
The use of music protocols
to enhance neurological function
By Martha Summa-Chadwick, DMA

When IiHle Jimmy
Miller was brought
home from the hos- .
pital after spending

the first six weeks of
his life there, his

newly adoptive parents were thrilled to have
their beautiful baby boy home with them.
But by the time Jimmy was three to four
months old, his parents became painfully
aware that he had some form of develop-
mental delay, and they immediately began
early intervention therapy, including regular
speech and physical therapies. The doctors
originally attributed the developmental
problems to a cleft palate along with chron-
ic ear infections, but as the years progressed
and the problems were seemingly
untouched by the traditional therapies,
Jimmy was finally diagnosed with pervasive
developmental disorder (PDD)and cerebral
palsy when he was eight years old. He had
acquired many of the characteristics associ-
ated with such a diagnosis, including physi-
cal problems with unsteady gait, shaking in
his hands and fingers, and a seeming inabil-
ity for any kind of bi-lateral coordination. In
addition, the typical distinctions in cogni-
tion associated with autism, such as a lack
of attention control and executive function-
ing problems, were characteristic in Jimmy.

At nine years of age, he had been both a
willing and unwilling participant in multiple
traditional and alternative therapies over the
span of his young life; it was at this point
that Jimmy started working with a facilitator

utilizing newly developed therapeutic tech-
niques based on the tangible structure of
music influencing the redirection of neural
pathways. The neuro music protocols were
developed at Colorado State University's
Center for Biomedical Research in Music;
they are utilized for motor, speech/language,
and cognition therapeutic entrainment.
Jimmy's program was uniquely designed for
his needs and included protocols to assist in
both gross and fine motor skills, bilateral
coordination skills, attention control, and
executive functioning. He participated in
therapeutic sessions three times per week
for a total of ten weeks time and made
tremendous progress in the areas of both
motor and cognitive improvement. At the
end of the ten weeks, both his facilitator and
his parents were delighted at the progress
he'd made. "He achieved more in ten weeks
with the neuro music protocols than in
almost ten years of physical and occupation-
al therapy," said Jimmy's mother. Prior to
receiving the therapy he'd been unable to
move his body in any kind of rhythmic or
coordinated fashion, whereas he could now
"march like a soldier," as he referred to it.

Perception of Music in the Brain
Discoveries, reached through. scientific and
technological advances in the evidence-
based empirical domain, about how the
body physiologically responds to music
have opened new possibilities for develop-
ing therapeutic archetypes to actively chan-
nel specific aspects of music to assist in the

learning processes of children with special
needs. The resulting protocols actively
engage the brain by using rhythmic entrain-
ment and can have positive outcomes when
actively treating issues related to motor.
speech/language. and cognition. Rhythm is
structured and predictable as well as time-
ordered, so the brain responds with pre-
dictable entrainment patterns. Music is first
perceived as structure in the brain, with the
perception of pitch, harmony, rhythm.
melodic contour, intervals, dynamic, ete..
The act of listening to a piece of music
awakens auditory and emotional response
areas and, in addition, creates a motor
response. Of particular interest in recen:
research are the findings that the response
to the temporal environment is directed no'
as much to the actual beat itself as it is [(
the span of time in between' each bear's
occurrence. This indicates that the motor
movement and synchronization of the bodi
is not just occurring at the time of the actu-
al beat, but during the entire duration of the
timing pattern.

Music and the temporal structure car
evoke consistent response in the body anc
can therefore be used to intentionally direc:
therapeutic changes. Due to major advances
in technology, neuroscientists have become
aware of a condition in the brain referred ::
as "plasticity," which indicates that chan
can occur in the structure of the brain ba -
on the experience and training of each in
vidual. Any process of learning or thinkir
can assist with brain plasticity.
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usic and the
urological Process

e following techniques and protocols uti-
d in Jimmy's therapy sessions are
cribed as rhythmic entrainment for ther-
utic purposes and were developed and
arched at the Center for Biomedical
earch (CBRM) at Colorado State
rversity; they are defined as techniques
ich utilize the therapeutic application of
ic to cognitive, sensory, and motor dys-

ction due to neurological disorder or dis-
· All protocols are based on a neuro-
nee model of music perception and the
uence of music on functional changes in

nmusical brain and behavior functions.
The first motor protocol utilized in Jimmy's

py is defined as therapeutic instrument
·c performance and involves the use of
ical instruments to assist with simulating
r patterns. Playing instruments utilizes
r gross or fine motor skills and generally
· es some form of repetitive muscular
n. Percussion instruments are particularly

for this kind of protocol, although other
ments such as strings or keyboard can be

used to target specific muscular areas as well.
To illustrate, Jimmy's symptoms of cere-

