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WHEN DESIGNING A NEW STUDY REGARDING HOW
music can portray and elicit emotion, one of the most
crucial design decisions involves choosing the best stimuli. Every researcher must find musical samples that are
able to capture an emotional state, are appropriate
lengths, and have minimal potential for biasing participants. Researchers have often utilized musical excerpts
that have previously been used by other scholars, but the
appropriate musical choices depend on the specific
goals of the study in question and will likely change
among various research designs. The intention of this
paper is to examine how musical stimuli have been
selected in a sample of 306 research articles dating from
1928 through 2018. Analyses are presented regarding
the designated emotions, how the stimuli were selected,
the durations of the stimuli, whether the stimuli are
excerpts from a longer work, and whether the passages
have been used in studies about perceived or induced
emotion. The results suggest that the literature relies on
nine emotional terms, focuses more on perceived emotion than on induced emotion, and contains mostly
short musical stimuli. I suggest that some of the inconclusive results from previous reviews may be due to the
inconsistent use of emotion terms throughout the music
community.
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S

THE
1930 S , SCHOL ARS HAVE
investigated how music is able to portray and elicit
emotion in listeners, such as sadness, happiness,
and fear (Hevner, 1935, 1936, 1937; Sherman, 1928).
Researchers in the areas of developmental psychology,
cognitive psychology, and music theory and composition have each offered unique contributions to the field.
Indeed, substantial progress has been made in this area
of music cognition such that several conjectures for how
music is able to convey and evoke emotions in listeners
have been thoroughly examined.
INCE

Because there exist thousands of articles and books
published with regard to music and emotion, review
articles of these studies are important resources to
researchers interested in this area. To my knowledge,
there are six major reviews that have been published
on the topic of music and emotion:
(1) Västfjäll (2002) examined how mood can be
evoked from music-listening experiences. In particular, he discussed the Musical Mood Induction
Procedure (MMIP), a popular technique in the
psychology literature around the 1980s and
1990s. The MMIP is a procedure where participants are told to listen to music with the hopes
that the music will change their experienced
mood state (typically depressed and elated). Västfjäll examined the methodology and the stimuli
used in this procedure in around 40 studies to
give a comprehensive picture of music’s emotional evocation properties. For example, Västfjäll
described which types of genres of music were
represented in MMIP studies, noted which pieces
of music have been used in multiple studies, and
mentioned how some of the researchers selected
their stimuli. The descriptions of the stimuli were
summaries of the MMIP stimuli writ large; features of individual musical stimuli were not
discussed.
(2) Juslin and Laukka (2003) surveyed literature
regarding how musical performance expresses
emotion and its comparison to communication
of emotions in vocal speech. The authors provided one of the few meta-analyses on music and
emotion to date, as they compare findings across
145 studies from the speech and music literatures.
The authors found that an evolutionary perspective on emotional speech was consistent with
some of the findings of music’s expressive power.
For example, sad music tends to mirror sad
speech, and therefore a single explanatory code
can be used to describe how music and speech
are expressive of emotion. The authors provided
valuable insight into acoustic cues in vocal expression and music performance. Their review found
that sad speech and music often contain features
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like slow speech rate/tempo, low voice intensity/
sound level, and little F0/pitch variability. The
features examined by Juslin and Laukka are undeniably important, but their review does not relate
features to individual musical stimuli.
(3) Gabrielsson and Lindström (2010) surveyed how
musical performance and composition tend to be
associated with emotional expression in music.
The authors meticulously chronicled the effects
of features like tempo/speed, intensity/loudness,
pitch, and timbre/spectrum. They discussed that
more typical ‘‘musical’’ features (like mode and
melody) often depend on the musical context,
rather than acting in isolation. Furthermore,
they discussed how more extreme examples of
musical features tend to result in emotional affects,
whereas milder examples of these musical features
are unable to affect the listener’s emotional
response. The purpose of this review, like the other
studies mentioned above, was to summarize findings across many published papers. Therefore, the
chapter does not contain information about musical and contextual features of individual stimuli.
(4) Eerola and Vuoskoski (2013) reviewed the
research approaches and emotional models that
have been used to study music and emotion writ
large. The authors found that most studies used
some variation of a discrete or dimensional
model, that many studies rely on Western Art
Music samples, and that there have been increasing variants in methodological design, including
self-report, biological approaches, developmental
approaches, cross-cultural approaches, and music
analysis approaches. The section on music stimuli
examined the number of musical passages used in
each study, the durations of these passages, the
genres represented, how the stimuli were selected,
and familiarity of the participants with the musical passages. The current study follows up on
Eerola and Vuoskoski’s work. In addition to summarizing these features in a large body of work,
the current study presents a database where these
features are denoted for individual stimuli.
(5) Schubert (2013) compared different loci of emotions—felt emotion and expressed emotion in 19
studies. He found that expressed emotions tend to
have higher ratings of emotional intensity than
experienced emotion and that demographic characteristics and musical structure influenced both
perceived and felt emotions. Importantly, he called
for a more systematic use of emotional terminology in the literature. Schubert described features
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of musical stimuli pertinent to the focus of his
review, such as the genre of musical passages, the
familiarity of participants with the musical selections, and the duration of stimuli. Once again,
there is no explicit mention of how these features
correspond to individual studies or stimuli, as that
is beyond the scope of Schubert’s review.
(6) Garrido (2014) summarized the distinction
between mood and emotion, how researchers utilize excerpts in these two affective states, and the
different time frames used for measuring affective states. This is one of the only papers that
differentiates mood and emotion, which is an
important distinction that should be noted in
future research questions. Garrido’s review
focused on the specific mood or emotion investigated by other researchers in 95 articles, as well
as how they defined the conceptual model used
in designing the study. The features of individual
musical stimuli are not discussed.
Each of these reviews covers music and emotion with
a different perspective and all are useful for researchers
investigating music and emotion. Despite the importance of these studies, however, no systematic analysis
of the actual musical stimuli used in emotion research
has been published. Although several of these review
papers discuss musical stimuli, they concentrate more
on how stimuli (broadly) might affect emotion or mood,
rather than characterizing features of the stimuli themselves. The current study aims to supplement these
major reviews with a survey of the types of stimuli used
in previous research of musical expression and evocation
and a discussion of emotional language that clarifies how
emotional terminology has been utilized in the literature.
As the ability to identify and utilize appropriate musical
samples is a task that all researchers using musical stimuli face, it is crucial to identify general trends of stimulus
choices. The validity, reliability, and power of the study
to find an effect are all directly affected by stimulus
choice.
Accordingly, the central aim of this paper is to conduct
a literature review based on a publicly-available database
of over 22,000 musical stimuli, the Previously-Used
Musical Stimuli (PUMS) database (Warrenburg, 2019).
I aim to present readers with a summary of how musical
emotional stimuli have been used in the past, with the
intention of facilitating the choice of stimuli in future
studies. In order to do this, I will describe features like
how past researchers have selected their stimuli and the
types of emotion that have been studied, as well as how
stimuli characteristics vary across induced emotion and
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perceived emotion studies. Furthermore, I examine how
stimuli have been used from 1928 to 2018, showing that
there are certain trends in music research that come and
go. By examining the relationship among methodological factors and types of musical stimuli used, I highlight
the importance that is given by study authors to specific
combinations of methodological and musical forms.
This type of analysis is needed because it will help future
researchers carefully select musical stimuli in future
studies and will provide context when examining the
methodology of other published research.
The review does not cover the difference between
mood and emotion, how music compares with speech,
or performance factors that imbue music with emotional
meaning. It should be noted that the majority of the
stimuli are from Western music and therefore, crosscultural comparisons must be left for future research.
Methods
AN OVERVIEW OF THE PUMS DATABASE

