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Abstract

This study examined the effects of personalized speech and melodic
stimuli on brain activity in 19 children using a within-subject quasi-
experimental design and single-channel EEG. Participants listened to
prosodic sentences and isomorphic melodies mimicking prosodic
features. Gamma, alpha, and theta activity were compared across
conditions. No significant differences were found in alpha (Z = -0.322,
p = 0.748) or theta (Z = -1.328, p = 0.184), while gamma activity was
significantly lower during melody than prosody (Z = -2.133, p = 0.033,
r = 0.49). The findings suggest partially overlapping neural processing of
speech and music, with higher gamma activity during prosody
indicating greater demands for integrating acoustic and linguistic
information.
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INTRODUCTION

In recent decades, music has received
increasing attention because of its benefits,
including its potential application in the
therapeutic field. This is possible because
musical activities that are designed to meet the
participants' needs can improve various
emotional aspects, such as emotional well-being
(Wilms et al., 2020), self-esteem (Chang et al.,
2018), and even social interaction and
friendship (Oktadus & Yaqin, 2017). The
growing number of studies on music and
emotion shows that music has important
therapeutic potential because of its significant
influence on emotional processes. One area in
music therapy that still offers opportunities for
further exploration is music therapy for
individuals with language disorders, such as
developmental language disorder (DLD),
aphasia, and language disorders caused by
traumatic brain injury. These disorders are
often associated with damage or abnormalities
in specific brain regions responsible for
language processing (Dessy, 2018). This
therapeutic potential is supported by two
important facts. First, the brain has
neuroplasticity, which provides opportunities
for functional recovery. Second, music and
language processing share many common
neural domains in the brain (Miller, 2025).

Language competence is an essential aspect
of human social life. This is because language,
like music, is one of the most distinctive human
abilities and is not found in other living beings.
The loss or decline of language competence can
reduce a person's quality of life because human
life is closely connected to this ability. Humans
use language to communicate, express
emotions, and share ideas. The ability to think
abstractly and logically, which is important for
identifying and solving problems, also depends
greatly on language competence (Borghi, 2020;
Williams et al., 2017). In addition, many studies

have reported that different types of language
disorders can negatively affect various aspects
of human life, including communication skills,
work performance, and emotional well-being
(Beitchman & Brownlie, 2005; Whitehouse et al.,
2009; Wilmot et al., 2024).

However, the therapeutic application of
music for individuals with language disorders
is still far from effective. According to previous
reports, the success rate of music-based
interventions is only about 20-40% (Elbe, 2024;
Suri, 2022). This indicates that many specific
aspects are still not well understood before this
type of therapy can be applied effectively. As a
result, music-based interventions are still
mainly limited to experimental settings and are
not yet widely available as part of general
healthcare services that can be accessed by the
public. To create greater therapeutic
opportunities, knowledge in this research area
needs to continue developing until it reaches a
stage where the accumulated evidence can be
integrated into more effective and well-
established intervention approaches.

One issue that may improve this
understanding is identifying which elements of
music are processed in parallel with language in
the brain. This knowledge may provide new
opportunities for therapeutic applications
through the mechanism of neuroplasticity.
Therefore, this study aims to extend previous
research by examining the extent to which
listening to music and language (speech) share
common neural processing in the brain. This is
important for identifying which musical
elements are processed most similarly to
language and may therefore have greater
potential for therapeutic use.

Pitch and rhythm are two musical elements
that have a close relationship with prosody
(intonation) in spoken language. Many
previous studies have shown that the
processing of pitch in music is closely related to
the processing of intonation in prosodic speech.
For example, Bedoya et al. (2021) found similar
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patterns of arousal and valence in participants
when they listened to both speech and
instrumental sounds. Their findings suggest
that emotional processing in music also relies on
mechanisms used to process vocal emotions in
communication through acoustic features that
are shared by both types of stimuli. This finding
was further supported by Wang et al. (2023),
who compared these processes in individuals
with autism spectrum disorder (ASD) and non-
ASD  participants. They found greater
variability in the ASD group, although the
overall pattern of mental representation was
similar to that of the non-ASD group. These
results suggest that individuals with ASD show
greater heterogeneity in the processing of
emotional information.

