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Abstract: Relationship between brain and music is of interest to musicians, psychologists and neu-
roscientists. In recent years no other area of psychology of music has seen as much advancement as 
neuropsychology of music. The aim of the article is to present some main issues in the neuropsychol-
ogy of music abroad and in Slovenia, to classify research studies into larger categories and to predict 
the future development of this field.There are different levels of inquiry into the neuropsychology of 
music: (1) the analysis of normal and abnormal psychological and physiological functions to determine 
the principles and modes by which the human brain processes, codifies, stores, and produces music, 
and (2) a description of the clinical deficits in music perception or performance resulting from local-
ized or diffuse damage to the nervous system. Main topics that occupy neuropsychology of music 
are neuropsychological models of musical processing, functional imaging of musical perception and 
cognition, and the use of music as a therapeutic and clinical tool. Although some important studies 
have already been conducted since the year 2003, in Slovenia we faced a “formal” turning point in 
acknowledging the importance of the connection between music, mind and brain with the Sinapsa’s 
Week of the brain 2009 under the title Brain and music.  
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Nevropsihologija glasbe – razvijajoče se področje psihologije
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Povzetek: Povezanost glasbe in možganov je predmet zanimanja psihologov, glasbenikov in nevro-
znanstvenikov. V zadnjih letih je to področje doseglo največji razcvet izmed vseh področij glasbene 
psihologije. Namen pričujočega članka je predstaviti poglavitna spoznanja številnih raziskav s 
področja glasbene nevropsihologije v tujini in v Sloveniji, klasificirati dosedanje raziskave s tega 
področja v večje kategorije in napovedati smernice nadaljnjega razvoja. Obstaja več nivojev razisko-
vanja na področju nevropsihologije glasbe: (1) analiza normalnih in abnormalnih psiholoških in 
fizioloških funkcij, ki determinirajo osnovne principe in načine, s katerimi človeški možgani prede-
lujejo, kodirajo, skladiščijo in ustvarjajo glasbo ter (2) opis kliničnih deficitov v glasbeni percepciji, 
kogniciji in glasbenem ustvarjanju, ki izhajajo iz lokaliziranih ali difuznih okvar živčnega sistema. 
Poglavitne teme, s katerimi se ukvarja glasbena nevropsihologija so modeli glasbenega procesiranja, 
prirojene in pridobljene motnje glasbenega procesiranja, uporaba metod možganskega slikanja med 
glasbenim procesiranjem in uporaba glasbe kot kliničnega in terapevtskega sredstva. Čeprav so se 
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v Sloveniji izvajale raziskave s tega področja od leta 2003 dalje, pa je bil ključni »formalni« korak v 
smeri prepoznavanja povezanosti možganov in glasbe narejen v letu 2009 v okviru Tedna možganov, 
v organizaciji društva Sinapsa. 

Ključne besede: nevropsihologija, glasba
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Musical brain

An amusing, clear, but also highly professional introduction of the musical 
brain can be found in the two books of almost celebrity scientist and musician D. 
Levitin: This is your brain on music (2006) and The world in six songs (2008). Brain 
specialization for music refers to the possibility that human brain is equipped with 
neural networks that are dedicated to the processing of music. Finding support for 
the existence of such music-specific network suggests that music may have biological 
roots. There are numerous behavioral indications that music-specific networks are 
isolable in the brain (Peretz, 2000). Music-specific neural networks should correspond 
to a common core of musical abilities that is acquired by all normally developing 
individuals of the same culture.

Hodges (2000) introduces the concept of musical brain. The main postulates 
of his model are: (1) All human beings are born with a musical brain, (2)The human 
musical brain is different from other animal brains, (3) The musical brain is in 
operation in infancy, and perhaps even in the later fetal stages of development, (4) 
The musical brain consists of an extensive neural system involving widely distributed, 
but locally specialized, regions of the brain, (5) The musical brain has cognitive 
components, (6) The musical brain has affective components, (7) The musical brain 
has motor components, (8) The degree to which the musical brain is lateralized is still 
debated, (9) The musical brain is a very resilient system and (10) Early and ongoing 
musical training affects the organization of the musical brain.

