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Music Induced Emotion and 
Music Processing in the 

Brain– A Review

INTRODUCTION
Listening to music has significant effects on emotion, perception 
and behaviour. An emotion is a complex and subjective 
phenomenon, the conscious occurrence of which is illustrated 
mainly through psychophysiological expressions and biological 
reactions that can influence the cognitive performance. It has three 
distinct components: a subjective experience, a physiological 
response and a behavioural response. The way each individual 
responds to the given stimulus is inconstant. Therefore, selecting 
a stimulus becomes an important criterion to induce emotion [1]. 
Many methods have been employed to induce emotion in the 
laboratory settings. There are number of sets of stimulus available 
to evoke emotion like Ekman and Friesen set [2], the Japanese 
and Caucasian Facial Expression of Emotion set (JACFEE) and 
the Montreal Set of Facial Displays for Emotion (MSFDE) [3,4]. 
De Silva LC et al., used faces as emotion stimulus since they 
are best reflector for emotion perception [5]. Apart from that, 
emotional speeches are used as a stimulus and the induced 
emotion is measured using facial expressions. However, some 
individuals tend to smile during negative emotional experiences. 
In such cases, this approach may not actually reflect a person’s 
true emotional state [6]. The methodology of emotion induction 
and measurement is shown in [Table/Fig-1].

An International Affective Picture System (IAPS) database was 
developed that contains varying degrees of emotional states static 
images as photographs [7]. However, since they are static, they may 
not illustrate all aspects of affective space when the static images 
are presented. International Affective Digital Sounds (IADS) is later 
considered as a better stimulus in analysing the emotion perception. 
Schaefer A et al., used films as stimulus set (visual and auditory 
stimuli), as they have a moderately elevated degree of natural 
strength to evoke emotion [8]. However, participant familiarity can 
introduce variability and individual differences which are important 
aspects of the emotional responses to films.

Human Emotion
The human emotion is defined in two-dimensional emotional spaces 
as valence–arousal emotion model [Table/Fig-2] and it is reported 
that even at present, the valence–arousal emotion model is a highly 
reliable model in assessing induced emotion [9,10]. The horizontal 
dimension symbolises valence from unpleasant to pleasant and 
vertical dimension stands for arousal from low activation to high 
activation. This common model has been studied widely to assess 
valence and arousal in two-dimensional anatomical space [10]. In 
another study, a set of emotion words were utilised repeatedly i.e., 
valence and arousal [11]. The valence words were used for analysing 
critical paradigms which exhibit a negative word (i.e., “murder”). 
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ABSTRACT
Music has been a constant source of fascination and constitutes the major and oldest socio-cognitive fields of the human. Music 
is considered to be the strongest stimulus to induce human emotion and also has the ability to enhance or weaken the listener’s 
emotion. Self-selected music is predominantly chosen to observe its effect on task performance. Listening to music plays a major 
role in preventing the mental fatigue associated with performing repetitive and monotonous tasks. This article focusses the reviews 
on human emotion, methods of evaluating emotion induction, music processing in the brain and its effect on Autonomic Nervous 
System (ANS).

[Table/Fig-1]: Methodology of emotion induction and measurement. [Table/Fig-2]: Two dimensional Russell Circumflex Model [9].
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This negative word would not have an impact when the participants 
were accustomed to tuning in to those words much of the time. 
The feared objects/events are the real stimuli like spiders/snakes, 
mountaineering and sky diving [12], disgust or pleasure induced by 
food or other substances [13], nociceptive stimuli, and chemosensory 
(odour) stimuli [14].

Blood and Zatore investigated subject selected music in their 
research to produce a more reliable and intense emotional 
response [15]. Music has been shown to alter or evoke emotions 
with subjectively pleasant music leading to positive emotions while 
unpleasant leading to negative ones, these induced emotions 
reflect changes in the physiological responses. Listening to music 
of different culture had an effect on American participants, but 
they rated the Indian music as tenser while listening. On the other 
hand, Indian participants assessed western music as tenser [16]. 
Listeners can perceive emotions on various factors like popularity 
of the music, genre, traditional culture, etc. Sometimes, they report 
pleasure in reaction to sad sounding music, in this scenario the 
perceived and induced emotions differ substantially [17].

