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Abstract

Previous literature suggests that structural and expressive cues affect the emotion expressed in music. However, only a
few systematic explorations of cues have been done, usually focussing on a few cues or a limited amount of predeter-
mined arbitrary cue values. This paper presents three experiments investigating the effect of six cues and their combi-
nations on the music’s perceived emotional expression. Twenty-eight musical pieces were created with the aim of
providing flexible, ecologically valid, unfamiliar, new stimuli. In Experiment |, 96 participants assessed which emotions
were expressed in the pieces using Likert scale ratings. In Experiment 2, a subset of the stimuli was modified by partic-
ipants (N =42) via six available cues (tempo, mode, articulation, pitch, dynamics, and brightness) to convey seven emo-
tions (anger, sadness, fear, joy, surprise, calmness, and power), addressing the main aim of exploring the impact of cue
levels to expressions. Experiment 3 investigated how well the variations of the original stimuli created by participants
in Experiment 2 expressed their intended emotion. Participants (N=91) rated them alongside the seven original pieces,
allowing the exploration of similarities and differences between the two sets of related pieces. An overall pattern of cue
combinations was identified for each emotion. Some findings corroborate previous studies: mode and tempo were the
most impactful cues in shaping emotions, and sadness and joy were amongst the most accurately recognised emotions.
Novel findings include soft dynamics being used to convey anger, and dynamics and brightness being the least informative
cues. These findings provide further motivation to investigate the effect of cues on emotions in music as combinations of
multiple cues rather than as individual cues, as one cue might not give enough information to portray a specific emotion.
The new findings and discrepancies are discussed in relation to current theories of music and emotions.
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Introduction emotion refers to the listeners’ perception of the emotional
expression the music is supposed to convey, whilst felt
emotion refers to the listener’s emotional response to the
music. The variance between the two types of emotion
might be differentiated by a rather fine line, however,
they are considered as different modes of emotional
responses, which may produce contrasting results
(Gabrielsson, 2002). This study focusses on the

Previous literature suggests that emotions can be successfully
conveyed through music and recognised by the listeners
(Juslin, 1997a, 2013). This notion allows music to be utilised
as a means of emotional communication in different scenarios,
such as an aid for non-verbal patients (Silverman, 2008), a
method for emotional recognition development in children
and young adults (Saarikallio et al., 2014; Saarikallio et al.,
2019), and a tool for mood regulation (Lyvers et al., 2018).
Due to music’s ability to convey emotion and have an effect
on an individual’s emotional response, it is of great importance ' Music Department, Durham University, Durham, UK
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communication of perceived emotional expressions in
music and investigates how different emotions are success-
fully conveyed to the listener through music.

Following an expanded version of Brunswik’s lens
model (Brunswik, 1956), previous research suggests that
musical cues utilised by composers and performers aid in
encoding emotions in music and helps listeners successfully
decode and recognise the intended emotions (Juslin,
1997a). Musical cues can be loosely divided into two
groups: structural cues and expressive cues. Structural
cues refer to properties of the music that relate to the
score, such as tempo and mode, whilst expressive cues
are features utilised by performers, such as articulation
and timbre (Gabrielsson, 2002). Although a lax distinction
is made between these two groups, which cues belong in
which group is still debatable, as some cues such as dynam-
ics can be altered by both composers and performers
(Livingstone et al., 2010). In this paper, tempo, mode,
pitch, and dynamics will be referred to as structural cues,
whilst articulation and brightness will be regarded as
expressive cues.

Over the last 90 years, various methodologies have been
utilised to investigate the role of different cues in conveying
emotion through music. Hevner introduced systematic
manipulation of structural cues in short pieces of tonal
music, by creating versions of the same musical samples
that varied in cues such as mode (1935), rhythm, melodic
line, harmony (1936), tempo and pitch level (1937).
Participants then listened to the stimuli variations and
chose appropriate terms to describe the emotion conveyed
by the music, thus identifying how the different cue
levels affected the communicated emotion. Since then,
several scholars inspected the properties of specifically
composed music in relation to the intended conveyed
emotion (e.g., Thompson and Robitaille, 1992) or measured
the acoustical properties of the music (e.g., Juslin, 1997b;
Schubert, 2004). Certain cue combinations have been
linked to specific emotions. For example, fast tempo and
high levels of loudness and pitch are associated with high
arousal emotions like happiness or anger. A slow tempo,
legato articulation, and soft timbre are associated with
low arousal emotions like sadness and calmness (Juslin,
1997b; Scherer & Oshinsky, 1977; Watson, 1942). Many
of these cues — such as loudness, timbre, tonality, and
rhythm — seem to be operating similarly in different cultures
(Balkwill et al., 2004; Laukka et al., 2013; Midya et al.,
2019).

Despite the research on emotion cues over the years,
there are only a few sysfematic explorations of cue combi-
nations contributing to the expressed emotion using causal
manipulation of cues. Early studies usually explored either
a few cues such as tempo and mode (Dalla Bella et al.,
2001) or tested a bigger number of cues with only two
cue levels (Juslin & Lindstrom, 2010; Scherer &
Oshinsky, 1977). Eerola et al. (2013) used a fractional fac-
torial design to ambitiously combine six cues, each with
three to six levels. Their findings reported that musical

cues for basic emotions tend to be additive and linearly con-
tribute to emotional expression. On the other hand, there
have been numerous attempts focussing on a particular
cue, such as timbre (Eerola et al., 2012), harmony
(Lahdelma & Eerola, 2016), mode (Kastner & Crowder,
1990), and harmonic intervals (Costa et al., 2000).
However, the common shortcomings of all studies dealing
with cue combinations are that they are limited in terms
of how many cues can be realistically explored simultane-
ously and that the cue levels are arbitrary.

A strategy aimed to circumvent many of the limitations
of systematic manipulations is allowing participants to
create music expressing different emotional qualities. For
instance, composers were given the task of creating music
expressing different emotions. The efficacy of structural
cues utilised in the compositions was then examined via
an emotion recognition listening experiment (Thompson
& Robitaille, 1992). Another method involved asking musi-
cians to provide their interpretation of different emotions by
performing a set-piece on their instruments (Gabrielsson &
Juslin, 1996; Juslin, 1997b; Laukka et al., 2013). These
approaches either focussed on structural cues or expressive
cues. However, previous research suggests that a combina-
tion of structural and expressive cues should be investigated
simultaneously as the two types of cues are known to inter-
act together in an additive fashion (Eerola et al., 2013;
Friberg & Battel, 2002; Gabrielsson, 2008).

A different approach to systematic manipulation studies,
and score and performance analyses is an
analysis-by-synthesis methodology (Friberg et al., 2014).
This approach allows participants to manipulate a selection
of cues of existing music using an interface that does not
require musical expertise (Bresin & Friberg, 2011;
Kragness & Trainor, 2019). Furthermore, a bigger cue
space may be explored as cue levels and combinations do
not need to be pre-determined and rendered. Bresin and
Friberg’s (2011) approach allowed participants to manipu-
late seven musical cues simultaneously (timbre, register,
articulation, tempo, sound level, phrasing, and attack
speed) with no arbitrary level restrictions. A few other
studies have used this production approach to investigate
how adolescents and children would change three to five
cues via sliders to express three different emotions
(happy, sad, and anger) in music (Saarikallio et al., 2019,
2014), or to compare how five emotions (happiness,
anger, peacefulness, sadness, and fear) are expressed via
five cues in music and movement across two cultures
(Sievers et al., 2013). However, the musical materials in
these studies were somewhat limited (Vieillard et al.,
2008) since the cues manipulations either only affected
the melodic component of the stimuli, or monophonic mel-
odies were utilised as stimuli. Nevertheless, this was a
viable way of probing how the cues work together to
create the optimal desired emotional expression.
Kragness and Trainor (2019) devised an experiment
which utilised one key on a MIDI keyboard to control
tempo, articulation, and dynamics of chord sequences
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taken from Bach chorales. This methodology allowed
users without any prior musical knowledge to perform
different emotions through the stimuli with minimal
task demands. However, the utilisation of one MIDI
key to control three cues is a challenging interface to
control the cues independently.

Most studies tend to focus on the communication of a
limited selection of basic emotions, such as happiness,
sadness, and anger (Warrenburg, 2020b), following the
theory that basic emotions are the easiest and most accu-
rately recognised emotions in music due to their existence
in everyday life (Akkermans et al., 2019; Gabrielsson &
Juslin, 1996; Kragness & Trainor, 2019; Mohn et al.,
2011; Saarikallio et al., 2019). Other studies ask partici-
pants to rate musical pieces on valence and arousal dimen-
sions (Costa et al., 2004; Morreale, Masu, Angeli, and Fava,
2013; Quinto et al., 2014). However, utilising valence and
arousal dimensions may be somewhat ubiquitous and limit-
ing, as some emotional expressions might not be captured
by these dimensions (Collier, 2007). A different framework
that presents perceived emotional expressions in music as a
product of core affects and the listeners’ contextual infor-
mation is the constructionist approach, which proposes
that different affect dimensions are recognised in music
due to the abilities of speech and music to communicate
levels of valence and arousal (Cespedes-Guevara &
Eerola, 2018). Following the argument made by Laukka
et al. (2013), committing to one framework of emotion
theory might limit us to a number of discrete emotional
expressions or affective dimensions, and hinder our aim
to investigate a substantial number of different emotional
expressions which have been reported as being expressed
in music and perceived by listeners, which might not neces-
sarily fit in one emotion framework, such as the combina-
tion of joy, sadness, love, calmness, longing, and humour
emotions (see: Juslin and Laukka, 2004; Kreutz, 2000;
Lindstrom et al., 2003; Zentner et al., 2008). Therefore,
our aim is to give new insight on emotional expressions
that exist in music. To this end, nine different emotional
expressions, incorporating both basic emotions and other
complex ones, which have been perceived in music were
investigated in this paper: joy (Akkermans et al., 2019;
Juslin & Laukka, 2004; Kreutz, 2000; Lindstrém et al.,
2003; Vieillard et al., 2008), sadness (Behrens & Green,
1993; Juslin & Laukka, 2004; Mohn et al., 2011), calmness
(Juslin & Laukka, 2004; Laukka et al., 2013; Lindstrom
et al, 2003; Thompson & Robitaille, 1992; Vieillard
et al.,, 2008; Zentner et al., 2008), anger (Akkermans
et al., 2019; Behrens & Green, 1993; Juslin & Laukka,
2004; Laukka et al., 2013; Mohn et al., 2011), fear
(Behrens & Green, 1993; Kreutz, 2000; Mohn et al.,
2011; Vieillard et al., 2008; Zentner et al., 2008), surprise
(Juslin & Laukka, 2004; Lindstrom et al., 2003; Mohn
et al.,, 2011; Scherer & Oshinsky, 1977), love (Juslin &
Laukka, 2004; Lindstrom et al., 2003), longing (Juslin &
Laukka, 2004; Laukka et al., 2013; Lindstrom et al.,
2003), and power (Zentner et al., 2008).