The brain of musicians

Musicians are an ideal human model to investigate possible functional and 
structural neural changes due to the acquisition and continuous practice of complex 
perceptions and actions. Musicians perform complex physical and mental operations 
such as translating musical symbols into complex motor operations, performing 
independent movements of fingers and hands, remembering long musical phrases, 
improvising music, and identifying tones absolutely without a reference tone. The 
neural correlates of most of these musical operations are not fully understood yet. 
Many studies have provided evidence for functional and structural differences 
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comparing musicians with non-musicians. Although self-selection for musicianship 
by individuals with innate functional and structural brain differences cannot be 
completely ruled out, there is now more and more evidence to support the notion 
that musical training will lead to changes in brain function and structure. Structural 
brain differences between musicians and non-musicians can mainly be seen in 
the structural changes in corpus callosum, motor cortex and cerebellum. Most 
pronounced functional differences between musicians and non-musicians have 
been found in perisylvian brain regions with various perceptual tasks ranging from 
listening to musical pieces, pitch discrimination and memory, harmony, melody and 
rhythm tasks (Altenmueller, 1986; Besson, Faita & Requit, 1994; Mazziota, Phelps, 
Carson & Kuhl, 1982; Pantev, Oostenveld, Engelien, Ross, Roberts & Hoke, 1998; 
Tervaniemi, Just, Koelsch, Widmann & Schröger, 2005). It appears from these 
studies that musicians and non-musicians process music in a different way, leading 
to more left hemispheric activation with increased musical sophistication. There may 
be aspects of music that will be processed more on the right hemisphere by both 
musicians and non-musicians (e.g., melodic contour tasks) while there are others that 
will be more processed on the left by both groups (e.g., rhythmic tasks). Gaser and 
Schlaug (2003) conducted a study using a voxel-by-voxel morphometric technique. 
They found gray matter volume differences in motor, auditory, and visual-spatial 
brain regions when comparing professional musicians (keyboard players) with a 
matched group of amateur musicians and non-musicians. The latest research of 
Gibson, Folley and Park (2009) shows that professionally trained musicians more 
effectively use both the left and the right sides of their frontal cortex more heavily 
than the average person. They report a greater bilateral frontal activity in musicians 
during divergent thinking compared with nonmusicians. Their results suggest that 
creative individuals are characterized by enhanced divergent thinking, which is 
supported by increased frontal cortical activity. 

Developmental issues in music neuropsychology

Four concepts are central in explaining developmental issues in music 
neuropsychology: critical periods, optimal periods, windows of opportunity and 
plasticity. Critical period refers to the idea that there are time frames in which there 
will be no development if certain stimulation is not present. There are no identified 
critical periods in musical development. An optimal period is used to refer to 
those periods in which development will be faster or easier. Gordon (1979, 1990) 
advanced the idea of developmental music aptitude. He has found that children’s 
scores on measures of musical aptitude do not change significantly after the age of 
approximately nine years. A few studies indicate optimal periods and point toward 
possible critical periods of music training (Elbert, Pantev, Wienbruch, Rockstrub & 
Taub, 1995; Nelson & Bloom, 1997; Schlaug, Jäncke, Huang, Steiger & Steinmetz, 
1995). Windows of opportunity refers to the idea that there are general time frames 
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in which optimal or critical development will take place. Bruer writes: “For most 
learning, particularly learning culturally transmitted skills and knowledge such as 
reading, mathematics, and music, the window of experience-dependent opportunity 
never close” (1999, p.187). Brain plasticity refers to the notion that the brain is very 
adaptable, fluid. Involvement in music may help keep the brain more fluid as opposed 
to no musical involvement throughout the human lifespan (Snowdon, 1997, 2001). 

To conclude, developmental periods hint of a genetically-influenced mechanism 
that is mediated by environment. These developmental periods have received a great 
deal of attention also in music-making skills. Several recent works have suggested 
that music learning has a critical period, which if missed, closes the doors to future 
musical competence. This widely accepted fact is untrue – the brain does have 
some periods in which it is more sensitive to the active development of music, and 
it makes sense to engage learners during these times. However, it is not true that if 
you don’t learn music as a youngster, you’ll never learn it. It may take more time to 
reach proficiency if you learn it later in life, but it’s possible. 