The reviews listed above tend to concentrate on how
stimuli (broadly) might affect emotion or mood, rather
than summarizing features of the stimuli themselves.
There does not appear to be any published database that
identifies which musical stimuli have been used in previous emotion-related studies. Rather, researchers have
often summarized stimuli characteristics without providing references to the stimuli themselves. This section
describes the publicly available database of PreviouslyUsed Musical Stimuli (PUMS), which summarizes the
types of musical passages that have been used in studies
of emotional expression and evocation from 1928
through 2018 (Warrenburg, 2019). The PUMS database
also provides a resource for researchers designing new
emotion-related studies.
The PUMS database contains reference information
for 22,417 musical stimuli that were used in 306 studies
on music and emotion. In order to create this database,
the author conducted a systematic analysis of the literature, where she examined 654 papers on music and
emotion according to various inclusion criteria. For
each of the stimuli in the PUMS database, the author
reported characteristics such as its designated emotion
or mood, duration of the sample, whether it was an
except or a full work, whether it was used in a study
of induced or perceived emotion, type (or style) of
music, the selection method used by the original
researchers, the publication date of the original study,
and the familiarity of the participants with the stimulus.
When information was available in the original papers,
the composer, name, performer, track number, and

measure numbers (or duration markings) of the work
were recorded.
CONDUCTING A LITERATURE REVIEW

A systematic review of the coded features of the 22,417
stimuli in the PUMS database was conducted. The aim
of the literature review is to provide insight into questions researchers might have when choosing suitable
stimuli for their studies. The characteristics detailed in
the PUMS database are focused on how and why music
researchers selected certain stimuli for their studies.
Audio features of the stimuli, such as the fundamental
frequency, tempo, and pitch contour are not analyzed.
Future research should examine the stimuli in the
PUMS database for these features, as this information
would prove useful to future researchers studying music
and emotion.
In the creation of the PUMS database, I noticed that
not all researchers provide information about which
musical stimuli they use in their studies. Depending on
the aims of the study and the audience of the journal, it
may not be relevant to include features like the specific
measure numbers of their stimuli. Other researchers did
not denote which methodology they used to select their
stimuli or how familiar the participants tended to be
with the musical samples. In constructing the PUMS
database, then, it was not always possible to find every
feature for a particular stimulus. Accordingly, when
describing the results of the literature review, the number
of stimuli for which the information was available is
always noted. For example, in the section on perceived
versus induced emotion, we will see that 74% (13,895) of
the studies focused on perceived emotion, 24% (4,607)
focused on induced emotion, and only 2% (316) focused
on both perceived and induced emotion. In total, then,
there was information about the study locus (perceived/
induced) for 18,818 musical stimuli, but this information
was not available for 3,599 musical stimuli.
In the systematic review of the PUMS database, I will
first present descriptive statistics regarding the coded
features, such as the most popular emotion studied in
musical stimuli and the proportion of studies that
regard induced versus perceived emotion. Next, I will
describe the interactions among these features. For
example, I will explore whether studies about sad music
tend to use participant-selected musical stimuli more
often than studies about happy music. Finally, I will
explore some longitudinal trends of studies using emotional music stimuli. The longitudinal analysis will help
us see whether certain emotions are more represented
in music studies in some decades and whether methods
like pilot testing are used equally across the years.
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The goal of the literature review is to provide insight
into common questions that may arise when researchers
are choosing the most suitable stimuli for their studies,
such as the following:
(1) Should one make use of extant musical recordings or create more controlled stimuli that are
composed specifically for the study?
(2) What is the optimum duration of a stimulus;
should stimuli be long or short? Additionally,
when using existing excerpts, should they be
excerpts from longer works or the full works?
(3) Does the style or genre of the music matter?
(4) Should one avoid music that is familiar to the
participants?
(5) Finally, of critical importance is the question of
how to operationalize the mood or emotion conveyed or evoked by a particular passage. How
have other researchers selected emotional stimuli
in past studies? For example, how have other
researchers operationalized an emotion like
‘‘sadness’’?
Results: Analyzing Features of Emotion-Related
Musical Stimuli
INDIVIDUAL FEATURES

Familiarity. In the PUMS database, 55% (2,557) of
the stimuli were explicitly used because they were unfamiliar to participants, 35% (1,619) of the stimuli were
used because they were familiar to participants, and
10% (482) of the stimuli were familiar to some participants and unfamiliar to other participants.
Excerpt/full work designation. The review indicates
that 55% (10,832) of the musical stimuli were musical
excerpts or passages and 45% (8,873) were full musical
works.
Duration. The musical stimuli ranged from two seconds in duration to 45 minutes in duration. Fifty percent (4,238) of the stimuli were less than 30 seconds in
duration, 28% (2,381) of the stimuli were between 30
seconds and 59 seconds in duration, 9% (769) were
between one and two minutes in duration, 2% (165)
were between two and three minutes in duration, and
8% (704) were between three and four minutes in duration. Stimuli four minutes and over (in one-minute
increments) each represented 1% or less of the sample.
Induced or perceived. Seventy-four percent (13,895)
of the stimuli in the PUMS database were part of studies that focused on perceived emotion, 24% (4,607) of
the stimuli were part of studies that focused on induced
emotion, and only 2% (316) of the stimuli were part of
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studies that focused on both perceived and induced
emotion.
The fact that there are many more stimuli used in
perceived emotion studies than in induced emotion
studies could be a testament to the inclusion of a few
Music Emotion Recognition (MER) studies, which typically contain large numbers of stimuli. Excluding some
of these larger studies (i.e., Eerola, 2011; Schuller, Dorfner, & Rigoll, 2010; Weninger, Eyben, Schuller, Mortillaro, & Scherer, 2013), the number of emotional stimuli
used in perceived and induced emotion studies are
closer to equal, with 4,564 stimuli used in induced
emotion studies and 8,163 stimuli used in perceived
emotion studies.
Emotional terms. The PUMS database includes stimuli that were categorized as evoking or representing 114
emotions. Of the 114 emotions listed, 23% (2,013) of
the stimuli were deemed sad, 19% (1,614) were happy,
10% (869) were angry, and 9% (775) were relaxed. Furthermore, 8% (731) pertain to chills/pleasure and 4%
(332) pertain to fear. Chills (no associated pleasure)
made up 4% (318) of the sample, peace (172) and groove
(148) each made up 2% of the sample, and negative
valence (119) made up 1% of the stimuli.
These findings suggest that over half of music-related
emotion stimuli have been designated as representing or
inducing three emotions: sadness, happiness, and anger.
In addition, only nine emotional terms (sad, happy,
anger, relaxed, chills/pleasure, fear, chills, peace, and
groove) have been related to musical stimuli more than
1% of the time. The term tender appeared about 1% of
the time, which is surprising given that tenderness or
tender/peaceful are sometimes considered to be a primary emotion of music (e.g., Horn & Huron, 2015; Juslin, 2013b). A complete list of the emotion terms is given
in Table 1.
Selection method for emotional stimuli. In the PUMS
database, the way the researchers selected their emotional music stimuli is broken into six categories: previous studies, experimenter/expert chosen, pilot tested,
composed for study, participant chosen, and professionals
asked to play/express emotion. The analysis of the
PUMS database suggests that 37% (8,046) of stimuli
were chosen because they were used in past studies,
whereas 46% (10,051) of the stimuli were selected
because of experimenter or expert opinion. Seven percent (1,547) of the stimuli were participant selected and
only 3% (744) were pilot tested. An additional 1% (206)
of the stimuli were specifically composed for the study,
and 1% (175) were performed by professionals (e.g.,
drummers, singers, pianists, guitarists) who were asked
to play or express certain emotions. For the list of
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TABLE 1. Complete List of Emotion Terms in a Review of 306 Studies on Music and Emotion

Term
Sad
Happy
Anger
Relaxed
Chills, Pleasure
Fear
Chills

Number
2013
1614
869
775
731
332
318

Peace
Groove
Negative Valence
Positive Valence
Negative Valence, Low Arousal
Neutral

172
148
119
116
100
94

Positive Valence, High Arousal
Negative Valence, High Arousal
Positive Valence, Low Arousal
Tender
Fear; Threatening
Happy; Sad
Joy
Pleasant
Arousal; Potency; Valence
Low Arousal
Negative Tension

