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Chapter 1

Introduction

The present chapter aims at outlining the role of emotion in cognitive pro-
cesses such as learning and decision-making,. The latter is a key aspect for
the work that has been developed in this study.

1.1 Emotional responses

Emotions are part of our daily life. We frequently talk about emotions, even
if it is not trivial to give a unique definition of them. In a review made by
Barrett et al. (see [1]) the main streams that have tried to explain what
emotions are and how they originate are analized. One approach to the field,
called behaviorism, assumes that experiences of emotion are instantiated by
physical processes in the brain or body and thus can be completely explained
by events in the physical world, i.e. the bodily reaction is the emotion
itself. What this theory excludes from the analysis is the actual individual
response, lost in the strive for understanding human emotions only in terms
of the causes that generate them.

Barrett introduces a different viewpoint: emotions have to be understood
both in terms of neurobiological processes and of subjective experience (i.e.
asking people what is actually felt).

...experiences of emotion are content-rich events that emerge
at the level of psychological description, but are instantiated by
neurobiological processes, and any theory of emotion experience
must address both content and process.
[1, p. 374]

She proposes a framework in which emotions are seen as a core affect which
is enriched by attributes that characterize the specific instances. Such at-
tributes are also imagined as a timeline where events can change the core
affect. Core affect and attributes can be associated to particular region
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CHAPTER 1. INTRODUCTION 7

activations of the brain, although it is not possible to reduce them to neuro-
biological activity. In the present study I have adopted Barretts viewpoint
and developed a psychological test according to her emotional framework.

The rest of the section will be dedicated to the discussion of interesting
aspects in self-assessment of emotional content.

1.1.1 Emotion assessment: dimensions of interest

In order to assess the emotional content of a specific stimulus a method,
devised in the framework of a dominant theory called dimensional theory,
assumes that every evaluation can be brought back to three fundamental
measures: valence, activation and dominance. Valence (or pleasantness) is
the degree by which an emotion is experienced as pleasant or unpleasant
along a continuous dimension. According to Barrett valence determines the
core affect for the experience of emotion together with activation. Activation
indicates the level of excitement or calm associated to the stimulus. Dom-
inance aims at outlining the perception of individual strength with respect
to the stimulus, answering the question: does the subject feel dominated by
it or dominant over it?

In this work only the two dimensions of Valence and Activation were
taken into account, as they represented the two main constituents of the
core affect at the basis of emotional experience. From previous research a

Figure 1.1: The affective circumplex.
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simple categorization of emotions based on the valence-activation pair has
emerged, leading to the results summarized in figure 1.1. This representation
can be used as a guideline both for categorizing new sounds and to use old
ones in synthesis stages to reobtain a specific emotion.

1.1.2 Emotion and Sound

Evidencies of the fundamental role that the emotional content of auditory
events has on us are omnipresent, like in the pleasant favorite song or the
scary barking dog. In the acoustic domain the branch that deals with emo-
tional reactions to sound is called emoacoustics. While the traditional psy-
choacoustic studies try to find correlations between perceptual quantities
and physical ones, emoacoustic is a branch of it that strives to understand
the link between stimuli and the emotional reaction they evoke. Valence
and activation are commonly used tools for audio clips rating. Their ro-
bustness is such that an American study has been focusing on the creation
of a relatively stable database of sound stimuli with their associated valence,
activation and dominance mean values and standard deviations. The IADS
collection (International Affective Digitized Sounds), is composed by 111
samples of so called ecological sound (natural sounds, not music) ranging
from bird singing to women’s screams. A selection of auditory clips from
IADS has been used in the development of the work (see chapter 3.1).

An interesting aspect that makes room for future, deeper analyses is the
fact that ratings of a sound may change depending on the spatial attributes
of it and its dynamic behavior (neutral static sources can be perceived as
unpleasant ones while approaching the listener, as reported in [2]). The
IADS database is composed by static sounds, therefore caution must be put
in using them in simulations of moving sources. When a sound does have
a emotional content other than neutral, however, it is less likely that its
ratings will change substantially.

1.2 Cognitive aspects

Cognitive processes differentiate from emotional reactions in that they are
characteristically human (see [3] for a review). Among them the abilities to
form a coherent representation of the world, anticipate upon what may be
coming next, and make choices about courses of actions play a major role
in human activities.

There are four main processes that help us navigating in the reality:

• interpretation, that is the ability to extract meaning from ambiguous
information;

• judgment, consisting in evaluating evidences and giving probabilities
to events;
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• decision-making, the way by which we choose among different options;

• reasoning, that is using the information we get for draw inferences.

All of them are complex activities and rely on a series of constituents,
ranging from object recognition to activation in semantic memory. Moreover
main processes are not to be taken individually, but also connections among
them have to be considered. An example is the presence, at the core of
decision-making, of a judgement phase in which probabilities of events are
estimated.

A very important constituent for all higher cognitive processes is the
memory activation. Retention mechanisms allow to elaborate new informa-
tion based on past experience. A deeper analysis of memory, with focus on
the concept of working memory, will be done later in the chapter.

In this framework learning processes, relying on interpretation, judge-
ment and before that on memory, have an impact on decision-making. How
learning could be connected to emotion arousal is explained in the next
section.

1.3 Emotion and Cognition: the link

Learning activities involve cognitive processes. Then what is the meaning
of investigating emotions? An answer came in 1995, when the neuroscien-
tist Antonio Damasio, with his book Descartes’ Error [4], introduced the
hypothesis that emotions produce effects in decision-making and social be-
havior. Starting from examples of brain-damaged people with lesions in the
areas deputed to basic emotion issuing (see section 1.4.1) he noticed they
showed impairments in real-life decision-making. In one of his studies pub-
lished in 1994 together with Bechara [5] it was reported that the patient
E.V.R. was:

...a prototypical example of this condition. He often decides
against his best interest, and is unable to learn from his mistakes.
His decisions repeatedly lead to negative consequences.
[4, p. 7]

This observation led him to substantially contribute to the sociological and
psychological research fields. Further evidences were found that areas of the
brain which are activated while we are experiencing emotions are the same
ones activated when higher level cognitive processes such as decision-making
take place. Although emotions cannot be substituted to rational thinking,
they represent, according to Damasio, a necessary step toward it.

Blanchette and Richards in their interesting review (see [3]) report evi-
dences that all the main cognitive processes listed in section 1.2 are affected
by emotions.
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1.4 Learning processes and the Learning stack

The starting point of the present study is the question: can we find sounds
that help people to learn?

Perhaps trying to find a direct answer goes beyond our capabilities of
investigation. What we certainly can do is to trying to chunk down the
question in smaller conceptual units and find connections between them.
When we talk aboutmemory, for instance, we can reasonably assume that its
framework of retention mechanisms roots itself in a learning activity, where
the information are actually captured and processed before being stored. In
the same fashion learning is influenced by the substratum of emotions (even
if many other factors are involved which are out of the scope of the present
research).

Figure 1.2: The Learning Stack.

Following this way of reasoning I came up with a simple graphical schema
which illustrates the various levels of what I call Learning Stack (depicted
in fig. 1.2).

In the next sections each of the elements of the stack will be analyzed
with the exception of decision-making, which has been already described
together with learning in section 1.2.
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1.4.1 Core affect

Core affect can be seen as the seed from where every emotion originates.
It consists of a pleasant or unpleasant state that is experienced by an in-
dividual. This definition in reported in the thorough analysis performed
by Barrett et al. [1], where the main trends in the recent psychological
methodology are outlined and the neurobiology of emotions is explored.

When we are in a state of pleasure or displeasure several areas of the
brain are activated. The main ones are the temporal lobe with the amyg-
dala (low-lateral parts of the brain), the orbitofrontal cortex or OFC (located
just behind the ocular cavities) and the ventromedial prefrontal cortex or
VMPFC (situated below the OFC). Together they integrate sensory infor-
mation, previous knowledge of the experienced object and viscera-motor
reactions.

In chapter 2 we will present tools for self-assessment of this pleasant/un-
pleasant core affect which will be used in the second experiment.

The Pleasantness Problem

Most of the research has focused on the effects of unpleasant stimuli as
reported in [6]. One of reasons why this is still the main trend in psychology
is the major role from a pathological viewpoint that unpleasantness covers
in inducing negative moods, which can account for the creation of many
mental disorders. Some attempts have been made to investigate both the
polarities and it has been argued that pleasantness is processed through
different mechanisms than the better understood unpleasantness (see [7]).
In this work I wanted to put the focus on the comparison between “pleasant
sounds” and unpleasant ones, which will be protagonists in the experiment,
in affecting decision-making (better explained in section 1.2). For doing so
the tasks have been chosen as to leave room for different analyses.

1.4.2 Emotions representation

From the core affect the mental representation of emotions relies on three
categories of additional content to characterize a specific feeling:

• arousal content, connected to the degree of body activation or excite-
ment;

• relational content, which expresses the subject’s relationship with an-
other person or environment;

• situational content, related to the perception of causal links between
a psychological situation and the core affective feeling.
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The neurobiology of these attributes is still not understood, even if many
studies have been done and some brain areas activation patterns found which
pertain to clusters of emotions.