Ways of conducting neuromusical research

Understanding of the cognitive and neurological bases for music processing has 
advanced greatly in recent decades (Peretz & Coltheart, 2003; Peretz & Zatorre, 2005; 
Koelsch & Siebel, 2005; Stewart, von Kriegstein, Warren, & Griffiths, 2006). Flohr 
and Hodges (2002) have divided strategies for conducting neuromusical research into 
six categories: animal research, fetal and infant research, research on brain-damaged 
individuals, hemispheric asymmetry research, brain imaging research, neuromotor 
research and affective research. I’m going to use these categories that Flohr and 
Hodges defined as a starting-point and a frame for explaining the main issues in 
neuropsychology of music. Many times the research studies could be classified into 
more than one category, so one must be aware of the arbitrary decisions.

Animal research

This line of research provides evidence of some of the neural mechanisms 
possess that allow human musicality and it’s important in developing a theory of 
an evolutionary basis for music (Hodges, 1989, 1996, 2000; Patel, 2006; Patel & 
Iversen, 2006; Patel, Iversen, Bregman, & Schulz, 2009a; Patel, Iversen, Bregman, & 
Schulz, 2009b; Wallin, Merker & Brown, 2000). This research strategy informs two 
concerns of music psychologists: What are the evolutionary antecedents of human 
musicality and what extra cognitive structures and processes do humans possess 
beyond those of other animals that allow for the degree of musicality expressed in 
other cultures. Most animals have devices for detecting, analyzing, and responding 
to sounds. When humans listen to music, the process is similar in that we analyze 
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the sound for meaning and that meaning shapes our responses. Humans are able to 
bring a number of cognitive and affective processes to bear that animals cannot; 
but the rudimentary structures may be much the same. Thus, the value of animal 
research is in providing us with knowledge of these basic structures. Most of these 
researches have been done with song-birds (Marler, 1991), with rats, monkeys, great 
apes and pigeons (D’Amato, 1988; Gillis, 1990; Hulse, 1990; Hulse, Takeuchi & 
Braaten, 1992). The main conclusion is that none of the animal studied so far are 
able to discriminate frequency contour and that all animal species utilize absolute 
frequency discrimination as a means of discriminating tonal patterns. Both humans 
and nonhumans use a hierarchy of perceptual strategies that begins with absolute 
pitch perceptions and then moves to relative pitch perception. However nonhuman 
animals stay on relaying on absolute pitch perception. This evolutionary approach 
is profoundly presented in two books: in a book by S. J. Mithen The Singing 
Neanderthals: The Origins of Music, Language, Mind and Body (2005) and in a 
book Music, language and the brain by A. D. Patel (2008).

Fetal and infant research

In the past few years there is a growing interest in studying fetal responses to 
music because in the last trimester before birth, the fetus is capable of responding 
to sounds in the womb. A very thorough and systematic introduction of the auditory 
development in fetus and infant can be found in the article of Graven and Brown 
(2008). There is abundant evidence showing that the human fetus is aware of and 
responsive to sounds, including music (Annis, 1978; Eccles & Robinson, 1985; 
Friedrich, 1983; Restak, 1983). Researchers can gauge fetal responses by monitoring 
heart rate and through bodily movements (Abrams & Gerhardt, 1997; Deliege & 
Sloboda, 1996). Almost immediately after birth, babies can orient toward sounds and 
soon after that can pick out the sounds of the mother’s voice (Trehub, Schellenberg 
& Hill, 1997; Trehub & Trainor, 1993). “Motherese,” a term psychologists have 
coined to refer to the type of a baby talk tipically spoken to infants, emphasizes 
pitch, timbre, dynamic inflections, and rhythm patterns in order to convey meaning 
(Dissayanake, 2000). Through that baby learns to interpret the emotional content and 
consequently to communicate by manipulating the same sonic elements to express 
basic emotions and needs. S. Trehub, one of the first and leading researchers in 
the field of developmental music perception and cognition, and her colleagues had 
established that human infants begin life with various musically relevant abilities, 
including fine-grained perception of pitch and rhythm patterns (Hannon & Trehub, 
2005a; Trehub, 2000),  preferences for consonant over dissonant intervals (Trainor, 
Chang & Cheung, 2002; Zentner & Kagan, 1996), cross-modal correspondences 
between sound and movement (Phillips-Silver, & Trainor, 2005) and heightened 
responsiveness to the expressively sung performances of mothers (Masataka, 1999; 
Nakata & Trehub, 2004; Shenfield, Trehub & Nakata, 2003; Trainor, 1996; Trehub 
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& Trainor, 1998). They have also learned that exposure to the music of their culture 
not only builds upon infants’ initial biases but also reshapes them (Hanon & Trehub, 
2005b; Trainor & Trehub, 1992; Trainor & Trehub, 1994). In a recent study Soley 
and Hanon (2010) concluded that infants’ musical preferences appear to be driven by 
culture-specific experience and a culture-general preference for simplicity.