Music and language processing overlap
because they share the processing of common
acoustic features, especially pitch and changes
in vocal intonation in prosodic speech. These
shared processes mainly involve the right
hemisphere, particularly the superior temporal
gyrus (STG) and the inferior frontal gyrus (IFG)
(Sammler et al., 2015; Zatorre & Gandour, 2008).
However, although music and prosodic speech
show overlapping neural processing, they are
processed in different brain modules. In other
words, the overlap occurs because music and
language share neural resources for processing
auditory stimuli rather than using exactly the
same neural networks (Patel, 2011). Therefore,
the overlap does not indicate complete
similarity in the neural systems involved. This
can be seen in the study by Lacroix et al. (2015),
which found differences in the activation of
temporal brain networks during music and
language processing. Similar evidence was
reported by DePriest et al. (2017), who
demonstrated a dissociation between music and
language processing. For example, in
individuals with autism spectrum disorder
(ASD), abnormalities in brain networks may
affect language processing while leaving music
processing relatively preserved. Likewise, the

processing of musical pitch is not disrupted by
damage to brain regions that are responsible for
language syntax.

Specific differences in the processing of
temporal structure across brain regions may
provide further evidence for the existence of
both domain-general and domain-specific
neural resources. For example, damage to
Broca's area can impair syntactic integration,
while simple temporal processing may still be
carried out by the superior temporal gyrus
(STG). This suggests that the STG plays a more
domain-general role in temporal processing,
whereas more complex and language-specific
syntactic processing requires specialized brain
regions, such as Broca's area.

Although both music and speech are
processed as temporal auditory stimuli, this
temporal processing begins in the domain-
general function of the superior temporal gyrus
(STG), particularly in processing the rhythmic
consistency of auditory signals (van Atteveldt et
al., 2015). The overlap in this region is mainly
limited to the temporal and sequential detection
of basic units, such as words or musical notes,
and does not extend to the processing of
grammar and semantic meaning that is required
for speech. However, this stage of processing is
involved in emotion recognition in both music
and speech. For example, Pinheiro et al. (2015)
found that musicians showed more efficient
early auditory processing (P50 and N100) and
higher accuracy in recognizing angry prosody
in sentences without semantic content (PPC).
These findings support the hypothesis that
musical expertise enhances sensitivity to
acoustic cues in vocal communication.
Similarly, Zioga et al. (2016) investigated the
interaction between melodic expectation in
music and prosody in language, as well as the
influence of musical training on pitch
processing in both domains. They found that
musicians were faster and more accurate in
identifying questions and statements and also
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responded more quickly when expectations
were violated in both music and language.

Most studies on the overlap between music
and prosody have focused on adults. In
addition, emotional processing has been
identified as the most prominent aspect shared
by both domains, making emotion a central
component of their overlapping neural
processing. In relation to therapeutic
applications, the central role of emotion is
consistent with a more personalized approach
that considers the perspectives and affective
needs of individuals to support personal
growth, self-actualization, and emotional well-
being (McLeod, 2023). Several event-related
potential (ERP) studies, including the work of
Tacikowski et al. (2014), have shown that using
stimuli that are personally relevant and familiar
to participants, such as their own name or the
name of a close family member, produces
stronger preferential responses and influences
subsequent information processing. A meta-
analysis also found that voice familiarity affects
which neural processing pathways become
more active during auditory processing (Sun et
al., 2023).

Although previous studies have shown that
voices and words with personal significance
produce different effects on word processing,
this factor has received limited attention in
studies investigating the overlap between music
and language processing. Voices and words
that are personally relevant to the participant
can influence both implicit and explicit word
processing. Therefore, emphasizing personal
relevance in stimulus design may provide new
insights into the overlap between the processing
of prosodic speech and melody. However, only
a few experimental studies have used a
personalized approach, such as prosodic speech
and melodic stimuli that include the
participant's name and activities that are
familiar or relevant to them, especially in young
children. Therefore, the present study aims to
specifically examine the overlap in brain

responses to music and language (speech)
stimuli that contain personally relevant or
familiar information.

Among the brain oscillations that can be
recorded using EEG, several frequency bands
have been identified as important indicators of
cognitive processing during the presentation of
both prosodic speech and melodic stimuli. In his
review article, Klimesch (1999) summarized
evidence from previous studies showing that
EEG oscillations, particularly the alpha and
theta bands, reflect cognitive processes such as
attention, semantic memory, and the encoding
of new information. The patterns of these
oscillations vary depending on the type of
memory task being performed. Klimesch
referred to two major memory systems. The first
is the Working Memory System (WMS), which
is involved in encoding new episodic
information. The second is the Long-Term
Memory System (LTMS), which is responsible
for storing and retrieving semantic information.
Alpha and theta oscillations are assumed to
have different functions. Alpha activity is
mainly associated with thalamo-cortical
processes, especially semantic memory and
attention, whereas theta activity is associated
with hippocampo-cortical loops, particularly
during the encoding of new information and
episodic memory.

