two, the
medians are all the same. Three subjects perceived the performance as sad and
not happy. The other three subjects perceived it as happy. Expressive obtained
the highest mean value. The performance with music was clearly perceived as
happy and expressive. The distribution is much more coherent compared to the
performance without music.

(a) box plot (b) bar plot

Fig. 6.1–1: [Happiness] Box plot (a) and bar plot (b) of the rating of all subjects
without music

(a) box plot (b) bar plot

Fig. 6.1–2: [Happiness] Box plot (a) and bar plot (b) of the rating of all subjects with
music
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(a) without music (b) with music

Fig. 6.2–1: [Happiness] Line plots of the rating of the male subjects ((a) without music;
(b) with music)

(a) without music (b) with music

Fig. 6.2–2: [Happiness] Line plots of the rating of the female subjects ((a) without
music; (b) with music)

42



6.2 Experiment in Stockholm, Sweden

(a) box plot (b) bar plot

Fig. 6.3–1: [Happiness] Box plot (a) and bar plot (b) of the rating of the familiar37

subjects without music

(a) box plot (b) bar plot

Fig. 6.3–2: [Happiness] Box plot (a) and bar plot (b) of the rating of the familiar
subjects with music

37Here and in the following figures ‘familiar’ resp. ‘unfamiliar’ is used as abbreviation of
‘familiar/unfamiliar with research on music and emotion’.
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(a) without music (b) with music

Fig. 6.3–3: [Happiness] Line plots of the rating of the unfamiliar subjects ((a) without
music); (b) with music)

(a) without music (b) with music

Fig. 6.4–1: [Happiness] Line plots of the rating of the subjects of the first group ((a)
without music; (b) with music))

(a) without music (b) with music

Fig. 6.4–2: [Happiness] Line plots of the rating of the subjects of the second group ((a)
without music; (b) with music))
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happy angry sad neutral expressive

x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃

all subjects
without music 4,42 5 4,67 5 3,08 1,5 1,58 1 5,42 5,5

with music 6,25 6 2,92 3,5 1,67 1 2,92 2 5 5,5

male
without music 4,38 5 5,63 5,5 2,75 1 1,38 1 5,25 5,5

with music 6,13 6 2,88 3,5 2 2 3 2,5 4,25 4,5

female
without music – – – – –

with music – – – – –

familiar
without music 4,9 5 4,8 5 2,5 1 1,6 1 5,4 5,5

with music 6,2 6 2,8 3,5 1,8 1,5 3,2 2,5 4,7 5

unfamiliar
without music – – – – –

with music – – – – –

first group
without music 4,5 5 5,67 5,5 2,33 1 1,5 1 5,5 5,5

with music 5,83 6 3,33 4 2,17 2 2,67 2,5 3,83 4

sec. group
without music 4,33 4 3,67 4 3,83 4 1,67 1,5 5,33 5,5

with music 6,67 7 2,5 2 1,17 1 3,17 2 6,17 6

Table 6.1: Mean (x̄) and median values (x̃) for happiness

Intended emotion anger

The analysis of the rating of all subjects for the robot performing the intended
emotion angry, shows similar high arithmetic mean values for angry and happy.
This occurred in the performance with music as well as without music (see Table
6.2 and Figures 6.5–1 and 6.5–2). For both performances the mean values for
angry are higher than for happy. The relatively distance between both values is
higher in the performance without music than in the performance with music. In
absolute numbers, the mean values for the performance without music are higher
than with music. In the presentation without music the middle 50% of the ratings
for angry are higher than for happy. The presentation with music shows a wider
dispersion of the ratings for angry than for happy, same as in the performance
with music. In both presentations expressive got the highest mean value. Both
dispersions of expressive are smaller than the dispersions of angry and happy.

Comparing the line plots for the male and for the female subjects the diagrams
for the female subjects are more steady (see Figures 6.6–1 and 6.6–2).

The analysis of the results of the male participants shows that the performance
without music obtained similar ratings on average for angry and happy (see Table
6.2), although the single values are widely spread. The performance with music
was perceived rather happy than angry, although there is again a high dispersion.
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The female participants observed the performance without music as slightly more
angry than happy. The performance with music shows significant higher ratings
for angry than for happy. Expressive was rated high by the female participants
whereas the ratings of the male subjects were more spread (especially in the
performance without music).

The analysis regarding familiarity with research on music and emotion shows
only slight differences in the performance without music to the results of all
participants. On average it was perceived as rather angry than happy (see Figure
6.7–1). The performance with music was perceived different. Happy received a
slightly higher mean value than angry (see Figure 6.7–2 and Table 6.2). In both
presentations the dispersion for angry is wider than for happy. The dispersion
for angry is wider in the performance with music than without music. Expressive
obtained high mean values, especially in the presentation without music.

The line plots of the ratings for the subjects unfamiliar with research on music
and emotion (see Figure 6.7–3) show that they perceived the performance without
music angry and happy at nearly the same level, whereas the performance with
music was observed as angry. Both presentations were perceived as expressive.

The first group rated the movements with and without music incoherent (see
Figure 6.8–1). The presentation without music shows a higher mean value for
angry than for happy (see Table 6.2), the values for happy as well as for angry
are spread over the scale. With music the mean for happy is higher than for
angry. Both performances were seen as expressive, the performance with music
got a higher mean value.

The second group shows a different result (see Figure 6.8–2 and Table 6.2): with-
out music angry, happy and expressive received high ratings. In the performance
with music angry got a higher rating than happy. Three subjects rated low on
the happy scale, but very high on the angry scale. Expressive obtained the high-
est rating. Comparing the line plots the presentation without music seems to be
more coherent than the presentation with music.
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(a) box plot (b) bar plot

Fig. 6.5–1: [Anger] Box plot (a) and bar plot (b) of the rating of all subjects without
music

(a) box plot (b) bar plot

Fig. 6.5–2: [Anger] Box plot (a) and bar plot (b) of the rating of all subjects with
music
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(a) without music (b) with music

Fig. 6.6–1: [Anger] Line plots of the rating of the male subjects ((a) without music;
(b) with music)

(a) without music (b) with music

Fig. 6.6–2: [Anger] Line plots of the rating of the female subjects ((a) without music;
(b) with music)
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(a) box plot (b) bar plot

Fig. 6.7–1: [Anger] Box plot (a) and bar plot (b) of the rating of the familiar subjects
without music

(a) box plot (b) bar plot

Fig. 6.7–2: [Anger] Box plot (a) and bar plot (b) of the rating of the familiar subjects
with music
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(a) without music (b) with music

Fig. 6.7–3: [Anger] Line plots of the rating of the unfamiliar subjects ((a) without
music); (b) with music)

(a) without music (b) with music

Fig. 6.8–1: [Anger] Line plots of the rating of the subjects of the first group ((a)
without music; (b) with music))

(a) without music (b) with music

Fig. 6.8–2: [Anger] Line plots of the rating of the subjects of the second group ((a)
without music; (b) with music))
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happy angry sad neutral expressive

x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃

all subjects
without music 5,25 5,5 5,83 6 2 2 1,83 1 6,25 7

with music 4,58 5 4,75 5,5 1,92 1,5 2,5 2,5 5,17 5,5

male
without music 5,25 5,5 5,63 6,5 2,38 2 2,13 1 5,88 6

with music 5 5 3,75 4 2 1,5 3,13 3 4,38 5

female
without music – – – – –

with music – – – – –

familiar
without music 5,3 5,5 5,8 6,5 2,1 2 2 1 6,1 6,5

with music 4,9 5 4,3 5 1,9 1,5 2,8 2,5 4,9 5

unfamiliar
without music – – – – –

with music – – – – –

first group
without music 4,83 4,5 5,33 5,5 2,5 2 2,5 2 5,5 6

with music 4,83 5 4 4 1,83 1,5 3,33 3 4,17 5

sec. group
without music 5,67 6 6,33 6 1,5 1,5 1,17 1 7 7

with music 4,33 4 5,5 6,5 2 1,5 1,67 1 6,17 6,5

Table 6.2: Mean (x̄) and median values (x̃) for anger

Intended emotion sadness

The movements which should express sadness were perceived as sad by the sub-
jects. In the presentation without music as well as in the presentation with music
the ratings for sad obtained the highest arithmetic mean values (see Figures 6.9–1
and 6.9–2 and Table 6.3). Dispersion for sad is low. In comparison to the per-
formances that show happy and angry movements the rating for neutral is high.
The presentation without music shows a higher mean value for neutral than for
expressive, angry, and happy. The presentation with music shows equal mean
values for neutral and expressive, whereas the median for expressive is higher
than for neutral. Especially in the presentation with music the dispersion for
expressive and neutral is high. In the performance without music angry obtained
a higher arithmetic mean value than happy, both are in the lower segment of
the scale. However, in the performance with music, happy obtained a higher
arithmetic mean than angry, both are in the lower segment of the scale, too.

When we separate the ratings of the male and the female participants, we can
see, that the dispersion for sad, happy, and angry is very similar to those for
all participants (see Figures 6.10–1 and 6.10–2 and Table 6.3). Sad obtained
the highest mean value in both performances. Among the male participants one
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perceived the performance without music on the happy scale as relatively high,
two participants did this for the performance with music, the others rated low.
The dispersion of the ratings of the male subjects is wide for angry without
music, not so with music. The female participants rated low for happy without
exception. Two of the female subjects perceived the performance without music
in the middle on the angry scale, the two others rated low. The performance with
music was perceived in the middle on the angry scale by one female subject, the
others rated low. For both performances with music and without music the male
subjects rated expressive slightly higher than neutral, while this was vice versa
in the female group.

Analyzing the results of the participants with and without familiarity with re-
search on music and emotion no deviations to the above mentioned results are
obtained (see Figure 6.11–1 to 6.11–3 and Table 6.3).