Research on brain-damaged individuals 

Neuroscientists have found it very revealing to study brain-damaged patients 
as a means of understanding cognitive functioning (Aldridge, 2005; Dalla Bella, 
Kraus, Overy & Pantev, 2009; Gilbertson & Aldridge, 2008). A review of the 
literature on this matter was done in the article “Music and the brain: disorders of 
musical listening” by Stewart, von Kriegstein, Warren & Griffiths (2006). We can 
divide the brain-damaged individuals into three categories: (1) individuals who have 
suffered a tumor, stroke or lesions, (2) individuals with inherited cognitive limitations 
and (3) individuals who suffer from cognitive dementias due to aging. A common 
research approach is to ask brain-damaged subjects to do a variety of music-related 
tasks. Main conclusions from this research line are that music and language are 
represented, at least to a large degree, by separate neural system (Hodges, 1996b; 
Marin & Perry, 1999). Many brain regions are implicated in both language and music 
(Falk, 2000; Patell, 2008). The next important finding is that musical savants are 
cognitively impaired but capable of amazing musical feats (Miller, 1989). Especially 
individuals with Williams syndrome often have cognitive “peaks” and “valleys” 
and music appears to be something many of them can do quite well (Levitin & 
Bellugi, 1998). Concerning individuals with cognitive dementias due to aging it 
is evident that individual with prior musical backgrounds may retain procedural 
skills. Music is being recommended to elders as a means of staving off the ravages 
of Alzheimer’s (Golden, 1994; Omar, Hailstone, Warren, Crutch, Warren, 2010). 
Dalla Bella, Giguère & Peretz (2009) conducted a study using an acoustic analyses 
that showed that amusics are, on average, substantially worse at singing familiar 
melodies than normals and that auditory perception and action streams may be distinct 
in some ways, dissociation between conscious perceptual and production abilities 
was further supported by reports that quarter-tone differences in pitch can evoke 
electrophysiological responses without perceptual awareness in amusics (Peretz, 
Brattico, Järvenpää & Tervaniemi, 2009). 

Hemispheric asymmetry research

For a period of time, primarily during the 1970s, much was made of music 
being in the right side of the brain. Osborne and Gale (1976) found the left hemisphere 
more activated for words and arithmetic and the right hemisphere for music. Molfese, 
Freeman, and Palermo (1975) demonstrated that subjects had larger auditory evoked 
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responses for nonspeech sounds (including music) in the right hemisphere. This 
oversimplification has since been modified. Music is not in the right side of the 
brain alone; both sides are involved. In fact, sophisticated musical processing most 
likely involves front-back, top-bottom, and left and right sides of the brain is widely 
distributed but locally specialized neural networks. The human brain appears to have 
highly specialized structures for music. It is believed that the elemental response to 
music falls into the lower parts of the brain (cerebellum, limbic system) and to the right 
hemisphere. The development of musical forms, sophisticated analysis and harmonic 
understanding lie in the left hemisphere. Pitch is a primary feature of all sounds and 
is necessary for auditory perception. Because pitch is a built-in property of the brain, 
then damage to the area responsible for processing impair it. And in cases of a right-
hemisphere stroke or seizure, timbre is also typically impaired (Samson and Zatorre, 
1994). The brain has a kind of frequency map where neighboring frequency areas 
are located close together. If you stimulate one part of the map with a frequency, an 
adjacent area of the cortex is activated, too (Zatorre, 1988). This suggests likelihood 
for built-in structures related to pitch, frequency, and tones. Another musical quality 
called melodic contour has interested researchers and specific brain cells are supposed 
to process it (Weinberger & McKenna, 1987). Other cells in the mammalian auditory 
cortex have been found to process specific harmonic relationships (Sutter & Schreiner, 
1991). On the other hand rhythmic/temporal qualities have been linked to a specific 
group of neurons in the auditory cortex (Hose, Langner & Scheich, 1987). 