1.4.3 Short-term Memory

A core issue in this work is the understanding of how we process new in-
formation and store them for short periods, as we are going to conduct
experiments over time-frames of few minutes. As learning is the process
whose outcome is the memorization, we will investigate learning capabilities
by assessing changes, if any, in Decision-making games, where past choices
knowledge influences future ones. The specific nature of such experiments
is thus aimed at exciting those particular mechanisms of our mind which
are responsible for the retention and elaboration of information over a short
period of time. We can call the ensemble of such mechanisms short-term
memory (STM).

STM can be subdivided into two main components. The first one is
related to the capability of retaining information over time intervals that
are less than 1 second for visual stimuli (iconic memory) and around 10
seconds for audio ones (echoic memory). It is called sensory memory and
cannot be controlled by conscious mechanisms. The second is again called
short-term memory and has a storing capability inferior with respect to the
sensory memory, but can preserve information for time intervals going from
few seconds to some minutes, together with processing capabilities. To avoid
confusion, from now till the end of the chapter the expression “short-term
memory” or “STM” will be used for the latter definition.

In an interesting study by Meiser et alii [8], two main models for STM
are compared that have been the main streams along which the cognitive
psychology has developed several short-term memory studies: the working-
memory model and the changing-state hypothesis. The focus of the work
was the comparison of the effects of secondary tasks on serial short-term
memory activities, such as recalling the order by which some visual stimuli
were presented.

The original working-memory model, adopted by Baddeley in 1974 (see
[9]), distinguishes a central executive memory system from a set of modality-
specific subsystems, each one of them dealing with a particular category of
stimuli. The central executive system (CES) acts as a processing unit of
mixed information. The two main subsystems, the phonological loop (pre-
sumably related to language learning) and the visuospatial sketchpad, pro-
vide the CES with the data to be processed.

Every system has limited capacity, thus overloads in a system, either
central or peripheral, can occur. If the stimuli fall under one category, only
the related modality-specific subsystem is saturated, causing no detrimental
effects on other subsystems. Therefore no significant cross-modality inter-
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ferences are expected. A successive extension of the model (see [10]), adds a
fourth component, called episodic buffer, to account for cross-modal stimuli
integration.

The changing-state hypothesis states that cross-modality effects can oc-
cur, as a unitary short-term storage is hypothesized. This implies, for exam-
ple, that secondary task involving auditory stimuli would load the common
storage together with primary visual task, leading to a potential saturation
of the STM and a consequent decrease in performance.

1.5 Hypotheses

As we have seen so far emotions affect cognitive processes, including mem-
ory, learning and decision making. We further have evidences that sound
can trigger an affective response (see [11] [12]). Auditory stimuli should
thus have the ability to affect cognitive processing. The question arises of
whether or not we can find evidences supporting this conjecture. In order
to investigate the answer to this question we have to look more closely at
what behavioral aspects are modulated by affect.

According to Blanchette [3] while we are in a positive mood we tend to
increase the risk aversion in decision-making. Hence, the hypothesis is:

Hypothesis 1:

Positive mood-inducing sounds increase risk aversion in

decision-making.

On the other hand negative mood can lead to an increase in risk taking.
Thus my second hypothesis is:

Hypothesis 2:

Negative mood-inducing sounds increase risk taking in

decision-making.

Testing these hypotheses could give us more insight into the issue. What
the next chapter will deal with are the tools and methods of investigation
used for addressing the problem.



Chapter 2

Methods

2.1 Psychometrics

2.1.1 Games as abstraction of reality

We can find in every culture certain games that are not just meant for
amusing or entertaining, but also as teaching tools to foster the learning
activities in a light and yet effective way. Their strength relies in the fact
that they start from a simplified vision of reality and build on top of it tasks
to cast light only on specific aspects. Under this perspective they offer us a
powerful abstraction of the real domain.

In the scientific environment games arose such an interest that in the
XXth century even a set of formal methods to investigate their structure,
possible solutions and mechanisms, called Game Theory, started develop-
ing. Nowadays Game Theory has penetrated into many fields, ranging from
social sciences to economic models1. One of the constituting axioms, called
of rationality, states loosely speaking that individuals always follow a strat-
egy from which they can have back the maximum personal utility and this
concept, according to Blanchette and Richards [3], reflects, to some extent,
in real situations. Game theory classic formal structure is mainly focused
on games with several participants.

On the other hand in the neuro-behavioral tradition several tasks have
been developed with a tight connection to the mechanisms that instantiate
emotional and cognitive reactions at the brain level. This aspect persuaded
us to embrace a more psychological-based view of games for the present
study and use, as a starting point for the design and implementation of
the test, what perhaps is the most famous one since 1995 is Bechara’s Iowa
Gambling Task (IGT), described in the next section.

1for an introduction to Game Theory (in Italian), see [13]

14
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2.1.2 The Iowa Gambling Task (IGT)

If we want to catch some details of our Decision-making strategies we can
devise games whose outcome depends on user choices. It is also crucial
to keep the playing mechanism simple and intuitive both for having more
chances of getting unbiased data and for easing the process of hypotheses
elicitation. Card games are a perfect candidate for addressing these core
issues and among them gambling tasks give lot of flexibility in rule definition
and level of engagement. Under this category the Iowa Gambling Task (IGT)
falls.

The IGT was designed in order to mimic the gains and losses coming
from decisions made in real life situations. Indeed every choice bears with
itself both positive and negative aspects and the goal of this card game was
to account for this two-faced nature of decision-making.

In the original Bechara and Damasio’s study [5] four decks of cards where
presented side by side and facedown. Each deck was composed by winning
and losing cards in different proportions to have two decks that can be
regarded, on average, as winning and two as lossy ones. The subject was
given an initial credit to play with and asked to draw a card from one of the
decks. Once the decision was made the result was displayed and the credit
updated accordingly. The game then prosecuted in the same fashion until
a certain number of cards (typically 100 or 150), were drawn. There was
no limit on the number of cards that could have been selected from a single
deck.

Although the task was originally designed to test differences between
clinically normal people and brain damaged subjects, a whole stream of
research was born around it for investigating several aspects of inter-group
differences (drug abusers vs. normal people [14], ethnic peculiarities [15],
task performance related to people with different perception of wins/losses
entities [16]).

2.1.3 The version of the IGT in the present study

The design of the task for the test (see chapter 3), was based on a modified
version of the IGT proposed by Peters and Slovic [16]. In their research they
have introduced some interesting concepts that improve the original task:

• the card decks are displayed one at the time, forcing the subject to
evaluate every option and lowering the risk of getting stuck from the
beginning in choosing a single deck instead of exploring them all;

• when a deck is presented the user can either draw a card from it or
switch deck and in the second case the card is not discarded: the
sequence of positive and negative results is kept consistent with the
expected average outcome of each deck.
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Such outcomes were pseudorandomly scrambled to ensure the right pro-
portion of wins and losses. Decks were grouped into three different categories
in order to enrich the spectrum of possible analysis:

• winning or “good” decks and losing or “’bad’ decks, where the average
results were postive and negative, respectively;

• high wins and low wins decks, where the magnitude of wins was sub-
stantially different;

• high losses and low losses decks, where losses had different magnitudes.

Decks

A B C D

Good No No Yes Yes

High-loss No Yes Yes No

High-gain No Yes No Yes

Table 2.1: Deck grouping in the second game

The way the four decks were grouped is summed up in table 2.1.

2.1.4 Unipolar and Bipolar measures

Among self-reported psychological dimensions one of the most widespread
techniques is the rating scale: an oriented line along which the subject checks
the point that better represents his emotional state. The two typologies
of scales we can find are the unipolar and bipolar ones. We are using a
unipolar scale when a single concept representing a dimension is provided
(e.g. being satisfied) and the edges of the line are the two extremes of
the intensity perception (not at all/completely). In a bipolar scale two
contrasting concepts are put at the edges (e.g. excited/calm), and each
point on the scale represents a mix in different proportions of the two.

Valence-Activation ratings: SAM scale

In this work we use self ratings principally for assessing the perceived valence
and activation of the soundscapes, both before and after the cognitive task.
Various attempts have been made to find suitable tools for evaluating this
orthogonal dimensions. In the ’70s a popular system was the Semantic Dif-
ferential scale (SD scale), devised by Mehrabian and Russell, which required
18 different ratings. Although the method was informative, it represented,
as stated by Bradley and Lang,

[. . . ]a heavy investment of time and effort, and results in a
relatively large database that requires statistical expertise for
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resolution (i.e. factor analysis) [. . . ] reliance on a verbal rat-
ing system makes it difficult to utilize this methodology in non-
English speaking cultures (unless there has been translation and
validation) and in populations which are not linguistically so-
phisticated (e.g., children, aphasics, etc.).
[17, p. 50]

A more parsimonious way of looking at this 3-dimensional structure was
provided by Lang, who developed a graphic-based assessment tool to di-
rectly rate the interesting indexes; he called it Self-Assessment Manikin or
SAM. It is made of three graduated scales with illustrations to recall the
different dimension to be evaluated. Thanks to the graphical representation
the language issues were overcome, while keeping a good correlation with
the measures obtained through the SD scale.

Figure 2.1: The SAM scale illustrations for the three dimensions.

The SAM scale illustrations in a Lang’s 1985 article [18] is shown in
figure 2.1. From left to right the first strip represents the valence dimension,
from pleasantness to unpleasantness. Similarly the second strip pictures
activation, from excitement to quiet. The last strip shows the dominance
dimension, from dominated to dominating.