The conceptual framework proposed by
Klimesch (1999) explains the mechanisms of
brain oscillations during cognitive processing.
Large-scale alpha synchronization, or upper
alpha (type 1), reflects a resting state, whereas
alpha desynchronization, or lower alpha (type
2), reflects the activation of specific cortical
networks during cognitive processing. In
contrast, regular theta synchronization (type 2)
is associated with information encoding
through hippocampo-cortical loops, while
irregular theta synchronization (type 1) is
associated with reduced cognitive performance.
These findings suggest that alpha and theta
oscillations can serve as biomarkers of cognitive
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performance. As cognitive demands increase,
mean alpha power tends to decrease. In
contrast, as the brain processes more new and
complex information, mean theta power tends
to increase. Gamma oscillations, on the other
hand, are involved in feature binding and
cognitive integration in the cortex (Buzsiki,
2006). The interaction of these oscillations
enables the brain to reconstruct the sequence of
events (Nyhus & Curran, 2010).

Previous studies have shown that language
and music processing share common neural
resources in the brain. This overlap is especially
found in brain regions involved in processing
auditory and temporal features, such as pitch,
tempo, sound intensity, and even simple
temporal structures that are present in both
music and language. However, speech
processing appears to involve more complex
neural processes, particularly those related to
grammatical  integration and  semantic
interpretation, which are reflected in theta,
alpha, and gamma oscillations. Based on
previous findings, this study proposes the
following hypothesis: (H1): Alpha oscillatory
activity during the processing of prosodic
speech will be lower, whereas theta activity will
be higher, than during the processing of
melodic stimuli.

METHOD

This study employed a within-subject quasi-
experimental design based on the framework
proposed by Shadish et al. (2002). In this design,
each participant served as his or her own
control, allowing brain responses to be
compared across different stimulus conditions.
The study aimed to compare children's brain
activity during exposure to prosodic speech
(intonation) and isomorphic melody (an
instrumental melody that imitates the prosodic
pattern without words). Prosodic speech
consisting of a play invitation that included the

participant's name (Condition 1) and an
isomorphic melody (Condition 2) were treated
as the independent variables. Brain activity, as
represented by EEG brain wave oscillations,
served as the dependent variable. Each
participant was exposed to both conditions: (1)
listening to a prosodic play invitation addressed
by the participant's name, and (2) listening to an
instrumental melody that matched the pitch
intervals and rhythmic pattern of the prosodic
speech (isomorphic melody).

Population

Data were collected at Kanisius Kembaran
Elementary School, Jl. Kembaran No. 89,
Tamantirto, Kasihan, Bantul, Special Region of
Yogyakarta, Indonesia, with 19 children
participating in the study (approximately 9-10
years old). Before data collection, permission
was obtained from the school, and written
informed consent was obtained from the
parents or legal guardians of all participants.
The parents or guardians were also informed
about the purpose of the study and the data
collection procedures and were assured that
participation involved no known risks.
Children whose parents agreed to participate
(N = 19) were then registered using their full
names and preferred first names (consisting of
two to three syllables). These preferred names
were later used in the experimental stimuli. The
participants were also informed about the
schedule for the data collection sessions.

Stimulus Design

The stimuli were custom-designed for each
participant by adjusting the participant's
preferred first name, gender (a boy's voice for
male participants and a girl's voice for female
participants), and the number of syllables in the
participant's name, which determined the
rhythmic pattern of the melodic stimulus. The
prosodic speech stimuli were recorded by one
boy and one girl who were not included in the
study sample but were within the same age
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range as the participants. Both voice actors had
received vocal training. Each voice actor
recorded a play invitation that included the
preferred first name of every participant.

For the isomorphic melody stimuli, a violin
timbre was selected based on previous studies
suggesting that the violin resembles human
vocal expression because it has comparable
expressive characteristics, such as vibrato,
dynamics, and controllable note duration. The
isomorphic melodies were adapted according to
the number of syllables in each participant's
preferred first name (two or three syllables).
Each syllable was matched to the same pitch
interval and rhythmic pattern used in the
corresponding  prosodic speech stimulus
(Condition 1: play invitation with prosody). All
voice and instrumental recordings were
conducted in a soundproof recording studio.