Most of this research is conducted by studying brain damaged individuals, brain 
imaging and dichotic listening. Since the first two are going to be explained in other 
chapters, in this chapter we will focus on dichotic listening. Dichotic listening tasks 
have been widely used as a means of comparing one side of the brain’s performance 
with other. Basically, the technique is to present conflicting signals to the right and 
left ears via headphones. Approximately 70% of the fibers in the auditory pathway 
are contralateral. Thus, although both sides receive all the information from each 
ear, signals from the right ear are more strongly represented in the left hemisphere, 
and vice versa (Kimura, 1961; Robinson & Solomon, 1974). Researchers obtained 
data show bilateral involvement, with the left hemisphere predominant, for notes 
and scales, but bilateral involvement with right hemisphere dominance for melody 
(Breitling, Guenther & Rondot, 1987). Referring to the literatures that suggest that 
right hemisphere might participate in the expression of music, namely singing and 
playing instrumentals, Masayuki Satoh, Katsuhiko Takeda, Shigeki Kuzuhara (2007) 
conducted the study using melodic intonation therapy (MIT). They predicted that 
MIT will utilize the compensational function of right hemisphere for damaged left 
hemisphere. They reported that mental singing improved the gait disturbance of 
patients with Parkinson’s disease. Their conclusion was that music therapy is changing 
from a social science model based on the individual experiences to a neuroscience-
guided model based on brain function and cognitive processing of the perception 
and expression of music.

Neuropsychology of music
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Brain imaging research

Various brain imaging techniques (EEG and ERP, MEG and SQUID, MRI 
and fMRI, PET, TMS) are opening up new understanding about the brain in 
general and about music cognition specifically. The most rapid advancements are 
being made in this field. In this chapter the emphasis will be given to just those 
brain imaging techniques that are frequently used in studying music processing.  
Electroencephalography (EEG) concerning music neurology it’s being employed to 
study music processing (Altenmüller, 1993; Barber, 1999; Faita & Besson, 1994). 
Many studies that are presented in other chapters have been conducted using EEG, so 
only some of them are going to be introduced here. EEG patterns have been examined 
while subjects engaged in a variety of musical activity. Rogers and Walter (1981) 
found alpha waves to be in synchrony with strongly rhythmic portions of a Mozart 
symphony. Osaka and Osaka (1992) also found that peak alpha frequency of EEG 
changes as the tempo of music changed. Wieser and Mazola (1986) demonstrated 
that EEG recordings made from depth electrodes implanted in the left hippocampus 
reflects a musical consonance/dissonance dichotomy. Numerous researchers have 
found that alpha production decreases during music listening conditions (Duffy, 
Bartels & Burchfield, 1981; Flohr & Miller, 1993; Furman, 1978; Inglis, 1980). 
It was also found, that musician produce more alpha activity that non-musicians 
in music listening conditions (Wagner, 1975a, 1975b; Wagner & Mantzel, 1977) 
and that musicians increased their alpha output during music while non-musicians 
decreased in alpha (Mc Elwain, 1979; Wagner & Mantzel, 1977). It was concluded 
that the incidence of alpha waves may vary according to a positive or negative 
reaction to the music. The evidences also reflect that musicians show alpha decrease 
with a stronger decrease in the left hemisphere involving the temporal region and 
invading the precentral, frontal, and parietal areas. Non-musicians exhibited a 
decrease in alpha restricted to the left midtemporal area (auditory cortex) (Petsche, 
Linder, Rappelsberger & Gruber, 1988). Concerning EEG coherence patterns it was 
concluded that musically trained subjects exhibit significantly higher coherence 
values both within and between hemispheres. These differences, found mainly in 
the upper and lower frequency bands and less so in alpha, may indicate specialized 
brain reorganization enhancing the ability to process ordered acoustical patterns.

