
Creating Emotion-Evoking Music to Communicate Wellness for
Users with Diverse Musical Backgrounds

Jason Donald Chin∗

University of Virginia
Charlottesville, Virginia, USA

eyz6xn@virginia.edu

Matthew Clark∗

University of Virginia
Charlottesville, Virginia, USA

wdd6ts@virginia.edu

Afsaneh Doryab
University of Virginia

Charlottesville, Virginia, USA
ad4ks@virginia.edu

ABSTRACT

Chord progressions in�uence the emotional response a song evokes,

suggesting altering a song’s chords can help a system control the

emotions that a user experiences when listening to soni�ed data.

In this paper, we explore how chord progressions could be used to

musically communicate wellness information that invokes speci�c

emotions, and whether a person’s musical background a�ects their

perception of emotions in music. We conducted two studies where

participants provided structured or open-ended perceptions of emo-

tions in harmonies. Our �ndings suggest that the emotional impact

of a chord progression can be changed by various factors, including

the chord transitions, the type of chords, and the chord’s mode.

Additionally, we found that a person’s musical background may in-

�uence nuances in their perception of emotions conveyed through

chords. This implies that future systems may need to consider indi-

vidual musical preferences to function e�ectively. These results will

allow for more accurate and e�ective emotional soni�cation-based

communication with the user.
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1 INTRODUCTION

Soni�cation researchers have developed techniques to represent

data through sound. These techniques have been applied to a range

of �elds, such as crime statistics [25], mindfulness [34], navigation
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assistance for visually impaired individuals [20], and the represen-

tation of biosignals [17, 32]. It has recently been demonstrated that

soni�ed music can communicate wellness information [5]. Study

participants have also been found to be more active after hearing

musical feedback than receiving textual feedback, or no feedback at

all [6]. While musical feedback appears to e�ectively communicate

wellness information and promoting physical activity, participants

misinterpreted the music in nearly 75% of samples [6]. To ensure

wellness information is properly communicated through music,

more intuitive approaches must be developed to meaningfully em-

bed wellness information into music.

A bene�t of musical feedback is that music excels at communi-

cating emotions [14, 35, 36], which can be leveraged by attaching

emotional messages to the data. Embedding sad motifs into neg-

ative feedback could help users internalize their lack of wellness,

while happy messages attached to positive feedback could make

users feel happier about their wellness. However, to achieve this, we

must understand how music can communicate speci�c emotions.

Studies show that the emotion of a song is heavily in�uenced by

the chord progressions [4, 13] (background on chords is provided

in section 2.1). According to research, several chord elements in�u-

ence the perceived emotion: the resolution of chord progressions

(how much the listener is left “wanting more") [4, 38], the number

of notes in each chord [38] and whether the chord progression is

getting higher or lower [22].These �ndings could be integrated into

existing music generation systems [7–9, 11, 18, 37, 40–42], allowing

seamless presentation of data with clear emotional connotations.

While these �ndings are relatively straightforward, music theory

is a highly nuanced �eld. No study has explicitly explored whether

a listener’s background knowledge of music a�ects their percep-

tion of music’s emotional content. We focus speci�cally on chord

progressions, as they are associated with the valence of music, but

require an in-depth background in music theory to understand

fully. Few studies have investigated the di�erences in perceived

emotionality of music between individuals with varying levels of

musical background [2, 3]. These studies, however, do not explicitly

study chord progressions, despite their clear connection to emo-

tionality. However, the connection between musical background

and generalized emotions in chords has not yet been explored.

To e�ectively connect wellness feedback to speci�c emotions,

we investigate whether an individual’s musical education a�ects

their perception of the emotions conveyed by music. To achieve

this, we conducted two separate user studies. In the �rst study,

participants listened to highly structured, pre-created chord pro-

gressions and rated them based on four adjectives using a 7-point

Likert scale. In the second study, participants were asked to create

chord progressions that sounded “happy" and “sad." Our results
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showed slight di�erences in how chord progressions are perceived,

indicating that individuals with musical backgrounds may be more

attuned to subtle changes within the harmony. To e�ectively em-

bed emotionality within musical feedback, wellness systems must

consider these individual nuances.