The measures of dominance on the SAM scale had the least correlation
with the SD scale as stated in [17]. This is another reason why only valence
and activation were assessed in the present study.
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Demand, Scare and Familiarity ratings

Together with the two SAM measures other ratings were used with the pur-
pose of better characterizing the experience of emotion of each subject, both
for themselves (being consequently more precise in devising the perceived
valence and activation), and for us. While the SAM ratings are bipolar, the
other three grading scales were unipolar, ranging from [not at all] to [a lot].
The first dimension was the level of demand. It grades how much the stimu-
lus is attention catching for the subject. The experiments were designed in
such a way (see chapter 3), that the gambling tasks had the mood-inducing
sounds playing in the background. The effect of this task-irrelevant audio
could be evaluated in terms of demand. In fact several studies have hypoth-
esized a disruptive influence of irrelevant sound on serial recall (see [19] as
a recent example). In our card games we do not look for conscious serial
recall, but the order of appearance of cards and their associated values are
crucial to subconsciously learn the difference between the decks. Moreover
a detrimental effect in game performance could support the Changing State
Hypothesis as exposed in chapter 1 against the Working Memory model.

The level of scare assesses how fearful a stimulus is. This indicator has
been introduced to stimulate the subject to give a more complete description
of the emotional content of the sound.

In the same fashion the measure of familiarity of the stimulus investigates
how much the subject is used to that sound. It is reasonable to expect a
change in familiarity as the task proceeds.

2.1.5 Discarded measures

Besides the game itself, together with data regarding the choice history
of every participant, some other measures are typically collected, because
they enrich the spectrum of possibilities for the hypotheses to be stated
and for the data analysis stage. Some candidates are physiological(skin
conductance, mio-sensors for muscle contraction), other self-seported (ques-
tionnaires). The latest have been used extensively in psycho-sociological
studies and many methods have been developed for their analysis. Even
if the instrumentation for skin conductance measurements was present at
the department, the choice of using touchscreens as interaction devices pre-
vented me from inserting those sensors. In fact:

• they could have been placed on fingers, either of hands or feet;

• the hands must have been left free to use the touchscreen;

• the tests were run in winter and exposing feet to the cold environment
would have been a strong source of bias in mood-induction;
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• in a previous work at the department showed that those measurements
were affected by noise, to the point they had not been used in data
analyses;

• coupling decision-making patterns with self-reported measures would
have given us a more complete vision of the problem, both from be-
havioral and emotive standpoints as suggested by Barrett et al. in
[1].

2.2 Soundscapes: binaural synthesis

The challenge of mood induction through acoustic stimuli presents several
aspects. The first to be taken into account is the fact that a single typology
of audio samples is hardly capable of a positive mood induction. Even the
most pleasant sound event may be annoying when put in a loop and heard
hundreds of times consecutively. In real life we are typically immersed in a
continuously changing auditory environment. Under this perspective, when
trying to engage people with complex sound stimuli, one of the approaches
which makes use of “ecological” sounds (those ones we hear in our environ-
ment naturally, from a car motor to a bird singing), is the one of soundscapes
creation.

We can think of a soundscape as the acoustic counterpart of a landscape:
several auditory images emerge from a background environment, giving us
a sensation of immersiveness. The more the synthesized scenario is familiar
to the listener, the easier it is to convey an emotional content. If this effect
is achieved, inducing an emotional reaction in the listener becomes easier
than trying to obtain the same effect with single audio stimuli.

2.2.1 The third Hypothesis

The goal which was set due to these considerations was to reproduce a
plausible sound environment with a certain underlying pleasant/unpleasant
impact on the subject. The assumption we made was that using in the
creative process some key sounds with known valence and activation would
have influence the overall emotional connotation of the auditory scene. We
therefore stated a new hypothesis:

Hypothesis 3:

The emotional content of a soundscape can be predicted

by averaging the emotional content of sounds previously

categorized according to specific affective ratings mech-

anisms.
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2.2.2 Rated sounds and synthesis method

Such sounds were selected among the ones of the IADS database. As the se-
mantic content of such sounds was quite heterogeneous we opted for creating
a sort of auditory story in which the subject is the protagonist and moves
from one key sound to another through smooth synthesized-environments
transitions.

In order to render with a good approximation the spatialization of sounds
while keeping the setting of the experiment simple I opted for binaural syn-
thesis. This approach has the advantage of requiring a simple headset for
the reproduction of the sounds, obtaining a good 3D audio effect with a
stereo track. In the following subsections the main principles of binaural
synthesis will be mentioned and an overview of the mathematics behind the
synthesis method I adopted is provided.

2.2.3 Sound localization and HRIRs

Sound localization is one of those topics that have been investigated for a
century. In human beings it is affected by many physical factors, above
all the shape of the outer ear. It also depends on reflection patterns on
shoulders and torso, together with the shape of the head. The pinna (the
outer ear cartilage), has a fairly complex shape which alters the incoming
sounds depending on the direction of arrival and on the frequency. The
distance of an acoustic stimulus from the receiver is another factor that
can be estimated by reflection patterns perception or direct evaluation. We
also have to consider that pressure waves decrease in amplitude due to air
absorption with the inverse of the distance between source and listener.

Under an engineering perspective we can model all these effects through
a unique linear time invariant filter. This representation allows us to apply
classic Fourier theory of signal filtering and interpret the sound that reaches
the ear canal as the convolution between the sound at the source and the
linear filter that models the impulse response of the transmission channel
from source to receiver. We call this impulse response Head Related Impulse
Response (HRIR) and its spectral-domain equivalent Head Related Transfer
Function (HRTF). It has to be noticed that HRIRs come in pairs (for left
and right ears). Fixed the listener, for each position of the source in the
three-dimensional space we have a different pair of HRIRs.

It is possible, given the HRIRs of a specific position in space and an
anechoic sound, to synthesize the spatialized sound. The next section will
deal with two approaches for obtaining the HRIRs.
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2.2.4 Synthesis approaches

HRIRs can be either measured from real subjects (or mannequins), or be
synthesized through a model of the structure and interactions of pinna, torso,
head.

With the first approach we have to sample the 3D space in several lo-
cations and for each one measure the impulse response by emitting a signal
and capturing it with microphones which are usually placed inside the ear
canal, so the sound will be recorded once the filtering effect of the pinna
has already taken place. This kind of measures are conducted in anechoic
environments, where no reflection paths should occur. As we record only a
finite number of HRIRs and we do that for a fixed distance, we will have to
interpolate the impulse responses in order to approximate them in position
other than the sampled ones.

The second approach tries to find suitable general or adjustable-parameters
methods for creating synthesized HRIRs. We can obtain fairly good spa-
tialization effects by only playing with auditory stimuli loudness (a sound
of increasing loudness is perceived as approaching), and phase difference in
headphones (delaying one of the two channels causes the sound to be per-
ceived outside the head in a direction on the horizontal plane depending on
the entity of the delay). Such expedients fail to provide the listener with
cues for discriminating between the frontal and rear halfspaces and cannot
provide any elevation information.

In the 1920s the basic relationships between pure tones perceived posi-
tion and intensity and phase differences were already known (see Firestone
[20]). Researchers were also aware that modeling the head as a sphere led
to estimation errors of increasing magnitude as the frequency of the tone
was raised. Firestone found that such errors were negligible within 1KHz,
but already at 2KHz the difference between predicted and measured phase
differences and amplitude ratios of the sounds became substantial. To im-
prove the quality of sound localization several details must be taken into
account, starting from a different modelization of the head, the influence of
torso and, above all, the outer ear structure.

2.2.5 Model used in the present study with sampled HRIRs

For synthesizing the soundscapes it was decided to use already sampled
HRIRs of a human individual. Suitable sets were found in a database made
by Ircam in 2003, where 51 individuals’ impulse responses from 187 position
in 3D space were acquired (see [21]). The website also allows to download
sample Matlab code for rudimental synthesis. Although the shape of the
pinna changes from person to person and makes impossible to achieve the
same subjective auditory realism spatializing the sounds with someone else’s
impulse responses, a fairly good effect can still be achieved. Therefore every
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set of measurements was equivalent to another under the realism aspect and
I chose a set of them labeled with id 1047 from the aforementioned collection.

Now we will examine a model for binaural sound synthesis based on con-
volution by sampled HRIRs when both source and listener are fixed and
derive a simple method to deal with moving sources and fixed head. No
Doppler effect is considered in the moving source model.
Let sAN(t) be a continuous-time sound signal recorded in an anechoic en-
vironment and emitted from an ideal static point source. Let hR(v, t) and
hL(v, t) be the HRIRs of right and left ear respectively, where v = x ·d, with
x the position versor that from the subject points toward the source and d
the euclidean distance between the source from the center of the head. An
expression for the binaurally synthesized sounds yR(t) and yL(t) would be

yR(t) = sAN(t) ∗ hR(v, t), yL(t) = sAN(t) ∗ hL(v, t). (2.2.1)

Moving to the frequency domain

YR(f) = SAN(f) ·HR(v, f), YL(f) = SAN(f) ·HL(v, f). (2.2.2)

Each term Hi(v, f) is rewritten as

Hi(v, f) = Hff(d, f) ·Wi(x, f), (2.2.3)

where Hff(d, f) incorporates air damping and propagation delay and can be
called the free-field transfer function; Wi(x, f) is the component of the HRIR
responsible to give the perceived direction of arrival of the sound by filtering
the incoming signal, i.e. the ear transfer function. We have then factorized
the HRTFs into a part which is common to the two ears (the term only
dipending on distance), and the two related to the close-to-the-ear filtering.