93
90
89
86
56
53
49
46
45
30
30

Positive Energy

30

Positive Tension
Depressed

30
27

Sad, Beautiful
Arousal; Valence

27
21

Lively
Solemn
Lump in Throat; Tears
Anxiety
Elated
Unpleasant
Affection
Humor
Longing

21
20
19
16
15
14
12
12
12

Term

Number

Scary
Spiritual
Pleasant, Joyful
Serene
Calm
Content
Disappointment, Remorse,
Frustration
Distress, Sad
Fear, Startle, Nervous
Gratification, Satisfaction
Gratitude
Hate, Disgust
Hope, Joy, Happy, Gloating,
Surprise, Excited
Lonely
Love
Pity
Pleasant; Trivial
Pride, Admiration
Relief
Resentment, Anger
Shame, Reproach
Surprise
Exuberant
Negative/Positive Valence,
Low/High Arousal
Active

12
12
10
10
9
7
7

Joy; Lively
Negative Valence, Low/High
Arousal
Pleasant; Trivial; Unpleasant
Positive Valence, Low/High
Arousal
Sedated
Tension
Agitated
Anger; Fear
Disgust
Excited
Neutral; Sad
Amusement
Arousing

stimuli that were chosen because they were used in past
studies, the reader is referred to Table 2.
Style of music and composers. In the PUMS database,
57% (10,705) of stimuli were classified as popular
music, 10% (1,910) were classified as Western Art
Music, and 7% (1,397) were classified as film or filmlike music (see Table 3). The large focus on popular
music might be attributed to several large studies, each
with over 2,000 stimuli. Three of these studies (Eerola,
2011; Schuller et al., 2010; Weninger et al., 2013) were

Term

Number

Comforting, Relaxing
Exaggerated
Active; Agitated
Active; Alert
Agitated; Anger
Agitated; Restless
Anger; Hate

2
2
1
1
1
1
1

7
7
7
7
7
7

Anger; Joy; Sad
Arousal
Arousal; Negative Valence
Bored; Listless
Bored; Unstimulating
Chills; Happy

1
1
1
1
1
1

7
7
7
7
7
7
7
7
6
5
5

Chills; Sad
Depressed; Sad
Energizing
Exalted
Excitative
Excited; Festive
Expressive
Happy; Angry/Agitated
Happy; Fear; Sad
Irritation
Joy; Pleasant

1
1
1
1
1
1
1
1
1
1
1

4

1

4
4

Negative/Positive Valence,
Low Arousal
Normal
Nostalgia

1
1

4
4

Pain
Peace; Relaxing

1
1

4
4
3
3
3
3
3
2
2

Pleasant; Unpleasant
Restrained
Serene; Tranquil
Solemn; Unpleasant
Sorrow
Standard
Stimulating
Tranquil
Unsettling

1
1
1
1
1
1
1
1
1

removed, in order to observe the influence of popular
music without these large studies, which, in total,
accounted for 8,448 stimuli (7,944 of which were labeled
as popular music). Without these three studies, the
influence of popular music remains, with 4,081 stimuli,
compared to Western Art Music (WAM), which contained 1,564 stimuli and film music, which contained
807 stimuli.
In addition to counting the number of stimuli that
belong to a certain style of music, another way of
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TABLE 2. List of “Past Studies” Where Experimenters Gathered Their Stimuli

Source
Albersnagel, 1998
Altenmüller et al., 2002
Bachorik et al., 2009
Bigand et al., 2001
Bigand et al., 2005
Billboard Hot 100 Year End Charts
Blood et al., 1999
Bower & Mayer, 1989
Darling, 1982
Clark, 1983
Clark & Teasdale, 1985
Costa-Giomi et al., 2008
Dalla Bella et al., 2001
Dibben, 2004
Dolgin & Adelson, 1990
Eerola & Vuoskoski, 2011
Filipic et al., 2010
Flores-Gutiérrez, 2001
Gentile, 1998
Gosselin et al., 2005
Gosselin et al., 2006
Gomez & Danuser, 2004
Grewe et al., 2007
Hevner, 1935
Hevner, 1936
Hunter et al., 2008
Iwanaga et al., 1996
Iwanaga & Tsukamoto, 1997
Juslin, 1997c
Kawakami et al., 2013
Koelsch et al., 2006
Kreutz et al., 2003
Krumhansl, 1997

Number of Stimuli
6
160
288
24
89
8
1
2
9
9
7
2
18
8
1
338
40
2
10
168
18
16
10
10
10
60
2
2
10
2
28
10
3

Source
Last.FM
Levitin & Menon, 2003
Liégeois-Chauvel et al., 2014
Magnatune.com
Martin, 1990
McFarland, 1985
Nagel et al., 2007
Nater et al., 2006
Nyklı́ček et al., 1997
Omar et al., 2010
Panksepp, 1995
Peretz et al., 1998
Peretz et al., 2001
Ramos et al., 1996
Roy et al., 2008
Schaffrath, 1995
Schellenberg, 1996
Schuller et al., 2010
Spackman et al., 2005
Speck et al., 2011
Smithsonian Collection of Classic
Country Music, 1981
Song et al., 2012
Song et al., 2013
Stratton & Zalanowski, 1991
Thomson Music Index Demo
Vieillard et al., 2008
Vines et al., 2006
Vuoskoski & Eerola, 2012
Wanderley, 2002
Wu & Jeng, 2006
Wu & Jeng, 2008
Yang & Chen, 2011
Yang et al., 2006
Yang, Su, Lin, & Chen, 2007

Number of Stimuli
3024
16
40
800
10
2
7
3
25
40
1
248
42
1
30
12
2
5296
4
240
21
80
80
10
108
198
1
3
3
76
37
60
390
60

Note: Not all of studies labeled which study they used to choose their stimuli. The sources in italics were labeled as ‘‘experimenter/expert chosen.’’ For the complete reference,
please see the References.

examining the styles of musical samples is to investigate
the number of studies that made use of these style classifications. In the PUMS database, 34% (103) of research
studies used Western Art Music as their stimuli, compared to 9% (27) of research studies that used film music
and 9% (28) of studies that used popular music.
In the PUMS database, the ten most popular composers were Mozart (168), Beethoven (135), J. S. Bach
(129), Bernard Bouchard (112), Chopin (91), Schumann
(69), Mendelssohn (62), Schubert (57), Brahms (49), and
Marsha Bauman (48). Bernard Bouchard and Marsha
Bauman composed works specifically for studies on
music and emotion. By comparison, the ten most popular composers in music theory journals in rank order
(according to Duinker & Léveillé Gauvin, 2017) are
Schoenberg, Beethoven, Brahms, J. S. Bach, Mozart,

Webern, Stravinsky, Wagner, Schubert, and Chopin.
Although there is overlap between these two lists, the
music theory journals tend to concentrate more on later
composers, whereas musical emotion studies tend to rely
on WAM composers only through the Romantic period.
INTERACTIONS

Duration and perceived/induced. A chi-square test
suggests that the distributions of durations (collapsed
into < 30 s, 30 s to 1 min, > 1 min) were used differently
across induced, perceived, and both induced/perceived
conditions, X2 ¼ 3150.20, df ¼ 4, p < .01. The most
common duration of musical stimuli across both
induced and perceived studies was less than 30 seconds.
However, whereas perceived studies had used 65% of
their stimuli being less than 30 seconds (3,178) and 98%
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TABLE 3. List of Musical Styles or Genres Used in 306 Studies on Music and Emotion

Style

Stimuli

Style

Stimuli

Popular Music
Chinese Music
Electronic
Folk Music
Guitar
Soul
Mafa
Russian Music
Country
Bassoon
Latin
Blues
Heavy Metal1
Rap & Hip-Hop
Pygmy Music
Gospel
Foreign
Trumpet
Dance Music
Randomly Generated
Avant-garde
Emo Rock
Industrial Rock
Psychedelic Trance
Trance

10705
1241
363
151
88
58
40
32
25
20
18
15
12
11
8
5
4
3
2
2
1
1
1
1
1

Western Art Music
MIDI
Rock
Natural Sounds
Rock & Pop
Drum Beat
Funk/Soul
Hip-Hop
Flute
Improvisation
Children’s Music
Atonal
Hymn
Alternative
R&B
Techno
Indie Pop/Rock
African Music
Minimal Music
Krygystani Music
Bossa Nova
Gothic Rock
Metal
Romantic

of their stimuli being less than one minute (4,757),
induced studies only used 27% of their stimuli as less
than 30 seconds (776) and 45% of their stimuli as less
than one minute (1,314). Almost all of the perceived
studies used stimuli under three minutes in length;
however, induced studies included about 29% of stimuli
longer than 3 minutes (833). The exact durations for
induced/perceived musical stimuli is summarized
shown in Table 4.