Both groups (see Figures 6.12–1 and 6.12–2 and Table 6.3) rated sad high. Rat-
ings of the first group show slightly higher values for angry than for happy in
the performance without music, with music it is vice versa. Dispersions are wide
for neutral and expressive for both presentations. The result of the second group
shows a distinctive outlier (see Figure 6.12–2: second group/‘big grey rhombus’),
rating high on the happy scale in the presentations both with and without music.
The second group rated both performances higher on the neutral scale than the
first group.
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(a) box plot (b) bar plot

Fig. 6.9–1: [Sadness] Box plot (a) and bar plot (b) of the rating of all subjects without
music

(a) box plot (b) bar plot

Fig. 6.9–2: [Sadness] Box plot (a) and bar plot (b) of the rating of all subjects with
music
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(a) without music (b) with music

Fig. 6.10–1: [Sadness] Line plots of the rating of the male subjects ((a) without music;
(b) with music)

(a) without music (b) with music

Fig. 6.10–2: [Sadness] Line plots of the rating of the female subjects ((a) without
music; (b) with music)
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(a) box plot (b) bar plot

Fig. 6.11–1: [Sadness] Box plot (a) and bar plot (b) of the rating of the familiar sub-
jects without music

(a) box plot (b) bar plot

Fig. 6.11–2: [Sadness] Box plot (a) and bar plot (b) of the rating of the familiar sub-
jects with music
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(a) without music (b) with music

Fig. 6.11–3: [Sadness] Line plots of the rating of the unfamiliar subjects ((a) without
music); (b) with music)

(a) without music (b) with music

Fig. 6.12–1: [Sadness] Line plots of the rating of the subjects of the first group ((a)
without music; (b) with music))

(a) without music (b) with music

Fig. 6.12–2: [Sadness] Line plots of the rating of the subjects of the second group ((a)
without music; (b) with music))
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happy angry sad neutral expressive

x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃

all subjects
without music 1,58 1 2,5 2,5 6,33 7 3,92 4,5 3,5 3

with music 2 1,5 1,58 1 6 6 4,08 3,5 4,08 5

male
without music 1,75 1 2,63 2,5 6,13 6,5 3,5 4 4 3,5

with music 2,38 2 1,5 1 6 6 3,38 3 4,75 5,5

female
without music – – – – –

with music – – – – –

familiar
without music 1,7 1 2,3 1,5 6,2 6,5 3,9 4,5 3,7 3

with music 2,2 2 1,7 1 5,9 6 4 3,5 4,5 5

unfamiliar
without music – – – – –

with music – – – – –

first group
without music 1,33 1 2 1,5 6,17 6,5 3,17 3 4,33 4

with music 2,67 2 2,33 1,5 5 6 2,67 2 4,17 5

sec. group
without music 1,83 1 3 3,5 6,5 7 4,67 5 2,67 2,5

with music 2,17 1,5 1,67 1 6,17 6,5 5 5,5 3,83 3,5

Table 6.3: Mean (x̄) and median values (x̃) for sadness

Comments

Further results of the experiment were drawn out of the oral discussion after
the experiment and out of the comments written on the questionnaire. The
subjects of the first group mentioned that they perceived the robot as more or
less aggressive during the presentation of all three emotions. As reasons for their
perception they mentioned the design of the arms that looked like claws and
the noise of the motors. They suggested a presentation through a window or
with video. But something would be missing in the presentation if the motor
sound was removed, because one expect that the robot (or to be more precise,
the motors) makes noise.

Ten subjects reported in the questionnaire that they had difficulties to distinguish
between happy and angry. In their opinion the arms did not match the wheels’
movements and confused more than helped. Some also thought that the music
did not fit to the movements.

Concerning the intended emotion sad, five comments were made in the direction
of ‘low batteries’, ‘really slow movements’, ‘not very expressive’, or ‘boring’.

Three subjects of the second group wrote that they would perceive the movements
for the intended emotion sad as sad and slow, but were confused or surprised by
the small, fast (choppy) movements of the robot.
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In the discussion it was suggested to include tenderness as a fourth emotion to
complete the circumplex model of emotions (see Figure 3.2). In the beginning of
the project we thought about implementing tenderness or fear. In order not to
overload the project both emotions were not included.

6.3 Experiment in Köln, Germany

The second experiment was conducted in Köln. Some changes to M[E]X were
made taking into account the comments (written and oral) made by subjects in
the Stockholm experiment. These changes are described in detail in the following
section.

6.3.1 Changes of the robot’s shape

Since the subjects in the first experiment perceived the arms as angry and ag-
gressive, we made some changes to the arms. We redesigned the arms to see in
what amount their design influences perception. A design was developed that
could be perceived as neutral or at least not aggressive. We removed the two
claw-like pieces, the long grey one and small orange one and replaced them by a
long, bent bar piece, which looked much less aggressive, but maybe also boring.
Old and new versions of the arms can be seen in Figure 6.13.

Fig. 6.13: (a) First design of the arms; (b) Second design of the arms of M[E]X

Since sound sensor and light sensor were not used, we removed them from the
robot. This gave M[E]X a lighter look. The touch sensor was left at its place,
because it was attached to the ultrasonic sensor construction which yields a rela-
tively complex construction together. Probably, the removal of the touch sensor
would have changed the perception of the robot too much compared to the first
one. The second version of M[E]X is displayed in Figure 6.14.
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Fig. 6.14: Second version of M[E]X
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6.3.2 Method

Stimuli

The stimuli were the same as in the Stockholm experiment, except of two minor
changes regarding to the programming of the angry and sad program in order
to see if they would affect the perception. These changes pertain to the speed
of the movements in the sad program to avoid the small, jerky movements the
subjects remarked in the experiment in Stockholm. The arm movement in the
angry program was also changed to hit the floor more intensively/louder. The
same music was used.

Subjects

36 subjects participated in this experiment, 19 male and 16 female (one subject
did not submit that information). The subjects were members of an introduc-
tory course in Systematic Musicology at the University of Köln, Germany, so they
mostly were in their first year of studies and quite inexperienced concerning emo-
tion in music and cognitive science of music. Ten of them had knowledge about
research in emotion and music, three subjects did not submit that information.

Procedure

The procedure was in principle the same as in the Stockholm experiment, except
the problems described in the following Chapter 6.3.3. The same questionnaires
were used. In addition the subjects got a short explanation in german (see Ap-
pendix C). The participants again were divided by chance in two groups. The
first group consists of 19 persons, the second group of 17.

6.3.3 Problems while running the experiment

Some problems occurred while running the experiment in Köln due to the different
environment. The floor was less slippery than the one in Stockholm, so the robot
could not drive that smooth, especially the narrow circles of the happy program.
This yielded movements that did not look like circles, but rather jerky and choppy.
The other two programs were less affected by the floor, since the angry program
was more jerky and irregular and the speed of the sad program was too slow.

Another problem was the command line application of the computer that was
used in this experiment: the sleep-command was unknown. This resulted in
a half-manual control, since the batch file had to be divided into smaller parts.
Every three emotions had to be started and stopped in two steps, which changed
the timing structure.
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6.3.4 Analysis of the questionnaires

As in the above described experiment in Stockholm (see Chapter 6.2.2) we again
transformed the given values to box plots and bar plots. Furthermore we cal-
culated arithmetic mean values and standard deviations. We did not draw line
plots, because there were enough subjects for bar and box plots.

Intended emotion happiness

Again we start with analyses of the intended emotion happy. When taking into
account all the 36 subjects for the performance without music we see that angry
in comparison to happy has a slightly higher arithmetic mean value (see Figure
6.15–1 and Table 6.4). Both values are in the middle of the scale. Looking at the
box plot it can be recognized that the dispersion for angry as well as for happy is
rather wide, the single values are far away from each other. Expressive obtained
the highest arithmetic mean. The dispersion is also lesser than for happy and
angry.

The perception changes significantly when music is added (see Figure 6.15–2 and
Table 6.4). Happy obtained a distinct higher mean value than angry. The mean
value for angry is slightly higher with music than without music. The dispersion
for happy and angry is lower with music than without music. The middle 50%
of the values for happy are significantly higher than the corresponding value for
angry. The mean value for expressive is a bit lower than for happy.

Then we separated the ratings of the 19 male and 16 female subjects. In the
presentation without music the male participants show a higher mean value for
angry than for happy (see Figure 6.16–1 and Table 6.4). The dispersion is high
for happy as well as for angry. Expressive received the highest mean value. In
the presentation with music the mean value for happy is higher than for angry
(see Figure 6.16–2). The dispersions of happy and angry are smaller and both
middle quartiles are wider apart as for the presentation without music. Expressive
obtained a similar high arithmetic mean value as happy.

In the presentation without music the female participants show a slightly higher
mean value for happy than for angry. Dispersions are very wide. The mean
value for expressive is highest (see Figure 6.16–3 and Table 6.4). The mean value
for expressive is higher compared to the corresponding value in the figure for the
male subjects. In the presentation with music the mean value for happy is clearly
higher than for angry (see Figure 6.16–4). The mean value for happy is higher
compared to the figure for male subjects. Both middle quartiles are very wide
apart. The mean value of expressive rated by the female subjects is a bit lower
as for happy, the medians are equal. It is higher than the mean value of the male
subjects.
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The analysis of those ten subjects being familiar with research in music and
emotions shows on average higher ratings for happy than for angry both for the
performance with and without music (see Figures 6.17–1 and 6.17–2 and Table
6.4). In addition the arithmetic mean for expressive is high. Dispersions for
happy and angry are wider in the presentation without music than with music.