Procedure

Each participant was presented with both
stimulus conditions, and the order of
presentation ~ was  randomized  across

participants. The prosodic speech stimulus
consisted of a play invitation that addressed the
participant by his or her own name, whereas the
melodic stimulus consisted of an instrumental
melody with a rhythmic pattern matched to the
number of syllables in the participant's name
(two or three syllables). The audio stimuli were
played from a laptop connected to a pair of true
wireless stereo (TWS) earphones worn by the
participants during EEG recording. Brain
activity was recorded using a single-channel
MindWave EEG device. Each stimulus
condition was presented alternately, with a 30-
second interval between conditions before the
next stimulus was delivered.

Data Analysis

The EEG data were analyzed using IBM
SPSS Statistics 26. Normality tests were first
conducted, and because the data did not meet
the assumption of normality, differences

between the two stimulus conditions were
examined using the Wilcoxon signed-rank test.
The statistical results were then interpreted and
discussed in relation to previous studies on
similar topics. Not all EEG frequency bands
were included in the analysis. The selected
frequency bands were determined based on
previous literature showing that only certain
oscillations are informative for examining the
overlap between music and language
processing. Therefore, the analyses focused on
the alpha, theta, and gamma frequency bands,
as these oscillations are considered to reflect the
extent to which speech and instrumental music
share common neural processing resources.

RESULT AND DISCUSSION

To compare the characteristics of brain wave
activation between the two stimulus conditions,
the mean voltage of each EEG frequency band
was calculated across the time frame of each
stimulus before statistical analysis. The
normality test showed that not all EEG data
were normally distributed (p < .05). Because
some of the data did not meet the assumption of
normality based on the Shapiro-Wilk test,
differences between the two stimulus
conditions were analyzed using the non-
parametric Wilcoxon signed-rank test.).

Table 1. Comparison of EEG Power Between the
Prosody and Melody Conditions (Wilcoxon
Signed-Rank Test)

Variable N Prosody, Melody, 7 p(2- Effect Direction of
Mean (SD) Mean (SD tailed) Size (r)  Effect

0.00620  0.00591 Mixed
Alpha 19 -0.322 0.748 0.07
(0.00194) (0.00173) (11,18)
0.00168 0.00138 Decrease
Gamma 19 -2.133 0.033* 0.49
(0.00055)  (0.00064) (115, 14)
0.02507 0.02098 Decrease
Theta 19 -1.328 0.184 0.30
(0.01004)  (0.00598) (112,17




Henry Yuda Oktadus / Jurnal Seni Musik (15) (1)

The Wilcoxon signed-rank test revealed a
significant reduction in gamma activity in the
melody condition compared with the prosody
condition (Z = -2.133, p = .033, r = .49). Mean
gamma power was higher in the prosody
condition (M = 0.00168, SD = 0.00055) than in
the melody condition (M = 0.00138, SD =
0.00064). In contrast, no significant differences
were found for alpha (Z =-0.322, p = .748, r =
.07) or theta activity (Z =-1.328, p = .184, r = .30).
For the alpha band, mean power was similar
between the prosody condition (M = 0.00620, SD
= (0.00194) and the melody condition (M =
0.00591, SD = 0.00173). Likewise, mean theta
power was higher in the prosody condition (M
= 0.02507, SD = 0.01004) than in the melody
condition (M = 0.02098, SD = 0.00598), although
this difference was not statistically significant.

These findings support previous studies
suggesting that music and language share
overlapping neural processing, but the overlap
is not entirely symmetrical. Instead, only some
aspects of music and language processing
appear to rely on common neural resources. The
comparison between the prosody and melody
conditions across the three EEG frequency
bands supports this interpretation. No
significant differences were observed in the
alpha and theta bands, whereas a significant
difference was found in the gamma band.

Alpha Oscillations
Auditory Meaning
Alpha oscillations are generally associated
with the allocation of cognitive resources, such
as suppressing task-irrelevant neural activity
and focusing processing on demanding
cognitive tasks (Klimesch, 1999). Alpha activity
is also closely related to language processing.
Upper alpha has been associated with semantic
processing, whereas lower alpha is related to
attention and alertness. In general, greater
cognitive demands are expected to result in
lower alpha power. However, alpha power
showed almost no difference between the

in the Processing of

prosody and melody conditions. Therefore, H1
was not supported.

