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W hen Disney movies open with a murmur of classi-

cal music, crescendoing into powerful waves, they 

immediately transport us to animated lands of 

princes and princesses, talking animals and evil stepmothers. Or 

if you haven’t watched a Disney movie in a while, what about the 

recent allure of the sea shanty? When listening to the now-famil-

iar rhythm of the folk songs that traditionally accompanied labo-

rious tasks while at sea, we imagine ourselves on a 19th century 

ship, helping to raise the sail or hoist up the anchor. How do we 

create entire worlds for ourselves, whether familiar or from cen-

turies before, based on the music we hear? Human perception of 

music is influenced by pitch, key, tempo and other factors, which 

evoke emotion by activating the limbic and paralimbic systems [1, 

2]. That said, the whole story behind music is still being sounded 

out, and some current theories are explored below.

In order to understand music’s role in our interpretation and 

imagination of fantastical worlds, we should first consider its evo-

lution throughout and alongside human development. In terms of 

brain structure, primates have a larger area for visual process-

ing compared to humans, while Homo sapiens dedicate a greater 

area to the processing of auditory information [3]. This indicates 

that as modern humans evolved, we became less dependent on 

observing our world, and more reliant on our advanced language 

system to inform our lives. Sounds are an explicit method of com-

munication, and humans are exposed to rhythms from the earliest 

stages of life, starting with the pulsing cocoon of their mother’s 

heartbeat. The latter does not only indicate life by its very nature, 

but it also inspires music and its design. Accordingly, the earliest 

forms of music were likely the beatings of hands or drums, but 

as the voice was found to cover a larger range of manipulation, it 

was added in [4].  

Evolution may have also favored the synchronicity in matching 

a musical beat. This would have been particularly useful when 

cooperation was needed for safety or progress, such as the 

coordinated construction of shelter [5]. Human ability to match 

rhythm is called “tactus,” which describes the beat that humans 

naturally identify when listening to a composition. Aside from 

tactus, there are several other characteristics that influence the 

interpretation of a piece. Tempo, 

the pace of the music, is closely 

related to tactus, and variations 

within it show similar interpre-

tations across cultures. Music 

with a slower tempo is often 

perceived as melancholy or 

contemplative, whereas a faster 

tempo indicates happiness and 

heightened levels of activity 

[3]. It has been found that even 

young children, around the age 

of five, can sense the different 

emotions associated with vary-

ing tempos [5]. This further hints 

at humans’ possible inclination 

for interpreting rhythmic sound.

In music common to Western 

culture, there are major and 

minor keys, the choice of which 

plays a large part in influencing 

perception. A key is the general 

group of notes, or the scale, that 

forms the basis of a composi-

tion, and it has generally been 

accepted that music in a major 

key feels upbeat and positive, whereas minor keys sound darker 

and sadder [6, 7]. In addition, slower tempo music is perceived as 

more sad than higher tempo music. To illustrate these differences, 
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think of “Happy” by Pharell Williams, written in F major with a fast 

tempo, versus “Take Me To Church” by Hozier, written in E minor 

with a slower tempo. Keys are distinguished by the relative ratios 

of the frequencies they consist of, and differences center around 

the third note of the sequence [8, 9]. The major third has a ratio of 

5/4, equal to 400 cents (a unit of pitch where 1200 cents make up 

an octave), whereas the minor third has a ratio of 6/5, or around 

300 cents [10]. In a study [11] testing the correlations between 
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emotions associated with differences in musical key and speech, 

nine actresses were recorded saying four bi-syllabic phrases, 

such as “Let’s go,” each in a different emotional strain (anger, 

happiness, pleasantness, and sadness). When the recordings 

for sadness were analyzed, the actresses’ speech frequencies 

peaked at -300 cents, correlating to 

a minor third that starts on a higher 

pitch and descends [11]. Since the 

musical minor third is typically 

associated with melancholic emo-

tions, its presence in spoken com-

munication may signal a common 

basis between language and music. 

The ‘anger’ analysis also revealed 

two distinct peaks. However, in 

contrast to the previous pattern, 

both were around ascending keys 

and pitch rose throughout the utter-

ances [11]. While sadness and anger 

had fairly strong ratio indicators, 

pleasantness and happiness had 

less clear patterns, which may indi-

cate that frequency ratios of keys 

are more critical to the transmission 

of negative or urgent emotion [11]. It 

is unclear why this is the case, but 

a possibility might be that the con-

sequences for missing a negative or 

urgent directive are typically worse 

than for missing a positive remark. 

As a result, the sensitivity may have 

evolved as an evolutionary safe-

guard. This leaves other factors as potentially more influential on 

the perception of positive emotion.   
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There are also theories that the pleasure that comes from listen-

ing to music centers around the generation of expectations for 

the progression of a musical piece and the fulfillment, or lack, of 

said predictions. The limbic system within the brain is responsible 

for emotional responses to stimuli, and the dopamine mesolim-

bic pathway in particular is theorized to be critical to regulating 

interpretation of pleasurable and rewarding experiences [2]. A 

significant motivating factor in all we do is the potential reward 

of dopamine, which is a neurotransmitter responsible in large 

part for positive emotions [12]. Because humans tend to pursue 

pleasing experiences, it plays a role in many actions and aspects 

throughout life [12]. Midbrain dopamine neurons anticipate poten-

tial reward, and are theorized to “encode the degree to which an 

outcome matches expectations” [2]. The feedback refines the 

prediction model and increases the likelihood of engaging in 

rewarding activity and receiving a dopamine rush. The degree 

to which the outcome exceeds the expectation determines the 

strength of the response and neurotransmitter release. In terms 

of creating expectations for music, the buildup for the dopamine 

release comes from the brain’s activities as it interprets incoming 

auditory information. While someone listens to a piece of music, 

their brain recognizes the patterns of sounds and in turn creates 

a projection for how the rest will unfold [2, 13]. 