We can then write the two outputs as:

Yi(f) = Hff(d, f) · [SAN(f) ·Wi(x, f)] = Hff(d, f) · Vi(x, f), (2.2.4)

where Vi(x, f) represents the close-to-the-ear filtered sound, a normalized
monaural synthesis. When using sampled HRIR we only have a reference
distance between the test source and the receiver.

Assuming a constant phase delay of air filtering (no frequency disper-
sion), and a decrease of sound pressure with the inverse of the distance
source-listener, Hff(d, f) can be written as:

Hff(d, f) =
1

d
· e−jkd , with k =

2πf

c
, (2.2.5)

where c is the sound propagation in air. Thus the free-field transfer function
is a block that changes the perceived distance of the source with respect to
the reference one (in Ircam database all the measurements were made at
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1 meter of distance from the listener) by varying the amplitude according
thanks to a term A(d) = 1/d and introducing a frequency-independent time
delay τ = d/c. Rewriting equation (2.2.5) in terms of A(d) and τ

Hff(d, f) = A(d) · e−j2πfτ (2.2.6)

and going back to time domain

yi(t) = hff(d, t) ∗ [sAN(t) ∗ wi(x, t)]

= [A(d) · δ(t− τ)] ∗ vi(x, t)

= A(d) · vi(x, t− τ) (2.2.7)

According to equation (2.2.7) we can first convolve the original signal by
the close-to-the-ear impulse response and then apply a scaling by A(d) and
a time delay of τ . But scaling and time delay are operations that can be
easily performed with simple audio editing tools such as Audacity. We can
then:

• perform the convolution operations with softwares as Matlab (this has
been the case of the present study, where the HRIRs where provided
as Matlab data);

• simulate distance cues through manipulation of the convolved sound
with audio editing tools (I have used Audacity).

Although tuning manually amplitude and delay does not seem to be useful
in static source conditions, things change substantially when we introduce
a dependence on time for distance and direction of arrival (i.e. we have
x = x(t) and d = d(t)). If we keep divided convolution and distance scaling
we can first create a normalized binaurally-synthesized moving source by
interpolating the HRIRs of the directions we span with the trajectory and
then move to the audio editing tool for the insertion of the time delay and the
amplitude modulation for mimicking the source distance. If this approach is
pursued we introduce an approximation with respect to the time delay: we
assume it to be constant. Under the assumption of a slowly moving sound
source (csource ≪ c), though, a constant delay does not alter the perceived
sound movement substantially.

This model has been used in the synthesis of soundscapes.

2.3 Statistical tools

The basic statistical tools used in the study are hereby listed with a brief
introduction.
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2.3.1 t-test

In order to evaluate how the mean values of two groups relate to each other
a suitable metric is the computed value of a Student’s t variable, obtained by
dividing the difference between the two sample means by an average sample
standard deviation s (the square root of the variance). In formula:

t =
µ̂1 − µ̂2

s
. (2.3.1)

We can interpret this probability as the likelihood that two sample means
are drawn from the same sampling distribution and any difference between
the drawn samples is merely casual. The underlying assumption of the test
is the normality of all the variables involved. A threshold likelihood of 5%,
meaning that only 5% of the values of the t distribution can be regarded
as been drawn from the same normal distribution, is commonly adopted to
discard the hypothesis of equality of means and to state that their values
differ significantly. Another value of interest, stricter than the previous one,
is 1%.

The computed likelihood is called p-value, while the method of the com-
parison of two means is known as t-test.

2.3.2 ANOVA

Despite its name, the Analysis of Variance method (ANOVA) for significance
tests is based on comparisons of mean values of variables with respect to
some parameters. Thus the variance can be thought of as the quantity to be
investigated in order to extract information about how the means of different
groupings are related to each other.

We can regard the ANOVA method as a generalization of the t-test to
more than two groups. ANOVA evaluates the likelihood that the means of
two or more groups belong to the same sampling distribution. For doing so
it relies on a subdivision of the total sum of squares SSTOT (the variance
multiplied by the number of samples minus one), into partial sum of squares
accounting for the effects of the parameters. It is in fact possible to separate
the SSTOT in two main terms:

• a sum of squares SSB accounting for between-group variability ;

• a sum of squares SSW accounting for within-group variability.

We would expect, if the values of the samples in one group are well clustered
around their mean, to have a small value of SSW compared to SSB, supposed
to represent the degree to which the means of the groups are separated from
each other.
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It is therefore natural to evaluate the ratio of the two and speculate on
its value. We use the following metric:

F =
SSB

SSW

. (2.3.2)

As in this case we evaluate the ratio of two variations instead of the difference
of two means, another statistical test, called F -test, is used. As we did
before, we define a null hypothesis H0, stating that all the means of the
different groups are equal. A small likelihood of H0 implies that at least two
of the means are significantly different. A α-value of 5% is again a commonly
accepted significance threshold for the test.

ANOVA is one of concepts at the basis of the General linear models
analysis that has been performed in the study and discussed later.

2.3.3 General linear models

General linear models incorporate many statistical analysis tools such as
ANOVA, MANOVA, ANCOVA, MANCOVA 2 , t-test. Their mathematical
definition is an extension of multiple linear regression. Recalling that a
multiple regression problem consists in finding the coefficients βi that relate
the dependent variable y to the independent variables xi in the following
equation:

y = β0 + β1 · x1 + . . .+ βI · xI , (2.3.3)

we can solve the problem of estimating the coefficient βi of the equation by
collecting several input vectors XT

j = [1, xj1, xj2, . . . , xjI ] and their related
outputs yj . We put

Y = Xb+ e ,

where

Y =











y1
y2
...
yJ











, b =











β0
β1
...
βI











, X =











XT
1

XT
2
...

XT
J











, e =











e1
e2
...
eJ











The solution of this system is readily find if we assume J > I and matrix
X full rank (i.e. the columns are independent), and it is found through the
least square estimator :

b̂ =
(

XTX
)

−1
XTY . (2.3.4)

Multiple regression has two main issues:

• it is limited to a single dependent variable analysis;

2MANOVA: Multivariate ANalysis Of VAriance; ANCOVA: ANalysis of COVAriance;
MANCOVA: Multivariate ANalysis of COVAriance
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• it does not provide a solution when X is not full rank.

This problems are overcome by general linear models. The vector Y
can be extended and become a matrix whose columns represent different
dependent variables. Moreover the concept of generalized inverse of a matrix
is introduced: if the matrix is full rank the generalized inverse reduces to the
regular inverse. In general linear models we can also make analysis taking
into account categorical data such as gender: they are converted in numbers
for the sake of calculations. The general linear model can be expressed in
equation form as:

YM = Xb+ e , (2.3.5)

where Y is the matrix of dependent variables, M is a trasformation matrix
which determines linear combinations of the dependent variables, X, b and
e are as described for the multiple regression model. The solution of the
system is given by

b̂ =
(

XTX
)

−1
XTYM . (2.3.6)

In equation 2.3.6 the matrix
(

XTX
)

−1
is the generalized inverse if X is not

full rank.

Within-Subject (Repeated Measures) Designs

One of the interesting aspects of general linear models is that they allow us
to analyze data consisting in repeated measures of the same dependent vari-
able under different control conditions. In this work the test compared the
choice patterns of an individual exposed to two different mood-inducing soun
stimuli: this situation is an example of repeated measures design. General
linear models have been the main statistical tool in the present research.

2.3.4 Effect size: partial eta-squared ηP
2

In psychoacoustic tests with several parameters the significance levels do
not exhaustively show the interaction effects, as we do not know in which
proportion a single parameter influences the variability of the samples. It
could happen that the majority of the differences are due to noise and only
a small percentage is related to a real effect: this would cast a shadow on
the analysis performed, showing that a significant result could not have a
noticeable impact on a global scale.

In order to account for this potential issue new metrics for assessing the
effect size are introduced. In particular we will use a quantity, called partial
eta-squared or ηP

2, that is defined as:

ηP
2 =

SSeffect

SSeffect + SSerror

,

where:
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• SSeffect is the variability attributable to a parameter;

• SSerror is the error variability attributable to the same parameter.

This index is by definition a proportion of the single effect size over the error
size. The interpretation of η2P is related to the effects we are probing. As
written in [22]:

A small effect may have important consequences if it distin-
guishes two models, while a large effect may not matter if it was
already expected under any theory.

It must be noticed that this index is not the only one developed in order to
address the issue of estimating the effect size of a variable. Other metrics,
such as η2 (eta square, not partial eta square) and Cohen’s d are used in
different situations (for a review see [22]).

In recent years a dispute in the statistical world has seen two different
standpoints arguing on which approach should be preferred when evaluating
the outcomes of an experiment and drawing conclusions from the analysis
of them. Some scientists regard the significance level of a test as the main
parameter to judge its quality, while others think that a relatively high effect
size could still be indicative of an important correlation between variables
even when significance levels would go against its existence. In the present
study we decided to take into account both of them in the statistical analysis.