This finding was contrary to the initial
expectation that alpha power would be
significantly lower in the prosody condition
because prosodic speech involves semantic
processing, whereas the melodic stimulus does
not contain semantic information. Instead, the
results suggest that the cognitive demands of
the two stimulus conditions were relatively
similar. One possible explanation is that both
stimuli emphasized familiarity and personal
relevance. The prosodic stimulus consisted of a
familiar play invitation that children commonly
hear in everyday interactions when calling or
being called by their friends. As a result, the
prosodic sentences may not have required
substantial cognitive resources for semantic
analysis. Rather than relying on conscious
semantic processing, children may have
responded through automatic associations
between the auditory stimulus and previously
established emotional experiences and
memories. This interpretation is consistent with
the findings of Li et al. (2016), who reported that
personally relevant and familiar stimuli are
processed more rapidly and tend to activate
associative mechanisms. In this context,
auditory stimuli may directly activate stored
memory representations and emotional content
without requiring extensive semantic analysis.

Theta Oscillations, Melodic Structure, and
Speech

Although the difference was not statistically
significant, theta activity was slightly higher in
the prosody condition (the participant's name
followed by a play invitation) than in the
melody condition. According to previous
studies, theta oscillations are associated with
the temporal organization of information and
episodic memory processing (Nyhus & Curran,
2010). These functions are closely related to the
processing of structure in both speech and
music.
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Language and music both have structural
organization, but their structures differ in
complexity and underlying rules. Language is
generally considered more complex because it
follows linguistic principles, including word
categories and syntactic rules that organize
sentence structure. Music also has its own
intrinsic syntactic structure. However, Patel
(2003) argued that musical syntax differs
fundamentally from language because it does
not contain an explicit referential semantic
system. As a result, musical syntax is often
processed implicitly by untrained listeners,
whereas explicit awareness of musical structure
generally requires prior musical training (Patel,
2003).

The absence of a significant difference in
theta power may also be explained by the
characteristics of the prosodic speech stimulus,
which was relatively simple, brief, and highly
familiar to the participants.

Gamma Oscillations and the Integration of
Melodic and Speech Perception

Gamma activity was significantly higher in
the prosody condition than in the melody
condition. Gamma oscillations are known to
mediate perceptual feature binding and
cognitive integration in the cortex (Buzsaki,
2006). The interaction of these processes enables
the brain to reconstruct the temporal sequence
of events (Nyhus & Curran, 2010). In the
auditory domain, gamma oscillations play an
important role in integrating acoustic
information with the information represented
by the stimulus (Giraud & Poeppel, 2012).
Therefore, the difference in gamma power
between Conditions 1 and 2 may be related to
the different levels of complexity and
integration required by each stimulus.

In the prosody condition, the stimulus
contained not only acoustic features, such as
pitch, rhythm, and timbre, but also linguistic
information, including syntax and semantics
(Giraud & Poeppel, 2012). In contrast, the

isomorphic melody condition did not contain
linguistic features. Its processing was therefore
primarily limited to acoustic patterns and
temporal structure, including pitch, rhythm,
and timbre, without linguistic meaning (Patel,
2012). Although the melodic stimulus had its
own intrinsic structure, this structure was
isomorphic to the prosodic pattern of the speech
stimulus. Therefore, the higher gamma activity
observed in the prosody condition likely reflects
the greater integration demands imposed by the
larger amount of information contained in
prosodic speech compared with the isomorphic
melody.

Implications of the Findings

The use of personally relevant stimuli in this
experiment may have implications for the
development of music-based therapeutic
interventions for children with developmental
language disorders. This possibility is
supported by the similar patterns of alpha and
theta activity observed across the two stimulus
conditions, which may have resulted from the
personalized stimulus design, including the use
of the participant's own name and highly
familiar words. However, this interpretation
requires further investigation using more
complex stimulus designs, such as stimuli
containing a greater variety of words and
sentence structures.

Further research is warranted because
growing evidence suggests that emotion plays a
central role in the relationship between music
and language, as emotion recognition is closely
associated  with word  comprehension.
According to the review by Szakacs (2006), both
music and speech are processed in brain regions
that are also involved in motor and emotional
processing, particularly within the mirror
neuron system. This neural network enables the
brain to process emotional information from
both music and speech because both forms of
communication engage motor-related brain
mechanisms. The expressive qualities of human
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actions, including vocalizations, provide signals
about a person's intentions and emotional state.
As a result, cross-modal emotional processing,
which is essential for effective communication,
can occur (de Gelder, 2006). For example, a
person's footsteps can provide cues about
simple emotional states, such as sadness, anger,
or happiness, as demonstrated by Giordano et
al. (2014).