1910
766
289
136
69
48
36
28
24
20
16
13
12
10
7
5
4
2
2
2
1
1
1
1

Style

Stimuli

Film Music
Keyboard Instruments
Jazz
Voice
Indian Music
Ambient
Japanese Music
Violin
World
Saxophone
TV Programs
Religious
New Age
Sentograph
Traditional Music
Death Metal
Disco
Background Music
Post-Rock
Navaho Indian Music
Computer Game Music
House
Modern Tonal
Single Tones

1397
461
193
131
59
42
34
27
24
20
16
13
11
10
6
4
3
2
2
2
1
1
1
1

Duration and style. I also examined the durations of
stimuli with regard to genre (Western Art Music, Film
or Film-like music, Popular music, and Jazz). A chisquare test comparing these genres to the collapsed time
periods (< 30 s, 30 s to 1 min, > 1 min) suggests that the
distributions of times were used differently across styles
of music, X2 ¼ 411.72, df ¼ 6, p < .01. One finding is
that while film music, popular music, and jazz music
almost exclusively relied on stimuli under 30 seconds,

TABLE 4. Comparison of Induced-perceived Stimuli with Their Duration in 306 Studies on Music and Emotion

Both
Time Length
< 30 s
30 s - 1 min
1 - 2 min
2 - 3 min
3 - 4 min
4 - 5 min
5 - 6 min
6 - 7 min
7 - 8 min
8 - 9 min
9 - 10 min
10 min þ

Induced

Perceived

Number

Time Length

Number

Time Length

Number

38
193
30
1
7
4
2
1
27
0
0
0

< 30 s
30 s - 1 min
1 - 2 min
2 - 3 min
3 - 4 min
4 - 5 min
5 - 6 min
6 - 7 min
7 - 8 min
8 - 9 min
9 - 10 min
10 min þ

776
538
639
102
694
5
14
41
32
11
8
28

< 30 s
30 s - 1 min
1 - 2 min
2 - 3 min
3 - 4 min
4 - 5 min
5 - 6 min
6 - 7 min
7 - 8 min
8 - 9 min
9 - 10 min
10 min þ

3178
1579
65
38
2
2
1
1
0
0
1
1
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72% for film (577), 75% for jazz (125), and 80% for
popular music (941), Western Art Music had more of
a spread of durations used for musical passages. Only
48% (556) of the Western Art Music stimuli were less
than 30 seconds, with 26% (300) lasting between 30
seconds and 1 minute, and 26% lasting longer than one
minute.
Perceived/induced and selection method. A chi-square
test suggests that the way researchers selected emotional
music stimuli varied across perceived, induced, and
both perceived/induced studies, X2 ¼ 4881.89, df ¼
12, p < .01. Whereas studies of perceived emotion primarily relied on stimuli from previous studies (51%,
7,009) and experimenter/expert chosen stimuli (38%,
5,187), studies of induced emotion relied more on
experimenter/expert chosen stimuli (35%, 1,533), and
participant chosen stimuli (30%, 1,343), rather than on
previous studies, (19%, 826). One interesting finding is
that over twice as many studies utilized stimuli that had
been pilot tested before the main experiment for
induced emotion than for perceived emotion (6%, 267
for induced emotion and 3%, 460 for perceived emotion). An additional fact of note is that all of the stimuli
that asked professionals to play a work with a certain
emotion were studied in a perceived emotion context.
Perceived/induced and familiarity. A chi-square test
suggests that the familiarity of the participants with the
musical stimuli varied across perceived, induced, and
both perceived/induced studies, X2 ¼ 792.40, df ¼ 4,
p < .01. An analysis of the relationship of the use of
familiar music with the methodology of perceived emotion versus induced emotion shows that induced studies
use more familiar music (50%, 1,367) than unfamiliar
music or music with mixed familiarity, whereas perceived
studies tend to rely on unfamiliar music (83%, 1,270).
Studies that measured both perceived and induced emotions used familiar music only 22% of the time (28) and
used unfamiliar music 78% of the time (100).
Emotional terminology and familiarity. Familiarity of
the participants with the musical stimuli differed across
the kinds of emotion studied (only the nine terms used
more than one percent of the time were examined).
A chi-square test suggests that the familiarity of the
participants with the musical stimuli varied across emotional terms. X2 ¼ 2751.48, df ¼ 16, p < .01. Angry music
was primarily unfamiliar to participants (71%, 73). Fearful music, as well, was mainly unfamiliar to participants
(85%, 170), with only 9% of fearful stimuli classified as
familiar to participants (17). The happy music was familiar to participants only 2% (8) of the time and was
unfamiliar to participants 75% (303) of the time. In
contrast to happy music, the sad category was primarily
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familiar to participants (45% 329), although this could
be due in large part to the Taruffi and Koelsch (2014)
paper, where participants were asked to select music
that made them feel sad. The sad music was unfamiliar
to participants 42% of the time (307), while participants had mixed familiarity with the sad music 13% of
the time (92). Music associated with chills (92%, 280)
and chills/pleasure (100%, 731) were overwhelmingly
familiar to the participants, whereas participants had
mixed familiarity with all of the groove stimuli (148).
Peaceful music was largely unfamiliar to the participants (93%, 149).
Emotional categories and selection method. The number of emotions studied appears to vary by the selection
method used by the researchers. A chi-square test comparing the nine most common emotion terms with the
selection method categories suggests that the selection
methods of the emotion varied across different kinds of
emotion, X2 ¼ 6202.01, df ¼ 48, p < .01. Only eight
emotion terms were used to describe stimuli composed
specifically for a study (anger, fear, happy, happy/sad,
negative valence, neutral, peace, sad) and only 12 terms
were used for stimuli when professionals were asked to
play/express emotions (anger, anger/hate, fear, happy,
joy, neutral, pain, sad, solemn, sorrow, surprise, tender).
Participant-selected stimuli also relied on a limited
number of affective terms (anger, chills (no pleasure),
chills (pleasureable), disgust, fear, happy, joy, lively, lump
in throat/tears, relaxed, sad, surprise).
When stimuli were chosen by the experimenter, however, a broader spectrum of emotional terms were used,
with 54 distinct terms appearing in the PUMS corpus for
experimenter/expert chosen stimuli and 40 terms
appearing for previous studies. The terms for the experimenter/expert chosen stimuli were affection, anger, anxiety, arousal/valence, arousing, chills, chills/happy, chills/
sad, comforting/relaxing, content, depressed, energizing,
excitative, excited, expressive, exuberant, fear, groove,
happy, happy/angry/agitated, happy/sad, humor, irritation, joy, joy/pleasant, longing, low arousal, negative tension, negative valence, negative valence/high arousal,
negative valence/low arousal, negative valence/low/high
arousal, negative/positive valence/low arousal, negative/
positive valence/low/high arousal, neutral, nostalgia,
peace, pleasant, positive energy, positive tension, positive
valence, positive valence/high arousal, positive valence/
low arousal, positive valence, low/high arousal, relaxed,
sad, scary, sedated, solemn, spiritual, surprise, tender,
tension, and unpleasant.
The terms for previous studies included agitated, anger,
anxiety, arousal, arousal/negative valence, arousal/
valence, arousing, calm, comforting/relaxing, depressed,
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elated, fear, fear/threatening, happy, happy/sad, joy, low
arousal, negative tension, negative valence, negative
valence/high arousal, negative valence/low arousal, neutral, peace, pleasant, pleasant/joyful, positive energy, positive tension, positive valence, positive valence/high
arousal, positive valence/low arousal, relaxed, sad, sad/
beautiful, scary, serene, stimulating, tender, tension, tranquil, and unpleasant.
Perceived/induced and emotional categories. A chisquare test comparing the nine most common emotion terms (minus groove, which had no classifications
of induced/perceived) with the classifications of stimuli into induced, perceived, and both induced/perceived
suggests that the emotional terms differed across the
type of study design, X2 ¼ 1946.70, df ¼ 14, p < .01.
For perceived emotion studies and studies that
included both perceived and induced emotion, sadness
was the most commonly studied emotion, with happiness coming in second. Induced emotion studies were
topped by chills/pleasure, with sadness and happiness
coming next on the list. The induced studies had a total
of 58 separate emotional terms, perceived studies had
61 separate emotional terms, and studies of both