bral palsy resulted in tremors and spasticity
of the hands with a therapeutic goal of
strengthening fine motor movement of the
fingers. A program was established to work
with a keyboard and thus strengthen the
individual fingers of each hand. This also
assisted in arm control for larger motor
movements. Additionally, Jimmy worked
towards improving gross motor skills for the
whole arm in an exercise utilizing percus-
sion instruments to assist with muscle
building and coordination. The end result
was the further development of muscle
strength and speed of motor response as
well as range of motion and more dexterity
in physically reaching for different patterns
of vertical or horizontal alignment. Using
musical instruments in a therapeutic envi-
ronment has an additional desirable ele-
ment; it is usually considered fun to play an
instrument, and it is not perceived as a
chore. By utilizing this technique, an indi-
vidual can learn or re-learn functional
movement skills and increase strength and

continued on page 72
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continued from page 71

endurance.
The second motor technique utilized in

Jimmy's program is defined as gait training.
Gait is a biologically rhythmic function that
can be affected by many forms of neurological
trauma including Parkinson's disease, autism,
late stage dementia, stroke, traumatic brain
injury (TBI),and many other medical issues.
Rhythm functions as an external means to
assist the individual in keeping time to a beat;
motor functions in gait are entrained or
retrained through the cuing of movement pat-
terns. An example of gait training is found in
working with an individual in stroke rehabili-
tation who has lost partial movement on one
side oftheir body.After determining the initial .
cadence (it will most likely occur at a slow
walking pace at this point), a beat is set with
either live music or metronome that matches
their cadence. The individual will then
attempt to walk in time to that beat. Eventually
the cadence can be gradually increased so that
the client will keep in tempo with the
increased tempo. This results in retraining
body movements to keep pace at a cadence
that is faster than previously accessible.

The next variety of neurological music
protocols in Jimmy's therapeutic use is in
the field of cognitive rehabilitation. It
should be noted that musical perception is
experienced on many levels, and the indi-
-vidual receiving the therapy does not need
to be highly trained and experienced in
music to benefit from the protocols.
Cognition techniques engage many areas of
the brain; an especially complex neural net-
work provides the potential to reorganize
neural activities due to brain plasticity.

Executive functioning training is a primary
protocol to consider when using the cogni-
tion techniques, since most of the techniques
require a client to already have the abilities
associated with this skill. Training in execu-
tive functioning involves the creation of
musical exercises that help practice skills
involved with decision-making, comprehen-
sion, organization, problem solving, etc. An
illustration can be found in working with a
child with autism who has some musical -
background in the way of singing songs and
playing instruments but has trouble making
decisions. The child can be instructed to
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"compose" a song which will require him/her
to make decisions on how long the song will
be, what form it will take, what instruments
will accompany, will there be words, should
it be fast or slow, and so forth. These deci-
sions help affect both the creative processes
as well as assisting with the creation of neu-
ral processes for executive functioning.

Auditory perception protocols integrate
sensory stimuli within the auditory system;
training takes the form of discrimination of
musical components that include the struc-
tural elements of pitch, tempo, timbre, and
rhythmic patterns. It can 'also include the
tactile or visual systems with such activities
as feeling the reverberation of sound while
playing a drum or observing and moving to
a form of dance with the music.

Attention control is an important protocol
for cognition and is appropriate for adults
with dementia, children with autism, clients
in stroke rehabilitation, and so forth. Any
genre of individuals with problems in atten-
tion focus can benefit from this protocol.
Attention control is divided into the follow-
ing categories: .
• FOcused attention: the ability to respond
specifically and completely to a single stimulus
., Sustained attention: the ability to main-
tain a focus on a stimulus during continu-
ous activity
• Selective attention: the ability to maintain
an attentive response to a specific stimulus
when there is another stimulus competing
for the attention
• Alternating attention: the ability to shift
attention between alternating tasks
• Divided attention: the ability to simultane-
ously respond with multiple tasks present

While music helps facilitate all of these cat-
egories of attention control, the simplest :to
facilitate is focused attention. Generally, the
playing of a musical instrument will focus the
attention of an individual. Young clients with
severe autism who pay no attention to verbal
cues will tend to visually focus on a facilitator
playing an instrument in front of them. An
added advantage of this protocol is that it can
readily be used in a group -situation, which
provides added social benefits for various
individuals trying different instruments.

Sustained attention is exemplified by creat-

ing a musical task in which a client focuses on
the immediate task for an extensive period of
time. An example is demonstrated in a game
in which inattentive children diagnosed with
autism are given two different rhythmic
instruments and allowed to choose two simple
songs they wish to hear The songs are each
associated with one of the instruments, and
the children are told to play one of the rhyth-
mic instruments when they hear one song
(either sung or played on an instrument) and
then the other rhythmic instrument when the
song changes. In this way, they are focusing
sustained attention on the musical task and
building the neural networks to focus sus-
tained attention on other generic tasks.