This study has several limitations. First, the
stimulus design was relatively simple, which
limits the ability to determine more precisely
the differences between the processing of
prosodic speech and isomorphic melody.
Second, the study was limited by the EEG
recording device. Future studies using multi-
channel EEG systems or other more
comprehensive neuroimaging techniques may
provide more detailed information about the
brain regions involved in each stimulus
condition. Finally, the sample size was
relatively small, and therefore further studies
with larger participant groups are needed to
improve the generalizability of these findings.

CONCLUSIONS

The findings of this study indicate that the
overlap between music and language
processing is only partial. This overlap, or the
sharing of neural resources, is reflected in the
absence of significant differences in alpha and
theta oscillations between the prosody and
melody conditions. These results suggest that
both stimuli engage relatively similar neural
resources for temporal and emotional
processing, particularly when the stimuli are
familiar and personally relevant. However, the
significant difference observed in gamma
activity indicates that prosodic speech requires
more complex information integration than
isomorphic melody because it also involves
linguistic features, such as syntax and
semantics.

Overall, the present findings support
previous studies suggesting that the similarity
between music and language processing is
mainly found at the domain-general level,
whereas their differences become more
apparent during more complex cognitive
processing. Consistent with previous literature,
this domain-general processing may arise
because both music and speech involve the
processing of emotional information conveyed
through shared acoustic features. Furthermore,
the findings suggest that music can be designed
to better support therapeutic interventions,
particularly when the goal is to improve the
perception of emotional information conveyed
in spoken language. Therefore, designing
musical stimuli that incorporate personally
relevant and emotional elements may increase
the effectiveness of music-based interventions
for language disorders. Nevertheless, these
implications should be examined further using
more complex experimental designs and more

advanced  neurophysiological  recording
techniques.
ACKNOWLEDGMENTS

This research was funded by the Ministry of
Higher Education, Science, and Technology of
the Republic of Indonesia through the Institute
for Research and Community Service (LPPM),

Indonesian Institute of the Arts (ISI)
Yogyakarta, under the 2025 DIPA ISI
Yogyakarta  Research  Grant (Research

Agreement No. 4388/1T4.6.1/DT/2025). The
authors would like to express their sincere
gratitude to Kanisius Kembaran Elementary
School, Kasihan, Bantul, Special Region of
Yogyakarta, Indonesia, for facilitating this
research. The authors also thank the
participating children, their parents or legal
guardians, and the teachers for their valuable
cooperation and support throughout the data
collection process.



Henry Yuda Oktadus / Jurnal Seni Musik (15) (1)

REFERENCES

Bedoya, D., Arias, P., Rachman, L., Liuni, M.,
Canonne, C., Goupil, L., & Aucouturier, J. J.
(2021). Even violins can cry: Specifically
vocal emotional behaviours also drive the
perception of emotions in non-vocal music.
Philosophical Transactions of the Royal Society
B: Biological Sciences, 376(1840).
https:/ /doi.org/10.1098 /rstb.2020.0396

Beitchman, J., & Brownlie, E. (2005). Language
development and its impact on children’s
psychosocial and emotional development.
Encyclopedia on Early Childhood Development,
1-8.
http:/ / citeseerx.ist.psu.edu/viewdoc/do
wnload?doi=10.1.1.487.9948&rep=repl&ty
pe=pdf

Borghi, A. M. (2020). A future of words:
Language and the challenge of abstract
concepts. Journal of Cognition, 3(1), 1-18.
https:/ /doi.org/10.5334/joc.134

Buzsaki, G. (2006). Rhythms of the brain. Oxford
University Press.