2.3.5 Validity and Reliability

The concepts of reliability and validity are extremely important in what
concerns the statistical analysis of data. Especially in psychological studies
one of the most challenging issues is to devise psychometrics and tools whose
outcomes remain stable if the tests are repeated several times under the same
conditions. Reliability is the consistence of the results when repeating the
assessments. We talk about validity when, if we have a way of grading
the outcomes of a test, such measurements state the right value. In the
present study we use decided to rely on bipolar scales (especially valence
and activation ones), and on a modified version of the IGT which have been
extensively tested in order to assess both reliability and validity (as in [16]
[23] [12] [24]).
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Test implementation and
execution

3.1 Soundscapes realization

For creating the soundscapes I started from a selection of IADS samples,
imagined a story with few main events and tried to render it binaurally.
Each of the two stereo tracks consisted of 120 seconds in which several
auditory images were concatenated together in an organic story. A longer
version of each soundscape was obtained by concatenating it three times
and slightly modifying the key sound disposition.

3.1.1 Procedure and tools developed

Ircam functions modification

For realizing the soundscapes I developed a set of functions for synthesizing
binaural signals. The original Matlab functions provided with HRIRs by
Ircam (in particular the one in charge of performing the binaural synthesis),
were a good starting point for understanding the procedure and adapt it to
my needs. The available function for three-dimensional synthesis of sounds
took as arguments the azimut and elevation of one point on the sampled
sphere, together with a mono track sound sample ad the specific individual’s
HRIRs for every sampled position. The output is a couple of mono signals,
one per ear, which were the original signal convolved by the selected pair of
impulses responses.

The module however was quite rudimental and it did not allow to pass
as an input a series of points of a hypothetical trajectory in space to be
simulated. For overcoming this difficulty I rethought the synthesis mecha-
nism adding to the input parameters the name of a text file in which, for
every row, the location of the sampled point and the time (in sample), of the
beginning of the convolution are stored. The new function chunked down

28
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the original signal in blocks that were convolved with different HRIR pair
depending on the position in the trajectory. Sometimes audible artifacts
were generated in the transition from one position to another; this problem
was overcome during the editing of the soundscape through Audacity.

Sound provenience

The second step has been the sound retrieval; three sources for the sounds
were used:

• the key sounds from the IADS database;

• self-recorded sounds;

• sounds downloaded from an on-line open database.

The IADS were the fundamental audio clips that have been “glued together”
by means of other sounds. All the self recorded sounds were acquired in
WAV format with a Zoom H2 microphone at a sampling rate of 44100Hz.
Sounds from on-line databases were selected according to the quality of the
recording. Although almost none of the sounds, regardless of the prove-
nience, had not been acquired in an anechoic room, the environmental bias
introduced was negligible (most of the time the recordings had been made
in open spaces, where reflections are almost non existent).

3.1.2 Pleasant sound creation

The IADS samples for the pleasant soundscape are listed in table 3.1.

IADS samples - Pleasant soundscape

Sound IADS ID µ Val σ Val µ Act σ Act

Baby laugh 110 7,92 1,55 6,04 2,08

Cardinal 151 7,35 1,64 2,73 2,00

Applause 351 7,69 1,40 5,77 2,26

Roller coaster 360 6,90 2,15 7,36 1,90

Beer 721 7,13 1,45 4,43 2,16

Table 3.1: IADS samples selected for the pleasant soundscape

They all have valence values around 7 and different levels of activation.
Moreover they are quite different from one another semantically speaking. I
grouped them in three different contexts: an amusement park, a quiet wood
and a cosy pub. Under this perspective I then imagined a story to link all
the sounds and the contexts together. The final sequence started from an
amusement park with roller coasters, people clapping to clown performances
and a baby laughing, moved to a wood with Cardinal birds singing and ended
up in the pub with a bottle of beer.
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According to the “screenplay” I retrieved some accessorial sounds to
be used as either background or link between the different moments. The
selection is proposed in table 3.2, where it can be noticed that only one
sound among the ones used was self-recorded. I deliberately inserted again

Downloaded sounds Recorded sounds

Bicycle passing by Walk in a wood

Pub environment

Applause

Trumpet in circus

Roller Coaster

Walking in a park

Door shut

Table 3.2: Recorded and downloaded samples for the pleasant soundscape

sounds that were already among the key ones. This was done because the
IADS samples were too short to be fruitfully used as they were in an at-
tempt to make the auditory scene plausible; in particular the roller coaster
in the IADS was few seconds long, in contrast with what really happens
in an amusement park. The new sounds have been used as a semantical
reinforcement for the IADS ones.

3.1.3 Unpleasant sound creation

An identical procedure was used for the unpleasant soundscape elaboration.
The IADS sounds are listed in table 3.3. They all have a quite low level of

IADS samples - Unpleasant soundscape

Sound IADS ID µ Val σ Val µ Act σ Act

Dog growl 106 2,73 1,92 7,77 1,71

Bees 115 2,58 1,45 7,01 1,93

Baby cry 261 2,84 1,61 6,49 1,66

Fem Scream 277 1,74 1,16 8,07 1,40

Helicopter 410 5,19 1,79 5,50 1,96

Table 3.3: IADS samples selected for the unpleasant soundscape

valence except from the helicopter that has been inserted to compensate for
the screaming woman clip, which had been rated as the most unpleasant of
all. The plot in this case includes two main context: the walk in the park
and the chaotic city. Starting from a quiet walk that turns into a nightmare
because of a swarm of bees the scene moved toward the city and the daily
road traffic with an aggressive dog growling and a baby crying while passing
close to a construction site. After having crossed the road an helicopter
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passes above the fictitious protagonist and the scenario ends with a woman
screaming in an alley.

This time I only used self-recorded sounds in the soundscape synthesis,
together with the IADS samples, as shown in table 3.4. Road traffic was

Recorded sounds

Walk on dead leaves

Run on dead leaves

Pile drivers

Tram stopping

Traffic noise

Table 3.4: Recorded and downloaded samples for the unpleasant soundscape

used as background sound for most of the scenario and few elements in it
were convolved with HRIRs to give the impression of cars approaching the
listener.

3.2 Game realization

Some of the main features of the version of the IGT I have implemented
were discussed in section 2.1.3. Here we go more into details explaining the
game dynamics and the main choices performed in terms of technologies and
realization.

3.2.1 Game structure

The game, based on the work of Peters and Slovich (see [16]), consisted in
a succession of trials. In each trial one of four decks of cards was presented
and the subject was prompted to choose whether to draw a card (they were
displayed facedown), or to switch deck. Switching did not imply discarding
the card from the deck, therefore the next time the same deck would have
appeared a new choice would have made on the same card.

The four decks were composed by mixes of winning and loosing cards.
Magnitude of wins and losses, probability of drawing a winning card in a
specific deck and the expected outcome of a card are reported in table 3.5.
A detailed list of characteristics for each deck is presented in table 3.5.

It is important to point out the difference existing between display of
decks and order of the cards within each deck. In this task this two or-
thogonal concepts had to be taken into account. Every deck should have
been displayed with the same frequency in the game and with a fairly even
distribution along trials. In the same fashion also the frequencies of wins
and losses needed to be quite regular for avoiding extreme situations, such
as the occurrence of mainly good cards at the beginning of the game and
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Payoff Variables Decks for the test

A B C D

Gain Amount 50-150 150-250 50-150 150-250
Average Gain Amount 100 200 100 200

Loss Amount 100-200 200-300 200-300 100-200
Average Loss Amount 150 250 250 150

Probability (Gain) 0,5 0,5 0,8 0,5
Expected card value -25 -25 30 25

Coding of good decks 0 0 1 1
Coding of high-loss decks 0 1 1 0
Coding of high-gain decks 0 1 0 1

Table 3.5: Deck grouping in the second game

of negative ones when approaching the end: the bias introduced would not
have been negligible.

In the game the display of decks occurred pseudo-randomly, in that the
trials were divided in groups of 8 displayed cards, 2 for each deck. Within
each group cards were scrambled so to have a slightly different order of dis-
play. It this way we had a good balance between frequency of deck appear-
ance and randomness in trials. Concerning the consistency in proportion of
wins and losses within decks, every 10 cards the average win corresponded
to the average win of the deck and the proportions of winning and losing
cards were adherent to the probabilities in table 3.5. Each game came to an
end once 100 cards were drawn, all of them potentially from a single deck
as when rejecting a card the count of drawn cards did not increment. Each
deck, then, was composed by 100 cards.

In order to avoid deck-related bias at the beginning of the game, the first
2 cards of each deck always led to a win.

3.2.2 Game interface

Touchscreens as interaction devices

The implementation of the IGT was computer based and developed within a
software environment for neurobehavioral tests called Presentation. Among
several options in how to design the interaction of the user with the applica-
tion I decided to substitute the classical ones such as keyboard and mouse
with an approach based on the use of touchscreens. Apart from personal
curiosity, the advantage with touchscreens is that they can better mimic a
real game where I actually select by hand a card. Moreover using touch-
screens and not, for instance, keyboards, allows the experimenter to reduce
the occurrence of accidental interaction of the user with the system; such
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events could happen with Presentation, where pressing the escape button
causes the experiment to interrupt.

Before I introduced the use of the touchscreens in this sort of experiment,
a common practice at the acoustics department was to equip experimental
computers with keyboards to which some keys had been removed. Once
the experiment is loaded in Presentation the software prevents the user
from interacting with applications other than itself unless the escape key
is pressed. One can load the experiment, remove keyboard and mouse and
plug them in after it has ended, being sure that the user did not have the
possibility through the touchscreen to exit from the test environment.