Selective attention is developed when the
musical task created has competing -atten-
tion from an additional stimulus. Using the
above example with sustained attention, an
additional step to move from sustained to
selective attention levels could involve the
addition of a "heckler" to try to disrupt the
attention of the child listening to the two
songs and associating them with the correct
instruments. The heckler is. typically given
some kind of loud percussive instrument,
which is hard to ignore, and attempts to dis-
rupt the attention of the child focused on the
original task of listening to the two songs.

Alternating attention develops as an indi-
vidual deliberately shifts his/her attention
focus from one task to another. This is easily
accomplished as a musical task with two
facilitators who each sequentially playa dif-
ferent rhythmic pattern on some kind of
percussion instrument. Assuming-the client
to be the same as described above, he/she
will now be given a rhythmic instrument
and asked to follow and imitate the rhythmic
pattern given by the first' facilitator. Once
that pattern is established, the first facilitator
will stop, and the second facilitator will
immediately start playing with a different
rhythmic pattern, which the child will be

. asked to imitate immediately. The two facili-
tators pass back and forth and as the child
follows first one and then the other; this
works with alternating attention skills.

Divided attention isperhaps the most corn-
plex of the attention control protocols based
on the abilities of a particular client. The differ-
ence between divided and alternate attention
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lies in the client's ability to focus on two differ-
ent stimuli simultaneously as opposed to two
different stimuli sequentially. An example is as
follows:Given the clinical situation previously
described with two facilitatorscarrying out two
different tasks, in this circumstance the first
facilitator will continuously play a percussive
instrument, and the client will be asked to imi-
tate. The facilitator will, however, keep chang-
ing rhythmic patterns, and the client will fol-
low and imitate as the patterns change. The
second facilitator will set up signals for the
client to start playing or stop playing. Anytime
the clients are playing their instruments, they
are following the rhythmic pattern of the first
facilitator,but the second facilitator could ask
them to Istart or stop at any given time. In this
way,the children must maintain focus on both
facilitators simultaneously and develop the
ability for divided attention.

Amost useful protocol lies in the creation of
musical mnemonics, when working with
memory. The structure provides a perfect
vehicle to help "chunk" words or phrases
together; that structure can then be used to
recall the information and assist in the process
of learning. When dealing with neural memo-
ry issues, the combination of both.melody and
rhythm is more powerful than the use of
rhythm by itself. Rote memorization is greatly
assisted by the hierarchical organization
found in melody and rhythmic material due to
the structure provided by the music.

Application of Music Prototypes
The individual elements for utilizing neuro-
logical music protocols for Jimmy's therapy
session have all been defined; illustrations
will now be made for setting up an effective
overall program for use with him. Jimmy's
symptoms include a tremor in his hands
and an unsteady gait, with no bilateral coor-
dination. His speech is clear, and he enjoys
singing, but he is limited in his physical
activities due to his unsteady gait and shaky
hands. He has co~nition problems with
comprehension and decision-making and
also seems unwilling to focus on a task for
any length of time. He follows instructions
with tasks he enjoys but tends to withdraw
if he doesn't wish to engage in a situation.

Interventions for Jimmy include motor and
cognition activities. Motor goals include gross

motor skills in gait and coordination and fine
motor skills with hands. Initial cognitive goals
incorporate attention focus and decision
making with plans to increase criteria levels
throughout the duration of treatment.

singing so this protocol has double signifi-
cance for him. Used as a warm-up, it opens
the auditory system as the pathway to
entrainment of the neural network.
Secondly, since he enjoy,s music, there is
potential for him to learn discrimination of
pitches such as high vs. low, loud and soft,

continued on page 74
Ten Week Program
1) Auditory perception-Jimmy enjoys
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continued frorn page 73