Chang, B. H., Chen, B. W., Beckstead, ]. W., &
Yang, C. Y. (2018). Effects of a music-
creation programme on the anxiety, self-
esteem, and quality of life of people with
severe mental illness: A quasi-experimental
design. International Journal of Mental Health
Nursing, 27(3), 1066-1076.
https:/ /doi.org/10.1111/inm.12414

Depriest, J., Glushko, A., Steinhauer, K., &
Koelsch, S. (2017). Language and music
phrase boundary processing in Autism

Spectrum Disorder: An ERP study.
Scientific Reports, 7(1), 1-12.
https:/ /doi.org/10.1038/s41598-017-
14538-y

Dessy. (2018). Gangguan Kognitif Berbahasa
disekitar ~ Kita.  Blog.Typoonline.Com.
https:/ /blog.typoonline.com/gangguan-
kognitif-berbahasa-disekitar-kita/

Elbe, J. (2024). Music Therapy: Definition, Usages,
Types, Process and Benefits. The Nestled
Recovery Center.
https:/ /thenestledrecovery.com/rehab-
blog/music-therapy/

Gelder, B. De. (2006). Towards the neurobiology of
emotional body language. 7(March), 242-249.

Giordano, B. L., Egermann, H., & Bresin, R.
(2014). The production and perception of
emotionally expressive walking sounds:
Similarities between musical performance
and everyday motor activity. PLoS ONE,

9(12), 1-24.
https:/ /doi.org/10.1371 /journal.pone.011
5587

Giraud, A.-L., & Poeppel, D. (2012). Cortical
oscillations and speech  processing:
Emerging computational principles and
operations. Nature Neuroscience, 15(4), 511-
517.
https:/ /doi.org/https:/ /doi.org/10.1038/
nn.3063

Klimesch, W. (1999). EEG alpha and theta
oscillations reflect cognitive and memory
performance: a rKlimesch, W. (1999). EEG
alpha and theta oscillations reflect
cognitive and memory performance: a
review and analysis. Brain Research

Reviews, 29(2-3), 169-195.
doi:10.1016/S016. Brain Research Reviews,
29(2-3), 169-195.

https://doi.org/10.1016/5S0165-
0173(98)00056-3

LaCroix, A.N., Diaz, A.F., & Rogalsky, C. (2015).
The relationship between the neural
computations for speech and music
perception is context-dependent: an

10



Henry Yuda Oktadus / Jurnal Seni Musik (15) (1)

activation likelihood estimate study.
Frontiers in Psychology, 6(August), 1-19.
https:/ /doi.org/10.3389/fpsyg.2015.01138

Li, Y., Wang, F., Huang, B., & Yang, W. (2016).
The Modulatory Effect of Semantic
Familiarity on the Audiovisual Integration
of Face-Name Pairs. Hum Brain Mapp,
37(12), 1-16.
https:/ /doi.org/10.1002/hbm.23312

McLeod, S. (2023). Carl Rogers Humanistic Theory
and Contribution to Psychology. Simply
Psychology.
https:/ /www .simplypsychology.org/carl-
rogers.html

Miller, M. (2025). Music in Speech Therapy.
Thespeechlanguagecenter.
https:/ /www.rhythmandstrings.com/pos
t/2017/07 /08 / music-can-change-your-
brain-music-therapy-and-neuroplasticity

Molnar-szakacs, 1., & Overy, K. (2006). Music and
mirror neurons : from motion to " e ~ motion.
235-241.
https:/ /doi.org/10.1093 /scan/ns1029

Nyhus, E., & Curran, T. (2010). Neuroscience
and Biobehavioral Reviews Functional role
of gamma and theta oscillations in episodic
memory. Neuroscience and Biobehavioral

Reviews, 34(7), 1023-1035.
https:/ /doi.org/10.1016/j.neubiorev.2009.
12.014

Oktadus, H. Y., & Yaqin, A. F. A. (2017). GERAK
SINKRON: PERAN GERAK DAN MUSIK
BAGI HUBUNGAN INTERPERSONAL
ANAK USIA DINLI. Sorai: Jurnal Pengkajian
Dan  Penciptaan ~ Musik, 17(2), 1-14.
https:/ /jurnal.isi-
ska.ac.id/index.php/SOR/ article/view /6
600/4302

Patel, A. D. (2003). Language, music, syntax and
the brain. Nature Neuroscience, 6(7), 674-681.

https:/ /doi.org/10.1038 /nn1082

Patel, A. D. (2011). Why would musical training
benefit the neural encoding of speech? The
OPERA hypothesis. Frontiers in Psychology,
2(JUN), 1-14.
https:/ /doi.org/10.3389/fpsyg.2011.00142

Patel, A. D. (2012). The OPERA hypothesis:
Assumptions and clarifications. Annals of
the New York Academy of Sciences, 1252(1),
124-128. https://doi.org/10.1111/j.1749-
6632.2011.06426.x