Graphical game interface

In the test that has been excuted the game interface presented to the par-
ticipant is reported in figure 3.1(a). In the top right part of the screen a
counter kept track of the total amount of virtual money earned by the sub-
ject. In the middle of the screen the presented deck (in this trial we see deck
D is shown), appears and two choice buttons are displayed. Upon drawing
the card from the top of the deck the result of the choice was revealed and
the counter updated, as shown in figure 3.1(b). When drawing the result
was shown for 1.4s, while switching had a 1s transition phase.

3.3 Test creation

Soundscapes and IGT were put together in an experiment. As the main
goal of the study was to assess whether a pleasant sound could have had a
different impact on subjective decisions with respect to an unpleasant one,
each participant should have perfomed tha gambling task twice, one with
the pleasant sound playing in background, one with the unpleasant sound. It
was interesting for us to also have an a-priori and an a-posteriori evaluation
of the emotional impact of the sound: I therefore included in the test a
rating phase before and after each of the two games. Before the actual game
started a small tutorial provided the basic information to the subject about
the task goals and the game dynamics, together with a description of the
rating scales (such scales have been described in section 2.1.4). A demo of
both the rating and the game mechanisms was made before the experiment
started. Before each game the corresponding soundscape was played for 3
minutes without possibility of interaction with the system, then the user was
asked to rate the sound and, once finished, the gamble would have started.
The soundscape was looping while each game proceeded. At the end of the
gamble a second rating of the soundscape was requested. For half of the
participant the first sound to be played was the pleasant one, while it was
the unpleasant one for the other half of them.



CHAPTER 3. TEST IMPLEMENTATION AND EXECUTION 34

(a) A screenshot of the game.

(b) A screenshot of the game outcome when drawing; rejecting the
card does not give any feedback.

Figure 3.1: A sample trial of the game in which the subject draws a card
from deck D
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Concerning the implementation strategy Presentation, as the name sug-
gests, is a software based on the presentation of stimuli. It has a quite
simple and intuitive developing language where, though, business logic and
graphic representation are mixed together and difficult to separate; the ex-
pressive power is quite limited and yet sufficient for test design purposes.
The mechanism relies on the concept of trial, which basically consists in one
or several stimuli, either visual or acoustic, or both. Under this philosophy
I have developed a set of core functions for displaying objects on the screen
that are invoked by three main modules:

• the game module, responsible to create instances of the IGT;

• the rating module, dealing with instances of the sound rating environ-
ment;

• the slideshow module, taking care of the introduction to game, ratings
and messages between each instance of them.

The slideshow module interacts with the game and rating modules for
issuing demo instances of the two. The game module invokes the rating
module at the beginning and at the end of a not-demo instance to collect
the participant’s evaluations. Game and rating modules produce text files
recording respectively game proceedings and rating results.

3.4 Test technologies and setup

3.4.1 Computers

The main requirement for the computers was the presence of the serial port
for connecting the touchscreens. The computing power was a negligible
aspect, as the experiment was kept simple and the number of multimedia
stimuli, which are the main cause of latence for the Presentation software
(see [25]), was limited. In fact only the two sound stimuli could have im-
pacted on the performances at run-time, but the software has the possibility
of loading them in memory before starting the experiment, overcoming the
issue.

3.4.2 Sound cards and Headphones

The two computers were not equipped with sound cards. At the department
several external audio devices were available. I used Creative EMU USB
cards for reproducing the auditory stimuli. In a pretest phase I tuned the
output volumes to be equivalent for both the test computers.

I used Koss headphones for the test, commonly employed at the Applied
Acoustics department for teaching activities.
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3.4.3 Touchscreens

The touchscreens used were 3M’s M170 single touch with a maximum reso-
lution of 1280x1024 pixels. The calibration in these devices was crucial for a
correct correspondence between the buttons areas in the experiment and the
screen surface. A build-in function of the vendor’s software allows to perform
this step with a certain ease, even if some conflicts between the Presentation
software and the preexisting calibration settings imposed caution.

3.4.4 Room

The room elected for hosting the test was the lecture room at the Applied
Acoustic department at Chalmers. The available technologies allowed two
participants to be tested at once. A black panel was used to separate two
subjects performing the task. This was done for reducing external interfer-
ences from other participants.

3.5 Test execution

The test took place at the Applied Acoustics department the days 15th,
16th, 17th, 19th, 20th, 21st, and 22nd of December of 2010. Choosing the
week before Christmas granted me the availability of the lecture room at the
department with the possibility of leaving the experimental setup untouched
for the whole testing period.

34 people (15 males, age 28,29+-2,82) were tested during the week. The
sample population was composed both by students and workers in different
disciplines. Some of the subject had been contacted before for other ty-
pologies of tests at the department, while others belonged to my network of
people.

All of them were aware they would have received a cinema ticket for
their cooperation. They were actually rewarded with two cinema tickets for
having participated. In order to enhance their focus on the task at the begin-
ning of then experiment we said that the first ticket was granted, while the
second one would have been given only for particularly good performances.

In the introduction to the experiment people were explicitly instructed
to pursue the goals of maximizing the wins and minimizing the losses. In
previous research (see [16]), it has been argued that such advices reduce
the risk of having participants which do not take the time to evaluate the
presented decks and go for random choices or regular choice patterns with
deliberate avoidance of the exploration of the decks.

The average time for a participant to complete the experiment was ap-
proximately 25 minutes.
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Results

4.1 Data collected and clusters

4.1.1 Ratings

For each participant the following ratings were collected before and after
each game and stored on a continuous line ranging from 0 to 8:

V al : perceived valence of the soundscape;

Act : perceived activation;

Sca : perceived level of scare;

Dem : perceived level of demand ;

Fam : perceived level of familiarity.

For the statistical analysis the ratings were augmented by 1 in order to make
them comparable with the IADS ratings (ranging from 1 to 9).

4.1.2 IGT

For each card presented the following data were collected:

pId : the participant ID ;

gNum : the current game (first or second);

pOrd : the sound order in the experiment (1 if the pleasant sound was in
the first game, 2 if it was in the second);

t : the trial number for the current game;

tc : the selection time (also called reaction time);

deck : the presented deck in the current trial;
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k : the choice made (acceptance or switching to another deck);

win : the card outcome (positive for wins, negative for losses and equal to
-1 when the card was not drawn).

4.1.3 Participants’ basic data

For each participant these data were also collected:

asian : whether or not the subject was asian;

age : the age or the subject;

hear : whether or not the subject had hearing impairments;

male : whether the subject was a male or a female.

4.1.4 Clusters within the population

Asian vs non-Asian

Although it might sound more of a racial discrimination, in many stud-
ies (e.g. in [1]), we find significant differences between Asian (in literature
mainly Japanese) and non-Asian (American), subjects’ behavior. The are
multiple factors which have been identified as the main actors in differenti-
ating among cultures, such as the system of values, society structure, family
hierarchies. What emerged can be summarized in the fact that Asian people
are often unable to perceive a shift in their emotional state and less sensitive
to external affecting events.

In the population under analysis in the second test 16 subjects out of
34 were Asian (Chinese, Singaporean, Thai), therefore taking into account
as a grouping criterion this distinction appeared as a reasonable way of
proceeding.

Male vs Female

This is probably the most basic division and one of the most used in many
studies in literature (e.g in the studies on the IADS database, [26]).

Our population consisted of 15 males and 19 females, thus justifying a
group division of this kind.

Pleasant sound order

An other division can be made between subjects who have been exposed to
the pleasant sound in the first round of the game and those who had it in
the second round. A difference in average responses according to whether
or not the pleasant sound was played first could show us a precedence effect.



CHAPTER 4. RESULTS 39

4.1.5 Clusters within the game: card groups

5 groups of 20 accepted cards

As every participant rejected cards in different proportion with respect to all
the others we had to find a way of grouping the choices to have comparable
indexes. The idea was to divide the total amount of cards presented in each
game into 5 sets with a total of 20 accepted cards each. Therefore every 20
accepted cards we computed the partial statistics to be used in the analyses
by taking into account all the cards presented up to the 20th accepted one.

2 groups of 20 accepted cards

After we grouped the cards of a trial as described in the previous section, for
some analyses we focused on only a couple of adjacent groups, the second
and the third. This was done under suggestion of the Swedish supervisors
to better understand the behavior in the central phase of the game.

2 groups of 25 accepted cards

Similarly with what has ben done with groups of 20, we also clustered cards
25-by-25 and we kept only the 2 initial groups to investigate differences,
in any, between the very beginning of the game and the central part. In
a second moment we repeated the grouping discarding the first 2 accepted
cards of every deck, which corresponded to eliminate the cards that were
presented in fixed order at the beginning of the game as described in section
3.2.1.

4.2 Absolute ratings of the soundscapes

Table 4.1 shows mean and standard deviation of the ratings of the sound-
scapes. A one-sample t-test was run on the ratings of valence and activation
before the game for both the soundscapes comparing them to the mean val-
ues obtained by averaging the ratings of the IADS sounds in them. The
results are summarized in table 4.2, where we can see that no significant
differences where found. This result can be seen as a supporting evidence of
Hypothesis 3 validity.