The analysis of those subjects being not familiar with research in music and
emotions shows for the performance without music a slightly higher mean value
for angry than for happy, expressive even higher (see Figure 6.17–3 and Table
6.4). The dispersion for happy as well as for angry is very wide, but less wide for
expressive. The performance with music shows a significant higher mean value
for happy than for angry (see Figure 6.17–4). The dispersions are low and the
middle quartiles are clearly separated. The mean value for expressive is nearly
the same as for happy.

Separating the two groups, we see a higher mean value for angry than for happy
for the first group in the performance without music (see Figure 6.18–1 and Table
6.4) Happy has a wide dispersion. In the performance with music the mean value
for happy is clearly higher than for angry. Dispersions are lower than without
music.

In the second group the arithmetic mean value for happy is higher than for
angry in the performance with music as well as without music (see Figures 6.18–
3 and 6.18–4 and Table 6.4). Dispersions are less wide in the performance with
music than without, the middle quartiles are clearly apart for the performance
with music. Both performances receive higher mean values for expressive than
compared to the results of the first group.
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(a) box plot (b) bar plot

Fig. 6.15–1: [Happiness] Box plot (a) and bar plot (b) of the rating of all subjects
without music

(a) box plot (b) bar plot

Fig. 6.15–2: [Happiness] Box plot (a) and bar plot (b) of the rating of all subjects with
music
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(a) box plot (b) bar plot

Fig. 6.16–1: [Happiness] Box plot (a) and bar plot (b) of the rating of the male subjects
without music

(a) box plot (b) bar plot

Fig. 6.16–2: [Happiness] Box plot (a) and bar plot (b) of the rating of the male subjects
with music
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(a) box plot (b) bar plot

Fig. 6.16–3: [Happiness] Box plot (a) and bar plot (b) of the rating of the female
subjects without music

(a) box plot (b) bar plot

Fig. 6.16–4: [Happiness] Box plot (a) and bar plot (b) of the rating of the female
subjects with music
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(a) box plot (b) bar plot

Fig. 6.17–1: [Happiness] Box plot (a) and bar plot (b) of the rating of the familiar
subjects without music

(a) box plot (b) bar plot

Fig. 6.17–2: [Happiness] Box plot (a) and bar plot (b) of the rating of the familiar
subjects with music
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(a) box plot (b) bar plot

Fig. 6.17–3: [Happiness] Box plot (a) and bar plot (b) of the rating of the unfamiliar
subjects without music

(a) box plot (b) bar plot

Fig. 6.17–4: [Happiness] Box plot (a) and bar plot (b) of the rating of the unfamiliar
subjects with music
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(a) box plot (b) bar plot

Fig. 6.18–1: [Happiness] Box plot (a) and bar plot (b) of the rating of the subjects of
the first group without music

(a) box plot (b) bar plot

Fig. 6.18–2: [Happiness] Box plot (a) and bar plot (b) of the rating of the subjects of
the first group with music
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(a) box plot (b) bar plot

Fig. 6.18–3: [Happiness] Box plot (a) and bar plot (b) of the rating of the subjects of
the second group without music

(a) box plot (b) bar plot

Fig. 6.18–4: [Happiness] Box plot (a) and bar plot (b) of the rating of the subjects of
the second group with music
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happy angry sad neutral expressive

x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃

all subjects
without music 4 4,5 4,22 5 2,36 2 1,89 1 5,06 5,5

with music 5 6 2,25 2 1,58 1 2,14 2 4,78 5

male
without music 3,74 4 4,26 5 2,32 2 2,26 2 4,58 4

with music 4,53 5 2,53 2 1,84 1 2,32 2 4,53 5

female
without music 4,5 5 4 4 2,31 1,5 1,5 1 5,5 6

with music 5,81 6 2 2 1,31 1 2 2 5,31 6

familiar
without music 4,6 5 3,2 3 1,9 1,5 1,9 2 4,6 4,5

with music 4,8 6 3,1 3 1,9 1 2,1 2,5 4,9 5

unfamiliar
without music 3,91 4 4,35 5 2,39 2 2 1 5,26 6

with music 5,22 6 1,96 2 1,43 1 2,3 2 5,04 6

first group
without music 2,95 2 5,11 6 2,74 3 1,89 1 4,42 4

with music 5,16 6 2,32 2 1,53 1 1,79 1 4,68 5

sec. group
without music 5,18 5 3,24 3 1,94 1 1,88 1 5,76 7

with music 4,82 5 2,18 2 1,65 1 2,53 3 4,88 5

Table 6.4: Mean (x̄) and median values (x̃) for happiness

Intended emotion anger

The evaluation of the results for those presentations expressing the intended
emotion anger show quite different values if done with music or without music
(see Figures 6.19–1 and 6.19–2 and Table 6.5). The presentation without music
got a high arithmetic mean value for angry, whereas the value for expressive is
higher. The mean value for happy is low. Dispersions for angry and happy are
wide. There is an incline distribution: the median for happy is rather low and
the median for angry is rather high.

However, in the presentations with music the mean values for happy and expres-
sive are similar high, both higher than for angry. The mean values for happy and
expressive are in the middle of the scale. Dispersion is a bit lesser than without
music. Again the distribution is incline for happy, angry, and expressive. The
median for angry lies at the lower end of the middle 50%.

The results for the male subjects (see Figures 6.20–1 and 6.20–2 and Table 6.5)
are quite similar to those figures for all participants described above. In the
presentation without music the mean value for expressive is highest, followed by
angry and happy. Dispersions for angry and happy are wide. In the presentation
with music the mean value for happy is quite similar to expressive and higher
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than for angry. Especially in the performances without music the dispersions are
very wide.

Regarding the female participants the distribution is similar to the figures for the
male subjects, the differences between the mean values for angry and for happy
are a bit more extreme (see Figures 6.20–3 and 6.20–4 and Table 6.5). Again the
dispersions for happy and expressive are high in both performances, angry shows
a small dispersion in the presentation with music. There are three outliers in the
upper part of the scale, whereas both middle quartiles are in the lower part of
the scale.

In the performance without music, the analysis of the subjects familiar with
research in music and emotion shows that angry and expressive received the
highest mean values, happy got nearly the same low ratings as sad and neutral
(see Figure 6.21–1 and Table 6.5). Dispersions for angry and expressive are small
and the middle 50% are in the upper part of the scale. Dispersions for happy,
angry, and neutral are wide, both middle quartiles are in the lower part of the
scale. The presentation with music shows similar mean values for happy and
angry (see Figure 6.21–2). The mean value for expressive is a bit higher.

For the subjects unfamiliar with research in music and emotion (see Figure 6.21-3
and Table 6.5) the arithmetic mean value for angry is higher than for happy in
the performance without music. The mean value for expressive is highest. The
mean value for angry is lower than for the familiar participants. Dispersions for
angry, happy and expressive are wide. In the performance with music the mean
value for happy is similar to expressive (see Figure 6.21-4). They are higher than
the mean value for angry. Again the dispersions are very wide.

Looking at the first group (see Figure 6.21–3 and Table 6.5) the mean values for
angry and happy are quite similar in the presentation without music. Expressive
obtained the highest value. In contrast to the presentation with music (see Figure
6.21–4) happy obtained the highest mean value, followed by expressive and angry.
Similar low mean values like for angry occur for neutral and sad.

The second group rated the performance without music (see Figure 6.22–1 and
Table 6.5) very high for angry and expressive. Happy got a little lower mean
value than sad. The box plot shows a number of outliers, the dispersions are
very small in all emotional categories except for sad. In the performance with
music (see Figure 6.22–4 and Table 6.5) angry and happy obtained nearly similar
arithmetic mean values und the same wide dispersion. Expressive received the
highest mean value. Dispersion of expressive is small.
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(a) box plot (b) bar plot

Fig. 6.19–1: [Anger] Box plot (a) and bar plot (b) of the rating of all subjects without
music

(a) box plot (b) bar plot

Fig. 6.19–2: [Anger] Box plot (a) and bar plot (b) of the rating of all subjects with
music
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(a) box plot (b) bar plot

Fig. 6.20–1: [Anger] Box plot (a) and bar plot (b) of the rating of the male subjects
without music

(a) box plot (b) bar plot

Fig. 6.20–2: [Anger] Box plot (a) and bar plot (b) of the rating of the male subjects
with music
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(a) box plot (b) bar plot

Fig. 6.20–3: [Anger] Box plot (a) and bar plot (b) of the rating of the female subjects
without music

(a) box plot (b) bar plot

Fig. 6.20–4: [Anger] Box plot (a) and bar plot (b) of the rating of the female subjects
with music
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(a) box plot (b) bar plot

Fig. 6.21–1: [Anger] Box plot (a) and bar plot (b) of the rating of the familiar subjects
without music

(a) box plot (b) bar plot

Fig. 6.21–2: [Anger] Box plot (a) and bar plot (b) of the rating of the familiar subjects
with music
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(a) box plot (b) bar plot

Fig. 6.21–3: [Anger] Box plot (a) and bar plot (b) of the rating of the unfamiliar
subjects without music

(a) box plot (b) bar plot

Fig. 6.21–4: [Anger] Box plot (a) and bar plot (b) of the rating of the unfamiliar
subjects with music
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(a) box plot (b) bar plot

Fig. 6.22–1: [Anger] Box plot (a) and bar plot (b) of the rating of the subjects of the
first group without music

(a) box plot (b) bar plot

Fig. 6.22–2: [Anger] Box plot (a) and bar plot (b) of the rating of the subjects of the
first group with music

77



6 Experiments

(a) box plot (b) bar plot

Fig. 6.22–3: [Anger] Box plot (a) and bar plot (b) of the rating of the subjects of the
second group without music

(a) box plot (b) bar plot

Fig. 6.22–4: [Anger] Box plot (a) and bar plot (b) of the rating of the subjects of the
second group with music