Event-related potentials (ERP) examine the brain’s immediate response to 
a stimulus in millisecond intervals. The P300 has been more frequently studied 
in relation to music (Cohen & Erez, 1991; Frisina, Walton, & Crummer, 1988). 
It has been found that the more difficult the pitch discrimination task, the larger 
the latency of P3 (Ford, Rooth & Kopell, 1976; Walton, Frisina, Swartz, Hantz, & 
Crummer, 1988). Musicians showed an inverse relationship between accuracy and 
P3 latency (Chuang, Frisina, Crummer & Walton, 1988; Levett and Martin, 1992). 
P3 was greatly reduced or absent altogether in subjects with absolute pitch (Hantz, 
Crummer, Wayman, Walton & Frisina, 1992). P3 was not different for musicians and 
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nonmusicians for easier timbre discrimination, but musicians had shorter latencies 
than nonmusicians for more difficult timbre discrimination (Crummer, Walton, 
Wayman & Hantz, 1994). P3 was found to be useful technique for studying neural 
and cognitive responses to music in patients with senile dementia (Swartz, Walton, 
Crummer, Hantz & Frisina, 1992). 

Magnetic resonance imaging (MRI) it has been used to show structural features 
of musician’s brain (Amunts et al., 1997). Researchers used MRI data to document 
that the left planum temporal and corpus callosum of musicians are larger than those 
of nonmusicians (Schlaug, Jancke, Huang & Steinmetz, 1994). A subsequent study 
revealed that planum temporale is more strongly lateralized in the left hemisphere 
for musicians than nonmusicians and that the musicians with perfect pitch are 
more strongly lateralized to the left than musicians without perfect pitch (Schlaug, 
Jancke, Huang and Steinmetz, 1995). Keenan, Ven Thangaraj, Halpern and Schlaug 
(2001) had further established a significantly greater leftward PT (planum temporal) 
asymmetry and a significantly smaller right absolute PT size for the AP (absolute-
pitch) musicians compared to the two control groups was found, while the left PT 
was only marginally larger in the AP group. 

Positron emission topography (PET) it is often used for studying music 
processing (Parsons, Fox & Hodges, 1998; Zatorre, 1994; Zatorre, Evans, & Myer, 
1994). From the results it can be concluded that there is greater activation of the 
right temporal and parietal lobe along with the right posterior, interior frontal area. 
PET data also showed the right temporal cortex to be active in perceptual analyses 
of melodies (Zatorre, 1994; Zatorre, Evans & Mayer, 1994). 

Neuromotor research

This line of research can be divided into two categories: (1) Motor aspects of 
music making and (2) Effects of music on motor activity. The most profound review 
of the literature on this subject was made in the book Music, Motor Control and the 
Brain by Eckart Altenmüller, Jurg Kesselring, and Mario Wiesendanger (2006). This 
is the first book to explore the neural bases of musicians’ motor actions, examining 
these functions across a range of instrumental types and performance situations. 
It presents state of the art research showing how long term involvement in music 
can affect the brain and explores the motor problems that frequently occur in later 
life amongst professional musicians, and possible therapies. Musical performance 
activates motor control areas in the brain to such a high degree that musicians may 
be considered small-muscle athletes (Wilson, 1986). Rhythmic timing embedded 
in music serves as a cue to motor system timing mechanism in the brain. Main 
conclusions from this research area are that motor systems in the brain are strongly 
activated during music performance (Parsons, 2001) and that motor cortex controlling 
particular instrument movements is increased in response to musical training, both 
actual and imagined (Pascual-Leone et al., 1995). Musicians frequently rely on the 
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rapid execution of intricate patterns. According to Wilson (1986) the motor cortex 
acting alone is far too slow to allow for the necessary speed of these movements to be 
carried out in the tempo required. Accomplishing this feat demands the cooperation 
of the cerebellum. When a particular sequence of muscle movements is repeated 
frequently, the pattern of those movements is stored as a unit or program. The motor 
cortex, basal ganglia, and cerebellum work hand in hand to provide smooth, facile, 
musical performance. The results of several studies indicate that early musical training 
has long-term effect on brain organization (Elbert et al., 1995; Fox et al., 1995; Moore, 
1988, 1992; Wilson, 1992). The results of studies may be useful in understanding not 
only the physiology of skill acquisitions, but also the pathophysiology of movement 
disorders in skilled performers. 

On the other hand we must not neglect the effects of music listening on motor 
activity. Music elicits strong motor responses from listeners. Researchers are using 
music, particularly its rhythmic and tempo aspects, in a neurologic rehabilitation 
program. Rhythmic auditory stimulation has facilitated walking in stroke and 
Parkinson’s patients (Thaut, McIntosh, Prassas & Rice, 1993; Thaut, McIntosh, & 
Rice, 1995). 