Our brains can anticipate the structure of the music mainly 

through knowledge of its genre, recognition of common rhythms, 

and prior experience with the specific piece. Foretelling mental 

images are built on familiarity and experience, which encompass 

the implicit and explicit aspects of music. It may appear that hear-

ing a song would no longer bring joy after some time, but because 

our mental representations are often incomplete, we can still 

enjoy a piece of music we’re familiar with. The complexity of many 

compositions means that someone’s brain may not predict each 

part perfectly. This results in minor elements of surprise, or in the 

case of an accurate mental construction, the fulfillment resulting 

from hearing a desirable sound [2]. As the brain’s expectations 

are fulfilled or subverted through a surprising turn, dopamine is 

released and triggers the positive emotions [14].

result from mental expectations of musical progression and the 

fulfillment or subversion of said expectations. While composers 

follow a more organic path rather than creating music based off 

of specific scientific discoveries, the next time you’re listening to 

a sea shanty, pause to consider what your brain is interpreting as 

you’re transported to a fantasy land.

The exact processes behind how and why humans perceive music 

the way they do are still being investigated, but there are several 

theories with evidence providing a strong framework for future 

research. The similarities found in traditionally “darker” music 

(by Western standards) and sad and angry emotions present 

in speech point to connections between musical and language 

perception. On the other hand, positive emotions are thought to 

Our brains can anticipate the 
structure of the music mainly through 
knowledge of its genre, recognition 
of common rhythms, and prior 
experience with the specific piece.
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the differences throughout the entire brain by first register-

ing every brain into a template by normalizing and segmenting 

MRIs of an appropriate sample size. This eliminates differences 

in structural anatomy among individuals by compiling an aver-

age of itself [7]. Then, a group analysis technique is administered 

to reveal statistically significant local morphological differences 

between each sample and this template [7]. Most importantly, 

the technique reveals patterns in structural features of the brain 

and their associations with specific psychiatric illness [7].

In a research study led by, VBM was used to study pathophys-

iology in the brain structure of patients with the restrictive 

type of AN, involving avoidant behavior towards food, within 

the early stages of the illness when involved with the study [5]. 

Pathophysiology refers to functional changes that pertain to ill-

nesses or injuries [8].  Within the first five months of the study, 

grey matter (GM) decrease took place. One of the areas affected 

include the precuneus, a part of the brain that plays a significant 

role in the conscious process, which especially plays a role in 

self image. To clarify the role of the precuneus, a study led by 

Sachdev and colleagues using functional MRI (fMRI), which mea-

sures the brain’s functional anatomy, showed less signals to the 

precuneus when thinking about self image compared to thinking 

about non-self images [9]. Other regions where GM decreased 

were in inferior and superior parietal lobules, which play a role 

in psychiatric disorders such as schizophrenia, and the cingulate 

cortex in the limbic system, which is involved in emotions such 

as fear and avoidance behavior [5]. Hence, the vulnerability and 

the deterioration of GM in such regions have a substantial role in 

skewed body image and the pathophysiology of AN [5]. As this 

was not a longitudinal study, the research does not portray some 

of the changes that come with nutritional recovery.

Similarly, in another research study by the principal investiga-

tor Castro-Formieles and colleagues, VBM was used to exam-

ine the cerebral volumes of patients with AN while also studying 

outcomes seven months out of treatment. 

During the first assessment, the patients 

with AN had reduced amounts of GM and 

increased volumes of cerebrospinal fluid 

(CSF) compared to the healthy control group 

[10]. In their follow up, during their recov-

ery, there were no differences in GM, white 

matter or CSF between the two groups 

[10]. They showed that while someone had 

AN, GM was affected more than white mat-

ter in posterior regions of the brain. More 

importantly, they concluded that there was 

some evidence of reversing the damage 

from AN, especially in GM alterations and 

CSF volumes, after nutritional recovery [10]. 

However, as mentioned before, the effective-

ness of VBM is dependent on sample sizes. 

This study, for example, consisted of 12 AN patients and 9 control 

patients, all aged 11-17 year old [10]. The small groups and signif-

icant age gaps that constitute differing brain maturation need to 

be acknowledged. Hence, more research on reversibility of struc-

tural damage is necessary for future research.

DISCUSSION

AN has detrimental effects on the brain related to cognitive func-

tion and physical structure and function. Although intelligence 

and specific cognitive functioning (except motor speed) are com-

parable between patients with and without AN, there is a dis-

parity in cognitive flexibility, particularly set-shifting. However, 

even with weight recovery, the difficulty in set-shifting remains 

in patients who have recovered, suggesting that other factors 

contribute to cognitive flexibility. The onset of AN also affects the 

structure and function of the brain by contributing to decreased 

grey matter in parts of the brain, such as the precuneus, which 

may explain the pathophysiology of the illness. Although a study 

from Castro-Fornieles and colleagues had suggested that recov-

ery of GM is possible with recovery, certain discrepancies, such 

as sample sizes and age groups, require more research in order 

to solidify that claim [10].
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