Methods of Evaluating Emotion Induction
The ability of music to induce emotion has been studied by numerous 
researchers as it has the potential to enhance or weaken the listener’s 
emotion [1,17,18]. Music can also be used to enhance the emotional 
experience [1]. The content of music (lyrics) is also important to induce 
emotion and is extremely subjective. Music helps in refreshing one’s 
memory and thereby enhancing the cognitive function [18]. Evidence 
suggests that the body and mind can be altered with the aid of music, 
and studies have shown that both the psychological and physiological 
health of an individual improves following music therapy [19]. In addition, 
music may modify behaviour in autistic children and improve motor skills 
among Parkinson’s disease patients [20,21]. Furthermore, in endocrine 
system, music has an optimistic effect and can facilitate concentration 
and enhances information processing. The higher cognitive factors are 
recovered by music which involves complex sounds and speech [22].

Interestingly, the most recent advances in music, psychoanalysis in 
neurologic music therapy, driven by learning and training paradigms, 
have shown lasting effects on changes in neural plasticity and behavioural 
function in therapy and rehabilitation [23]. Music possesses the ability 
to act as a tool to alleviate stress and improve efficiency of learning. 
Incredibly, though it is a widespread activity, music listening varies 
across culture. Listening to the right type of music is one of the factors 
in causing positive effects on the body and improves attention. These 
effects have strong association with the work flow of the neurological 
system (brain and nerve) in the human body. Moreover, music-listening 
habits enhance the activation of neurons and synapses [24]. 

Music Processing in the Brain
Thalamus in the limbic system of the brain is associated with changes 
in emotional reactivity. When the physical symptoms of emotion 
appear, the threat they pose return via the hypothalamus, to the 
limbic centers and hence, increases anxiety. This negative feedback 
mechanism can be strong enough to generate a situation of panic. 
Amygdala is the part of the limbic structure which is involved in 
emotional and attention processes. An associative process takes 
place in the amygdala, which then ventures to hypothalamic and brain 
stem targets in order to facilitate the various symptoms of fear [25].

While listening to music various structures in the brain are activated 
this include the auditory cortex, frontal cortex, cerebral cortex and 
even the motor cortex [26]. Basic musical features like pitch and 
loudness are processed in the primary auditory cortex, secondary 
auditory cortex focusses on harmonic, melodic and rhythmic patterns 
and the tertiary auditory cortex integrates these patterns into an 
overall perception of music [27]. Apart from auditory cortex, sensory 
motor cortex also plays a role while listening to music wherein the left 
and right primary sensor motor areas are involved in the preparation, 
execution and termination of the musical sequence [26].

There is an increased activation of the brain over a period of minutes 
during the course of listening to music (temporal dynamics) in all 
the structures (amygdala, parahippocampal gyrus, temporal poles, 
Inferior Frontal Gyrus (IFG), inferior (Brodmann’s area) (BA 44, BA 45, 
and BA 46), anterior superior insula, ventral striatum, Heschl’s gyrus, 
and Rolandic operculum) [28]. Melody and rhythm are processed 
differently by the brain; melody processing includes activity of two 
areas of Superior Temporal Gyrus (STG) and Planum Polar (PP) [29].