Affective research 

The emotional import of music experience is a strong component of music and 
music instruction (Leonard & House, 1972). It may be helpful to think of emotion 
in three ways (Buck, 1986): Emotion (1) involves homeostasis (maintenance of body 
stability) and adaptation and can be measured by monitoring physiological changes. 
Emotion (II) involves spontaneous expressive tendencies and can be measured by 
direct observation of external displays, such as postures and facial expressions. 
Emotions (III) involves the subjective experiences of a person and is often monitored 
by self-report. Concerning neurology the first two are of our interest. 

Musical experiences can elicit a wide variety of physiological responses, 
including changes in heart rate, blood pressure, brain waves, and muscle contractions. 
It has been concluded that different brain regions are activated in response to 
positive and negative musical listening experiences (Blood, Zatorre, Bermudez & 
Evans, 1999). In particular, studies in psychoneuroimmunology are being used in 
music medicine to document the physiological effects that music has on body (Pratt 
& Spingte, 1996; Reilly, 1999). Fear and anxiety can be reduced in many clinical 
situations through the use of music. Blood, Zatorre, Bermudez & Evans (1999) suggest 
that music may recruit neural mechanisms similar to those previously associated 
with pleasant/unpleasant emotional states but different from those underlying other 
components of music perception and emotions such as fear.   

Emotional experiences tend to elicit spontaneous expressions; these can 
often be seen in facial expressions, body movements, posture, and so on. Nearly all 
individuals can modulate the voice in terms of pitch, tone and rhythm to express 
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emotion. Music is an extended version of the expression of emotion via sound across 
time. According to Langer (1953) music is the tonal analog of the emotive life. A 
series of experiments have been conducted to document the relationship between 
music and essentic form. The results show that each of several major composers, 
such as Bach, Mozart etc., has a distinctive essentic form and that the essentic forms 
produced by internationally famous musicians were consistent within each composer’s 
music (Clynes, 1977). De Vries (1991) found out that sentograms for the same pieces 
of music were similar to different subjects. 

Hunter, Schellenberg and Schimmack (2010) examined similarities and 
differences between (1) listeners’ perceptions of emotions conveyed by 30 s pieces 
of music and (2) their emotional responses to the same pieces. Feeling and perception 
ratings were highly correlated but perception ratings were higher than feeling ratings, 
particularly for music with consistent cues to happiness (fast-major) or sadness 
(slow-minor), and for sad-sounding music in general. Associations between the 
music manipulations and listeners’ feelings were mediated by their perceptions of 
the emotions conveyed by the music. Happiness ratings were elevated for fast-tempo 
and major-key stimuli, sadness ratings were elevated for slow-tempo and minor-key 
stimuli, and mixed emotional responses (higher happiness and sadness ratings) 
were elevated for music with mixed cues to happiness and sadness (fast-minor or 
slow-major). A lot of studies about affective responses to music have been made in 
the domain of music therapy (Aldridge, 2005; Baker, Wheeler, Tamplin & Kennelly, 
2006;)