4.2.1 Demand insight

Tests were run using General linear models to assess dependence of the
perceived level of demand and the soundscape being played. A full factorial
design with the 2 sounds and the 2 ratings before and after the game was
made. The results showed a significant interaction of sound and rating
occurrence (F = 5.754, Sig. = 0.022, η2P = 0.148). Figure 4.1 shows the
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Statistics of Ratings
Pleasant soundscape Unpleasant soundscape

Dimension Mean Std. Dev. Mean Std. Dev.

Valence before 7,42 1,33 3,3 1,44

after 6,36 1,73 3,24 1,59

Activation before 5,63 1,67 6,55 1,32

after 5,5 1,91 5,7 1,8

Familiarity before 7,16 1,9 5,92 2,62

after 7,13 1,79 6,5 2,18

Scare before 1,96 1,68 5,45 2,26

after 2,55 2,09 4,43 2,25

Demand before 4,96 2,01 6,24 1,79

after 5,07 1,96 5,22 2,15

Table 4.1: Basic statistics for the ratings in the test

Pleasant soundscape

Valence IADS mean t Sig.

7,4 0,09 0,93

Activation IADS mean t Sig.

5,27 1,27 0,21

Unpleasant soundscape

Valence IADS mean t Sig.

3,02 1,13 0,27

Activation IADS mean t Sig.

6,97 -1,87 0,07

Table 4.2: t-tests on valence and activation of the soundscapes
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Figure 4.1: Demand variation from before to after the IGT.

demand value for the positive and negative soundscapes. As can be seen,
while the rating for the pleasant sound does not change significantly before
and after the IGT, the unpleasant sound decreases and almost reaches the
same value as the pleasant setting after the game.

4.2.2 Scare and Familiarity

The two dimensions Familiarity and Scare are not deeply analyzed, as they
are regarded more as accessorial dimensions to help subject’s self assessment
of emotional content of the soundscapes.

4.3 IGT

4.3.1 Dependent variables for the tests

The second is the percentage of rejections from bad decks. It is computed as
the ratio between the number of rejected cards from decks A and B and the
total number of times these decks were presented in the group.

rej if bad =
number of rejected cards from decks A and B

total number of cards presented from decks A and B
(4.3.1)

Other variables were computer from the data which could have given
more flexibility in the analysis by detaching from the nature of decks.
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The first one is the percentage of drawn cards in the group. This measure is
given by the sum of all the accepted cards in a group divided by the total
number of cards presented in the group.

chosen norm =
number of accepted cards in the group

total number of cards presented
(4.3.2)

4.3.2 Hypotheses restated

Recalling Hypothesis 1:

Hypothesis 1:

Positive mood-inducing sounds increase risk aversion in

decision-making.

Detailing what reported by Blanchette,

Losses are perceived even more negatively by happy partici-
pants than they are by control participants. Risk aversion may
thus stem from an increased motivation to avoid losses that are
perceived as being more consequential by participants in positive
states... [p.16 [3]]

We can now associate this hypothesis to a suitable variable to be tested. The
chosen quantity is the rejection ratio of high losses decks (rej if highloss): if
a positive mood increases risk aversion in thus enhances loss aversion this
should reflect in a tendency to avoid cards which potentially could lead to
greater losses than others. The first hypothesis then becomes:

Hypothesis 1:

Positive mood-inducing sounds increase the rejection ra-

tio of decks with higher losses.

Hypothesis 2 states:

Hypothesis 2:

Negative mood-inducing sounds increase risk taking in

decision-making.

An increase in risk taking can be related to a higher acceptance ratio of
cards, regardless of the deck. We than rephrase hypothesis 2:

Hypothesis 2:

Negative mood-inducing sounds increase the acceptance

ratio of cards.
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4.3.3 Tests on the hypotheses of the IGT

For hypothesis 1 we have rejection ratios of high losses decks for every group
of 20 accepted cards, both for positive and negative soundscapes. We can
then use a general linear model with the 2 different sounds and the 5 groups
of cards as factors (2 ·5 full factorial design). The software used for the com-
putations is SPSS, which can provide us with several output indexes such
as the observed power η2P and generate plots of the interactions between
factors. The results of the simulations did not show any significant interac-
tion of sound on the value of the rejection ratios (F = 0.949, Sig. = 0.337,
η2P = 0.028). Also the interaction due to sound and card group together was
not significant (F = 0.596, Sig. = 0.666, η2P = 0.018). The only significant
factor was the deck group (F = 4.553, Sig. = 0.002, η2P = 0.121). In figure
4.2 we can see the evolution of the rejection ratio across the card groups.
Simulations with only card groups 2 and 3 and with 2 card groups of 25

card group
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Figure 4.2: Evolution of the rejection ratio of high loss decks through card
groups.

cards (teh first 2 card groups in the trial), led to similiar, not significant
results.

For hypothesis 2 we have ratios of chosen cards over the total number
of cards displayed in each of the 5 card groups. A new general linear model
analysis is performed with a setup analogous to the one for testing hypothesis
1. Also for hypothesis 2 the results show no significant influence of sound
on choice ratio (F = 0.734, Sig. = 0.398, η2P = 0.022). Also the combined
interaction of sound and card group is not significant (F = 0.225, Sig. =
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0.924, η2P = 0.007). Again we have a significant dependence of the choice
ratio on the card group (F = 4.960, Sig. = 0.001, η2P = 0.131).
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Discussion

5.1 Absolute ratings of the soundscapes

As shown in table 4.2, no significant difference was found between the av-
erage ratings of the IADS sounds used in each soundscape creation and the
subjects ratigns of the soundscapes themselves. This validates Hypothesis
3 that states:

Hypothesis 3:

The emotional content of a soundscape can be predicted

by averaging the emotional content of sounds previously

categorized according to specific affective ratings mech-

anisms.

We could infer from this result that for conveying a certain emotional content
with a synthesized soundscape we can approximate the impact it will have
by averaging the emotional content of its constituting key sounds.

For what concerns the level of demand we found that it decreases for
the negative sound, wihle it remains stable for the positive one. This could
mean that a negative mood-inducing sound could make the subject more
focused on the task, progressively disregarding the sound itself. This finding
would go against the changing state hypothesis, which states a crossmodal
disruptive effect taht was not supported by evidence here.

5.2 IGT Hypothesis test

No supporting evidence was found for hypotheses 1 and 2. The reasons can
be several:

• design flaws which prevented us from avoiding bias in the response
behavior of the participants;

• wrong choice of the dependent variables for the hypothesis test;
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• number of subjects insufficient to have a good database of responses
to be analyzed, forcing us to avoid as much as possible the removal of
outliers.

5.3 Conclusion

The goal of the present study was to open the way to the investigation of
the effects of sound stimuli on learning processes and specifically in how
sound can affect our decision-making strategies. What we assessed was a
consistence between the soundscape affective ratings and the affective ratings
of their key constituent sound samples. It was not possible to find evidences
of direct effects of sound on decision-making, although further investigation
is advisable.

5.3.1 Future development

The acceptance of hypothesis 3 has given a good reference point for a future,
deeper investigation of the possibilities and limits of this design principle.

For what concerns the game, some research has been done in order to for-
malize the problem in mathematical terms. An introduction to the method
is provided in appendix B.
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Conclusions
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Appendix A

Dependent variables for the
IGT

In this short appendix all the dependent variables utilized for tests on the
IGT data 4 are presented with a short explanation.

“Good” versus “Bad”

Three different indicators were devised for the analysis.
The first one is the percentage of accepted cards from good decks. This
measure is given by the sum of all the accepted cards coming from decks C
and D divided by the number of times decks C and D where displayed

acc if good =
number of accepted cards from decks C and D

total number of cards presented from decks C and D
(A.0.1)

The second is the percentage of rejections from bad decks. It is computed
as the ratio between the number of rejected cards from decks A and B and
the total number of times these decks were presented in the group.

rej if bad =
number of rejected cards from decks A and B

total number of cards presented from decks A and B
(A.0.2)

The last equation represents the normalized proportion of accepted cards
from good decks. It is given by the ratio of the acc if good variable over the
sum of acc if good and the percentage of accepted cards from bad decks (A
and B).

acc good norm =
acc if good

acc if good + (1− rej if bad)
(A.0.3)

“High wins” versus “Low wins”

Two different indicators were devised for the analysis.
The first one is the percentage of accepted cards from high winning decks.
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This measure is given by the sum of all the accepted cards coming from decks
B and D divided by the number of times decks C and D where displayed

acc if highwin =
number of accepted cards from decks B and D

total number of cards presented from decks B and D
(A.0.4)

The second is the percentage of rejections from low wins decks. It is
computed as the ratio between the number of rejected cards from decks
A and C and the total number of times these decks were presented in the
group.

rej if lowwin =
number of rejected cards from decks A and C

total number of cards presented from decks A and C
(A.0.5)

“High losses” versus “Low losses”

Two different indicators were devised for the analysis.
The first one is the percentage of accepted cards from low losses decks. This
measure is given by the sum of all the accepted cards coming from decks A
and D divided by the number of times decks C and D where displayed

acc if lowloss =
number of accepted cards from decks A and D

total number of cards presented from decks A and D
(A.0.6)

The second is the percentage of rejections from high losing decks. It is
computed as the ratio between the number of rejected cards from decks
B and C and the total number of times these decks were presented in the
group.

rej if highloss =
number of rejected cards from decks B and C

total number of cards presented from decks B and C
(A.0.7)

A.0.2 Deck independent variables

Other variables were computer from the data which could have given more
flexibility in the analysis by detaching from the nature of decks.
The first one is the percentage of drawn cards in the group. This measure is
given by the sum of all the accepted cards in a group divided by the total
number of cards presented in the group.

chosen norm =
number of accepted cards in the group

total number of cards presented
(A.0.8)

The second equation represents the average response time in a group. It
takes into account response times regardless of the choice made in the trials.

choice time avg =
sum of response times

total number of cards presented
(A.0.9)
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The last two equations try to take into account the past experiences in-
fluence. They are respectively the percentage of cards that have been rejected
when the previous one was a winning one and the percentage of cards that
have been rejected when the previous one was a losing one:

rej after pos =
number of rejected cards when the previous one was a win

total number of winning cards
(A.0.10)

rej after neg =
number of rejected cards when the previous one was a loss

total number of losing cards
(A.0.11)



Appendix B

Modeling the learning
problem

In this appendix a quick review of some possible models for the present
study are proposed.