Electroencephalogram/functional magnetic resonance imaging (EEG/
fMRI) and Electroencephalogram/Positron Emission Tomography 
(EEG/PET) are used to study the neurodynamics of the brain 
(temporal and spatial resolution). Functional Magnetic Resonance 
Imaging (MRI) study reports that when pleasant music is presented 
to the subject, there is an increase in Blood Oxygen Level Dependent 
(BOLD) in ventral striatum and anterior insula whereas unpleasant or 
dissonant music increase BOLD in the amygdala, the hippocampus 
and parahippocampal gyrus [29]. It is found that the brain structures 
respond differently to pleasant and unpleasant stimuli. Changes 
are observed in the amygdala for both positive and negative stimuli 
using brain imaging studies. The PET is used to study the emotional 
responses to pleasant and unpleasant music and the cerebral 
blood flow changes are reflected in different parts of the brain when 
dissonance or consonance of the music is played [15]. When pleasant/
unpleasant music is played, the changes are reflected in sub-callosal 
cingulated region of brain, the activity decreases when listening to 
unpleasant (increasing dissonance) music and increases when listening 
to pleasant (increasing consonance) music [30]. Decrease in cerebral 
blood flow is noted in the right orbitofrontal cortex and in sub-callosal 
cingulate and cerebral blood flow increase in parahippocampal gyrus 
is associated with unpleasant emotion evoked by disturbing pictures.

Apart from imaging studies, EEG is also used to study the brain 
activation of the harmonic structure of regular and irregular chords 
of music [Table/Fig-3]. The processing of regular chords evoke 
stronger increase in phase-locked and non-phase locked oscillatory 
activity in delta and theta frequency bands, than processing irregular 
chords. Different scales of cortical integration, ranging from local 
delta, theta and gamma oscillations, to long-range alpha phase 
synchronisation, which were proved to mediate the music syntax 
processing, bestow to the ‘unified cognitive moment’ [31].

Effect of Music on the Autonomic Nervous System 
Activity
The induced emotion can also be determined by evaluating the ANS 
activity as these changes will stimulate the periphery organs and 
can be evaluated by measuring Heart Rate (HR), Blood Pressure 
(BP), Cardiac Output (CO), Total Peripheral Resistance (TPR), Stroke 

[Table/Fig-3]: Experimental setup of data acquisition system for recording 
electroencephalogram (EEG) signals.
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Volume (SV), Respiratory Sinus Arrhythmia (RSA, also known as high 
frequency heart period variability), Respiratory Rate (RR), Electrodermal 
Activity (EDA; including event-related skin conductance responses), 
Tidal Volume (TV), the Electrogastrogram (EGG), pupillary diameter, 
face or hand temperature. These measures distinguish positive from 
negative affective states [32]. When exposed to music activity, changes 
have been reported in the anterior cingulate cortex and insular cortex; 
these are associated with changes in autonomic activity [33]. When 
the sympathetic system is stimulated, the HR and BP get increased, 
whereas, parasympathetic system reduces the HR and BP. 

The fast tempo music increases the blood pressure and HR while 
the slow tempo music has opposite effects on the body [34]. Rock 
music is found to increase the HR when compared to classical music 
and no music condition and higher systolic BP is reported while 
listening to classical music than rock. An increase in HR, respiratory 
frequency and BP is noted with an increase in tempo of playing 
music when compared to silence and all these parameters gets 
decreased to below baseline levels. There is always an individual 
variation to the appreciation of any music [35].

Music can induce positive or negative emotion. Positive emotions 
are associated with coherent patterns of heart rhythms thereby 
increasing the parasympathetic activity which can enhance the 
person’s ability to function [36]. Negative emotions such as anger 
and anxiety can have adverse effect on the person’s ability to 
concentrate, learn and reason [36]. Stronger emotion induces 
sympathetic activation and the HR was observed to be higher for 
expressive performance task. Physiological changes (BP, HR and 
other cardiovascular variables) during listening to music become an 
objective index of autonomic correlates of brain activation.

CONCLUSION
Listening to music based on individual culture and preferences 
enhance the perceived and induced emotion responses. It is clear 
that concentration and information processing is also affected 
positively by music, thus enhancing learning by helping intake 
information and augmenting cognitive skills. This review concludes 
that associating neurosciences and musicology will provide a 
modern modality and also create a platform for the development of 
music-based exercise models to induce changes in the emotion.
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