78



6.3 Experiment in Köln, Germany

happy angry sad neutral expressive

x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃

all subjects
without music 3,06 2 4,83 6 2,28 1 2,08 1 5,42 6

with music 4,28 5 3,33 2 2,17 2 2,42 2 4,42 5

male
without music 3,47 4 4,42 5 2,05 2 2,21 1 5,21 6

with music 4,42 5 3,58 4 2,32 2 3,05 3 4,37 5

female
without music 2,63 2 5,19 6 2,44 1 2 1,5 5,56 6

with music 4,31 5 2,81 2 1,88 1,5 1,75 1 4,69 6

familiar
without music 2,7 1,5 5,3 6 2,5 2 2,4 2 5,9 6

with music 4,1 4 3,9 4 1,8 1,5 2,4 2 4,6 5

unfamiliar
without music 3,17 4 4,65 5 2,13 1 2,09 1 5,35 6

with music 4,3 5 3,13 2 2,35 2 2,57 1 4,43 5

first group
without music 3,89 4 3,79 4 2,11 1 2,21 1 4,79 6

with music 4,58 5 2,74 2 2,16 2 2,63 2 3,79 3

sec. group
without music 2,12 1 6 7 2,47 2 1,94 1 6,12 7

with music 3,94 4 4 4 2,18 2 2,18 2 5,12 6

Table 6.5: Mean (x̄) and median values (x̃) for anger

Intended emotion sadness

The performances showing the intended emotion sadness were perceived as sad
by the participants. In the performance without music as well as with music (see
Figures 6.23–1 and 6.23–2 and Table 6.6) sad obtained the highest arithmetic
mean value. The mean value for sad is higher in the performance with music
than without music. In terms of mean values neutral was rated second highest
in the performance without music as well as expressive in the performance with
music. Dispersion for neutral is wide. Several outliers are shown in the box plots
for happy, angry, and sad.

A very similar distribution is given if we look at the results of the male partici-
pants (see Figures 6.24–1 and 6.24–2 and Table 6.6). For the female participants
we see the same tendency, although the mean values for sad and neutral in the
performance without music are closer together (see Figure 6.24–3). In the per-
formance with music the mean value for sad is very high, the mean values for
neutral and expressive are wide apart (see Figure 6.24–4).

The analysis for the subjects familiar with research in music and emotion shows
very high mean values for sad, either with and without music (see Figure 6.25–1
to 6.25–4 and Table 6.6). In the performance without music the mean value for
neutral is higher than for expressive. In the performance with music it is vice
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versa.

Also the subjects unfamiliar with research in music and emotion rated high in
the scale for sad, although the absolute value is lower. Neutral received a higher
rating than by the familiar subjects.

If we look at the first group only (see Figures 6.26–1 and 6.26–2 and Table 6.6)
we can state that the movements were perceived as sad with music and without
music. In contrast to the above described evaluations neutral and expressive
obtained similar high mean values in both performances.

The evaluation of the second group shows that neutral received a higher mean
value than sad for the performance without music (see Figure 6.26–3 and Table
6.6). Dispersion of values for sad is very high. In the performance with music sad
received the highest mean value, followed by expressive and neutral (see Figure
6.26–4). Dispersion for sad is very low.
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(a) box plot (b) bar plot

Fig. 6.23–1: [Sadness] Box plot (a) and bar plot (b) of the rating of all subjects without
music

(a) box plot (b) bar plot

Fig. 6.23–2: [Sadness] Box plot (a) and bar plot (b) of the rating of all subjects with
music
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(a) box plot (b) bar plot

Fig. 6.24–1: [Sadness] Box plot (a) and bar plot (b) of the rating of the male subjects
without music

(a) box plot (b) bar plot

Fig. 6.24–2: [Sadness] Box plot (a) and bar plot (b) of the rating of the male subjects
with music
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(a) box plot (b) bar plot

Fig. 6.24–3: [Sadness] Box plot (a) and bar plot (b) of the rating of the female subjects
without music

(a) box plot (b) bar plot

Fig. 6.24–4: [Sadness] Box plot (a) and bar plot (b) of the rating of the female subjects
with music
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(a) box plot (b) bar plot

Fig. 6.25–1: [Sadness] Box plot (a) and bar plot (b) of the rating of the familiar sub-
jects without music

(a) box plot (b) bar plot

Fig. 6.25–2: [Sadness] Box plot (a) and bar plot (b) of the rating of the familiar sub-
jects with music
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(a) box plot (b) bar plot

Fig. 6.25–3: [Sadness] Box plot (a) and bar plot (b) of the rating of the unfamiliar
subjects without music

(a) box plot (b) bar plot

Fig. 6.25–4: [Sadness] Box plot (a) and bar plot (b) of the rating of the unfamiliar
subjects with music
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(a) box plot (b) bar plot

Fig. 6.26–1: [Sadness] Box plot (a) and bar plot (b) of the rating of the subjects of
the first group without music

(a) box plot (b) bar plot

Fig. 6.26–2: [Sadness] Box plot (a) and bar plot (b) of the rating of the subjects of
the first group with music
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(a) box plot (b) bar plot

Fig. 6.26–3: [Sadness] Box plot (a) and bar plot (b) of the rating of the subjects of
the second group without music

(a) box plot (b) bar plot

Fig. 6.26–4: [Sadness] Box plot (a) and bar plot (b) of the rating of the subjects of
the second group with music
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happy angry sad neutral expressive

x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃ x̄ x̃

all subjects
without music 1,39 1 2,14 2 5,11 6 4,11 4 2,81 2

with music 1,31 1 1,56 1 5,81 6 2,72 2 3,53 3

male
without music 1,32 1 2,16 2 5,11 6 3,89 3 3,05 3

with music 1,47 1 1,79 1 5,63 6 2,84 2 3,42 3

female
without music 1,5 1 1,81 2 5 6 4,5 4 2,63 2

with music 1,13 1 1,31 1 6,13 7 2,69 2 3,81 3,5

familiar
without music 1,2 1 2,1 2 6 6 3,5 3 2,9 3

with music 1,4 1 1,5 1,5 5,9 6 2,5 2 3,7 3

unfamiliar
without music 1,52 1 1,78 2 4,74 6 4,39 4 2,96 2

with music 1,3 1 1,39 1 5,74 7 3,04 2 3,52 3

first group
without music 1,26 1 2,21 2 5,89 6 3,21 3 3,11 2

with music 1,32 1 1,89 1 5,47 6 2,84 2 2,84 2

sec. group
without music 1,53 1 2,06 2 4,24 5 5,12 6 2,47 2

with music 1,29 1 1,53 1 6 7 2,53 2 4,24 5

Table 6.6: Mean (x̄) and median values (x̃) for sadness

Comments

Unfortunately the subjects were a little bit reluctant in writing comments and
the time for discussion was short.

Five subjects could not see any correlation between the robot and the music,
although five other subjects thought that both fit. Four subjects differentiated:
the first emotion (in one case anger, in the other three happiness) had no correla-
tion, but the second (sadness) or third (in one case happiness, in the other three
anger) correlated. Six subjects mentioned that the music changed the perception
very much; it was even regarded impossible by one participant to perceive the
movements as before. Another claim was that the robot behaved more extreme
than the music sounded.

The arms were perceived as feelers, so the perception of them changed to less
aggressive compared with the experiment in Stockholm.

Comments were also made on the sounds of the motors. Two perceived them as
aggressive while one found them happy, in cooperation with the arm movements.
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After the analysis of the statistical data of our experiments given in Chapters
6.2.2 and 6.3.4, in this chapter we will summarize the results and interpret how
the intended emotions were perceived by the participants.

From an objective point of view our robot has no task which can be judged
by objective criteria, e.g. run through a course of obstacles, but it shall cause
an individual and subjective perception, perhaps cultural influenced. Based on
the data we can state whether our intention was recognized respectively if other
persons perceive the robot in such a way as it was intended by the programming.
This does not mean that our programming is the only possible and meaningful
solution. Possibly the evaluation of the data shows tendencies, but is no basis
for general rules. Due to the small number of participants and their selections
we avoid any remarks about the significance of our statements.

Questionnaires and interviews, referring to Dautenhahn & Werry ([18], 1134), are
popular in the robotic research, e.g. to investigate how clearly one can perceive
the emotional expression of a robot. Nevertheless we would like to mention one
of the problems of our exploratory study, which conclusions can be drawn, if
any. Because there are only very few experimental research and methodology
on emotional musical robotic available at the moment, suitable methods have
to be developed and tested. That is why we have developed a questionnaire,
which was used in similar form for other experiments about perceiving emotions
combined with music (see Chapter 6.2.1 and Dahl [13], 58f). Our results can
be seen as stimulation for future experiments and research, on the one hand to
outline tendencies regarding perception of robots and on the other hand to give
hints to methodological problems in this field of research.

7.1 Intended emotion happiness

If we compare the results of both experiments concerning the intended emotion
happiness (see Figure 6.1 to 6.4 and Figure 6.15 to 6.18), we can conclude that
both experiments yield similar results. The bar plots look very similar.

The presentation without music in both experiments was rated as both happy
and angry at the same time. So the intended emotion was not recognized, but the
movements on the other hand were not linked clearly to one of the other emotional
categories. Dispersions are wide, that means the ratings were spread widely
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over the scale. Expressive got a high rating and a small dispersion. Perhaps
the participants choose expressive, because they could not decide for happy or
for angry or were not able to exclude one of them, but at the time found the
movements expressive. As intended, expressive and neutral were not thought
as excluding categories to happy, angry, and sad, but more as overlapping and
superior categories.