Neuropsychology of music in slovenia

Only a few studies in the research field of the neuropsychology of music 
have been conducted in Slovenia. We’ve started with the studies of Mozart effect 
using ERD/ERS (event related desynchronization/synchronization) and ERCoh 
(event related coherence) technology. In our first study (Jaušovec & Habe, 2003) we 
confirmed significant differences in induced event-related desynchronization between 
the 3 music clips, that differed in the level of their complex structure, induced mood, 
musical tempo and prominent frequency. The differences were only observed in the 
lower-1 alpha band which is related to attentional processes. A similar pattern was 
observed for the coherence measures. While respondents listened to the Mozart 
clip, coherence in the lower alpha bands increased more, whereas in the gamma 
band a less pronounced increase was observed as compared with the Brahms and 
Haydn clips. The clustering of the three clips based on EEG measures distinguished 
between the Mozart clip on the one hand, and the Haydn and Brahms clips on the 
other, even though the Haydn and Brahms clips were at the opposite extremes with 
regard to the mood they induced in listeners, musical tempo, and complexity of 
structure. This would suggest that Mozart’s music - with no regard to the level of 
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induced mood, musical tempo and complexity - influences the level arousal. In our 
second study (Jaušovec & Habe, 2004) twenty individuals solved a visual oddball 
task in two response conditions: while listening to the Mozart’s sonata K. 448, and 
while listening to nothing. In the music response condition the ERP peak latencies 
on the left hemisphere increased, whereas on the right hemisphere a decrease of peak 
latencies as compared with the silence response condition was observed. In the theta, 
lower-1 alpha and gamma band increases in induced event-related coherences were 
observed while respondents solved the oddball task and listened to music, whereas 
a decoupling of brain areas in the gamma band was observed in the silence response 
condition. This study suggested that auditory background stimulation can influence 
visual brain activity, even if both stimuli are unrelated. Our third study (Jaušovec 
& Habe, 2005) investigated the influence of Mozart’s music on respondent’s brain 
activity while solving spatial rotation and numerical tasks. The method of induced 
event-related desynchronization/synchronization (ERD/ERS) and coherence (ERCoh) 
was used. The music condition had a beneficial influence on respondents’ performance 
of spatial rotation tasks, and a slightly negative influence on the performance of 
numerical tasks as compared with the silence condition. On the psychophysiological 
level a general effect of Mozart’s music on brain activity in the induced gamma band 
was observed, accompanied by a more specific effect in the induced lower-2 alpha 
band which was only present while respondents solved the numerical tasks. It was 
suggested that listening to Mozart’s music increases the activity of specific brain 
areas and in that way facilitates the selection and “binding” together of pertinent 
aspects of sensory stimulus into a perceived whole. Jaušovec, Jaušovec & Gerlič 
(2006) investigated further the influence Mozart’s music on brain activity in the 
process of learning. In Experiment 1 individuals were first trained in how to solve 
spatial rotation tasks, and then solved similar tasks. Fifty-six students were divided 
into 4 groups: a control one – CG, who prior to and after training relaxed, and three 
experimental groups: MM - who prior to and after training listened to music; MS 
- who prior to training listened to music and subsequently relaxed; and SM - who 
prior to training relaxed and afterward listened to music. The music used was the 
first movement of Mozart’s sonata (K. 448). In Experiment 2, thirty-six respondents 
were divided into three groups: CG, MM (same procedure as in Experiment 1), and 
BM - who prior to and after training listened to Brahms’ Hungarian dance No. 5. 
In both experiments the EEG data collected during problem solving were analyzed 
using the methods of event-related desynchronization/synchronization (ERD/ERS) 
and approximated entropy (ApEn). Results in the first experiment showed that the 
respondents of the MM, MS, and SM group showed a better task-performance than 
did the respondents of the CG group. Individuals of the MM group displayed less 
complex EEG patterns and more rx band synchronization than did respondents of 
the other three groups. In Experiment 2 individuals who listened to Mozart showed 
a better task performance than did the respondents of the CG and BM groups. They 
displayed less complex EEG patterns and more lower-1 x and y band synchronization 

K. Habe



�1

than did the respondents of the BM group. Authors therefore concluded that Mozart’s 
music, by activating task-relevant brain areas, enhances the learning of spatio-
temporal rotation tasks.
 

Conclusion

The neuropsychology of music is nowadays growing so rapidly that all the 
new findings in this unique multidisciplinary science can hardly be followed. Since 
approximately 1970s, when the first significant studies occurred, a giant steps ahead 
have been made. More than 41 science books involving with music-neuropsychological 
matters have been published, not to mention all the research articles that are countless. 
Especially with brain imaging techniques music neuropsychology has gained several 
important facts in brain functioning and structure regarding to music. There are 
numerous research laboratories all over the world putting their effort in exploring the 
relationship between brain and music. In a few recent years the neuropsychology of 
music has made an important step towards the educational practice, trying to make 
all the empirical data more understandable and useful for the educators. Coming to 
this point the neuropsychology of music has become quite a popular science. 

In Slovenia we have only just began exploring this science field with some 
interesting studies of Mozart effect using ERP technology. But the problem is that such 
a research field requires a lot of expensive equipment and a good multidisciplinary 
team that is in Slovenia not yet established. 

What is the future of the neuropsychology of music? Probably the popularization 
of this science will become even greater, because there is always a large interest of the 
public to understand the phenomena that are kind of mysterious and not completely 
understandable to our mind, what the music will always remain. So the science 
will continue trying to reveal the secret behind the music. On the other hand, the 
music profession will become inevitable dependent on important findings of the 
neuropsychology of music for their practice. 
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