Another limitation highlighted in current literature is that
the majority of previous studies utilised commercial record-
ings of existing music as stimuli, mostly classical and
popular music (Eerola & Vuoskoski, 2013; Warrenburg,
2020a). When commercial music is utilised, it might
create familiarity bias issues which cannot be controlled,
as participants might have had prior exposure to the
stimuli (Juslin & Vistfjill, 2008). Although using commer-
cial music retains high ecological validity, control over the
cues is limited, making recognition of their effects difficult
(Gabrielsson & Lindstrom, 2010). Contrastingly, systemati-
cally manipulating cues affects the real music properties
resulting in artificially sounding stimuli, forfeiting their
ecological wvalidity (Eerola et al., 2013; Juslin &
Lindstrom, 2010). A solution to eliminate the overuse of
commercial recordings and familiarity bias, whilst attend-
ing to the balance between ecological validity and experi-
mental control would be to compose original music for
the experiments.

In this paper, the main aim was to investigate how a
number of structural and expressive cues and their combi-
nations affected the communication of different emotional
expressions through music. We strove to do this by
moving away from a traditional, systematic manipulation
methodology and using an interactive paradigm
(analysis-by-synthesis methodology) where participants
used cues to change the music to express different emotions
in real-time, which allowed for a bigger cue space to be
investigated. Furthermore, we wanted to explore a
number of different emotions that have been said to be
expressed in music (Juslin & Laukka, 2003; Kreutz,
2000; Lindstrom et al., 2003). To achieve this main aim
of exploring a large cue space using a production approach,
we also needed to address certain shortcomings mentioned
above, and thus, we created a hierarchy of two secondary
goals together with our main goal for this paper:

1. Our first sub-goal was to create a new set of musical
stimuli that would be able to express a broad selec-
tion of nine emotional expressions (sadness, joy,
calmness, anger, fear, power, and surprise) which
may be conveyed by music (Juslin, 2013; Juslin &
Laukka, 2004; Lindstrom et al., 2003), as existing
music stimuli dealt with less emotions and mostly
basic ones (Vieillard et al., 2008). This ensured
that musical stimuli used were unfamiliar to partic-
ipants, eliminating the issue of any familiarity bias
that might stem when commercial music is used as
stimuli. Additionally, we wanted to create poly-
phonic music which is flexible and allows for cue
manipulations of all parts of the music, rather than
just melodic manipulations as in previous studies
(Bresin & Friberg, 2011; Kragness & Trainor,
2019; Saarikallio et al., 2019, 2014; Sievers et al.,
2013). Creating new stimuli also allowed us to
attend to the delicate ecological validity and exper-
imental control balance, therefore simultaneously
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tackling shortcomings mentioned in previous
studies. To confirm whether the compositions
were successful in expressing their predefined
emotion, we asked participants to listen to the new
musical excerpts and rate which emotions were
being expressed in the music (Experiment 1).

2. To achieve our next goal and main aim of the paper,
which was exploring how the cues contributed to the
different emotions, we carried forward the musical
pieces rated in Experiment 1 as the best exemplars of
the pre-defined emotions and used them in the
analysis-by-synthesis cue manipulation experiment
(Experiment 2). Participants used an interactive inter-
face called EmoteControl (Micallef Grimaud &
Eerola, 2021) to change the musical pieces via six avail-
able cues (tempo, pitch, dynamics, brightness, and
mode) to create different emotional expressions out of
our selection of musical pieces. Using this production
approach, a bigger number of cue combinations could
be simultaneously explored, as unlike traditional, sys-
tematic manipulation experiments, cue levels and com-
binations did not need to be pre-defined and rendered.
Therefore, Experiment 2 tackled the restricted number
of cue levels limitation identified in previous studies.
Furthermore, a combination of structural and expres-
sive cues were used to manipulate polyphonic
musical pieces, rather than monophonic melodies
used in previous studies (Bresin & Friberg, 2011;
Saarikallio et al., 2019, 2014; Sievers et al., 2013).

3. Finally, as the results of Experiment 2 created new
versions of musical pieces expressing the different
emotions, we took the opportunity to investigate a
second sub-goal: how well these new participant-
proposed pieces expressed their intended emotion.
Therefore, we carried out another experiment
(Experiment 3) where a new set of participants
rated the emotion(s) expressed in the musical
pieces’ variations created by the participants in
Experiment 2. Furthermore, in Experiment 3, partic-
ipants also evaluated the already-rated musical
pieces from Experiment 1 which were carried
forward to Experiment 2. This gave us the opportu-
nity to examine how two variations of the same
musical pieces were perceived and look at the sim-
ilarities and differences between the composer’s and
participants’ musical interpretations of the emotions
and cue combinations in related musical pieces.

Experiment |: Evaluation of New Music
Stimuli

Twenty-eight musical pieces were composed by the first
author to be used as stimuli for music emotion research.
The aims were to provide new, unfamiliar, polyphonic
music that allows for experimental flexibility whilst also
retaining ecological validity. Furthermore, the pieces were
composed with the aim of conveying a particular emotion

to the listener in order to investigate how different emotions
are communicated through the structural and expressive alter-
ations of the musical pieces. Each piece was composed to
convey one specific emotional expression from the following
selection: joy, sadness, calmness, anger, fear, surprise,
power, love, and longing. These nine emotion categories
were selected based on previous literature suggesting that
these emotions may be expressed through music and per-
ceived by listeners (Juslin, 2013; Juslin & Laukka, 2004;
Lindstrom et al., 2003; Turnbull et al., 2008; Zentner et al.,
2008), and thus, this experiment aimed to provide new infor-
mation on how the aforementioned emotions may be
encoded in the music, and communicated to the listener.
These emotions also cover a broad range on the emotion
spectrum (Plutchik, 2001) and valence-arousal circumplex
model (Russell, 1980). Furthermore, the composition of
these musical pieces was an attempt to provide stimuli that
represented other emotion terms apart from the most
common ones which are sadness, happiness, and anger
(Warrenburg, 2020a). To validate whether these 28 music
compositions were able to convey their intended emotion, a
rating study was carried out.

Method

Participants. Participants were recruited via social media and
email notices. Ninety-six participants (40 men and 56
women) between 19 and 75 years of age (M = 37.60, SD
= 15.60) took part in the study. A one-question version of
the Ollen Music Sophistication Index (OMSI) (Ollen, 2006)
was utilised to distinguish between the participants’ levels
of musical expertise (Zhang & Schubert, 2019). Sixty-five
of the participants were non-musicians and 31 were
musicians. Participants also provided information on their
fluency in the English language on a five-point Likert scale
(extremely limited, limited, modest, competent, and good/
fluent user), with 89 participants reporting they are fluent in
the English language, five reporting they are competent and
two participants rating themselves as modest users of the
English language. Participation in the study was voluntary,
and institutional ethics approval was obtained.

Material. The music material was composed by the first
author who has nearly 10 years of experience in music com-
position. The musical excerpts were composed using both
knowledge from existing literature on which musical features
tend to express certain emotions (for an overview see:
Cespedes-Guevara and Eerola, 2018; Juslin and Lindstrom,
2010), as well as the composer’'s own intuitions.
Furthermore, to ensure compatibility with the EmoteControl
interface (Micallef Grimaud & Eerola, 2021) described and
used in Experiment 2, certain requirements were adhered to:

e The music should be composed for one instrument as
the interface plays all parts in the music with the one
chosen virtual instrument.

e Music notes should have note durations that allow
for different articulation changes.
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e The pitch range of the music should be compatible
with the virtual instrument’s register range to ensure
all notes are played through the interface. In this
case, as the interface uses a chamber strings virtual
instrument, the pitch range was from B0 to C7.

e The musical pieces should have no modulations
outside of the piece’s key signature for the switch
between major to harmonic minor mode to be
successful.

In total, 28 musical pieces were composed, with three to
four pieces composed for each of the nine selected emo-
tions. All pieces were short polyphonic piano pieces,
mostly adhering to a tonal framework and with durations
ranging from 14 to 40 s. Further details on the musical
pieces can be found in the supplementary material. All
musical pieces are available on OSF repository'.

Procedure. The study was carried out in English and adminis-
tered online. Participants were instructed to wear headphones
or use good quality speakers in a quiet environment due to
the nature of the survey and test their sound. Instructions at
the start of the survey explained to participants that they’ll be
listening to different musical pieces and rating on different
emotion scales how much they thought the music was express-
ing each emotion. The instructions noted that participants will
be asked to assess which perceived emotion they think the
music is conveying, rather than their emotional response to
the music. The full instructions and question template of
Experiment 1 can be found in the Supplementary Material,
together with additional procedure details. The 28 musical
pieces were presented to the participants in random order.
For each piece, participants rated how much of each of the
nine emotions utilised to compose the pieces (joy, sadness,
calmness, power, anger, fear, surprise, love, longing) they
thought the music was conveying. Ratings were done on
nine separate five-point Likert scales, one for each emotion,
which were simultaneously presented to the participants in
a matrix. A rating of 1 (none at all) indicated that the
music did not convey any of the emotion. A rating of 5 (a
lot) indicated that the music strongly conveyed the emotion.
Participants carried out a practice trial which allowed them
to familiarise themselves with the music listening task and
rating scales. The study took approximately 25 min to
complete.

Results

The consistency among participants in using the emotion
rating scales was calculated using Cronbach’s alpha (intra-
class correlation coefficient) to examine the inter-rater
agreement within each emotion scale across each partici-
pant and musical piece. High consistency of agreement
between participants was observed for all rating scales,
especially in the calmness a = 0.994, sadness o = 0.992,
fear o =0.992 and anger o = 0.990 emotion rating
scales. The other rating scales also had high consistencies

(love o = 0.989, joy a = 0.989, longing a = 0.984, sur-
prise a = 0.979) with the power emotion rating scale
having the lowest consistency score o« = 0.967.

The data were then subjected to a one-way repeated mea-
sures ANOVA to investigate whether overall, participants
rated the intended emotion significantly different to the
other emotion rating scales, with the intended emotion
being the independent variable and the dependent variable
being the collapsed ratings across all other ‘unintended’
emotion scales. The main effect of the intended emotion
on the emotion scale rating was significantly different, sug-
gesting that in general, participants rated the intended
emotion to be recognised by participants higher than the
other eight emotions in the musical pieces, F(1, 95) =
1173.00, p < .001.