2 BACKGROUND & RELATED WORK

2.1 What is a Chord Progression?

Music theory is a complex �eld. In this subsection, we will brie�y

explain chords and their nuances to help readers better understand

our work, regardless of their music theory background.

In music, a note is the most basic element, which consists of

a sound at a speci�ed tone held for a speci�ed length of time. A

chord, on the other hand, is a group of multiple notes played simul-

taneously. The triad is the most common type of chord, consisting

of three notes, each a small step above the previous. The chord is

named after its root, which is the lowest tone. For instance, a chord

with the root of C would be called a C-chord.

Although triads are the most common, composers can modify

triads to produce di�erent sounds. There are many ways to alter

a chord, but for this discussion, we will focus on two: tetrads and

changing the mode of chords to major or minor. Tetrads are chords

with four stacked notes rather than three, while changing the mode

of a chord alters its notes, making minor chords sound sadder.

A series of chords played in sequence is called a chord progres-

sion. Typically, chord progressions comprise the harmony of the

song, which serves as the supporting musical voice within a song,

complementing and adding to the main voice, called the melody.

Throughout this work, we will interchangeably use the terms chord

progression and harmony.

Progressions are in�uenced by the key, which speci�es the exact

notes to be played in each chord. Like chords, keys are named

after notes. When the root of a chord is the same as the name

of the key, the chord called the tonic. For instance, in the key

of C, the tonic is the C-chord. Chords within a key have speci�c

relationships with each other. These relationships are denoted using

Roman numerals representing the number of notes away from the

chord’s tonic root. In the key of C, the chords are represented as

follows: C=I, D=ii, E=iii, F=IV, G=V, A=vi, B=vii. Capitalized Roman

numerals indicates that the chord will sound major in this key,

while lowercase numerals indicate that the chord will sound minor.

Regardless of the key, the chords in positions I, IV, and V will al-

ways sound major, while the others will sound minor. These chords

have special names and properties when transitioning between

them. The chord in position IV is called the “sub-dominant," and a

transition from I to IV is considered weakly resolved, which means

that the listener may feel like the progression could continue or end.

On the other hand, the chord in the V position is called the “domi-

nant," and a transition from I to V is considered strongly resolved,

allowing the listener to feel like the progression has concluded.

2.2 Music in Emotions and Healthcare

Studies have found that chord progressions impact a song’s valence

and arousal, with a stronger association with valence [4]. Arousal

levels vary with less resolved chords, major keys, higher pitch,

and tetrads [38]. Moreover, major keys [13] and higher pitches [4]

are linked to higher valence, whereas tetrads are associated with

lower valence [38]. It has also been found that ascending chord

progressions have positive valence, while descending progressions

have negative valence [22]. Nevertheless, previous studies have

not adequately considered the in�uence of an individual’s musi-

cal background. One study discovered that musical novices and

experts di�er in their perceptions of meta-features such as ten-

sion and interest [15]. However, another study showed that most

musical features are perceived similarly by individuals with and

without musical backgrounds [16]. Although these studies suggest

that individuals with varying levels of musical background may

perceive emotions di�erently, they do not focus on the emotional

tone of the music, such as whether it sounds happy or sad. Some

studies investigate connections between musical background and

the perceived emotionality of music, although they focus on music

as a whole, rather than chord progressions [2, 3]. There is a lack of

research exploring how musical harmony can be used to commu-

nicate speci�c emotions. Properly understanding the connection

between emotions and music will enable systems to communicate

wellness information while evoking speci�c emotions.

This unique connection to emotions led to the creation of music-

based healthcare treatments, primarily demonstrated by the �eld

of music therapy. In music therapy, a certi�ed therapist works with

patients to perform, compose, and listen to music, often focusing

on helping patients express themselves [26]. Music therapy has

successfully helped patients manage anxiety [39], depression [23],

and provide relief during palliative care [24]. While e�ective in

addressing wellness concerns, few digital systems take inspiration

from these musical therapies to use music to promote wellness.