The presentation with music was recognized very clearly as happy, the intended
emotion could be identified successfully. It seems that music can help to perceive
the intended emotion. But it could also be that repeating the movements and/or
the possibility to compare it with the other performances led to a better percep-
tion. To what extent the participants took the music into consideration cannot
be analyzed.

The male participants in the Stockholm as well as in the Köln experiment rated
the performances without music rather angry than happy. Wide dispersions hint
to very different ratings, the subjects did not recognize the intended emotion or
not coherent. In contrast the performance with music was perceived as happy, in
Köln moreover with smaller dispersions for happy and for angry. Music seems to
help the subjects to find out the intended emotion.

The female participants of both experiments recognized the performances without
and with music as happy (except the two subjects from the Stockholm experi-
ment, who perceived the performance without music as sad), although in the
Köln experiment the difference in the mean values for happy and angry were
rather small in the performance without music. In addition the dispersions are
wide, therefore the perception of the intended emotion was not coherent in the
performances without music. Since in general the perception of the intended
emotion was better as the equivalent for the male participants, our results can
strengthen the often heard thesis that female subjects recognize emotions better
than male subjects (see Hall [26, 27] and Resnicow et al. [48]).

Participants familiar with research on music and emotion of the Stockholm exper-
iment obtained similar high ratings for happy and for angry in the performance
without music, in contrast in Köln happy got a higher mean value than angry.
In the Stockholm experiment familiarity seems not to help recognition, but in
Köln it helps. The performance with music got higher ratings for happy than
for angry at both places, Stockholm and Köln, whereas the absolute figure of the
mean value was higher in Stockholm. It seems music guides the perception of the
movements in the direction of happy, although familiarity is of limited help only.

Participants not familiar with research on music and emotion are hard to compare,
because in Stockholm there were only two subjects involved, which perceived the
performance without music as sad and the performance with music as happy. In
Köln the participants could not recognize the intended emotion in the perfor-
mance without music: angry got a slightly higher mean value than happy. In
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contrast the performance with music was perceived as happy. Also here it seems
that music supports the perception – nearly all participants stated to have musi-
cal experience, so most probably they could connect emotions and music because
of practical knowledge, without scientific background.

Subjects of the first groups in Stockholm as well as in Köln perceived the presen-
tation without music rather angry than happy. Also expressive got high values.
The experiment started with that presentation for these groups, so the subjects
had no possibilities to compare the movements. Maybe that is why they could
not refer the movements to happy or angry, and so chose expressive. Without
the possibility to compare one can understand that expressive got high values,
because the robot is very active and moves fast. In both experiments the pre-
sentation with music was clearly perceived as happy. Now the subjects could
compare, they had seen all performances at least once. Moreover the music could
have helped because the subjects had already seen the performances with music
for angry and for sad, so they could compare the music as well. Especially in
the Stockholm experiment expressive obtained a lower mean value than happy
in the performance with music. The reason could be that it was easier for the
participants to decide for a ‘concrete’ emotion at this stage.

Subjects of the second group in both experiments perceived the performance
without music as happy and expressive (except the three subjects in Stockholm,
who perceived it as sad). The second groups had already seen the performances
for sad and angry, so they could compare and had a better position to recog-
nize the intended emotion. As the mean value in Köln was even higher than in
Stockholm, one could guess that the unfavorable performance had no influence on
the perception of the intended emotion. The performance with music could also
communicate the intended emotion happiness in both experiments. Moreover it
was less described as angry than without music, so one can conclude, that the
selected music could communicate the happy intention very well – although that
performance was the first with music, so there was no possibility to compare. The
three subjects from Stockholm, who perceived the performance without music as
sad, perceived the performance with music as happy likewise, so music seems
again to help communicating the intended emotion.

7.2 Intended emotion anger

If we compare the results of both experiments concerning the intended emotion
anger (see Figure 6.5 to 6.8 and Figure 6.19 to 6.22), we can see slight differences.
In Stockholm happy and angry obtained similar arithmetic mean values for both
performances, expressive was a bit higher. In Köln for the performance without
music angry got a higher mean value, whereas for the performance with music
happy was rated a bit higher than angry. It seems that the angry movements
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were slightly better but not successful perceived without music. The high rating
for expressive, together with wide dispersions for angry and happy could mean
– as it was concluded for happy – that the subjects could hardly decide between
happy and angry and at the same time perceived the performances as expressive.
Music seems not to help to perceive the intended emotion, but rather directing
the perception to happy.

In Stockholm all participants rated happy, angry, and expressive similar in the
performances without music. The intended emotion could not be communi-
cated. The male participants rated rather happy for the performance with music,
whereas the dispersions were wide for happy as well as for angry. In contrast all fe-
male participants perceived the performance as very angry and not happy, which
again could support the hypothesis that female subjects are better in perceiving
emotions.

In Köln results were different. The performance without music was perceived
as well rather angry than happy and at the same time expressive by the male
and the female participants. In comparison with the male subjects the ratings
of the female subjects show a higher mean value for angry and a lower one for
happy. Therefore the intended emotion could be submitted relatively successful.
The performance with music showed with rather happy similar results for male
and female participants, so the hypothesis that female subjects perceive emotions
better is not supported in this case. In this example it seems that music directed
the perception to the ‘wrong’ emotion.

The results for those participants familiar with research in music and emotion
were different in the two experiments. In Stockholm the subjects perceived the
performance without music on average similar for happy, angry, and expressive,
whereas angry and expressive obtained somewhat higher mean values as happy.
Also the performance with music showed on average similar ratings for happy,
angry, and expressive, but a bit higher mean values for happy and expressive than
for angry. The intended emotion could not be identified. Familiarity with music
and emotion seems not to help. In Köln the familiar participants rated the per-
formance without music on average high on the angry scale and on the expressive
scale, here the robot could communicate the intended emotion. The performance
with music received similar mean values for angry, happy, and expressive in the
middle of the scale, it seems the subjects were ‘uncertain’ what to decide – the
music did not support the communication of the intended emotion. The results
showed rather high recognition of expressiveness without clear decisions for angry
or happy.

In contrast music helped the unfamiliar subjects in Stockholm, they perceived
the performance with music as angry and not as happy, the performance with-
out music was rated similar high on both scales. Although it must be said that
representative statements cannot be made due to only two participants. In Köln
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the unfamiliar subjects perceived the performance without music as angry and
expressive, here the robot could transfer the intended emotion. Indeed the par-
ticipants perceived the performance with music rather happy and expressive than
angry. The music rather hindered the communication of angry instead of sup-
porting it.

In Stockholm the first group perceived the performance without music on average
a bit higher on the angry scale than on the happy scale. In Köln happy and
angry obtained similar mean values. These groups had already seen the happy
emotions so they could compare. Nevertheless they rated rather undecided and
gave expressive the highest mean value, so in total it has to be said that the
intended emotion was not communicated successfully. The performance with
music was perceived as rather happy both in Stockholm and in Köln. As this
was the first performance with music, the subjects had no possibility to compare.
The used music seems not to support the identification of the intended emotion.

In Stockholm the second group perceived the performance with music on average
a bit more angry than happy, in Köln angry very high and happy low. For both
groups the performance was the first of the experiments, so no comparisons were
possible. Maybe due to this lack the Stockholm subjects could not decide either
for angry nor for happy, so they rated it on the same level. Furthermore expressive
got high values. In Köln the impression of an angry robot could be influenced
by the quality of the floor, which made the movements of the robot more restless
than intended. In Stockholm the performance with music was perceived as angry
(with one exception), so we could assume that the music did not hinder the
communication. In Köln angry and happy obtained very similar mean values,
expressive got higher ratings. Here it seems that the used music changed the
perception to ‘not angry’, although both music examples for happy and angry
were already presented so that the subjects had possibilities to compare. Maybe
the subjects were irritated because of the rather similar performances (movements
as well as music) for happy and angry or they found that the music did not express
the robot’s intended emotion.

7.3 Intended emotion sadness

The performances of sadness via movements of the robot were perceived as sad
by all participants in both experiments without music as well as with music, the
intended emotion could be communicated successfully (see Figure 6.9 to 6.12 and
Figure 6.23 to 6.26). Compared to the two other emotions happy and angry, sad
was easier to recognize, because it differs clearly in a number of parameters. Es-
pecially remarkable were the much lower speed, the smaller gestures (e.g. smaller
and lesser movements of the arms) and the low amount of gestures at the same
time. Therefore the other emotions could be excluded easier.
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Especially in the performance without music, sad was perceived as neutral. Sad-
ness is difficult to express, because it is rather introverted and not very expressive.
If one is sad, one moves less and rather react than act. Sadness is not expressed
by movements but more in facial expressions. Even if participants did not name
the movements as sad or ‘helpless’, they connected the robot to an emotional
neutrality, because it rarely moved and expressed ‘nothing’ by that.

Especially in Köln it seems that the music directed the performance to more
expressive and less neutral, so one can assume that music helps to recognize
the intended emotion as one more source. The second group experienced the sad
performance without music as the first one. Here neutral got a higher mean value
than sad (in Stockholm the mean value for neutral was also high, but lower than
for sad). The subjects had no possibilities to compare and perceived the robot
as neutral, because it was moving sparsely and slow. In contrast sad got the
highest mean value, followed by expressive, in the performance with music. In
this turn the subjects already know all movements and therefore could compare
with the other movements and could recognize sadness easier. Most probably
music also supported perceiving the intended emotion. The sad performance was
the second one in the presentations with music, so the music for happy, which
was characterized by faster speed and sharper attack was already known.

There were only small differences between male and female participants as well
as between subjects familiar with research in music and emotion and unfamiliar
persons.