induced and perceived emotion contained 16 emotional terms.
Induced studies had 22 emotions with 10 or more
counts and 24 categories with only one emotion term.
Perceived studies used 27 emotion terms with 10 or
more counts and 15 categories with only one emotion
term. Studies that examined both perceived and
induced emotions had 16 emotion term categories, five
of which had 10 or more stimuli present. The reader is
referred to Table 5 to see the order of the top 25 terms
for the different methodological loci (perceived/induced
emotion).
LONGITUDINAL TRENDS

Emotions examined. A chi-square test comparing the
nine most common emotion terms with dates from the
1920s-1990s, 2000s, and 2010s suggests that the emotional terms differed across the decade studied, X2 ¼
2539.08, df ¼ 16, p < .01. Sad is consistently one of the
most commonly-studied emotions. Sadness represented
15% of the stimuli in the 1980s (after neutral and
depressed), 31% in the 1990s, 17% in the 2000s, and
27% in the 2010s. Happiness is commonly the next most

TABLE 5. Top 25 Emotions by Condition (Induced, Perceived, Both) in 306 Studies on Music and Emotion, Excluding Generic Terms Like
“Arousal” or “Valence”

Induced
Emotion
Chills, Pleasure
Sad
Happy
Chills
Negative Valence
Positive Valence
Negative Valence, Low Arousal
Positive Valence, High Arousal
Negative Valence, High Arousal
Positive Valence, Low Arousal
Neutral
Fear
Anger
Happy; Sad
Tender
Depressed
Pleasant
Lump in Throat; Tears
Arousal; Valence
Elated
Unpleasant
Scary
Calm
Joy
Peace

Perceived
Count Emotion
731
666
347
311
89
86
80
71
69
69
60
37
30
27
24
22
21
19
18
15
14
12
9
9
9

Sad
Happy
Fear
Anger
Peace
Tender
Fear; Threatening
Arousal; Potency; Valence
Neutral
Low Arousal
Negative Tension
Negative Valence
Positive Energy
Positive Tension
Positive Valence
Joy
Sad, Beautiful
Lively
Solemn
Positive Valence, High Arousal
Negative Valence, High Arousal
Positive Valence, Low Arousal
Negative Valence, Low Arousal
Affection
Humor

Both
Count Emotion
524
467
270
174
153
62
56
45
34
30
30
30
30
30
30
27
27
21
20
17
16
16
15
12
12

Sad
Happy
Anger
Relaxed
Fear
Happy; Sad
Peace
Negative Valence, High Arousal
Negative Valence, Low Arousal
Positive Valence, High Arousal
Positive Valence, Low Arousal
Excited
Joy
Sedated
Negative Valence, Low/High Arousal
Positive Valence, Low/High Arousal

Count
36
33
23
20
12
8
7
5
5
5
4
3
3
3
1
1
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commonly studied emotion, with 15% of the research
in the 1980s, 23% in the 1990s, 16% in the 2000s, and
20% of the research in the 2010s. The 2000s saw a massive spike in the study of chills, with 30% of all emotion
studies regarding the presence of frisson experiences
(whether pleasurable or not). In the 2010s, 2% of all
the emotional stimuli studied were chills; in the 1990s,
4% of all the stimuli examined were chills. The study
of chills was virtually absent in the other decades. In
general, then, most research has focused on happiness
and sadness, which has remained constant throughout
the decades.
The number of emotional terms used to describe
musical stimuli was 5 in the 1920s, 7 in the 1970s, 9
in the 1980s, 38 in the 1990s, 70 in the 2000s, and 51 in
the 2010s (2010-2018). This trend shows a massive proliferation of emotional terms as time passes.
Induced/perceived locus. A chi-square test comparing
the study design of induced, perceived, and both induced/
perceived and the decades 1920s-1990s, 2000s, and 2010s
suggests that the type of study design varied across the
decade studied, X2 ¼ 2369.83, df ¼ 4, p < .01. This data
should be interpreted with caution, as researchers before
the 1990s may not have made the distinction between
perceived and induced studies clear to their participants.
All of the studies examined in the 1920s and 1930s only
examined perceived emotion, and all the studies examined in the 1970s only examined induced emotion. In
the 1980s, 93% (53) of the studies examined induced
emotions. In the 1990s and 2000s, induced and perceived emotion were studied more equally, with 51%
(334) studying perceived emotion and 41% (265) studying induced emotion in the 1990s and 50% (2,324)
studying perceived emotion and 48% (2,258) studying
induced emotion in the 2000s. In the 2010s, there was
a huge spike in studying perceived emotion, with 84%
studying perceived emotion (11,144).
Duration. A chi-square test comparing the duration
of the stimuli (< 30 s, 30 s to 1 min, and > 30 s) and the
decades 1920s-1990s, 2000s, and 2010s suggests that the
duration of the stimuli varied across the decades, X2 ¼
1775.61, df ¼ 4, p < .01. In the studies from 1928-1999,
there was a relatively even split of studies of different
durations. Thirty-five percent of the stimuli (145) were
less than 30 seconds, 21% of the stimuli (86) were
between 30 seconds and one minute in duration, and
45% of the stimuli (188) were greater than one minute in
duration. In the 2000s, most of the stimuli were shorter
than 30 seconds (64%, 2397), and 29% (1100) were
greater than one minute. In the 2010s, this trend continued, with only 13% (533) of the stimuli having durations of longer than one minute.
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Excerpt/full work. A chi-square test comparing
whether a stimulus was an excerpt or full work and the
decades 1920s-1990s, 2000s, and 2010s suggests that the
type of stimuli varied across the decades, X2 ¼ 2272.90,
df ¼ 2, p < .01. From 1928-2009, most musical stimuli
were excerpts of longer works (75% or 412 from 19281999 and 87% or 3458 in the 2000s). In the 2010s, this
trend switched so that there was a roughly even spread
of excerpts and full works used (46% or 6962 were
excerpts).
Familiarity. The familiarity of participants with the
stimuli was also examined across time. A chi-square test
comparing the familiarity of the participants with the
stimuli and the decades 1920s-1990s, 2000s, and 2010s
suggests that the type of stimuli varied across the decades,
X2 ¼ 958.97, df ¼ 4, p < .01. Before 2000, there was
a roughly even spread of participant familiarity with the
stimuli (25% or 67 were familiar, 35% or 95 were unfamiliar, and 40% or 107 had mixed familiarity). In the
2000s, the majority of the stimuli were familiar to participants (57% or 1062), while in the 2010s, most of the
stimuli were unfamiliar to participants (69% or 1751).
Style of music. The style of music (film, jazz, popular,
or WAM) was also compared across decades. A chisquare test comparing the style across the decades
1920s-1990s, 2000s, and 2010s suggests that the type of
stimuli varied across the decades, X2 ¼ 4383.98, df ¼ 6,
p < .01. Whereas 93% (274) of all music studied from
1928-1999 was Western Art Music, the 2000s saw a relatively more even spread of genres, with 25% (384) of
film music, 6% (117) of jazz, 27% (419) of popular
music, and 40% (616) of WAM. In the 2010s, most of
the music studied was popular (87%, 8949).
Selection method. Once again, a chi-square test was
conducted, comparing the selection methods across the
decades 1920s-1990s, 2000s, and 2010s. The results are
consistent with the idea that the way researchers
selected emotional music stimuli varied across the decades, X2 ¼ 9588.42, df ¼ 12, p < .01. Before 2000, 38%
(293) of stimuli were chosen by the experimenter or
another expert, 17% (128) of the stimuli were pilot
tested, 15% (113) of the stimuli were performed by
professionals explicitly asked to express those emotions,
10% (76) of the stimuli were chosen because they were
used in a previous study, 9% (67) of the stimuli were
selected by the participants, 1% (10) of the stimuli were
composed for the study, and the remaining 11% (82)
were selected in two or more ways.
In the 2010s, the stimuli were selected in the following
ways: 23% (1,042) were also used in previous studies,
22% (990) were participant-selected works, 20% (905)
were chosen by experts or the experimenters, 13% (584)
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were pilot tested, 2% (91) were composed for the study,
1% (62) were performed by professionals asked to play
or express the emotion, and 18% (833) were selected in
more than one way.
From 2010-2018, 53% (8,833) of stimuli were chosen
by the experimenter or an expert, 42% (6,928) of stimuli
were chosen because they were used in previous studies,
3% (490) of stimuli were selected by participants, 1%
(105) of stimuli were composed for the study, less than
1% (32) of stimuli were pilot tested, and there were no
stimuli used that asked professionals to specifically
express an emotion. The remaining 1% (165) of the
stimuli were selected in more than one way.
Discussion