The mean ratings given by participants for all nine
emotion scales were calculated for the 28 musical
excerpts. Table 1 displays the mean ratings collapsed
across participants and musical excerpts grouped in their
respective intended emotion category. Rows in the table
refer to the nine different types of intended emotions in
the excerpts. Each row groups the excerpts intending to
convey the respective emotion (e.g., anger row groups
the three excerpts aiming to convey anger). Columns in
the table refer to the nine emotion scales rated for each
excerpt, to establish how much of each emotion partici-
pants thought the excerpts were conveying. The ratings
along the diagonal in bold are expected to be higher
than the other ratings in their relative row, following the
hypothesis that a composer can effectively communicate
the intended emotion to the listeners. However, this was
not the case for all intended emotions. Overall, the
excerpts composed to convey calmness, fear, joy,
power, sadness, and surprise were given the highest
ratings for their intended emotion, whilst excerpts com-
posed to convey anger, longing, and love were rated
highest for other emotions.

A one-way repeated measures ANOVA was executed on
the excerpts grouped in their respective emotion category to
determine if the intended emotion was rated significantly
higher than the other emotions across the pieces within
the group. The asterisks following the mean emotion
ratings in the columns in Table 1 represent how signifi-
cantly different the intended emotion’s rating was to the
other emotions’ ratings. All pieces composed to express
calmness, fear, joy, power, and sadness were rated signifi-
cantly higher than all other emotions. Although the mean
rating of surprise candidates was overall the highest, it
was not significantly higher than the joy mean rating.
This result suggests that joy might have been rated higher
than surprise in one or more excerpts in their group. The
anger candidates were rated significantly different for
their intended emotion in comparison with other emotions,
apart from fear. Excerpts intending to convey longing and
love were both rated highest for calmness. Excerpts in the
longing and love categories had mixed emotion ratings
which were not significantly different from the intended
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emotion in their respective groups. Thus, excerpts com-
posed to convey longing and love were not clear represen-
tatives of their intended emotion.

Posthoc comparisons were also carried out to explore the
participants’ ratings for the individual excerpts and identify
which candidates in each group were the strongest conduit
of the intended emotion. The ‘Excerpts’ row in Table 1
notes the musical pieces within each group that were
rated significantly highest for their intended emotion. The
pieces are listed in a ranked order starting with the strongest
representative of the intended emotion. The mean rating of
the individual pieces is denoted in brackets. A‘-’ in the table
denotes when none of the pieces in the emotion group rep-
resented the intended emotion.

All excerpts in the fear, joy, power, and sadness groups
were rated significantly higher for their intended emotions.
This suggests that these excerpts are good representatives of
their intended emotion. All calmness pieces were rated
highest for calmness. However, only two of the three candi-
dates’ calmness ratings were significantly higher than the
other emotions’ ratings. Only one excerpt from the anger
and surprise groups was a strong representative of its
intended emotion. No longing and love excerpts were
good indicators of their intended emotion due to the
mixed ratings.

Discussion

In this experiment, 28 newly composed musical pieces with
the aim of conveying one particular emotion from an array
of emotions (sadness, joy, calmness, anger, fear, power,
surprise, love, and longing) were rated by participants to
determine whether the pieces were accurately communicat-
ing their intended emotion to the listeners. Sixteen out of
the 28 pieces (57.14%) were correctly identified as convey-
ing their intended emotion, which suggests that it is possi-
ble for listeners to correctly identify an intended emotion in
a musical piece, despite the music being new and unfamiliar
to them. This supports the notion that in general, musicians
can encode certain emotions in the music by using musical
cues, which in turn, listeners use to decode and identify the
emotion communicated in the music (Akkermans et al.,
2019; Juslin, 2000, 2013; Juslin & Lindstrom, 2010).
However, it is important to note that this was not the case
for all intended emotions in this experiment. All musical
pieces representing fear, joy, power, calmness, and
sadness were recognised as conveying their intended
emotion. On the other hand, only one of the three anger
and surprise excerpts were rated as conveying their
intended emotion, whilst none of the longing and love
excerpts were perceived as expressing their desired
emotion. Instead, all love and longing excerpts were rated
highest for calmness. The fact that love, longing, and calm-
ness have similar musical features might explain why these
three emotions tended to be confused. Previous research has
suggested that music expresses basic emotions, i.e., happi-
ness, anger, sadness, fear, surprise, and disgust (Ekman,

1992), and that basic emotions are easier to communicate
in music and be recognised by listeners than other emo-
tional expressions (Gabrielsson & Juslin, 1996; Juslin,
2000, 2013; Peretz et al., 1998). Although in Experiment
1, all musical pieces representing the sadness, joy, and
fear basic emotions were correctly identified by partici-
pants, the anger emotion was correctly recognised in only
one of the three anger excerpts. Furthermore, it is interest-
ing to note that although calmness and power emotions
are not considered as basic emotions, participants accu-
rately identified the intended emotions in their respective
musical pieces. This might be due to calmness and power
being two emotions that have been frequently reported to
be expressed by music and perceived by listeners (Juslin
& Laukka, 2003; Lindstrom et al., 2003; Zentner et al.,
2008). Furthermore, it is suggested that music can effec-
tively communicate emotions that can be explained
without an intentional situation context (Cespedes-
Guevara & Eerola, 2018).

The musical pieces in each emotion category were com-
posed with a range of cues that have been associated with
their intended emotion in previous studies. Certain cue
combinations also overlapped across emotion categories.
Anger, fear, and power excerpts featured a fast tempo,
minor mode, repetitive notes, dissonance, stepwise move-
ment in the melodic line, and a constant rhythm (Costa
et al., 2000; Ilie & Thompson, 2006; Juslin, 1997b;
Krumbhansl, 1997; Lindstrém, 2006; Scherer & Oshinsky,
1977). The excerpt rated as the best representative of fear
had the most dissonance and most constant repetitive note
pattern. Only one of the anger candidates was rated
highest for anger, while the remaining two were rated
highest for fear. Although previous studies suggest that
anger is represented by a high pitch level and fast tempo
(Juslin, 1997b; Scherer & Oshinsky, 1977), the strongest
representative of anger had the lowest pitch level and
slowest tempo from the three anger candidates.
Furthermore, the piece rated highest for the intended
emotion anger had the smallest pitch range of C1 to F2,
while the other two pieces which were incorrectly rated
highest for fear had pitch ranges spanning four octaves.
This result is not surprising as other studies have also
found that anger and fear do tend to be confused in music
(Cunningham & Sterling, 1988; Kragness et al., 2021;
Vidas et al., 2018), potentially due to them being both neg-
ative emotions and sharing multiple musical elements such
as staccato articulation, minor mode, and a fast tempo
(Mohn et al., 2011). Excerpts portraying power featured
melodies with small intervals, mostly major thirds, perfect
4ths and Sths (Smith & Williams, 1999), and a narrow
melodic range (Gundlach, 1935). The strongest representa-
tive of power had the fastest tempo at 175 bpm and the
piece had the smallest pitch range from the three excerpts.

Surprise and joy excerpts featured upward pitch leaps in
the melodic line and variation (Scherer & Oshinsky, 1977).
Joy excerpts were all in major mode (Peretz et al., 1998)
whilst surprise excerpts varied in modes. The strongest
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candidate for surprise was in minor mode and had the most
rhythmic variation and rests, which perhaps aided in
making the surprise element more defined. The best repre-
sentative of joy was the fastest at 120 bpm and had the sim-
plest harmonic complexity, which could potentially explain
why it was preferred over the other pieces (Costa et al.,
2000).

Excerpts composed to convey calmness, love, sadness,
and longing all featured a slow to moderate tempo,
smooth melodic progressions with stepwise or arpeggiated
movement, a constant rhythm, and very similar pitch ranges
(Gagnon & Peretz, 2003; Juslin, 1997b; Quinto et al., 2013;
Thompson & Robitaille, 1992). Calmness and love pieces
were consonant and in major mode, whilst sadness and
longing pieces were in minor mode (except for one
longing excerpt which was in major mode) (Hevner,
1936). Sad pieces featured low pitch levels (Hevner,
1937; Watson, 1942) and narrow melodic pitch ranges
(Balkwill & Thompson, 1999). The best representative of
sadness had the least movement and was the only piece
with a descending stepwise melody rather than an arpeggi-
ated one (Scherer & Oshinsky, 1977; Thompson &
Robitaille, 1992). The highest-rated calmness excerpt had
the most melodic movement, which was well-paced and
held a steady rhythm. Interestingly, love was the second-
highest rated emotion in the calmness excerpts, whilst all
love excerpts were rated highest for calmness. All longing
pieces got mixed ratings, with the highest ratings being
for sadness, calmness, and longing emotions. This might
be due to the heavy overlap in music features used to
portray these emotions (Lindstrdm, 2006) or simply due
to the complexity and ambiguity that emotion poses for
music (Gabrielsson & Juslin, 1996; Juslin, 2013).

Although overall, similar cues were utilised to portray
the same emotion across different musical pieces, these
results suggest that even small nuances affect the emotion
being expressed by the music. This supports the notion
that the different properties (cues) of the music work
together to portray different, intended emotions
(Argstatter, 2016; Eerola et al., 2013; Juslin & Timmers,
2010; Lindstrom et al., 2003), and thus, components of
the music and their combinations should be investigated
together to identify which specific cues and levels provide
the determining factor in conveying one emotion rather
than another.

Limitations of the experiment. A potential shortcoming of
this experiment is that although participants were instructed
to wear headphones or use good quality speakers in a quiet
environment, the researchers do not have absolute control
over the participants’ environment due to the online
nature of the study, and the requirements mentioned
might not have been upheld by the participants.
Furthermore, the instructions did not mention that partici-
pants should keep their volume constant, therefore, partici-
pants might have altered the volume level throughout the
experiment, which could also affect results. Another

possible limitation of this experiment is the potential misun-
derstanding of terms and instructions due to modest lan-
guage competence. Therefore, apart from enquiring about
participants’ English proficiency levels, a post-task ques-
tion with regards to clarity of instructions and task would
be helpful. It is good to note that the composer and the
majority of participants (94.79%) that took part in this
experiment are from a Western culture, and that the music
composed and rated by participants was tonal, Western
music. Thus, the results of this experiment represent a
Western population sample and different results might be
achieved in a cross-cultural setting, which would be an
interesting avenue to pursue in future studies.

To investigate how the cues and their manipulations
influence the emotions communicated through the music,
only the best representative of each emotion (i.e., the
piece rated highest for its intended emotion) was selected
for the next experiments. Musical pieces that received
mixed emotion ratings and were not successful in portray-
ing their intended emotion (i.e., love and longing pieces)
were not carried forward to the next experiments.