7.4 Comments

Whether the changes we made concerning the comments given in the experiment
in Stockholm, changed the perception of movements, is difficult to say, since
the whole performance of the robot in Köln was different and problematic in
addition. Actually, there were no comments that the robot was perceived as
angry or aggressive, just by looking at him. So the change of the arms definitely
led to a less aggressive perception. However, it seems that this did not change the
perception during the experiment, since the results were quite similar: happy was
recognized much better than angry, which means that even with the aggressive
claw-like arms the subjects perceived the intended happy movements as happy.

Some of the subjects found that the music did not fit to the robots movements,
so different music inputs should be tested. It would be interesting to test which
sensation is more forceful, music or movements, while presented together. Do
subjects listen more to the music or do they watch more the movements?

In further experiments precise questions could be asked in the questionnaire in-
stead of or in addition to the comments. It would be a possibility to focus on
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specific aspects of the subject’s perception (e.g. ‘Which movements did you per-
ceive as aggressive?’).

7.5 Summary of the results

Table 7.1 shows an overview which of the emotional performances for happy,
angry, and sad in both experiments could be communicated successfully and
which not.

The results of our experiments are similar to those found by Dahl and Friberg (see
[15]) in their studies (see also Chapter 3.2). Also M[E]X could express sadness
best. Compared with the ratings for the performances with the intended emotions
happiness or anger, the performances for sadness were rated highest and most
coherent: in Table 7.1 it can be seen that sadness was perceived successfully in
both experiments and all performances.

Happiness was identified in the happy intended performances a bit better than
angry. Happy got better results in the performances with music than without
music. However, in the presentations without music angry was perceived more
angry than in the presentations with music. Happiness and anger could not be
divided clearly, they nearly received the same ratings. However, there were no
similarities between the ratings for sad and happy or for sad and angry. The
less clear recognition for either happy or angry could be caused by the fact, that
the programmed movements for happy and angry looked more similar as both in
comparison to sad. The movements for happy and angry have a similar speed
and show (e.g.) round movements. The difference between angry and happy is
only seen by the shape of gestures and movements – the movements for happy
were dominated by steady circle movements, whereas the movements for angry
were rather jerky and irregular as far as this was possible with a driving robot.
Perhaps the movements should have been more ‘angry’. Due to the unfortunate
condition of the floor the movements for angry and happy got even more similar,
which maybe led to confusion of the participants, too.

Dahl and Friberg (see [15]) noted difficulties in the perception of movements for
angry and happy as well, especially in the experiment with the Marimba player:
happy and angry tended to be mixed up. That, as guessed in [15] too, could be
caused by the high activity of both movements.

Some of the participants commented that the music did not fit to the movements
of the robot. Considering the poor results for anger in the performances with
music one may say that the music was not recognized as angry. Perhaps both
pieces of music or the recordings for angry and happy were too similar or there
were too less typical features for anger. In further experiments more different
music could be used.
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happy angry sad

all subjects
without music ∼ (+)/+ +

with music + ∼/– +

male
without music –/(–) ∼/+ +

with music + –/(–) +

female
without music +38/(+) ∼/+ +

with music + +/– +

familiar
without music ∼/+ (+)/+ +

with music + (–)/∼ +

unfamiliar
without music –/∼ (+)/+ +

with music + +/– +

first group
without music – (+)/∼ +

with music + (–)/– +

sec. group
without music (+)/+ (+)/+ +

with music + +/∼ +

Table 7.1: Overview of communicated and not communicated intended emotions. If
there are two marks, the first mark relates to the experiment in Stockholm,
the second relates to the experiment in Köln.
+: the intended emotion got the highest mean value, at minimum 1 higher
than the highest mean value of a not intended emotion39;
(+): (+): the intended emotion got the highest mean value, at which the
difference to the highest mean value of a not intended emotion is between
0,5 and 1.
∼: the difference of mean values between intended emotion and highest
rated not intended emotion is less than 0,5.
(–): a not intended emotion got the highest mean value, at which the dif-
ference to the mean value of the intended emotion is between 0,5 and 1;
–: a not intended emotion got the highest mean value, which was at least 1
higher than the mean value of the intended emotion.

The participants perceived the intended movements for happy as happy in Stock-
holm with the craw-like arms as well as in Köln with neutral arms. This means
that the arms changed the looking of the robot to less aggressive, but not the
perception of the intended emotions. It was imaginable that the perception espe-
cially during the performances without music were better or worse with changed
arms. The new design in Köln should have helped to recognize the intended
emotion happy better, because the arms created a less aggressive and angry ap-
pearance of the robot. Likewise the intended emotion anger could have been
perceived worse, because of the missing aggressive arms.
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The female participants perceived the intended emotions a bit better than the
male subjects. This should be investigated in more detail in further studies,
because in the first experiment there were only four female participants.

Familiarity with research on emotions in music does not seem to help much,
both groups achieved more or less similar results. The familiar subjects tended
to perceive the performances without music slightly better, the unfamiliar the
performances with music. This subject should also be topic of further research,
because the size of the groups was too different and in Stockholm only two sub-
jects were not familiar with research on emotions in music.

The different ratings of both groups are shown in Figure 7.1 (first group) and in
Figure 7.2 (second group). The figures show the emotions in the same order as
in the experiments, so the resulting effect can be seen better.

Whether the subjects saw the movements for the intended emotion happiness or
anger first, seemed to have an influence on the perception, especially in the happy
case. Here the participants of the second group (this group saw the happy in-
tended performance without music after those for sad and angry) achieved better
results than the first group, which saw happy first. The first group described the
robot in the happy intended performance (first performance of the experiment)
even as angry. During the following performance of anger it was difficult for them
to decide between angry and happy: both categories received a very similar mean
value. The knowledge of the movements for happy did not help, perhaps due to
the similarity of the movements even confused the subjects.

The second group from both experiments perceived the intended emotion in the
performance for angry (without music). It seems, that the second group had
perceived the emotions better. The reason could be sad being presented first,
which the subjects could distinguish more easily from and compare with the
following performance for angry, than the first group could do with the movements
for happy and angry. The second group rated neutral higher than the first group
in the performance of sad (without music). Since this was the first performance
in the experiment for the second group, the subjects were not able to interpret
the slowly movements of the robot (see Chapter 7.3). The first group had already
knowledge of the other performances, so they could recognize the movements for
sad more easily as a ‘concrete’ emotion.

The first group heard the angry music first and recognized it rather as happy,
the music could not support in identifying the intended emotion. Also the par-
ticipants of the second group did not recognize clearly the movements and the
music for angry as angry, although they knew the music. The music did not
support the perception of the intended emotion angry. The music chosen for the
intended emotion happy did support the identification of the intended emotion

38The two subjects who rated the presentation as sad were ignored.
39This is just related to happy, angry, and sad.

97



7 Discussion of results

(a) without music (b) with music

Fig. 7.1: The communicated and the not communicated intended emotions rated by
the first group. The mean values of the ratings of both experiments are
shown as bar plots. Therefore each of the three intended emotions (‘happy,’
‘angry’, and ‘sad’ on the horizontal axes) got five bars for the categories. The
emotions are shown in order with their performance.

(a) without music (b) with music

Fig. 7.2: The communicated and the not communicated intended emotions rated by
the second group. The mean values of the ratings of both experiments are
shown as bar plots. Therefore each of the three intended emotions (‘happy,’
‘angry’, and ‘sad’ on the horizontal axes) got five bars for the categories. The
emotions are shown in order with their performance.

in both groups: in the first group the music changed the perception from angry
(performance without music) to happy and in the second group the high rating
for happy was repeated. It may be presumed that the first group had ‘learned’.
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8 Conclusions

In this chapter we will discuss our project conclusively. We will argue about
M[E]X’ intelligence and will try to relate M[E]X to the criteria for a complete
agent (Chapter 2). Furthermore we try to embed our experiment in the field
of research about musical and emotional robotics and a final remark about our
investigation is given.

8.1 M[E]X’ possibilities in expressing emotions

The technical possibilities to implement complex behavior on a Lego Mindstorms
NXT are limited. The capabilities in storage memory and processor speed are
too small to implement extended forms of intelligence, especially with NXT-G.
These programs are extensive in using memory, the programming possibilities
are clearly limited (see Chapter 5). Maybe other programming languages (e.g.
NXC/NBC40, Lejos41, RobotC42) are able to provide more flexibility, but also
utilize all technical possibilities. For example it was not possible to program
gradual differences between the emotions with NXT-G in due time, because every
single step would have required too much memory. If possible, it would help
to create a more complex, perhaps an even quasi intelligent behavior, letting
M[E]X (more or less fluent) change from one emotion to another and not suddenly
‘jump’ from one emotion to the next. Moreover the robot could record the music
with a suitable sensor, perceive the emotional input of the music and adapt the
movements adequately (see Chapter 9).

M[E]X is characterized more by reaction than by interaction. The robot reacts to
the signals received via Bluetooth, which selects the program and the behavior.
The only ‘interaction’ between robot and participants consists of driving against a
participant, hopefully recognizing it and changing the direction. The participants
cannot influence the robot by their behavior, e.g. change his emotional behavior.
The only possibility could be to hinder the robot fulfilling his task, for example
standing in front of its ultrasonic sensor, so that the robot sees the obstacle
permanently and tries to avoid it. An interaction with or a reaction to music is
thinkable if suitable sensors (loudspeakers and microphones) are available.

40http://bricxcc.sourceforge.net/nbc/ (last visit: 16/8/07)
41http://lejos.sourceforge.net/ (last visit: 16/8/07)
42http://www.robotc.net/ (last visit: 16/8/07)
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8 Conclusions

M[E]X disposes of no criteria for a successful performance. Therefore the robot is
not receiving any feedback and cannot learn during a performance how to make it
better. For the execution of our experiments certainly none of these capabilities
were needed because it was only important to show emotional behavior in the
desired way.