The analysis of the PUMS database shed light on the
kinds of musical stimuli that have been used in studies
about emotion. Studies use musical stimuli of variable
durations, from shorter than 10 seconds to longer than
10 minutes. Musical stimuli were selected in different
ways by various researchers, many of whom chose stimuli that had been used in previous studies. The musical
stimuli are biased towards Western popular and art
music genres, but stimuli were also used from jazz and
film genres. In addition to naturalistic recordings of
music, some stimuli were synthesized by computers.
In this section, I offer some possible interpretations of
the findings presented above.
HOW HAVE RESEARCHERS SELECTED EMOTIONAL MUSIC STIMULI
IN THE PAST?

Familiarity. Musical familiarity is important because
a participant is likely to have certain associations with the
stimulus (e.g., personal or movie references) and any
emotional response to a stimulus may be colored by
these associations (Juslin & Västfjäll, 2008; Schellenberg,
Peretz, & Vieillard, 2008; Schubert, 2007). When studying
experienced emotion, however, often times using familiar
music is preferred, as the researcher can better examine
how a person’s physiology is changing due to intense
emotional responses rather than studying (presumably)
weaker emotional responses due to experimenterselected music (Ali & Peynircioǧlu, 2010; Panksepp,
1995). The fact that researchers used unfamiliar musical
stimuli 55% of the time and used familiar stimuli 35% of
the time suggests that researchers’ goals differ widely
among studies.
The familiarity of participants with the musical stimuli
differed across studies of perceived and induced emotion. The analysis showed that 50% of stimuli used in
induced emotion studies were familiar to participants,

whereas 83% of stimuli used in perceived emotion studies were unfamiliar to participants. These different
trends between induced and perceived emotion may
speak to the importance authors place on familiar (participant-selected) stimuli in order to induce an emotion
in listeners (Ali & Peynircioǧlu, 2010). Certainly, studies examining frisson experiences or music-induced
sadness may wish to rely on familiar stimuli that evoke
a specific emotion in the listeners (Panksepp, 1995;
Tarrufi & Koelsch, 2014).
Duration. We saw that researchers used a wide range
of stimuli durations in studies on music and emotion,
which is consistent with the idea that researchers have
different theoretical or empirical aims. Short musical
stimuli allow a researcher to study music that is more
likely to be affectively homogeneous—meaning that the
music may portray (or evoke) a single emotion. These
short stimuli may therefore exhibit internal validity.
Recall that 78% of the stimuli in the PUMS database
are shorter than one minute in duration.
The use of longer stimuli makes it impossible to know
which musical event or sequence of musical events may
evoke a particular affective response. However, longer
stimuli become important when studying experienced
emotion or mood, as it takes more time to induce and
maintain an affective response in a listener (e.g., Eerola
& Vuoskoski, 2013). Furthermore, listening to longer
stimuli may allow the listener to respond in a continuous
fashion, where their responses can be measured over
time. For example, Schubert (2001) discusses examining
a person’s continuous response to a piece of music,
allowing him to investigate how a participant emotionally responds to different musical events without varying the genre or composer. The analysis indicated that
researchers used stimuli longer than 1 minute 22% of
the time, with some stimuli lasting more than 40 minutes. Similarly, researchers used musical excerpts 55% of
the time, but used full musical works 45% of the time,
suggesting that stimulus choice has been driven by
a wide variety of research goals.
Induced or perceived locus. There is some evidence
that perceived emotions are more intense than the corresponding induced emotion (Schubert, 2013). It is also
generally accepted that people perceive and recognize
emotion through different mechanisms than the way
they experience emotion (Huron, 2015; Juslin, 2013a,
2013b; Juslin & Laukka, 2003; Zentner, Grandjean, &
Scherer, 2008). The analysis of the PUMS database indicates that 74% of the stimuli were used in studies on
perceived emotion. The fact that perceived emotion
seems to take precedence over induced emotion could
mean that the mechanisms behind perceived emotion
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are better studied or understood. Future research might
focus on induced emotion, although these studies are
notably complicated by the fact that experienced emotion depends on demographic information, personal
associations, familiarity with the stimulus, etc. (Juslin
& Västfjäll, 2008; Schellenberg et al., 2008; Schubert,
2007). The longitudinal analyses showed that the focus
on induced emotion in the 1980s and 1990s has shifted
to a focus on perceived emotion in the 2000s and 2010s.
It also appears that there are more uses of valenced
terms (positive valence, negative valence) in the induced
studies than in the perceived studies. This trend could
be due to the fact that more dimensional models of
emotion are used in the induced emotion studies than
in the perceived emotion studies (see Eerola & Vuoskoski, 2013, for more on dimensional vs. discrete models of emotion). In short, the kinds of emotions studied
in perceived and induced loci matters because it has
implications for the mechanisms of emotion that are
being investigated by researchers.
The kinds of emotion studied are also important
because it could indicate which emotions have been
thought to be successfully perceived or induced in
music listeners. If an emotion is studied often, it could
be that there has been success in evoking/representing
that emotion to listeners. For example, there are more
stimuli classified as fear and anger in perceived studies
than in induced studies. This finding is consistent with
the idea that listeners are less likely to experience these
emotions in response to music (Huron, 2006; Zentner
et al., 2008). Huron notes that there are certain auditory
and musical stressors that can cause fear in listeners, like
loud sounds, extensity (i.e., many sounds occurring at
once, including a rich orchestral texture), low pitches,
scream-like sounds, acoustic proximity (e.g., sudden
crescendos), and surprise (e.g., sudden musical changes,
like changes in harmonies, texture, dynamics, and
tempo) (Huron, 2006). In his Suppressed-Fear Theory,
Huron hypothesizes that when a person listens to music,
initial—and subconscious—feelings of fear can be
quickly transformed via cognitive appraisals into positive feelings, like awe. Namely, an initial fear reaction is
suppressed and instead the listener will report positive
affective responses to scary or fearful music.
Eerola and Vuoskoski (2013) found that stimuli
around 15 seconds are ideal for studies of perceived emotion, whereas stimuli over around 30 seconds are better
suited for studies of induced emotion. It takes a certain
amount of time to initiate an emotional response and
therefore, longer stimuli are more appropriate for the
induced emotion locus. Recall that in the PUMS database, musical stimuli in studies on perceived emotion
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were shorter than one minute 98% of the time, whereas
musical stimuli in studies on induced emotion were
shorter than one minute 45% of the time. This finding
shows an awareness of the music community that it
takes longer to evoke an emotion than to perceive an
emotion in music. Nevertheless, some experiments may
be using stimuli that may be too short to reliably induce
an emotion in listeners and therefore may suffer from
weakened statistical power.
Emotional terminology. The particular emotional terminology that researchers use to describe the stimuli are
important for theoretical and practical reasons. It is possible that multiple stimuli that have been characterized
as representing or eliciting the same kind of emotion
(e.g., happy) could share similar music theoretic or structural characteristics (Juslin & Laukka, 2003; Warrenburg,
2019). Recall that in the PUMS database, there were 114
emotions listed, suggesting that researchers are using
some degree of nuance in differentiating emotional classes. One finding was that there are similar numbers of
emotional terms in both the perceived and induced
studies. This trend is interesting because it has been
noted that listener agreement is high only for a few
emotions in perceived emotion (e.g., sadness, fear, tenderness, anger, happiness; Juslin, 2013b), whereas listeners
are thought to experience a larger number of emotions in
response to music (e.g., the GEMS of Zentner et al.,
2008). Even if it is true that listeners can only perceive
around five categories of emotion in music, the results of
the PUMS database analysis indicate that investigators
are exploring other emotions that might be able to be
perceived in music.
Close analysis, however, revealed that over half of
music-related emotion stimuli concentrated on only
three emotions: sadness, happiness, and anger. For
example, researchers have made use of at least 2,000
musical stimuli that they have labeled as sad. This
collection of sad music includes seemingly disparate
musical selections, such as Barber’s Adagio for Strings,
Tori Amos’s Icicle, and Miles Davis’s Summer Night.
An important question for music research is whether
all of these stimuli express sadness in the same way. In
a series of studies, Warrenburg (2019) showed that
some of these sad musical passages contained different
musical structures and resulted in different perceived
and experienced emotions among listeners. Sandra
Garrido, David Huron, and Jonna Vuoskoski have also
written about various types of sadness that can be experienced in response to music (Garrido, 2017; Huron &
Vuoskoski, 2019).
When stimuli with different characteristics are summarized using a single term, problems may arise when
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comparing statistics across stimuli of this class. In general, using more distinct and nuanced (‘‘emotionally
granular’’) terms may benefit the field as a whole (see
Warrenburg, 2019 for more details on this idea). Pioneers
of the field of music psychology, such as Kate Hevner and
Malcolm Rigg, found that musical expression of emotion
can be broad and imprecise, such that different listeners
do not always agree on more exact emotion characterizations (Hevner, 1936; Rigg, 1964). Another possibility,
however, is that the current definitions of music-related
emotions do not provide enough information to describe
exactly what is experienced subjectively or semantically.
Participants may agree on more nuanced terms, provided that they are told specifically what a researcher
means by a possibly nebulous term such as melancholy.
In other words, the field of music and emotions could
suffer from semantic underdetermination.
The longitudinal analysis suggested that there were
nine emotional terms studied in the 1980s, 38 in the
1990s, 70 in the 2000s, and 51 in the 2010s (20102018). The expansion of emotion categories over time
could be due to a number of factors, including primarily
studying basic emotions throughout the 1980s and the
use of dimensional models in the 1990s onwards (Eerola
& Vuoskoski, 2013). It could also mean that people
broke down a previous category of emotion (like happiness) into more than one term (like joy and tender and
peaceful).
Selection method for emotional stimuli. Another
important choice a researcher makes when designing
a study on music and emotion is how to choose the
particular emotional stimuli. If a researcher wants to
study sad music, for example, they must choose the
appropriate stimuli. There are many ways of choosing
these stimuli. Some of the common ways of selecting
emotional stimuli include expert opinion, pilot testing,
or asking professional musicians to express emotions
when playing a stimulus. Using different operationalizations of emotional terminology—like how researchers
define and select sad music—will similarly impact the
results of the study. There are pros and cons for each
selection method. Using previously validated materials,
for example, makes it possible to provide inferences
across a broad literature. For example, researchers who
are interested in developmental or cultural differences
may be especially drawn to using previously used stimuli to enable comparison with published measurements
of Western adult undergraduates. On the other hand, by
using stimuli curated for another study and by relying
on the way other researchers have defined and selected
their emotional music stimuli, a researcher may be
using an unintentionally biased sample.