Experiment 2: Cue Manipulation Task

Experiment 2 addressed the main aim of this paper, which
was to explore the role of six musical cues (tempo, articu-
lation, pitch, dynamics, brightness, and mode) in conveying
different emotional expressions through music and a large
cue space by using an interactive paradigm which does
not restrict us to a small number of predetermined cue
levels and combinations. To achieve this, an analysis-by-
synthesis method was utilised, where participants were pre-
sented with a selection from the newly composed musical
pieces that were rated by participants in Experiment 1 as
strongly conveying their intended emotion. Participants in
Experiment 2 were then asked to alter these musical
pieces in a computer interface called EmoteControl
(Micallef Grimaud & Eerola, 2021) via the six available
cues (tempo, articulation, pitch, dynamics, brightness, and
mode) to change the emotion conveyed by the music.
This approach allowed for an extensive exploration of cue
levels and combinations to identify how the same six cues
are altered to convey different emotions. The prediction
was that across different musical pieces, the same cue com-
binations are used to convey the same emotion, and a
unique pattern of cues will emerge for each emotion.

Method

Farticipants. Participants were recruited via social media
and university communications. Forty-two participants
(12 men, 29 women, one individual did not indicate their
gender) between the ages of 18 and 58 years (M = 26.17,
SD = 8.17) took part in the study. A one-question version
of the OMSI (Ollen, 2006; Zhang & Schubert, 2019) was
utilised to distinguish between the participants’ levels of
musical expertise. Twenty-two of the participants were
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musicians, and 20 were non-musicians. Participants were
compensated with chocolate for their time.

Material. Seven musical pieces previously validated in
Experiment 1 as representing a specific emotion (joy,
sadness, calmness, power, anger, fear, or surprise) were
selected. Participants were asked to convey each of the
seven emotions attributed to the musical pieces through
all the excerpts.

Apparatus. EmoteControl, a graphical user interface created
for music emotion research, was utilised for the study
(Micallef Grimaud & Eerola, 2021). Figure 1 presents the
EmoteControl user interface. EmoteControl allows users
to input an instrumental musical piece in MIDI format in
the interface and alter a combination of structural and
expressive cues (tempo, articulation, pitch, dynamics,
brightness, and mode) of the music file. A chamber
strings sound synthesizer from Vienna Symphonic
Library (VSL) is used as the default virtual instrument
and sound output in the EmoteControl interface. When a
music file is inputted in EmoteControl, the properties of
the music are re-arranged depending on the initial values
of the cue sliders. The cue values are initially set to the
middle of the available range before playback starts, thus
not exposing users to the ‘original’ version of the piece.
Users can make cue changes via sliders for tempo, articula-
tion, brightness, pitch, and dynamics, and a toggle button
for the mode cue, while the music plays in real-time and
the cue changes are instantly heard in the music. The inter-
face records the cue changes at 10 Hz.

Cue details of EmoteControl. The EmoteControl interface
allows participants to change a combination of four struc-
tural (tempo, mode, dynamics, and pitch) and two expres-
sive cues (brightness and articulation) of the music, for a
total of six cues. The tempo, mode, and dynamics cues
have been reported as being the most contributing struc-
tural cues to the emotion communicated in music (Dalla
Bella et al., 2001; Eerola et al., 2013; Kamenetsky et al.,
1997; Morreale, et al., 2013), while the remaining three
cues, pitch, articulation, and brightness, have been inves-
tigated to a lesser extent (Eerola et al., 2013; Juslin &
Lindstrom, 2010; Quinto et al., 2014; Saarikallio et al.,
2014). Therefore, investigating how tempo, mode, and
dynamics are used by participants in an interactive
setting is an opportunity to explore whether this current
methodology will produce results that complement previ-
ous literature, whilst also providing a baseline for experi-
ments utilising the EmoteControl interface. Furthermore,
investigating a combination of influential cues together
with less explored cues such as pitch, articulation, and
brightness will allow for new data to be collected on
these less explored cues, but most importantly, on their
interaction with cues that have been established as
strong contributing factors of emotion in music.
Furthermore, both structural and expressive cues are
responsible for the communication of emotion through
music (Friberg & Battel, 2002) and should be investigated
together due to their additive and interactive nature
(Gabrielsson, 2008), which were two additional motiva-
tions taken into consideration when choosing the cues to
be investigated in this experiment. The following sub-
sections describe the ranges and levels used for each cue
in the EmoteControl interface.

Tempo Articulation Pitch

1. Start Playback

2. Loop Playback
3. Unloop When Satisfied With Music

Volume Brightness Mode

Figure 1. The EmoteControl user interface.
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Tempo. The tempo cue is controlled via a slider and is
measured in beats per minute (bpm). The tempo cue has a
minimum value of 50 bpm and a maximum value of 160
bpm which covers a broad tempo range, and a step size
of 1 bpm.

Articulation. The articulation cue consists of three levels
of articulation: legato, detaché, and staccato. The different
articulation levels are presented in a sequence from longest
note-duration to shortest. Changes to the articulation cue are
made by a use of a slider.

Pitch. The pitch slider controls a pitch shift range of +2
semitones from the default mid-point of the slider.

Dynamics. The dynamics slider controls the MIDI
volume of the virtual instrument used as output rather
than the overall volume via the dB level. The dynamics
slider is set to a minimum MIDI volume of 30 and has a
maximum value of 129, which translates to a range of 26
decibels that is known to have small non-linearities
(Goebl & Bresin, 2001).

Brightness. The brightness slider controls the cut-off fre-
quency value of a low-pass filter which affects how many
harmonics sound. The low-pass filter has a cut-off fre-
quency range of 305 Hz to 20,000 Hz.

Mode. The mode cue gives the participants the option to
switch from major mode to harmonic minor mode (the third
and sixth degrees of the scale are flattened) which is con-
trolled via a toggle button.

Procedure. Ethical consent was obtained before testing and
the experiment was carried out in the lab. The experiment
was made up of two parts. In the first part, participants
answered some demographic questions such as age,
gender, and musical expertise. The full set of questions
are presented in the Supplementary Material. In the
musical cues task, participants were informed that they
will be presented with different combinations of musical
pieces and emotion terms. For each trial, their task was to
alter how the music sounds to best represent what they
think the intended emotion sounds like in music. They
were instructed that they could change the music in real
time using the six cues presented as five sliders and one
toggle button. Each musical piece was looped so that the
participants could keep on hearing it and making as many
changes as they liked. When they were satisfied that the
musical piece was best representing the intended emotion,
a new musical piece was loaded, and a new emotion term
was given. Changes to the cue values were recorded for
each trial. It was explained that there was no time limit
for the experiment. Prior to the musical task, the researcher
gave a short demonstration of the interface, and participants
were subjected to a practice trial. The full instructions as

well as details about the demonstration and practice trial
are included in the Supplementary Material. At the end of
the experiment, participants were presented with an
optional open-ended question to leave feedback on their
experience with the interface and the experiment in
general. Overall, seven musical pieces were changed to
convey seven different emotions, which yielded 49 differ-
ent combinations. Participants were split into three groups
of 14 participants to minimise fatigue. Each group carried
out 21 combinations of musical pieces and intended
emotion: conveying three different emotions through all
pieces (3 emotions X7 pieces). The experiment took
approximately 30 min to complete.

Results

The consistency and reliability of the participants’ cue
usage was examined by calculating the inter-rater agree-
ment using Cronbach’s alpha, among participants within
the 21 combinations of stimuli and emotions in each
group. High consistency among participants was observed,
particularly in Tempo (a = 0.943-0.964), Articulation («
= 0.943-0.957), Pitch (a = 0.939-0.956), Dynamics (a =
0.832-0.865), Brightness (a = 0.833-0.869), and Mode
(o = 0.950-0.960).

Table 2 shows the overall, main effect of Emotion,
Piece, and the interaction between Emotion and Piece
factors for the six different cues. Linear mixed models
(LMMs) were applied for each cue except for mode, with
and without the factors in question, utilising Participant as
the random factor in the models. A generalised mixed
model (GLMM) with a binomial distribution was used for
mode, due to its binary nature. A likelihood ratio test was
then computed to assess whether the contribution of the
factor (i.e., Emotion, Piece, or their interaction) offered stat-
istically significant improvements to the model. The main
effect of interest in Table 2 is between the different cues
and the Emotion factor, which are all significant, suggesting
that the cues were utilised in a specific way depending on
the emotion to be portrayed. The Piece factor had a statisti-
cally significant effect on all cues except for brightness
which suggests that certain structures of musical pieces

Table 2. LMM Estimates for Tempo, Articulation, Pitch, Dynamics, and
Brightness Cues and GLMM Estimate for the Mode Cue for the Main Effect
of Emotions, Musical Pieces, and Their Interactions, Using a Likelihood
Ratio Test.

Emotion Piece Piece X Emotion
Tempo 657.49%** 42.46%+* 45.66
Articulation 645.56++* 14.85% 88. | 2%+
Pitch 695.79%% 31.67% 38.60
Dynamics 280.96%+* 13.86* 45.15
Brightness 303.83*%* 9.96 27.61
Mode 613.48%+* 23.72%%% 50.71

Notes. *p <.05, ¥*p <.0l, ***p <.001, df = 6 for Emotion, df = 6 for Piece,
df =36 for Interaction for the likelihood ratio test.
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also had an influence on how the cues were utilised by par-
ticipants. This is understandable as the musical pieces had
been originally composed to convey different emotions,
and thus, might require the cues to be utilised slightly dif-
ferently to portray the same emotion across the pieces. A
further investigation of the Piece factor in relation to the
different cues showed that the pieces composed and vali-
dated as conveying calmness and sadness were the ones
that mostly affected the use of the cues, with tempo,
pitch, and mode having a significant interaction with the
calmness piece, while tempo and articulation had a signifi-
cant effect with the sadness piece. A breakdown of the
effect of the cues on each musical piece is presented in
Table S2 in the Supplementary Material. Articulation
was the only significant effect on the interaction between
Piece and Emotion. The most relevant result from
Table 2 for the purpose of this experiment is the fact
that all cues had a significant effect on the conveyed emo-
tions. The rest of this experiment’s analysis focusses on
cue usage and combinations used to communicate differ-
ent emotions.