8.2 Is M[E]X a complete agent?

The criteria, described in Chapter 2, which a complete agent should have will
be discussed in this chapter in relation to M[E]X to find out, whether M[E]X is
already a complete agent, respectively what is needed to reach this status.

The criteria autonomy is reached in so far as there is freedom from outside con-
trol. After uploading the program onto the Lego Mindstorms NXT Brick, the
user cannot change anything in the program anymore. The robot can adapt its
behavior in the frame of the programming only, e.g. through sensor input. The
robot is only dependent on external factors of the environment (obstacles in the
surrounding, people or other agents, who influence its sensors). If the robot is to
change its behavior, the changes have to be made in the software and uploaded
on the brick again. In this sense a Lego Mindstorms robot is fully autonomous.
But the robot cannot define (for the time being) new rules for itself and cannot
change them via interaction with the environment because the robot cannot re-
member and so e.g. edges must be ‘detected’ again and again. If and how far the
NXT system could be developed for creating, adapting, and learning behavior
(e.g. via artificial neuronal networks), would be interesting features for further
research.

The biggest problem is adaptability. M[E]X is not adaptive. The robot cannot
adapt itself to its environment independently. The robot learns nothing about
itself and the environment. It can exist in a given environment as long as it is not
changing too much, otherwise it becomes difficult to fulfill its task. The robot
cannot adapt the task to environmental inputs. This could be demonstrated by
its completely different behavior on the floors in Stockholm and in Köln. M[E]X
moves along the instructions given by the program, but cannot adapt them. The
robot was programmed for the floor in Stockholm. However, the floor in Köln
was different and not that slippery, so the robot performed other movements
than before. M[E]X has no internal control whether the movements are performed
concerning the intentions. A human, e.g., can adapt his footsteps to a surface:
if there is snow, he will need more effort while walking; if it is icy, he will be
aware of slipping and sliding, etc. In the frame of a (e.g. dance) choreography a
human being can adapt his steps during several performances independently so
that they look the same or rather similar. This robot was not able to do that,
whereas a human does not even have to think about it.
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M[E]X is very weak situated in its environment, because it can only realize obsta-
cles, but cannot remember them, neither the quality of its environment. That is
why the robot constantly has to check if obstacles block the way. The robot has
no knowledge (e.g. in form of a map or something similar) about the environ-
ment and cannot acquire knowledge about it. If it would have knowledge about
the environment, it could maybe perform better in handling e.g. difficult floor
conditions.

The robot is not independent from power supply, humans must look after loading
the batteries. M[E]X only shows by wrong behavior that the power supply is not
sufficient anymore, but cannot do anything on its own to solve this problem.
However, the robot is in so far self-sufficient as due to its ability to recognize
obstacles it does not drive against the wall and get destroyed or is hindered in
fulfilling its task. It chooses the possibility having the highest priority according
to its programming. The robot depends on its environment in order to fulfill its
task.

The criteria embodiment is realized, because M[E]X is a physical/embodied agent.
The robot reacts to its environment, as it is influenced by it: it has to drive on the
floor and avoid obstacles; it must be noticed as well, that, for example, motors
work longer than desired or sensors take wrong data and need a certain time to
react.

The changes in the movements caused by the floor in Köln could be named as –
although in this case undesired – emergent behavior.

8.3 Embedding of the experiment

Here we will outline some ideas to embed our experiment in other research, al-
though it cannot be understood as a comprehensive description. There are only
few possibilities to compare on the level on which we realized our experiments.
The connection between robots, music, and emotions is a field not yet investi-
gated intensively. Therefore we based our programming on the movements of
musicians and tried to transform it to the movements of a robot.

It is remarkable that the main part of the research is limited to software agents,
description of ideas and thought experiments (see e.g. Dörner & Hille [19],
Michaud et al. [40]; Toda’s ‘Fungus Eater’, as described in Pfeifer & Scheier
([45], 83)). These thought experiments describe how emotions could be imple-
mented on robots. Nevertheless the realization with robots is lacking, and in
case a robot is built based on these ideas, it turns out to be very difficult. Due
to increasing capacities and technologies, it is very likely that it will be possible
to program and implement complex models, e.g. emotional behavior via emo-
tional models (see Hollinger et al. [28]) or to use motivation models and learning
algorithms like Salichs & Malfaz [52].
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Some of the ‘emotional’ robots react among other things with sounds to express
an emotional intention (e.g. Hollinger et al. [28]). Others, in addition, record
and process sounds (e.g. Breazeal [5]). However Breazal’s Kismet is not focussed
on music and auditory perception and processing, but on the creation and trans-
mission of emotions and social interaction with humans. Kismet is, different to
M[E]X, a fixed installed robot, manufactured like a human head, imitating some
important features. The expressiveness comprise the position of the head by
moving the neck, mouth, eyes, eyelids, and eyebrows and ears43 as well as an
acoustical output imitating speech. To figure out the emotional expression of
its counterpart Kismet processes camera pictures of the face of its counterpart
(cameras are placed in and beneath Kismet’s eyes) and analyzes the prosody of
the voice of its counterpart. Kismet’s emotional expressions are based on re-
search about the facial expression (see Breazeal [5], 170ff; Ekman [21]; Ekman &
Friesen [22]; Russell [51]; Smith & Scott [54]). These models concerning trans-
fer of emotions represent another research tradition in the field of research on
emotion, which was not considered by us. The evaluation done by Breazeal (see
Breazeal ([5], 180ff) and ([6], 28ff)) to analyze the experience of the interacting
subjects with Kismet included a test with pictures of Kismet participated by 17
subjects and a test using video clips with seven subjects. In an ‘interactive study’
five persons talked in five languages with Kismet, who should react on the in the
prosody included emotion. The results were described rather informal in [6].

Suzuki et al. [56, 57] developed a robot interacting with humans, whereby a
model of artificial emotions was included. Subjects could change the emotional
status of the robot through gestures, also the robot could be influenced e.g. by
light and music. Suzuki’s robot reacted with self produced sound, which was
computed by analyzing the emotional levels of the subjects. The difference to
our experiment is mainly caused by the limited interactive capabilities of M[E]X
and by the fact, that we concentrated on expressing emotions by movements.

Robots, who are recording, processing, and creating music were not often linked
with emotions. If they are to give musical answers to something heard, they are
based on different models, e.g. improvisation patterns. Examples for such musical
robots are the drum robot Haile (Weinberg & Driscoll [60], Weinberg, Driscoll &
Parry [61] and Christoph Lischka’s ball robot (presentation and lecture given at
Köln December 3rd 2005), both reacting on acoustical input and interacting with
the musicians (for Haile with other drummers, for the ball robot with a contrabass
clarinettist). The flute robots, developed at Waseda University, Tokyo, Japan
(the actual model is named WF-4RII) are highly complex in order to imitate
the flute rather exactly. They do not work with acoustical input, but use MIDI
data of the musical piece to be performed. A MIDI score is established, including
besides notes also expressive characteristics created by the play of professional

43For the ears the spectrum of human abilities is left and added by aspects found in the animal
world.
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flute players (see Isoda et al. [30] and Solis et al. [55]. The organ and piano
playing robot Wabot-2 is able to read printed scores, play them and assist a
singer (see Kato et al. [34] (more instrumental robots are mentioned in Solis et
al. ([55], 12)).

The Lego Mindstorms RCX robot Feelix (see Cañamero & Fredslund [11, 12])
obtains a face and a body. Its capability for emotional expressions is based,
likely to Kismet, on changeable combinations of movements of lips and eyebrows.
Feelix contains two touch sensors in its feet, on which the interactive person has to
step in certain rhythms and patterns to submit the intended ‘emotions’ the robot
should perform. It was checked by questionnaires to what extent the participants
perceived the intended emotion. Therefore different tests were taken: the one test
was to name the expression of Feelix’ face freely and the other was a list with given
adjectives to choose. The results of the free test showed a higher correspondence
with the intended emotions than the test with given adjectives. A presumption
stated in [12] was that the subjects were confused by the given adjectives. For
further research with M[E]X it would be interesting to think about a questionnaire
with the possibility to associate freely. The use of defined stepping patterns is an
uncommon approach to different possibilities for submitting emotions to robots.
One problem is that the participants had to learn how to step first.

8.4 Final remark

M[E]X was a first experiment for using autonomous robotic systems linked with
a musical input.

Our evaluation based on a research about visual perception of expressiveness
in musicians’ body movements (see Dahl & Friberg [14, 15]). From there we
tried to transfer the developed characteristic movements to the movements of a
Lego Mindstorms NXT robot in order to test if persons watching the movements
would be able to identify the intended emotions. So far we used the possibilities
of robotics to prove the results of an experimental psychological evaluation with
a robot. Our robot showed no intelligent behavior since it could not learn or
improve its behavior. The criteria for cognitive robotics were not matched.

M[E]X does not show ‘true’ behavior, realizing obstacles is the only kind of be-
havior (see Chapter 2.1). Besides this the robot is doing its work in a flow of
actions. One action is not dependent on the foregoing. One could try to program
gradual transitions from one emotion to the other depending on external input,
e.g. musical input and in this way to make the robot more behavior-based (see
Chapter 9).
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After touching some ideas for future research with M[E]X in Chapter 7 and 8, we
outline further possibilities to continue our project in this chapter.

One topic for future work includes the question if M[E]X can translate the emo-
tion, that is in the music, into movements by itself? To do so, the robot must
analyze the music and adapt its movements in real time. The robot would need to
have an extra sensor, a microphone, and the possibility to analyze the emotional
contents of the music, or the possibility to communicate with a computer doing
the required music analysis and selecting the respective program the robot shall
execute. With a system like ExpressiBall/Greta (see [39]) not even a microphone
is needed, because the music could directly be fed e.g. into a Pd patch44 as a
sound file to analyze the emotional contents. Unfortunately this idea failed ow-
ing to technical difficulties. We would have needed to establish communication
from Pd to the command line application which was not possible on windows. It
would have been possible on a Linux machine, on which however the Bluetooth
program Bt2Nxt did not run.