As one example of how researchers could be unintentionally using a biased sample of music, research suggests that music previously labeled as sad can be better
defined by using at least two emotional terms: melancholic and grief-like music (Huron, 2015; Warrenburg,
2019). Although affective responses to musical stimuli
are influenced by variables such as personality characteristics, listening context, and familiarity with the
musical passage, Warrenburg (2019) has found that
there are differences in the musical structure of melancholic and grieving music and that listeners perceive
and experience different emotions in response to these
two types of musical passages. Melancholy music tends
to be quieter, lower-in-pitch, and contains narrow pitch
intervals, whereas grief-like music tends to contain
sustained tones, gliding pitches, and harsh timbres
(Warrenburg, 2019). However, in many studies, these
different types of musical emotions are both labeled as
sad. If one relies on others’ definition of sad music, they
may accidentally use a grief-like stimulus when they are
truly interested in melancholy-like stimuli. Nevertheless,
whether an expert chooses a sad stimulus because it was
slow and in the minor mode, or because a performer
attempted to convey sadness in his or her rendition of
a song, it is important to understand the way researchers defined and selected their emotional stimuli.
The analysis of the PUMS database suggests that 46%
of musical stimuli were chosen based on expert or experimenter opinion, 37% were selected because they were
used in past studies, 7% were participant selected, 3%
were pilot tested, 1% were specifically composed for the
study, and 1% were performed by professionals who
were asked to play or express certain emotions. Recall
also that stimuli in studies of perceived emotion were
selected because they were used in previous studies 51%
of the time and were selected because of experimenter/
expert opinion 38% of the time, whereas stimuli in studies of induced emotion were chosen because of experimenter/expert opinion 35% of the time, were selected by
participant chosen stimuli 30% of the time, and were
chosen because of their use in previous studies 19% of
the time. It could be that studies of perceived emotion
focus on previously validated stimuli, rather than pilot
testing, because some authors are writing algorithms to
recognize emotion in music (MER studies). Perhaps,
however, previously validated stimuli are also used
because the experimenters wish to regulate certain parameters, such as major mode and fast tempi for happiness.
Style of music. The PUMS database analysis suggested that 57% of musical stimuli were classified as
popular music, 10% of musical stimuli were classified
as Western Art Music, and 7% of musical stimuli were
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film or film-like music. The focus on Western Art Music
is notable. One of the potential confounds of conflating
studies that have used popular music and Western Art
Music is that popular music may be more likely to contain emotional lyrics than the typically instrumental
WAM. Of course, whether or not the use of music with
lyrics causes a confound with music without lyrics
depends on the specific research question. Popular
music may also employ a different harmonic vocabulary
compared with WAM (de Clercq & Temperley, 2011), so
that it becomes more difficult to compare specific musical features that may be giving rise to participants’ emotional states.
The increasing use of film music is a trend that is
important because this music may be composed specifically to help convey or induce an emotion in listeners
(during film viewing), which may correspond with the
film scene (Hoeckner, Wyatt, Decety, & Nusbaum,
2011). The small number of cross-cultural studies (or
studies that use music from non-Western cultures) is
also notable. Future research should address this shortcoming of the PUMS database. The longitudinal analyses showed that the reliance on Western Art Music from
the 1920s through the 1990s has given way to a new
focus on Popular Music. Future analyses should examine whether or not these trends are due to a shift in
theoretical focus of the researchers.
HOW SHOULD FUTURE RESEARCHERS SELECT EMOTIONAL MUSIC
STIMULI?