2.3 Soni�cation

Soni�cation refers to the process of converting data into sound. Al-

though it sounds similar to music, soni�cation is a distinct concept

[27]. The objective of music is to create pleasing sounds, while soni-

�cation aims to represent data through sound. Soni�cation often

uses sounds other than music,such as mapping seismic activity to

auditory frequencies [31]. Researchers have also used other types of

sounds like pings, beeps, changing auditory frequency, and musical

scales to sonify spatial data and assist the visually impaired [1]. In

another study, bird calls were employed to communicate electricity

usage [19]. These systems combine sounds and data creatively, but

they do not compose music.

Musical soni�cation has been primarily used to convey emotions

or data that is more meaningful when the user is experiencing a

particular emotion. Many of these techniques involve converting

real-time data into music for healthcare and wellness purposes.

Researchers have transformed physical therapy movements into

music, motivating users to perform better during exercises [10, 28–

30]. Music has also been used to represent physiological signals,

especially EEG, to assist users in better understanding their bod-

ily functions [17, 32]. Additionally, it has been demonstrated that

general wellness information, such as wellness states, can be in-

corporated into music [5], and then be used to promote physical

activity in participants [6]. While these applications are promising,

a better understanding of how songs convey emotions may enable

researchers to improve the e�ectiveness of their systems.
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Table 1: The average and standard deviation of emotion ratings for each chord progression and music background.

Novice Experienced Novice Experienced Novice Experienced Novice Experienced

Progression Happy Pleasant Satisfying Tiring

Clockwise 4.09 ± 1.78 4.42 ± 1.29 4.18 ± 1.70 4.67 ± 1.28 4.36 ± 1.92 4.83 ± 1.21 3.90 ± 1.50 2.83 ± 1.28

Counter-Clockwise 4.82 ± 1.53 4.54 ± 1.50 5.18 ± 1.19 4.67 ± 1.57 5.0 ± 1.54 4.75 ± 1.51 2.64 ± 1.07 3.08 ± 1.32

Limited Random 3.8 ± 1.54 4.33 ± 0.99 4.0 ± 1.61 3.46 ± 1.41 4.3 ± 1.74 3.83 ± 1.55 2.7 ± 1.1 3.33 ± 1.49

Fully Random 2.5 ± 1.43 3.25 ± 1.30 3.4 ± 2.00 3.29 ± 0.92 3.7 ± 2.1 3.29 ± 1.54 2.9 ± 1.3 3.71 ± 1.54

Next, we investigated how the inclusion of chords beyond major

triads a�ects perceived happiness. To do this, we compared the

limited random to the fully random condition. We found that the

limited random condition sounds signi�cantly happier than the

fully random condition (? = 0.002). This indicates that limiting

chord progressions to major triads can make a song sound happier.

However, it is important to note that some changes in perceptions

may sound sad due to their random nature being less intuitive for

listeners to follow. To investigate this confound, we explore this

question further in our next study (section 4).

We then analyzed whether a participant’s music education back-

ground in�uenced how they perceived the harmonies. There was

no signi�cant di�erence between how happy participants with and

without music education perceived a harmony to be across all four

types of progressions according to a Kruskal-Wallis test (Clock-

wise: ? = 0.623, Counter-Clockwise: ? = 0.496, Limited Random:

? = 0.224, Fully Random: ? = 0.164). While these tests indicate

musical background does not a�ect how the progressions were

perceived, an interesting trend exists within the data. For all pro-

gressions other than the counter-clockwise condition, participants

with musical experience rated the progression as sounding hap-

pier than non-musical participants. This indicates, although not

signi�cantly, that participants with less music education were more

a�ected by the weakly resolved chord progressions, perceiving their

open-ended resolution positively. It is also possible that participants

with musical backgrounds tend to focus less on the resolution of

the chord progression, which we investigate in our next study.