B.1 Introduction

In section 2.1 I have been addressing the main principles on which the
decision-making task will be grounded. How to translate them into a plau-
sible mathematical framework to develop an analysis?
In literature some attempts can be found to formalize learning mechanisms.
In interesting studies by Yechiam and Busemeyer (see [27] and [28]), several
models for experience-based decision-making were compared. They focused
on two different tasks, the original IGT and the Go/No-Go Discrimination
task.

The former was described in section 2.1.2. The Go/No-Go tasks is an-
other psychological tool that was employed in assessing, among others, dif-
ferences between normal subjects and criminals. It consists of a random
sequence of 10 numbers, 5 of which are given a positive outcome and the
remaining 5 a negative one. The subject has to decide whether to accept or
reject the number which is presented. Upon acceptance the corresponding
reward (or punishment) was given. Rejecting the number was not associated
to any event.

The structure of the Go/No-Go task is formally similiar to the version
of the IGT I chose for the experiment:

• each number shown in a Go/No-Go trial can be associated with a
different deck label of the modified IGT trial;

• the acceptance/rejection of the Go/No-Go reflects in the acceptance/deck-
switching option of the IGT.
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B.2 The proposed models

In forming the models I merged some concepts from the formal analysis of the
original IGT and the Go/No-Go task, adapting them to the peculiarities of
the modified version of the IGT I have used in the experiment. In general we
can say that learning models are based on understanding how an individual
makes decisions based on past outcomes. In our case what we need first is
therefore a measure of how much wins and losses of a specific trial impact on
the subject. This is achieved in the model thanks to a utility function u(t),
where the variable t is the trial we are evaluating. In a second time we have to
create estimates of how the perceived quality of a deck evolves through trials.
This helps us in forecasting choices according to the experience gained. An
expectancy function Ej(t) is devised for each deck j and each trial t. We will
see how this function can be related to past values of the expectancy itself
and to the present utility. Once the expectancies are updated we can use
them as parameters of a choice rule computing the probability of drawing
or switching deck.

B.2.1 The utility function

In order to account for the positive and negative outcomes a simple and
yet robust utility function u(t) which has been validated in several studies
(CIATCIATCAITCAI), assumes a linear dependence from the amounts won
and lost in each trial:

u(t) = (1− w) ·Win(t)− w · Loss(t) (B.2.1)

The term w is a number between 0 and 1 that we can term attention; it is
a weight of negative outcomes in the trial t with respect to positive ones.
Win(t) is the positive quantity won at trial t, while Loss(t) is the lost
quantity in case of a negative result from the choice.

B.2.2 Update of expectations

In the generic equation of the current expectation for the deck j Ej(t) (which
is updated after the choice has been made), we still assume a linear depen-
dence from two quantities: the previous value of expectation and the utility.
In formula:

Ej(t) = αjtEj(t− 1) + βjtu(t) (B.2.2)

The terms αjt and βjt, the coefficients of the equation that in general
depend on both the current deck and the trial, are defined according to
different assumptions. Here we take into account three possible models of
how the
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Interference EV model (IEV)

In this model we do not differentiate between decks, as it is assumed that
people’s reaction only occurs due to the outcome, regardless of the deck it
is associated with.

E(t) = E(t− 1) + a · k(t) · [u(t)− E(t− 1)] (B.2.3)

The term a denotes the weight of the prediction error [u(t)−Ej(t− 1)]
and k is 1 when I draw the card from the deck, 0 if I switch. When I switch
deck the expectation is not updated, as k(t) is 0.

Decay EV model

Expectation of each deck is updated every trial.

E(t) = a · E(t− 1) + k(t) · u(t) (B.2.4)

If I switch the presented deck at trial t (that is k(t) = 0), then we
only have the term a · E(t − 1), where a is a decay factor: the more we
proceed in the game, the more we try to insert new information in working
memory. Therefore it is reasonable to assume that oldest cards displayed
will be progressively forgotten, regardless of the deck they belong.

Interference CD model (ICD)

Expectations deck j are updated only when I am presented with that deck
and I choose an action.

Ej(t) = Ej(t− 1) + a · δj(t) · k(t) · [u(t)− Ej(t− 1)] (B.2.5)

The term a denotes the weight of the prediction error [u(t)−Ej(t− 1)]
and δj(t) is a dummy variable which is 1 when the deck displayed int trial t
is deck j, 0 otherwise. The term k is 1 when I draw the card from the deck,
0 if I switch; this tells us that when deck j appear and I do not draw, Ej

does not get updated.

Decay CD model (DCD)

Expectations of each deck are updated every trial.

Ej(t) = a · Ej(t− 1) + δj(t) · k(t) · u(t) (B.2.6)

If the presented deck is not the j-th then we only have the term a ·Ej(t−
1), where a is a decay factor a k(t) the choice made, as in equation B.2.4.
δj(t) again tells me which deck is now presented.
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Interference MCV model (IMCV)

This model tries to integrate the IEV and ICD perspectives giving a weight
to cues coming from not just the deck related to the expectation, but also
from other ones. In any case only when the card is chosen I have an update
of the expectations.

Ej(t) = Ej(t−1)+a ·k(t) · {γ · [1− δj(t)] + (1− γ) · δj(t)} · [u(t)−Ej(t−1)]
(B.2.7)

Decay MCV model (DMCV)

This model tries to integrate the IEV and ICD perspectives giving a weight
to cues coming from not just the deck related to the expectation, but also
from other ones. In this way at every trial we have an update of the expec-
tation.

Ej(t) = a · Ej(t− 1) + k(t) · {γ · [1− δj(t)] + (1− γ) · δj(t)} · u(t) (B.2.8)

B.2.3 Choice rule

In the EV model we have one expectancy.

P [G(t+ 1) = k0] =
eθ(t)·Ek0

(t)

∑1
k=0 e

θ(t)·Ek(t)
(B.2.9)

In the CD and MCV models we have different expectancies for each deck,
therefore:

P [Gj(t+ 1) = k0] =
eθ(t)·Ej,k0

(t)

∑1
k=0 e

θ(t)·Ej,k(t)
(B.2.10)

We can make different assumptions about the parameter c. Two main
streams are outlined in the following subsections.

Trial-dependent consistency

The term θ(t) is not constant, but changes on time, accounting for an ex-
ploratory phase at the beginning of the game. In formula.

θ(t) = (t/10)c (B.2.11)

Trial-independent consistency

The term θ(t) is constant through trials.

θ(t) = 3c − 1 (B.2.12)



Bibliography

[1] Lisa Feldman Barrett, Batja Mesquita, Kevin N Ochsner, and James J
Gross. The experience of emotion. Annual Review of Psychology,
58(1):373–403, 2007.

[2] Fredrik Hagmar. Emotional response to sound Influence of spatial de-
terminants. Master’s thesis, Chalmers University of Technology, 2010.

[3] Isabelle Blanchette and Anne Richards. The influence of affect on higher
level cognition: A review of research on interpretation, judgement, de-
cision making and reasoning. Cognition & Emotion, 24(4):561–595,
2010.

[4] A Damasio. Descartes Error. Putnam, 1994.

[5] A Bechara, A R Damasio, H Damasio, and S W Anderson. Insensitivity
to future consequences following damage to human prefrontal cortex.
Cognition, 50(1-3):7–15, 1994.

[6] Robert Schleicher, Shiva Sundaram, and Julia Seebode. Assessing audio
clips on affective and semantic level to improve general applicability.
In DAGA, 2010.

[7] Lotte F Van Dillen and Sander L Koole. Clearing the mind: a working
memory model of distraction from negative mood. Emotion Washington
Dc, 7(4):715–723, 2007.

[8] T Meiser and Karl Christoph Klauer. Working memory and changing-
state hypothesis. Journal of Experimental PsychologyLearning Memory
Cognition, 25(5):1272–1299, 1999.

[9] Alan D Baddeley. Working memory: looking back and looking forward.
October, 4(10):829–839, 2003.

[10] A Baddeley. The episodic buffer: a new component of working memory?
Trends in Cognitive Sciences, 4(11):417–423, 2000.

55



BIBLIOGRAPHY 56

[11] Ana Tajadura-Jimnez, Aleksander Vljame, Erkin Asutay, and Daniel
Vstfjll. Embodied auditory perception: the emotional impact of
approaching and receding sound sources. Emotion Washington Dc,
10(2):216–229, 2010.
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