and major and minor. Following a warm-up
of walking and playing drums in time with·
the music, he will be asked to differentiate
between instrument timbres and various
pitches in order to train his discernment. for
musical tones.
2) Therapeutic instrument performance-
Utilized to help develop gross muscle devel-
opment in legs and hips. Gait issues are due to
a lack of coordination and also to a lack of
strength in the legs and hips. In order to help
strengthen the leg muscles, the facilitator first
positions two drums for playing where 1) one
is placed high requiring a reach and 2) the
other is placed low requiring a deep body
squat. Jimmy moves back and forth between
high and low with squats and stretches; he is
now strengthening leg and arm muscles as he
pats each drum with both hands. Following
this, the facilitator places the drums on each
side of the child far enough apart to require
the child to move from side-to-side to strike
the drums, one with each hand. This involves
training a different set of muscles in the hips
that are required for coordinated gait.
3) Gait training-Begins with just walking in
rhythm and then rhythm is used to add var-
ious modifications to the walk, such as step-
ping high, sliding, and walking backwards.
Once walking on the beat is established and
the rest of the variations are completed,
drums are added. Two drums are placed in
front of Jimmy so that he can walk in place
and strike the drum with the hand that is
opposite to the leg that is stepping. This
facilitates bilateral coordination, much like
how in a normal gait a normal arm swing
pattern is employed during walking.
4) Therapeutic instrument performance-
Utilized to assist with fine motor skills in the
fingers and hands. The facilitator has Jimmy
repetitively play two sequential notes on a
keyboard, i.e. C, 0, C, 0, C, D. Additional fin-
gers are added one at a time until eventually
all five fingers are playing five sequential
notes. Jimmy can then playa song using those
five notes with either the facilitator pointing to
each note individually or by the creation of a
color-coded system with tabs on the keys; he
does not need to know how to read music in
orderto playa song in this fashion.
5) Executive functioning-In order to train
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Jimmy to effectively make decisions, the
facilitator will create a musical game where
the child will be asked to "organize" the
game rules. For example, the game may
simply be to play instruments associated
with a particular song. The facilitator will
have him choose the song, choose the
instrument that both of them will play,
determine how long (how many verses) the
song will be, associate any desired body
movement or dance to the song, and so
forth. This encourages Jimmy to make the
decisions and be comfortable not only in
the decision process itself but also in the
outcome of his decision-making.
6) Attention control-Jimmy has very little
ability to focus on a given task, so the facili-
tator will initiate the attention control
process with a game that encourages S\..lS-

tained attention. Three to four instruments,
generally rhythmic in nature, are placed
directly in front of him and each instrument
is assigned for playing during a particular
song of the child's choosing. When one of
the songs is played, Jimmy plays along on
the instrument assigned to the song, and
when the song changes he shifts his playing
to the new instrument to which it is associ-
ated. Once he is able to focus attention for a
sustained period, then more complex atten-
tion controls can be initiated for selective,
alternating, and divided attention.

An additional consideration when utilizing
music for therapeutic purposes is that each
individual has his or her own personal taste in
music. Some children may want to improvise
and create their own non-verbal sing-song
music; others may want to only work with
children's tunes they know, such as Mary Had

A Little Lamb. Still others may prefer various
styles of classical, jazz, or even rock or hip-
hop. The music that the child prefers will have
the greatest effect on the success of utilizing
the neurological music therapy protocols.

Conclusion
The potentia! of music in medicine and the
improvement of cognition processes has
been both demonstrated and also intuited for,
centuries on differing levels; it is now, in the
current age of technology, that the benefits- of
music have been proven to benefit popula-
tions of mankind through evidence-based
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research. Through using music protocols that
can energize the neural networks of the
brain, an entire generation of children with
special needs can potentially benefit from
music in tested therapeutic environments.
The field of cognitive neuroscience has
proven that the structure of music is truly a
gateway to the brain. That miraculous instru-
ment has the capacity to rebuild itself with
rhythmic entrainment; reaching these chil-
dren with the use of neurological music pro-
tocols can help to organize their neural net-
works in a way that will encourage them to
mainstream into environments With their
typical peers. It should not be assumed that
these techniques will "cure" neural afflictions
such as autism, but they will provide a basis
for those affected to live within bounds of
inclusion rather than exclusion.

Neuroscientists, physicians, and profes-
sional therapists are becoming more aware of
the benefits of these techniques. It is now
time for parents and educators to realize the
benefits, and deduce that the home and the
classroom are potentially as effective an envi-
ronment to work towards the deliberate
rebuilding of neural networks as a clinical set-
ting. A successful parent or pedagogue can
utilize these techniques in many different
ways to reach special needs children. While
this population of children can certainly be
challenging to work with, the end result of
enhancing the life of a special needs child is
truly a remarkable undertaking. The parent or
educator is challenged to achieve continuous-
ly higher levels of creativity and artistry in the
process of pursuing the intellectual quest of
the contemplation of how music can serve to
improve the life of a child .•

For a copy of this article with references,
please make request to jhollingsworth@epar-
ent.com.
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Director of the non-profit organization Music
Therapy Gateway In Communications, Inc. (MTGIC
near Chattanooga, TN. Her diverse vocations include
concert pianist, computer professional, musical ped-
agogue, and facilitator of work and research utilizinc
neuro music protocols for children with autism. ShE
arid MTGIC are currently completing the design anc
automation of selected neuro music protocols intc
web-based software designed for parents and edlJ-
cators of children with special needs.