Figure 2 portrays the mean cue values utilised by partic-
ipants to convey the different emotions across the musical
pieces. A slow tempo was utilised to portray calmness
and sadness whilst power and fear featured a moderately
fast tempo. Joy and anger had a very similar fast tempo,
and surprise had the fastest tempo. Nearly identical pitch
values were utilised for fear, surprise, and joy. Power had
the highest pitch, with anger being a close second.
Participants utilised a lower pitch to convey calmness and
sadness. Interestingly, participants opted for soft dynamics
in general, with anger and sadness having the softest
dynamics. Surprise and joy were the only two emotions
conveyed via loud dynamics. The brightness parameter
alters the amount of harmonic content outputted by
having participants control the cut-off frequency value of
a low-pass filter (Micallef Grimaud & Eerola, 2021). The
smaller the value, the fewer high frequencies are passed
through the filter, which makes the sound darker. A dark
timbre was used to portray sadness, whilst surprise and
joy featured the brightest timbre. Although the articulation
and mode cues hold categorical data, the means of these two
cues are visualised in the same manner as the other cues for
the purpose of clarity. Nevertheless, these two cues were
regarded as discrete categories in the analysis. The articula-
tion cue consisted of three discrete levels: legato, detaché,
and sfaccato, which were available to participants in
sequence from the longest note-duration to shortest via a
slider. Participants chose legato for sadness and calmness,
detache for fear and power, and staccato to portray anger,
surprise, and joy. Mode was utilised as a binary parameter
(major, minor), with participants opting for minor to
express negative emotions: sadness, fear, and anger; and
major for calmness, joy, surprise, and power. Although
mode works with distinct values, allowing for a categorical
violation in the visualisation (see Figure 2) helps identify
the emotions which participants were indecisive about
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Joy 1
Surprise
Anger -
Power
Fear -
Calm+
Sad A
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Figure 2. Means and 95% confidence intervals of cues utilised by
participants to portray different emotions.

Note. The X-axes refer to actual values in the cue manipulation
experiment. Tempo is denoted in beats per minute (BPM). Pitch
and Dynamics are denoted in MIDI values. Brightness values
represent the cut-off frequency in Hertz (Hz) of the low-pass
filter. Articulation levels consist of legato, detaché, and staccato.
Mode consists of major and minor levels.

when choosing between major and minor mode. The most
prominent example in this respect is power, where although
the overall cue mean indicates major mode was utilised for
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Table 3. Normalised Cue Coefficients Across Emotions for Each Cue Utilising Linear Discriminant Analysis. The Overall Correct Prediction Rate Is
60.67%.

Anger 59.6%  Calmness 91.0%  Fear 44.9% Joy 67.4% Power 49.4%  Sadness 75.3%  Surprise 37.1% R? P
Tempo 0.50 —1.15 0.39 0.56 0.09 —1.07 0.68 0.52 <.00l
Avrticulation 0.48 —1.04 0.21 0.46 0.22 —1L12 0.80 0.50 <.00l
Pitch 0.66 -1.22 0.16 0.27 0.75 —0.80 0.19 047 <.00l
Dynamics —0.63 0.04 -0.22 0.91 —0.26 —0.48 0.63 0.28 <.00l
Brightness —0.14 —0.39 —0.34 0.78 0.36 —0.76 0.49 027 <.00l
Mode 0.88 -0.79 0.99 —0.92 —0.31 0.70 —0.54 0.59 <.00l

n = 623 cases used in estimation; null hypotheses: two-sided; multiple comparisons correction: False Discovery Rate correction applied simultaneously to

the entire table.

the emotion, Figure 2 shows how the mode value for power
also leans towards minor mode. A similar pattern can be
seen for the surprise emotion.

Discrimination of emotions using the cues. To explore the
efficacy of the cue combinations in characterising each
emotion, we carried out a linear discriminant analysis
with the cues to predict the emotions. This analysis,
which we carried out with a training set (70% of observa-
tions stratified across the emotions) provided a set of
transformations where the first two functions carry the
majority of weight (93.47%) and could predict 60.67%
of emotions in the test set (baseline being 14.3%). To
understand how specific emotions and cues consistently
operated in this mapping, Table 3 portrays the accuracy
percentage of correctly predicting the emotions (anger,
calmness, fear, joy, power, sadness, and surprise) and
the normalised cue coefficients across emotions for
each cue.

Table 3 outlines cue combinations and their values that
have a good percentage of predicting the intended
emotion. The first seven columns in Table 3 present the
cues as discriminant functions of each of the seven emo-
tions. The values in bold mark the cue values that have sig-
nificant weight in predicting emotions. Values with a minus
(-) sign represent low/negative values, whilst values with no
sign represent high/positive values, excluding the values for
mode, where a positive value points to minor, and a nega-
tive value points to major mode (0 denotes major and 1
denotes minor in the interface). For example, sadness can
be accurately predicted 75.3% of the time utilising the
cue combination presented in Table 3: slow tempo, legato
articulation, low pitch, soft dynamics, low brightness, and
minor mode. Calmness is the emotion that could be identi-
fied most correctly with 91% accuracy. Tempo, articulation,
pitch, brightness, and mode are all significant parameters
for characterising calmness; however, dynamics does not
have a significant effect on the shaping of calmness.
Following calmness, the sadness (75.3%), joy (67.4%),
and anger (59.6%) emotion profiles are the ones with the
highest correct identification rates. Power (49.4%) and
fear (44.9%) have less than 50% accuracy rate, with the

least correctly predicted emotion being surprise, with
37.1% accuracy of recognition.

Table 3 also denotes the R? value of each cue across all
emotions, which indicates the power of the individual cues
in conveying the different emotions. Mode is the strongest
discriminator when characterising different emotions (R* =
0.59), followed by tempo (R’ = 0.52), articulation (R’ =
0.50) and pitch (R° = 0.47). Dynamics (R’ = 0.28) and
brightness (R° = 0.27) hold the least weight in shaping dif-
ferent emotional expressions in music. It is important to
note that this ranking of the different cues’ communicative
weight is done in respect to the other available cues inves-
tigated here. For example, tempo is overall, the second
strongest discriminator in shaping different emotions,
however, tempo was not significant in the conveying of
power.

Correct prediction of emotions by cue selections. The confu-
sion matrix in Table 4 presents the proportion of partici-
pants’ cue selections in the linear discriminant analysis
(LDA) which correctly predicted the intended emotion.
The column headers display the intended emotions, whilst
the rows show the emotions predicted, in proportions of
the discriminant. Ratings along the diagonal in bold are
expected to be higher than the other ratings in their relative
column, following the hypothesis that the cue selections can
correctly predict the intended emotion. This is confirmed in
the confusion matrix, as the intended emotion is typically
preferred over other emotions. The last row of the table
denotes the balanced accuracy (w, where sensi-
tivity is the true positive rate and specificity is the true neg-
ative rate) presented as proportions (Chen et al., 2004).
Calmness is the emotion most correctly predicted (0.92) by
the utilised cues, and also features the highest accuracy
rating of 0.88. Fear is the least predicted emotion by the par-
ticipants’ cue selections in the LDA (0.35), with a correct
emotion prediction accuracy rating of 0.62.

Feedback from participants. At the end of the experiment,
participants were free to leave comments on any aspect of
the experiment. Twenty-nine of the 49 participants (69%)
gave us feedback. 48% of the feedback was about partici-
pants liking the experiment and commenting on how
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Table 4. Confusion Matrix Displaying Prediction Proportion Rates of the Discriminant Model to Test Data.

Intended
Joy Surprise Anger Power Fear Calmness Sadness
Predicted Joy 0.46 041 0 0.03 0.03 0.08 0
Surprise 0.16 0.51 0.14 0.05 0.14 0 0
Anger 0 0 0.65 0 0.32 0 0.03
Power 0.08 0.08 0.22 0.43 0.11 0 0.08
Fear 0.03 0.08 0.38 0 0.35 0 0.16
Calmness 0 0 0 0 0 0.92 0.08
Sadness 0 0 0 0.05 0.05 0.19 0.70
Accuracy 0.77 0.70 0.70 0.84 0.62 0.88 0.81

“quick and easy” and user-friendly the interface was.
34.48% of comments mentioned that some musical pieces
were harder to change to convey a specific emotion than
others, and flagged power and/or surprise emotions as
being the most difficult to portray in the pieces. Two partic-
ipants commented that pitch was the trickiest cue, whilst
another participant mentioned mode as being difficult.
Individual participants mentioned mode, articulation,
pitch, and brightness as being important cues in the convey-
ing of emotions, whilst one participant commented that they
thought dynamics was not of importance in expressing
emotions.

Discussion

In this experiment, seven musical pieces previously vali-
dated as conveying a particular emotion were altered by
participants via six cues to express the intended emotions.
The main results identified cue values and combinations
used to convey specific emotions across musical pieces.
The overall success of the cues in predicting the emotions
was estimated, and in general, the results suggested clear
cue-emotion patterns.

Emotions expressed in cue combinations. Table 5 gives an
overview of the cue combinations utilised by participants
for each intended emotion across the different musical

pieces, which generally complement previous literature
and other production studies (Bresin and Friberg, 2011;
Kragness & Trainor, 2019; Saarikallio et al., 2019, 2014).
The discrepancies between the current study’s results and
four previous production studies by Bresin & Friberg
(2011); Saarikallio et al. (2014), Kragness and Trainor
(2019), and Saarikallio et al. (2019) are denoted in
Table 5 by numerical values in subscript. Comparisons
for power and surprise emotions could not be made as
they were not investigated during the previous studies.
The cue combination expressing sadness featured a slow
tempo, legato articulation, a low pitch, soft dynamics, a
dark sound and minor mode, complementing previous liter-
ature (Akkermans et al., 2019; Hevner, 1936; Scherer &
Oshinsky, 1977; Sievers et al, 2013; Thompson &
Robitaille, 1992). Joy was communicated with a fast
tempo, staccato articulation, high pitch, loud dynamics,
bright sound, and major mode (Akkermans et al., 2019;
Peretz et al., 1998; Quinto et al., 2014). The dynamics
level for joy contrasted with one of the studies that regis-
tered low dynamics rather than high (Saarikallio et al.,
2019). However, a low dynamics level for joy is not the
norm, as most studies have reported a high dynamics
level for joy (Akkermans et al., 2019; Bresin & Friberg,
2011; Gabrielsson & Lindstrom, 1995; Juslin & Laukka,
2003; Kragness & Trainor, 2019; Quinto et al., 2014;
Saarikallio et al., 2014). Calmness was represented by a

Table 5. Cue Combinations Utilised by Participants for Each Emotion With Discrepancies to Past Production Studies Highlighted.