Following the possibility that the robot records and analyzes the music (or more
general sounds of the surrounding) itself, one have to note that the robot produces
sound through its motors and possibly its sensors. Moreover microphones could
be influenced by the mechanical vibration (the membrane of the microphone is
vibrating due to the robot’s movements) of the robot leading to false or senseless
results. To avoid this problem one can imagine to place the microphones not on
the robot but at other places in the room.

M[E]X’ performance of emotions could be enlarged by producing sounds itself and
play it via loudspeakers, e.g. the robot could growl in order to communicate an
angry intention.

The importance of music could be investigated more intense by using different
pieces of music out of different styles. We used one melody only, which, based
on the way of playing, should represent three different emotions in order to keep
most parameters similar. Some participants of our experiments mentioned that
the music does not fit to the movements of the robot (see Chapter 7.5). Instead of
the used melody another melody could be selected, which likewise communicates
different emotions only by changes of musical characteristics. On the other hand
it would be interesting to use different (characteristic) melodies for each emotion
in order to strengthen the specific emotion.

44http://puredata.info/ (last visit: 16/8/07).
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To test our experiment in a more detailed way, we could combine the robot move-
ments with the ‘emotionally wrong’ music piece. When played, the movement
shows another emotion than the music. It could be interesting to see if the sub-
jects get confused or which sensation, movements or music, has a greater influence
on the perception.

The sequence of the performances in our experiment seems to influence the per-
ception. This should be considered in further experiments. With two groups it
would be possible not to start with the movements representing sadness, but e.g.
the first group to start with happy and the second group to start with angry. In
this way the perception of happy and angry could be analyzed more precise, be-
cause none of the groups has seen the performance for sadness before and would
not be able to compare. Another possibility might be to start in both groups
with the movements for sadness followed by happy in the first group and by an-
gry in the second group. Here it could be analyzed if the perception for happy
and angry changes if presented in second place, having the possibility to compare
with the movements for sad.

As in ExpressiBall and Greta, a gradual change between the individual emotions
could be implemented in a future development. If the music is analyzed as angry,
but not as angry as it could be, there would also be a possibility to adapt the
behavior according to the level of anger in the music. In our case this was
not possible, due to the restrictions of NXT-G. We would need a programming
environment which could change its values gradually with sliders for instance (as
possible in Pd) to produce values between two emotions. This bears another
problem: the individual movement programs must be built in a similar way in
order to be able to compute values in between. For that, one big program is
necessary, instead of three small ones, and parameters have to be designed that
change their values according to the required level of the emotion. The robot’s
hardware must be able to implement the new values in real time, so there should
be a permanent exchange from the music analyzing system to the robot.

We focussed our experiment on movements of musicians during performances.
One could try to use results of other research or circumstances, e.g. take daily
life movements expressing emotions. It could also be thought of using emotional
models to program emotional behavior.

We could also change the design of the robot and build another robot, perhaps
one that can crawl instead of driving or that exhibits different movements than
that of the ‘arms’. This idea leads to the question of how important the design
of the robot is. Are emotions for example easier to recognize if the robot looks
more like a human or if it is taller than M[E]X?

One big challenge in this area is the interaction between humans and machines.
In our case the human is just a passive observer, there is no interaction between
robot and human. This could be changed: the human could influence the emotion
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of the robot, or more precisely it could influence it in a way that the behavior of
the robot changes. The human for example could perform certain sounds (like
growling for angry, laughing for happy, crying for sad) that are analyzed by the
robot and that change the behavior. Different forms of communication would
be imaginable: the robot adapts its behavior to human emotions and imitates
them, or the robot reacts on emotions shown by humans (like Kismet does (see
Breazeal [5])). This could also include the following scenario: the robot is ‘sad’,
the human ‘consoles’ the robot and the robot becomes ‘happy’ again. This would
be a ‘real’ form of a social, interactive communication between a human and a
robot.
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[30] Isoda, Shuzo, Maeda, Manabu, Hiramatsu, Yuji, Ogura, Yu, Takanobu,
Hideaki, Takanishi, Atsuo & Wakamatsu, Kunimitsu (2003): Realization
of an Autonomous Search for Sound Blowing Parameters for an Anthro-
pomorphic Flutist Robot. In: International Conference on Robotics and
Automation, Taipei. 3582–3587.
http://ieeexplore.ieee.org/iel5/8794/27835/01242145.pdf

[31] Juslin, Patrik N. (2001): Communicating Emotion in Music Performance:
a Review and Theoretical Framework. In: Juslin, Patrik N. & Sloboda,
John A. (eds.): Music and Emotion: Theory and research. Oxford: Univer-
sity Press. 309–337.

109

http://www.ri.cmu.edu/pub_files/pub3/fong_terrence_w_2003_4/fong_terrence_w_2003_4.pdf
http://www.ri.cmu.edu/pub_files/pub3/fong_terrence_w_2003_4/fong_terrence_w_2003_4.pdf
http://www.andrew.cmu.edu/user/gholling/home/HollingerIROS.pdf
http://ieeexplore.ieee.org/iel5/8794/27835/01242145.pdf


References

[32] Juslin, Patrik N., Friberg, Anders & Bresin, Roberto (2002): Toward a
computational model of expression in performance: The GERM model. In:
Musicae Scientiae (Special issue 2001-2002) : 63–122.

[33] Juslin, Patrik N. & Lindström, Erik (2004): Musical expression of emotions:
Modeling composed and performed features. Manuscript in preparation.

[34] Kato, Ichiro, Ohteru, Sadamu, Shirai, Katsuhiko, Narita, Seinosuke, Sug-
ano, Shigeki, Matsushima, Toshiaki, Kobayashi, Tetsunori & Fujisawa, Eizo
(1987): The robot musician WABOT-2. In: Robotics 3(2): 143–155.

[35] Knoll, Alois & Christaller, Thomas (2003): Robotik. Frankfurt a.M.: Fis-
cher.

[36] LeDoux, Joseph (1996): The Emotional Brain. The Mysterious Underpin-
nings of Emotional Life. New York, NY: Simon and Schuster.

[37] LeDoux, Joseph & Fellous, Jean-Marc (1995): Emotion and Computational
Neuroscience. In: Arbib, Michael A. (ed.): The Handbook of Brain Theory
and Neural Networks. Cambridge, MA: MIT Press. 356–359.

[38] Malfaz, Maria & Salichs, Miguel A. (2004): A new Architecture for Au-
tonomous Robots Based on Emotions. In: Intelligent Autonomous Vehicles,
Lisbon.
http://roboticslab.uc3m.es/publications/MalfazIAV04.pdf

[39] Mancini, Maurizio, Bresin, Roberto & Pelachaud, Catherine (2006): From
Acoustic Cues to an Expressive Agent. In: Gibet, S., Courty, N. & Kamp,
J.-F. (eds.): Gesture Workshop 2005, Lecture Notes in Artificial Intelligence
3881. Berlin/Heidelberg: Springer. 280–291.
http://www.speech.kth.se/prod/publications/files/1341.pdf

[40] Michaud, François, Pirjanian, Paolo, Audet, Jonathan & Létourneau, Do-
minic (2000): Artificial Emotion and Social Robotics. In: Distributed Au-
tonomous Robotic Systems 4, Knoxville, TN.
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A NXT-G screenshots

Following the screenshots of the NXT-G programs M[E]X was implementing in
the experiments can be found. Due to the length of the programs the screenshot
for the happy movements is divided into three parts and the screenshot for the
angry movements is divided into two parts.
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Fig. A.1–1: Happy (1) [h.rtb]



Fig. A.1–2: Happy (2)



Fig. A.1–3: Happy (3)



Fig. A.2–1: Angry (1) [a.rtb]



Fig. A.2–2: Angry (2)



Fig. A.3: Sad [s.rtb]



B Batch files

B.1 First group

B.1.1 First section (only movement) [g11.bat]

@ECHO OFF

ECHO group 1.1:

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R h.rxe

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R a.rxe

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R s.rxe

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

B.1.2 Second section (movement and music) [g12.bat]

@ECHO OFF

ECHO group 1.2:

@start /min sndrec32.exe /play /close angry.WAV

SLEEP 1

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R a.rxe

SLEEP 15

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

SLEEP 30

@start /min sndrec32.exe /play /close sad.WAV

SLEEP 1
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B.2 Second group

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R s.rxe

SLEEP 43

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

SLEEP 30

@start /min sndrec32.exe /play /close happy.WAV

SLEEP 1

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R h.rxe

SLEEP 16

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

B.2 Second group

B.2.1 First section (only movement) [g21.bat]

@ECHO OFF

ECHO group 2.1:

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R s.rxe

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R a.rxe

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R h.rxe

SLEEP 30

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

B.2.2 Second section (movement and music) [g22.bat]

@ECHO OFF

ECHO group 2.2:

@start /min sndrec32.exe /play /close happy.WAV

SLEEP 1

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R h.rxe
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A NXT-G screenshots

SLEEP 16

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

SLEEP 30

@start /min sndrec32.exe /play /close sad.WAV

SLEEP 1

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R s.rxe

SLEEP 43

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X

SLEEP 30

@start /min sndrec32.exe /play /close angry.WAV

SLEEP 1

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /R a.rxe

SLEEP 15

"C:\Program Files\Bt2Nxt\bt2nxt" com40 /X
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C Questionnaire

The following questionnaire was used in the experiments. The explanation page
(in german) was only used in the experiment in Köln.

127



C Questionnaire
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