To better understand whether music’s happiness is perceived

di�erently, we analyzed the correlation between happiness and

satisfaction, pleasantness, and tiredness for both novice and experi-

enced participants. According to Pearson R tests, we observe that

experienced participants’ ratings have happiness positively corre-

lated with pleasant (? = 2.098 ∗ 10−5) and satisfying (? = 0.002),

and negatively correlated with tiring (? = 0.001). Ratings from

the novice participants revealed no signi�cant correlation between

happiness and satisfaction (? = 0.086), or tiredness (? = 0.123).

There was, however, a positive correlation between pleasantness

and happiness (? = 0.026) for these participants. These results ap-

pear to emphasize that participants with a musical background are

more consistent with their perceptions of music emotionality than

novice participants.

4 STUDY 2: EMOTIONS IN

PARTICIPANT-DESIGNED HARMONIES

While our initial study identi�ed that altering the resolution of

a chord progression may change how happy the harmony is per-

ceived, it also identi�ed several possible confounding variables. Our

second study strives to provide participants with more freedom

to associate harmonies with emotions, better removing these con-

founds. Speci�cally, this study investigates the two �ndings from

study 1 that could be the result of confounding variables.

RQ1: Are chords other than major triads used to make a harmony

sound sadder?

RQ2: Do participants with varying music backgrounds use di�er-

ent musical elements to express speci�c emotions?

We investigated these questions in an interactive session where

participants composed chord progressions to sound either happy

or sad. Eight college-aged participants were recruited for our study.

P2 identi�ed as female, while the other 7 identi�ed as male.

We ensured our recruited participants had varying music back-

grounds. P1 and P2 had no music education. P3 and P4 both played

musical instruments growing up. P3 played for only a year while

P4 played for multiple years. P5 no longer played instruments but

remained con�dent in their ability to read music. P6 and P7 both

played instruments at the time of this study and could read music.

P7 was highly con�dent in their musical background, which was

consequently entirely self-taught. P8 was an award-winning pianist

and a member of local music ensembles. Participants’ numbers were

assigned such that participants with her numbers had more musical

backgrounds. P1 and P4 were new participants, while the rest were

re-recruited from study 1.

4.1 Methodology

The participants were given a task to generate two chord progres-

sions, one that sounded “happy" and another that sounded “sad." To

accomplish this, they utilized a web application called ChordChord

[21], which is displayed in �gure 2. We chose this particular appli-

cation due to its user-friendly interface and the diverse range of

options it provides. Users can also decide the length of their chord

progressions and design a supporting drum track.

Participants were �rst given a brief tutorial on how to use Chord-

Chord. After learning the software, participants were instructed to

create a chord progression that re�ected a particular emotion. They

then used ChordChord to create a drum track that complemented

the harmony. After creating both the chord progression and drum

track, participants were asked which of the two in�uenced the

song’s valence more. A member of the research team remained in

the room and monitored the participants to ensure they properly

followed the procedure.

4.2 Results

In comparing the chord progressions designed to evoke emotions

of happiness and sadness, we noticed a stark di�erence in the usage
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be more emotional. In the context of our study, participants used

drums to provide an additional voice, albeit simpli�ed compared to

a traditional melody to ensure their focus during design remained

on the chord progression. P1, P2, P4, P5 and P7 believed that the

emotional message of a song is in�uenced more by the chords than

the designed drum track. P3 thought that the chords and drums

had an equal in�uence on the conveyed emotion. Overall, these

responses suggest that participants with less musical experience

tend to �nd the harmony of a song to be more emotional. How-

ever, P6 and P8 disagreed. P8 argued that a drum track with high

velocity could make almost any chord progression sound happy,

while P6 indicated that he would normally �nd chords to in�uence

emotions more, but in this speci�c composition, the drums held

a greater in�uence. These responses contradict the views of less

musical participants and suggest that participants with more musi-

cal experience may be more likely to focus on di�erent elements

within the music to understand the conveyed emotion.