Methods of stimulus selection and emotional term
operationalization. In the creation of the PUMS database, I found that researchers selected musical stimuli in
different ways, including experimenter/expert chosen,
previous studies, professionals asked to play/express emotions, pilot tested, and composed for study. As mentioned
earlier, there are benefits to each of these methods and
the best method of stimulus selection will depend on the
aim of the study. One word of caution about using
relying on curated excerpts used in previous studies.
As documented in past research (Eerola & Vuoskoski,
2011, 2013), many stimuli were chosen as a representative sample of emotion in early studies and then were
used in a large number of subsequent studies by the
same and other researchers. The PUMS database analysis indicates that 37% of stimuli used in research studies have been chosen because they were used in
previously published papers. This trend is increasing,
from 10% in the 1990s and before, to 23% in the
2000s, and to 42% in the 2010s. A potential problem
with using music from previous studies could occur
when many studies rely on the same stimuli. In these
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cases, although the stimuli may have been well-chosen
for an initial study, these samples of music may be
(unintentionally) biased and lead to misrepresentative
results in subsequent studies.
As one example of this complication, studies using the
Music Mood Induction Procedure (MMIP) tend to rely
on Delibes’ Coppelia to induce happy or elated moods
and on Prokofieff’s Russia under the Mongolian Yoke
(notably played at half speed) to induce sad or
depressed moods (see Västfjäll, 2002, and Warrenburg,
2019, for more details on the music in MMIP). The
protocol for MMIP includes asking the participants to
think of past unhappy experiences, engage in fantasies
about death, dance to the music, and think about possible future pleasant events. These instructions serve the
purpose of MMIP studies well. From a musical perspective, however, it is impossible to know if these musical
stimuli alone are able to alter a person’s mood state.
One way to avoid using a (possibly) biased sample is
to use the PUMS database. Instead of duplicating the
stimuli from a single study, future researchers can use
stimuli across multiple studies to create a new sample of
emotional music stimuli. If the researcher wishes to use
30 musical stimuli, for example, they can use the PUMS
database to identify two stimuli from ten different studies. The result of this process will be a new sample of
music that has been validated by past researchers. By
creating new samples for each study, findings in the field
of music and emotion will be based on a more representative sample and will be less likely to promote findings based on an (unintentionally) biased sample
curated for a single study.
Implications for reviews and meta analyses. We have
seen that there have been varied approaches to sampling musical stimuli in the emotion literature. Musical
stimuli in the research literature range from 2 seconds
to about 45 minutes in duration, studies use musicians
and nonmusicians as participants, experimenters
recruit responses among individuals with different
degrees of familiarity with the stimuli, and methodologies include different types of experimental conditions
(e.g., ecologically-valid vs. laboratory-controlled). In
any large review or meta-analysis of music and emotion
studies (including this one), it is unavoidable to conflate results across these disparate research approaches.
In other words, although individual studies may show
certain trends, when combined with other studies,
these trends may be weakened or disappear. It is possible, then, that some of the inconclusive results from
previous reviews may be due to factors like the inconsistent use of emotion terms throughout the music
community.
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Conclusions

This paper presented an analysis of the PUMS database
to explore how research on music and emotion has
utilized musical stimuli in the past. The careful selection
of stimuli will benefit correlational, exploratory, and
experimental designs and result in more power in statistical analyses. In the introduction, I asked several
questions regarding how researchers should choose
musical excerpts for their studies.
First, I asked if one should make use of extant musical
recordings or create more controlled stimuli that are
composed specifically for a study. In this paper, I presented data that suggests that about one percent of
music and emotion studies have opted to use stimuli
composed specifically for the study. I suggested that if
familiarity with a musical stimulus will confound the
results of the study, researchers should seek a composer
to create stimuli for them. Composers, in turn, can
examine the various operationalizations of emotion
used in the PUMS (e.g., using features like major mode,
fast tempo, and loud dynamics) to aid in their compositional process.
Second, I asked whether it would be better to use long
or short stimuli, and whether stimuli should be excerpts
or full works. I found that half of the stimuli in music
and emotion studies are less than 30 seconds in duration, while only about 12% were two minutes or longer.
I further found that 65% of stimuli in perceived emotion
studies utilized stimuli less than 30 seconds in length,
with almost 98% of these perceived emotion stimuli
were less than one minute in length. If one wishes to
study induced emotion, one should make use of longer
stimuli. Fifty-five percent of induced emotion studies
utilize musical stimuli longer than 1 minute, consistent
with this idea. Although 55% of the stimuli were
reported to be excerpts, only 8% of the stimuli longer
than one minute in duration were full works, suggesting
that most of the full works used were relatively short.
Third, I analyzed the style of the music used in studies
of music and emotion. Although there was a wide
spread of genres in the PUMS database, ranging from
Heavy Metal to Mafa to Psychedelic Trance, over half of
music used in these studies were considered to be Popular Music. A further 10% of these stimuli were Western
Art Music. Despite this trend, the top ten composers
sampled in these studies included Mozart, Beethoven,
J. S. Bach, Chopin, Robert Schumann, Mendelssohn,
Schubert, and Brahms. The concentration on Western
Art Music composers the Top 10 list might suggest that
the WAM music sampled in the literature relies on
a more narrow range of music than does the popular

music sampled in the literature. In fact, while there are
134 WAM composers in the PUMS and 204 Popular
Music composers in the PUMS, 12 WAM composers
account for 50% of the WAM stimuli, while 57 Popular
Music composers account for 50% of the Popular Music
Stimuli. The style of the music may matter, depending
on the goals of the study. For example, while 96% of
Popular Music was used in studies of perceived emotion, only 38% of Western Art Music was used in studies
of induced emotion. Additionally, over 99% of Film
Music was unfamiliar to participants, while only 74%
of Western Art Music was unfamiliar to participants.
Fourth, the familiarity of participants with the musical stimuli was examined. Although 55% of the stimuli
in the PUMS were explicitly used because they were
unfamiliar to participants, 35% were used because they
were familiar to participants. However, while 83% percent of stimuli used in perceived emotion studies were
unfamiliar to participants, only 43% of stimuli used in
induced emotion studies were unfamiliar to participants. It makes sense that when studying experienced
emotion, researchers may want to utilize stimuli with
which participants have previous emotional connections. Consistent with this claim, 38% of familiar music
was chosen by the participants themselves.
Finally, and most importantly, I investigated how
researchers have selected their stimuli and how they
may have operationalized the mood or emotion in a particular musical passage. The analysis of the PUMS database is consistent with the idea that 46% of musical
stimuli are chosen by experimenters or other experts,
37% are selected because they were used in previous
peer-reviewed publications, and only 3% of musical
stimuli are pilot tested. When studying music-induced
sadness, 47% of the stimuli were participant chosen,
13% were pilot tested, and none of the stimuli were
performed by professionals with the intent of inducing
sadness in listeners. On the other hand, when studying
how music can represent sadness to others, only 4% of
the stimuli were selected by participants, 4% were pilot
tested, and 11% were played by professionals asked to
directly express sadness. When researchers aimed to
induce fear in listeners, however, they did not use any
participant-selected works. Instead, the researchers primarily used pilot testing (39%) and expert/experimenter opinion (32%) to select musical passages that
might induce fear in listeners. These comparisons highlight how study design depends on the emotion(s) in
question and the specific aims of the researcher.
In summary, the current paper aimed to examine how
researchers have selected and used emotional music
stimuli since the 1920s. I showed that the literature has
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relied on nine emotional terms (see Eerola & Vuoskoski,
2013, and Warrenburg, 2019, for detailed reviews of
how other researchers have measured emotional
responses). The implications of previous research conflating multiple emotional states are profound, as the
ability to discriminate different emotions affects all
music and emotion literature, including metaanalyses. By observing trends of music stimuli over 90
years, we have seen how design methodologies have
developed over time and vary by the specific emotional
terminology used by researchers. The hope of this

255

review is that researchers will continue to carefully
choose their stimuli and report on the selection process,
aiding in the field of music and emotion for decades
to come.
Author Note
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Y., A MESCUA , C., & C ORSI -C ABRERA , M. (1996). Evaluación
de los estados afectivos provocados por la música. Revista
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