Emotion Sadness Joy Calmness Anger Fear Power Surprise
Cues Tempo -- ++ -- ++ + + ++
Articulation leg. stac. leg. stac. 2 det. ' det. stac.
Pitch - + - 2 +! ++ +
Dynamics -- ++ 4 /"3 -2 - - +
Brightness - ++ / /% / + ++
Mode - + + - - + +
Notes. - - = very lowi/slow, - = low/slow, / = moderate, + = high/fast, + + = very highl/fast. For articulation, leg. = legato, stac. = staccato,
det. = detaché. For mode, + = major, - = minor. The numeric values in subscript refer to the following studies: | = Bresin and Friberg (201 1),

2 = Saarikallio et al. (2014), 3 = Kragness and Trainor (2019), 4 = Saarikallio et al. (2019). The differences in results between the current
study and any of the aforementioned results are indicated by the corresponding numeric value of the previous study being written in subscript in the
columns of the table.
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slow tempo (Sievers et al., 2013), legato articulation, low
pitch, moderate dynamics, a rich sound, and major mode
(Eerola et al., 2013; Kragness & Trainor, 2019). The
pitch level for calmness varied between the current study
and a previous one, as participants opted for a low pitch
in this study, and a high pitch in the previous study
(Bresin & Friberg, 2011). However, looking beyond pro-
duction studies, both low pitches (Gundlach, 1935) and
high pitches (Eerola et al., 2013; Hevner, 1937) have
been registered as conveying calmness. The dynamics
level for calmness sits between low to moderate, which is
slightly different from previous studies, where a low
dynamics level was consistent across studies (Bresin &
Friberg, 2011; Eerola et al., 2013; Watson, 1942). Anger
was characterised by a fast tempo, staccato articulation,
high pitch, a moderate level of harmonic content, minor
mode (Akkermans et al., 2019; Gabrielsson & Juslin,
1996; Sievers et al., 2013), and most interestingly, very
soft dynamics. Articulation, pitch, and brightness levels
differ from the production study carried out by Saarikallio
et al. (2014). However, the articulation, pitch, and bright-
ness levels for the anger emotion resulting from this
current study are in line with the other studies being com-
pared in Table 5 as well as other previous studies not fol-
lowing a production approach (Gabrielsson & Juslin,
1996; Juslin & Lindstrom, 2010; Quinto et al., 2014).
Saarikallio et al. (2014) had proposed that these differences
may be due to the participant pools utilised, as their study
focussed on adolescents, rather than adult participants.
The authors had in fact noted that the discrepancies in
results might be due to the variance between the socio-
emotional abilities of adolescents and adults (Saarikallio
et al., 2014). The starkest contrast lies between the low
dynamics level achieved for anger in this current study, as
against previous literature, where very loud dynamics
have been associated with anger (Chau & Horner, 2015;
Kragness & Trainor, 2019; Saarikallio et al., 2014). This
discrepancy might be due to participants’ differing views
on what constitutes anger and what type of anger they
were trying to portray (e.g., passive aggressiveness, open
aggression, assertive anger). The variances between partic-
ipants’ definition of anger might stem from participants’
different experiences and social interactions (Susino &
Schubert, 2017). Perhaps providing definitions of the
target emotions to the participants prior to the musical
task, would have ensured that participants were aiming to
convey the same type of emotion through their composi-
tions. Alternatively, anger being represented by a soft
dynamics level might be distinct to this particular musical
piece due to the particular cue combination used. All cues
except for brightness had a significant effect on the por-
trayal of anger in the musical piece, which suggests that par-
ticipants specifically chose to use a soft dynamics level
together with a fast tempo, staccato articulation, a high
pitch level and minor mode. This finding provides further
motivation to investigate the effect of cues on emotional
expressions in music as combinations of multiple cues

rather than as individuals, as an individual cue might not
give enough information to portray a specific emotion in
music (Eerola et al., 2013; Gabrielsson, 2008).

Fast tempo, detaché articulation, high pitch, soft dynam-
ics, a dark sound, and minor mode represented fear
(Akkermans et al., 2019; Gabrielsson & Juslin, 1996;
Juslin, 1997b, 2000; Scherer & Oshinsky, 1977; Sievers
et al., 2013). Previous literature suggests that fear may be
expressed by both low (Bresin & Friberg, 2011; Eerola
et al., 2013) and high pitches (Scherer & Oshinsky,
1977). A fast tempo, detaché articulation, high pitch, soft
dynamics, a bright sound, and major mode conveyed
power (Rigg, 1940). Finally, surprise was expressed
through a fast tempo, staccato articulation, high pitch,
loud dynamics, a bright sound, and major mode (Scherer
& Oshinsky, 1977). Fear and surprise have been character-
ised by staccato articulation in previous literature (Juslin,
1997b). However, this might be because mostly two
levels (legato, staccato) of articulation have been investi-
gated (Juslin, 1997b; Wedin, 1972).

Effectiveness of cue combinations to predict emotions. The
discrepancies in certain cue values across previous literature
and this current study might suggest why specific emotions
might be more challenging to predict utilising certain cues.
Table 3 gives a summary of which cues provide a signifi-
cant weight and thus the most influence in characterising
an emotion. Furthermore, it identifies the cues which are
not adding flavour to the emotion recognition process.
The cues’ influence on the emotions conveyed may be
more easily reconciled if they are considered through a
modified version of Brunswik’s lens model (Juslin,
1997b, 2000). The lens model theory suggests that success-
ful emotion communication through music is determined by
the layering of cues and their interaction (see also
Argstatter, 2016; Eerola et al., 2013; Gabrielsson, 2008;
Ramos et al., 2011).

Limitations of the experiment. A possible limitation of this
experiment is the fact that participants were not given def-
initions of the emotion terms utilised. Although participants
were asked whether the emotion terms were clear to them,
which everyone agreed to be the case, it raises the question
of whether participants were trying to convey the same type
of emotion or not, as the different emotion terms might have
different meanings to the participants. It has been reported
that different sub-types of an emotion term account for var-
iance in a musical piece’s structure (Warrenburg, 2020b)
and thus, might explain the inconsistencies present in inter-
pretations of the same emotional expressions. Therefore, in
future studies, asking the participants to provide definitions
of their understanding of the different emotion terms might
make understanding what sub-type of the emotion they
were trying to express, clearer. A post-cue manipulation
task question on whether the participants were satisfied
with their musical creations might also have given a
better understanding of the available musical pieces and
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cues’ roles in conveying the intended emotions.
Additionally, although cue ranges of EmoteControl allow
for a large combination of cue levels to be explored, there
is always the possibility of making these ranges larger to
increase the cue space being investigated. In particular,
cues such as pitch and mode could be altered to include
more semitones and modes, to investigate whether bigger
cue ranges would influence how users utilise the cues to
portray the different emotions.

Finally, to further explore how certain cue combinations
affect the portrayal of different emotions in music, another
music evaluation experiment was conducted (Experiment
3) where we took the musical pieces featuring the optimal
cue combinations used by the participants to portray spe-
cific emotions in Experiment 2, as well as the original ver-
sions of the pieces which were rated in Experiment 1, to
investigate how well they communicate their intended emo-
tions to other listeners.

Experiment 3: Evaluation of More Music
Stimuli

This final experiment investigated whether the musical
creations produced through cue alterations by participants
in Experiment 2 also conveyed the intended emotion to
other listeners. Furthermore, we wanted the participants
of Experiment 3 to rate the original musical pieces
already validated in Experiment 1 to confirm whether
the pieces successfully conveyed their intended emotion
to other listeners. Therefore, Experiment 3 allowed us to
examine how the variations of the same musical pieces
were perceived and delve into a more detailed investiga-
tion of how well the cue combinations used conveyed
the intended emotion, with the aim of gaining more
insight into cue combinations and their role in emotion
shaping in music.

Method

Participants. Participants were recruited via social media
and email notices. Ninety-one participants (23 men, 67
women, one individual did not indicate their gender)
between 18 and 71 years of age (M = 34.99, SD =
15.86) took part in the study. A one-question version of
the OMSI (Ollen, 2006; Zhang & Schubert, 2019) was uti-
lised to determine the participants’ level of musical exper-
tise. Fifty-seven of the participants were non-musicians,
and 34 were musicians. Participation in the study was
voluntary.

Material. Fourteen musical pieces were utilised as stimuli.
These encompassed the original seven piano musical
pieces, previously validated as conveying one of the follow-
ing emotions: joy, sadness, calmness, anger, fear, power, or
surprise, in Experiment 1, as well as the new variations of
these pieces, created using the mean cue values participants

utilised in Experiment 2, which were rendered utilising the
default virtual instrument used as output in the
EmoteControl interface; a chamber strings virtual instru-
ment from the Vienna Symphonic Library sound library.
The musical stimuli can be found on OSF repository?.

Procedure. The study was administered online and carried
out in English with the exact instructions and scales as in
Experiment 1 (for details, see Exp.l procedure). Full
instructions can be seen in the Supplementary Material.

Results

The consistency of how the participants used the individual
rating scales was calculated using Cronbach’s alpha (intra-
class correlation coefficient) to examine the inter-rater reli-
ability within each emotion rating scale across each
participant and musical piece. High consistency was
observed for all emotion rating scales across the partici-
pants, especially in the sadness emotion rating scale o =
0.995, joy o = 0.995, calmness a = 0.994, followed by
fear a = 0.990, anger a = 0.990, and surprise a = 0.978
rating scales, with the power rating scale having the
lowest consistency score a = 0.962.

Table 6 presents a general summary of whether the dif-
ferent emotion scales rated had an overall significant effect
on Piece, Source, and the interaction between Piece and
Source fixed factors, with Participant being the random
factor. Linear mixed models (LMMs) were run for each
emotion scale rated, one with the factor in question and
one without (e.g., one LMM run with Piece as fixed
factor, and the other LMM without the fixed factor), with
the significance of the difference depending on the factor
(if any) being calculated using a likelihood ratio test. The
Source factor indicates whether the musical pieces are the
original seven from Experiment 1 or the participant-
proposed versions from Experiment 2. Table 6 shows
how all interactions between the different emotions rated
across pieces are significant. The source of the pieces had
a significant effect on two of the emotions (anger and
joy), which indicates that participants utilised the emotion
scales differently for those particular music pieces,

Table 6. LMM Results for Seven Rated Emotions for the Main Effect of
Musical Pieces, Sources, and Their Interactions Using the Likelihood Ratio
Test.

Piece Source Piece X Source

Anger 667.| 5% 56.7027%** 105, | 27%#%
Calmness 1001 .6%+* 0.358 180.34%+*
Fear 859 .4k 2.04 48.45%+*
Joy 1162.5%* | 584 215.06%+*
Power 231.96%** 0.06 73.2%0%%
Sadness 1281 .7%%* 1.47 165.57#+*
Surprise 438. | 3wx 1.06 40.278%F*

Notes. *p <.05, **p <0.01, ***p <.001. df = 6 for Emotion, df= | for
Source, df =6 for Interaction for the likelihood ratio test.



Table 7. Mean Ratings of Emotions Perceived in the Musical Pieces.