5 DISCUSSION & FUTUREWORK

We conducted two studies to identify factors that can in�uence

how happy harmonies are perceived, supporting existing litera-

ture. Both studies indicate chord progressions that resolve better

sound happier. Additionally, we found that harmony sounds hap-

pier when it uses exclusively triads. However, study 2 provides

strong evidence that the most signi�cant di�erence between happy

and sad-sounding harmonies is whether the chords are played in a

major or minor key. Our studies expand existing �ndings, demon-

strating that despite variations, these trends appear to be generally

followed regardless of a participants’ musical background. Future

systems can use these results to design harmonies that communi-

cate wellness information while evoking speci�c emotions.

While our studies showed that perceptions of musical emotions

generally abide by the aforementioned trends, we observe slight

variations between participants with di�erent musical backgrounds.

In study 1, we observed that participants may perceive harmonies as

equally happy or sad, but novice participants may be less consistent

with their interpretations. Study 2 revealed several potential di�er-

ences in emotional musical preferences. Interestingly, participants

with the most and least musical experience used minor chords in

their “happy" chord progressions. In contrast, participants with

some (but not a lot) of music experience exclusively used major

chords in the “happy" progression. This could indicate that partic-

ipants without music experience are less sensitive to traditional

music-emotion rules, and participants with much experience are

willing to deviate from these rules. However, participants with

some music experience but not much may know the association

between major chords and happiness and are unwilling to devi-

ate from it. Study 2 reveals another, more straightforward trend

that participants with higher levels of music experience appear

to be more likely to use non-triads to express emotions. These

�ndings indicate that while participants’ perceptions of emotional

harmonies follow the general trends, there may be minor di�er-

ences in how participants of varying levels of musical background

perceive the emotions of harmonies. To better understand these

apparent nuances, we need to expand our analysis to highlight how

small changes to chords alter the perceived emotions. Our analysis

uses features similar to those from previous studies; however, an-

alyzing the di�erences between di�erent types of chords, such as

inversions, might help to better communicate emotions.

Our work is inspired by the recent �nding that musical feedback

of wellness is challenging for users to interpret [6]. We speci�cally

investigate how to improve the emotional messaging contained

within a harmony. We do not investigate new methods to explic-

itly communicate wellness information but rather how to embed

speci�c emotions in the music. Musical feedback’s strength lies

within music’s unique connection to emotional processing, mean-

ing our �ndings may enable systems to deliver feedback in more

meaningful ways by evoking speci�c emotions. But, future research

must still investigate how wellness data can be more intuitively

embedded within music. It is possible that systems could represent

wellness feedback directly in the emotionality, building relatively

simple models such as playing happy songs when the feedback is

positive. However, this approach would require accurate awareness

of the user’s context and emotional state, meaning controlling the

wellness data and emotions separately may result in more accurate

models.

Although our studies have produced interesting �ndings, they

are not without limitations and provide direction for future research.

Firstly, the two studies di�er in how they approach emotionality.

The �rst study measures emotions on a scale of 1 to 7, while the

second study only allows participants to choose between "happy"

or "sad." To better understand how emotions can be communicated

on a continuous scale, the second study could be rerun with partici-

pants creating more than two progressions that can be ranked. Our

studies could also bene�t from larger samples, speci�cally recruit-

ing more participants who are musically novices. While we ensured

these participants were recruited, both of our studies contain fewer

musical novices than individuals with music experience. Addition-

ally, our �rst study relies on participant’s self-reports to determine

their musical background. Requiring participants to complete a

music-based questionnaire in future work may provide better in-

sights into a participant’s musical background than a simple binary

survey question.

6 CONCLUSION

We investigate how speci�c emotions can more intuitively be at-

tached to musical feedback of wellness information. We conducted

two user studies to explore how emotions can be incorporated into

the harmony of a song, considering the di�erences in participants’

musical backgrounds. In the �rst study, we asked users to listen

to a set of chord progressions and rate the emotions they felt. In

the second study, participants designed chord progressions them-

selves to represent speci�c emotions. We discovered that a chord

progression that sounds happier is better resolved, uses triads, and

primarily uses chords in a major key. Additionally, we found that

participants’ musical backgrounds in�uenced their perceptions of

the music. Building on these results, future studies can test new

ways to integrate these harmonies into musical feedback.
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