Pinheiro, A. P., Vasconcelos, M., Dias, M.,
Arrais, N., & Gongalves, O. F. (2015). The
music of language: An ERP investigation of
the effects of musical training on emotional
prosody processing. Brain and Language,
140, 24-34.
https:/ /doi.org/10.1016/j.bandl.2014.10.0
09

Sammler, D., Grosbras, M. H., Anwander, A.,
Bestelmeyer, P. E. G., & Belin, P. (2015).
Dorsal and ventral pathways for prosody.
Current  Biology,  25(23),  3079-3085.
https:/ /doi.org/10.1016/j.cub.2015.10.009

Shadish, W. R., Cook, T. D., & Campbell, D. T.
(2002). Experimental and Quasi-Experimental

Designs for Generalized Causal Inference.
Houghton Mifflin.

Sun, Y., Ming, L., Sun, J., Guo, F., Li, Q., & Hu,
X. (2023). Brain mechanism of unfamiliar
and familiar voice processing : an activation
likelihood estimation meta-analysis. Peer],
11. https:/ /doi.org/10.7717 / peerj. 14976

Suri, R. K. (2022). Music Therapy and Its
Effectiveness. TalktoAngel.
https:/ /www .talktoangel.com/blog/musi
c-therapy-and-its-effectiveness

Tacikowski, P., Cygan, H. B., & Nowicka, A.
(2014). Neural correlates of own and close-

11



Henry Yuda Oktadus / Jurnal Seni Musik (15) (1)

other ” s name recognition : ERP evidence.

Front Hum Neurosci, 8.
https:/ /doi.org/10.3389/fnhum.2014.0019
4

van Atteveldt, N., Musacchia, G., Zion-

Golumbic, E., Sehatpour, P., Javitt, D. C., &
Schroeder, C. (2015). Complementary fMRI
and EEG evidence for more efficient neural
processing of rhythmic vs. unpredictably
timed sounds. Frontiers in Psychology,
6(OCT), 1-11.
https:/ /doi.org/10.3389/fpsyg.2015.01663

Wang, L., Ong, ]J. H., Ponsot, E., Hou, Q., Jiang,
C., & Liu, F. (2023). Mental representations
of speech and musical pitch contours reveal
a diversity of profiles in autism spectrum
disorder. Autism, 27(3), 629-646.
https://doi.org/10.1177/136236132211112
07

Whitehouse, A. J. O., Watt, H. J., Line, E. A., &
Bishop, D. V. M. (2009). Adult psychosocial
outcomes of children with specific
language impairment, pragmatic language

impairment and autism. International
Journal of Language and Communication
Disorders, 44(4), 511-528.

https:/ /doi.org/10.1080/136828208027080
98

Williams, D., Mazefsky, C., Walker, ]., Minshew,
N., & Goldstein, G. (2017). Associations
Between Conceptual Reasoning, Problem
Solving, and Adaptive Ability in High-
functioning Autism. Physiology & Behavior,

176(1), 100-106.
https:/ /doi.org/10.1177 /002214651559463
1.Marriage

Wilmot, A., Boyes, M., Sievers, R,, Leitao, S., &
Norbury, C. (2024). Impact of
developmental language disorders on
mental health and well-being across the
lifespan: lived experience perspectives.

(Updated June 20, 2024). Mental Health
Weekly Digest, April, 617.
https:/ /doi.org/10.31234/ osf.io/ 87hyg

Wilms, R., Lanwehr, R.,, & Kastenmiiller, A.
(2020). Emotion Regulation in Everyday
Life: The Role of Goals and Situational
Factors. Frontiers in Psychology, 11(May), 1-
14.
https:/ /doi.org/10.3389/fpsyg.2020.00877

Zatorre, R. J., & Gandour, J. T. (2008). Neural
specializations for speech and pitch:
Moving  beyond the  dichotomies.
Philosophical Transactions of the Royal Society
B: Biological Sciences, 363(1493), 1087-1104.
https:/ /doi.org/10.1098 /rstb.2007.2161

Zioga, 1., Di Bernardi Luft, C., & Bhattacharya, J.
(2016). Musical training shapes neural
responses to melodic and prosodic
expectation. Brain Research, 1650, 267-282.
https:/ /doi.org/10.1016/j.brainres.2016.09
015

12



	INTRODUCTION
	METHOD
	CONCLUSIONS
	ACKNOWLEDGMENTS

	REFERENCES