Intended emotion (musical piece)

Surprise

Sadness

Power

Joy

Fear

Calmness

Anger

Exp. | Exp.2

Exp.2

Exp.1

Exp.2

Exp.1

Exp.2

Exp.1

Exp.2

Exp.1

Exp.2

Exp.1

Exp.2

Exp.1

Source

2.129%(1.05) 1.03%5K(0.18) 1.07%94(0.29) 2.14%(1.23) 1.16%5+(0.48) 1.27%(0.52) 1.29%5+(0.64) |.70%+%(0.84) 1.27++4(0.65)

1.05%5K(0.27) 1.424(0.84) 1.66¥(0.79) 1.38%(0.65) 1.05%+%(0.23) 2.12(1.03)

1.04%#%(0.25) 1.05%+%(0.23) 2.99(1.24)

2.45(1.02)
Emotion Calmness 1.05%%(0.31) |.14%5(0.55) 4.14(0.96)

Anger 3.40(1.29)

Rated

2.80% (1.05) 2.59%(1.05) 1.59%+%(0.80) |.14%(0.55)

1LO7#4%(0.29) 1.02%%(0.15) 2.02%F4(1.16) 1.35%%(0.86) 1.56¥54(0.67) 1.71%(0.91) 1.78%5+(0.98) 1.21%+%(0.59)

3.27(1.18)

3.45%4%(1.38) 1.08¥5K(0.31) 1.20¥%%(0.50) 3.26(1.31)  3.29(1.38)

3.18(1.23)

Fear
Joy

3.07464(1.18) 1.03%%* (0.18) 1.04%44(0.21) 1.79%+(0.96) 3.55%(1.08)

2.22%(1.32)

4.18(0.90)

2.33%65(1.20) 1.73%%%(1.07) 2.35%5(1.33) 2.74(1.32)
00) 1.93%%%(1.00) |.36%(0.66) 2.16%+(1.08) 1.00%+(0.00) 1.01%44(0.10) 1.18%4(0.41) 1.36%4(0.68) 4.47(0.79)

£H(0.47) 1.24%94(0.54) 2.57(1.28) 1.84%5K(1.13) 2.07%%(1.13) 2.36%+%(1.28) 2.29%(1.18)

L1IEH0.31) 1.1 19(0.41) 2.44%5K0.95) 2.375%(1.06) 1.31%54(0.64) 1.21%%%(0.51) 4.42(0.86)

1.70%44(1.06) 2.32%%(1.15) 2.57+(1.26)

1.43%+%(0.86)

2.07(1.25)

1.38%4%(0.73) 1.95%+(1.19) 2.84%(1.24)

2.77%(1.29)
1.56%5(0.76) 1.53%%(0.77) 2.1

1.90%%(1.09) 2.00%%(1.15)

3.20(1.19)

Power

2.15%44(1.03) 1.08%+%(0.31)

1.09%4(0.41) 2.90(1.34)

4.14(1.04)

Sadness

3.04(1.32)

1.10%+%(0.37)

1.96(1.12)

1.15%

Surprise

Notes. The values in brackets represent the standard deviation of the means. *p <.05, **p < .01, ***p < .001. Bonferroni corrected values from the one-way repeated measures ANOVA. Df (1, 90). The asterisks note when the mean

rating of the intended emotion was significantly different from the other rated emotions. Values without any asterisks (apart from the intended emotion) represent the emotion ratings which were not significantly higher than the

intended emotion’s rating.

depending on their source. This can also be seen in the
Piece X Source factor where all emotions had a significant
effect on that interaction.

Due to source having a significant impact on how emo-
tions were rated, the rest of this experiment’s analysis will
regard the music pieces from the different sources (Source
1: Exp.1, Source 2: Exp.2) separately. This will help deter-
mine how well the emotions are efficiently recovered in the
musical pieces with the cue combinations used by partici-
pants in Experiment 2, as well as the original pieces com-
posed in Experiment 1.

The data, filtered by source, was subjected to a one-way
repeated measures ANOVA with the intended emotion
being the independent variable and the collapsed ratings
of the remaining emotion scales being the dependent vari-
able. The main effect of intended emotion on emotion
scale rating was significantly different, suggesting that in
general, participants rated the intended emotion higher
than the other six emotions in the pieces, in both sources;
Experiment 1, F(1, 90) = 1098.00, p < .001; and
Experiment 2, F(1, 90) = 875.50, p <.001. These findings
reaffirm the hypothesis that emotions can be effectively
encoded in music and communicated to the listener
(Juslin, 1997a).

Table 7 displays the mean emotion ratings given by
participants for each of the musical pieces in their respec-
tive source and allows for a contrast of means between the
original pieces (Exp.l) and the participant-proposed
musical variations (Exp.2) conveying the same emotion.
Columns in the table refer to the seven different types
of intended emotions in the music excerpts. Rows in the
table refer to the seven emotion scales that participants
rated for each excerpt, to establish how much of each
emotion was conveyed through the excerpts. The ratings
along the diagonal in bold are expected to be higher
than the other ratings in their relative column. This is
true for all Exp.l music pieces, where the intended
emotion was always rated highest. However, this was
not the case for all Exp.2 musical pieces. The participant-
proposed variations aiming to convey calmness, fear, joy,
and sadness were given the highest ratings for their
intended emotion, whilst excerpts composed to convey
anger, power, and surprise were rated highest for other
emotions.

A series of one-way repeated measures ANOVA were
then computed for each musical piece to establish
whether the difference between the intended emotion’s
and the other emotions’ mean ratings was significant or
not. The asterisks following the mean ratings in Table 7 rep-
resent how significantly different the intended emotion’s
rating was to the other emotions’ ratings. Exp.l music
pieces composed to express calmness, joy, power, surprise,
and sadness were rated significantly higher for their
intended emotion than other emotions. Although the
anger piece was rated highest for its intended emotion,
the difference between anger, power, and fear in the anger-
conveying piece was not significant. Similarly, the
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difference in mean ratings between fear and anger for the
fear-intended piece was non-significant in Experiment 1.
Exp.2 pieces aiming to convey calmness, fear, joy, and
sadness were all rated significantly higher for their intended
emotion than other emotions, whilst excerpts intending to
convey anger, power, and surprise were rated higher for a
different emotion.

Discussion

The results confirmed that: the seven pieces carried forward
from Experiment 1 are strong representatives of their
intended emotion as they were all rated significantly
highest for their target emotion. The pieces conveying
calmness, fear, joy, and sadness from Experiment 2 have
also been rated highest for their intended emotions, whilst
the remaining three pieces were rated highest for other emo-
tions. These findings allow us to gather more information
on whether emotions are efficiently recovered in two varia-
tions of the same musical pieces aiming to convey the same
emotion.

Comparisons between musical variations conveying the same
emotion. As the Exp.2 pieces were variations created from
the Exp.l pieces, the excerpts expressing the same
emotion from the two sources had quite similar characteris-
tics overall. Calmness, fear, joy, and sadness pieces from
both sources were rated highest for their intended
emotion. Calmness pieces consisted of major mode,
legato articulation, and a slow tempo (Bresin & Friberg,
2011; Hevner, 1937), with the highest rated piece for calm-
ness having a high pitch. Fear candidates were both moder-
ately fast and in minor mode, with the Exp.2 piece having
detaché articulation rather than legafo and a higher pitch
(Juslin, 2000; Scherer & Oshinsky, 1977). Joy pieces fea-
tured major mode, fast tempo, and staccato articulation
(Kragness & Trainor, 2019), however, the strongest candi-
date had the lowest pitch level and slowest tempo (Ilie &
Thompson, 2006; Juslin & Lindstrom, 2010). Both
sadness pieces were in minor mode, had a slow tempo,
legato articulation, and a similar low pitch (Eerola et al.,
2013).

Exp.1 representatives of anger, power, and surprise were
rated highest for their intended emotion, whilst Exp.2
pieces for the aforementioned emotions were rated
highest for other emotions. Both anger candidates were in
minor mode; however, the Exp.l piece had a lower
pitch, slower tempo, less detached articulation, and louder
dynamics (Saarikallio et al., 2014). The excerpts for anger
had the biggest difference in mean ratings (Exp.1 = 3.40,
Exp.2 = 2.45). Surprise and power candidates had the
most variations between their counterparts. The strongest
candidate of surprise (Exp.1) featured a moderate tempo,
minor mode, and semi-detached articulation, whilst its
counterpart had a fast tempo, major mode, a higher pitch
and staccato articulation (Scherer & Oshinsky, 1977).
The strongest power candidate (Exp.l) had a faster

tempo, louder dynamics, and a lower pitch level than its
corresponding Exp.2 piece and was composed in minor
rather than major.

Overall, Exp.1 pieces were rated as better representatives
of their intended emotion than their corresponding Exp.2
pieces, with the fear candidate being the exception. In
general, the differences between the two sources’ musical
variations were relatively subtle, bar for a contrast in the
mode cue for power and surprise pieces. Another variable
to be considered as a potential influencer on emotion per-
ception in music is the instrument timbre (Balkwill &
Thompson, 1999; Hailstone et al., 2009). All Exp.l
excerpts utilised a piano sound, whilst Exp2. excerpts
used a chamber strings sound, which might have also had
a role in the perception of emotion in the music. The differ-
ence in fear ratings for the two fear representatives was
minimal (Exp.1 = 3.26, Exp.2 = 3.29). A possible expla-
nation for the Exp.2 piece having a higher rating might be
that the characteristics of fear music, such as its roughness,
loud dynamics, and high pitch on violins mimic acoustic
features of human screams and thus communicate a
notion of fear more effectively (Trevor et al., 2020). It
has also been suggested that the piano timbre is relatively
emotionally neutral in comparison to other instruments
such as violins, guitars, and marimbas (Chau et al., 2015).
Having an emotionally neutral timbre might provide the
piano with more versatility when representing multiple
emotions, which might account for the listeners’ preference
for the piano excerpts. Due to the possibility of timbre
playing a role in how emotions were perceived across the
two music sources, in future studies, timbre could be
included as another parameter to be investigated, in order
to properly determine its role in emotion communication
in music.

Furthermore, the instrument being composed for might
influence how the music is constructed, as the instrument’s
idiomatic features would be utilised and maximised to
portray the desired emotion, and this uniqueness might
limit their ability to translate to other instruments (Huron
& Berec, 2009). The original Exp.1 pieces were composed
for piano, and thus, playing to the piano’s features’
strengths, whilst the Exp.2 pieces retained the original
piano pieces’ structures but were played with an instrument
which was not originally intended - a strings instrument
timbre. As these two instruments have different timbres
and onset and envelope characteristics, it is likely that the
compositions are better suited for the original instrument,
which might explain why Exp.l pieces worked better
than the others. Furthermore, the composer in Experiment
1 had use of all available musical features used to create
the different musical pieces and full control of the piano,
whilst participants in Experiment 2 were limited to chang-
ing six cues of the music and using the chamber strings
instrument. Nevertheless, the findings of Experiment 3
revealed a similar overall pattern emerging across the two
versions of the pieces, which confirms that regardless of a
change in the makeup of the piece, cue combinations are
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utilised in the same manner to portray a specific emotion in
music (Eerola et al., 2013; Juslin & Lindstrom, 2010).

Limitations of the experiment. Similar to Experiment 1, due
to the online administration of this experiment, the envi-
ronment in which participants carried out the survey
could not be controlled by the researchers. Therefore,
although instructions to test their sound prior to the exper-
iment, wear headphones or use good quality speakers in a
quiet environment were given, we cannot tell whether the
participants adhered to these specifications, which might
have hindered their attention and performance in the
study. Another limitation is that the Exp.l musical
pieces were rendered with the original piano timbre,
while the Exp.2 pieces were rendered with the chamber
strings virtual instrument utilised in the EmoteControl
interface in Experiment 2. The mismatch in timbre did
not allow for a direct comparison of stimuli. Rendering
the two sets of stimuli with both piano and strings
timbres would have allowed for a comparison between
the stimuli from the two sources, and also provide infor-
mation on how the timbre affects the emotion perceived
in the music.

General Discussion

In this paper, three studies were carried out with the main
aim of exploring a big cue space utilising an interactive par-
adigm where participants themselves changed musical
pieces in real-time through a combination of structural
and expressive cues to communicate different emotional
expressions through the music. Furthermore, this paper
also had two secondary aims: the first was to create new
polyphonic music validated as expressing a target
emotion, which would allow for experimental flexibility
whilst also retaining ecological validity and avoiding the
use of commercial music and any familiarity bias. The
second sub-aim was to explore how well the participants’
own musical interpretations expressed their intended
emotion to other listeners and collect more information on
how the structure and expression of musical pieces affect
the emotional expression conveyed. These aims were
attained through an iterative process.

First, 28 new, unfamiliar, musical pieces were specifi-
cally created, each with the intent of expressing one partic-
ular emotion from a selection of nine emotions (calmness,
sadness, joy, anger, fear, power, longing, love, and surprise)
which may be expressed through music (Juslin & Laukka,
2004; Kreutz, 2000; Lindstrom et al., 2003; Zentner et al.,
2008), to be used as stimuli for research purposes, and be
compatible with the apparatus used in our main experiment
(Experiment 2). Furthermore, the stimuli were strategically
composed to allow a flexible amount of manipulation whilst
retaining a delicate balance between ecological validity and
experimental control (Eerola et al., 2013; Gabrielsson &
Lindstrom, 2010; Juslin & Lindstrom, 2010; Juslin &
Vastfjall, 2008) that might not be achievable with

commercial music. Experiment 1 provided participants’
ratings on nine emotion scales for all pieces to determine
which emotion(s) were successfully conveyed, with
sixteen pieces of the stimuli being successful representa-
tives of their intended emotion (a selection of sadness,
joy, calmness, anger, fear, power, and surprise pieces),
adding knowledge to previous literature about emotions
expressed through music other than the most common
ones which are sadness, happiness, and anger
(Warrenburg, 2020a). Thus, this newly composed musical
stimuli set together with emotion ratings is in itself a new
contribution to the field, being available and accessible to
others in an online OSF repository for future use.

Experiment 2 utilised an interactive computer interface,
EmoteControl (Micallef Grimaud & Eerola, 2021) to inves-
tigate the importance and efficacy of a selection of struc-
tural and expressive cues (tempo, articulation, pitch,
dynamics, brightness, and mode) and their combinations,
rather than focussing only on expressive cues, where partic-
ipants, irrelevant of any prior musical knowledge, altered
the cues themselves to convey different emotions in
music in real-time (Bresin & Friberg, 2011; Friberg,
2006; Friberg et al., 2000; Friberg et al., 2006; Kragness
& Trainor, 2019; Ramirez & Hazan, 2005). This production
approach allowed for an extensive cue space to be explored,
one which would have been limited if utilising a traditional
systematic approach which requires cue levels and combi-
nations to be predetermined and rendered. Thus,
Experiment 2 contributed new findings on the combinations
and interactions of six cues in relation to seven emotions to
the field of music and emotions research. Furthermore, this
interactive approach allowed participants to take on the
roles of composers and performers, irrelevant of their
musical knowledge, or lack of, and show their understand-
ing of how different emotions are expressed through music.
The findings are generally in line with previous literature
(see: Gabrielsson and Lindstrom, 2010), with some interest-
ing exceptions like anger being conveyed with soft dynam-
ics, and detaché articulation being preferred for fear and
power.

Experiment 3 offered another opportunity to investigate
how well different emotions were encoded by the composer
in the original musical pieces (Experiment 1) and by
Experiment 2 participants in their musical variations and
decoded by other listeners. This was attained by carrying
out an online rating experiment. The findings confirm that
calmness, fear, joy, and sadness emotions were rated
highest when they each were the intended emotion and
thus successfully conveyed in both Exp.l and Exp.2
pieces. On the other hand, anger, power, and surprise
were identified as the intended emotions in the Exp.l
pieces, but not correctly recognised as the intended emo-
tions in Exp.2 pieces. The comparison of how these varia-
tions of the same musical pieces were ranked with
regards to the different emotions provides further insight
in cue values and combinations used to portray the afore-
mentioned seven emotions in music. Furthermore, these
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results highlight the potential influence of the instrument
timbre on the emotional expression conveyed by the
music (Balkwill & Thompson, 1999; Eerola et al., 2012;
Hailstone et al., 2009; Huron & Berec, 2009).

The experiments in this study contribute to and expand
knowledge on the notion that certain musical cues used by
composers and performers are important contributors in
shaping the emotional expression conveyed by music
(Eerola et al., 2013; Gabrielsson & Lindstrom, 2010;
Juslin, 2000; Kragness & Trainor, 2019). They also
provide corroborating evidence that specific cue combina-
tions are consistently used to map particular emotions
(Juslin, 2000; Juslin & Lindstrom, 2010). This paper sup-
ports the claim across two methodologies and provides
mean values of tempo, articulation, pitch, brightness,
dynamics, and mode cues utilised to distinguish each of
seven emotions: anger, calmness, fear, joy, power,
sadness, and surprise. Calmness, sadness, and joy were
the three emotions most reliably communicated while
power, fear, and surprise had the least reliable cue combi-
nations produced in Experiment 2. Previous literature has
suggested that basic emotions (Ekman, 1992), in particu-
lar, joy and sadness are the most accurately recognised
emotions (Bigand et al., 2005; Gabrielsson & Juslin,
1996; Kallinen, 2005), and can also be recognised cross-
culturally (Balkwill et al., 2004; Balkwill & Thompson,
1999; Fritz et al., 2009; Laukka et al., 2013). Although
sadness and joy were the second and third most accurately
recognised emotions, it is interesting to note that the
emotion with the highest accuracy rating, which is calm-
ness (91%), is not a basic emotion. Furthermore, the two
least predicted emotions (fear and surprise) are indeed
basic emotions. These findings suggest that musical
emotions other than basic emotions can also be highly
recognised in music. A potential explanation to how
different emotions which also include non-basic ones
may be communicated through music and perceived by
the listener is due to the emotions’ organisation on dimen-
sional planes such as valence and arousal, stemming from
core affects (Cespedes-Guevara & Eerola, 2018). An
alternative theory is that listeners better recognise emotions
due to the emotions’ frequency in music (Kallinen, 2005),
such as calmness being listed as one of the highest ranking
emotions that can be conveyed through music (Juslin &
Laukka, 2004; Kreutz, 2000; Lindstrom et al., 2003;
Zentner et al., 2008).

The findings of this paper also denoted how certain
emotions were confused by participants, such as fear
and anger, perhaps due to their similar musical character-
istics as well as being negative emotions. Joy and surprise
emotions also tended to be confused. Similarly, these two
emotions share musical characteristics, which might
explain why participants sometimes wrongly rated joy
and surprise musical pieces. A small number of partici-
pants from Experiment 2 commented that power and sur-
prise emotions were the trickiest to try and convey through
the musical pieces. This was reflected in the results of

Experiment 2 as surprise (37.1%) had the lowest
cue-emotion reliability model from all the emotions. The
difficulty in conveying and identifying surprise in music
might be due to the fact that surprise may be regarded as
both a positive and negative emotion (Kallinen, 2005).
The musical variations created by participants in
Experiment 2 for power and surprise emotions were also
not successful in conveying their target emotions, as
they were rated highest for other emotions than their
intended ones in Experiment 3.

This paper also presented new information on the
weight of the cues in characterising an emotion and the
prediction rate of correctly identifying an emotion via
the selected cue combinations, giving a better understand-
ing of the impact of cues on the creation of emotional code
in music. Overall, mode was the strongest contributor to
the portrayal of different emotions across different
pieces, followed by tempo, which complements previous
findings (Eerola et al., 2013). Dynamics and brightness
had the least communicative weight across emotions, in
comparison to the other cues. It is interesting to note
that albeit the ranking of cues with respect to their contri-
bution to the intended emotion, in certain situations, cues
which have been ranked as strong discriminators of emo-
tions, did not significantly contribute to the conveying of a
specific emotion (e.g., tempo did not have a significant
effect on the portrayal of power). This suggests that the
cues’ combination and interaction affects how an
emotion is shaped in the music (Argstatter, 2016; Eerola
et al., 2013). Therefore, this paper also gives motivation
for future research to further explore multiple combina-
tions of cues in order to better understand their effect on
the emotion communicated.

The series of empirical observations presented multiple,
novel contributions to the current field of music emotion
research. The systematic production approach used
(Experiment 2) determined levels and combinations of six
musical cues for the communication of seven emotional
expressions, providing researchers with a form of presets
which may be utilised to create the desired emotions
across different musical pieces. The findings support and
expand on previous literature (Bresin & Friberg, 2011;
Kragness & Trainor, 2019; Saarikallio et al., 2019, 2014).
Furthermore, this paper presented new, rated music
stimuli (Experiment 1) and novel data leading towards a
better understanding of perceived emotions in music (all
experiments). Future studies adopting a production
approach should explore different cues, such as the role
of timbre and its interactions with other cues to portray dif-
ferent emotions. Other emotions that may be communicated
in music (Juslin & Laukka, 2004; Kreutz, 2000; Lindstrém
et al., 2003) should also be investigated. Emotional states
that are currently encapsulated under a single emotion
term, such as melancholy and grief (Warrenburg, 2020b)
should also be studied to identify distinctions between emo-
tional states that music, as a highly expressive medium, has
to offer.
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Notes
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following this link https://osf.io/m26bu/
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