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This study examined the immediate effects of neurologic music therapy (NMT) on cogni-
tive functioning and emotional adjustment with brain-injured persons. Four treatment
sessions were held, during which participants were given a pre-test, participated in 30
min of NMT that focused on one aspect of rehabilitation (attention, memory, executive
function, or emotional adjustment), which was followed by post-testing. Control partic-
ipants engaged in a pre-test, 30 min of rest, and then a post-test. Treatment participants
showed improvement in executive function and overall emotional adjustment, and less-
ening of depression, sensation seeking, and anxiety. Control participants improved in
emotional adjustment and lessening of hostility, but showed decreases in measures of
memory, positive affect, and sensation seeking.
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Introduction

Cognitive rehabilitation (CR) has become a
viable force to help improve the cognitive func-
tioning of persons with neurologic illnesses and
injuries.1–4 The profession now has evidence-
based practice standards, guidelines, and op-
tions for CR practitioners to ultimately benefit
clients who seek to improve attention, memory,
verbal skills, spatial skills, executive function,
and psychosocial adjustment.

In parallel to the growth of CR, neurologic
music therapy (NMT) has emerged as a disci-
pline defined as the “therapeutic application of
music to cognitive, sensory, and motor dysfunc-
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tions due to neurologic disease of the human
nervous system” (p. 2).5 In NMT, the thera-
peutic mechanisms in music are based on an
understanding of music as a language of cog-
nition and perception that stimulates physio-
logically complex cognitive, affective, and sen-
sorimotor processes that are generalizable and
transferable to nonmusical brain and behavior
function.6–9 Related research in motor thera-
pies has shown the ability of musical-rhythmic
stimuli to regulate motor functions, such as gait
and arm control, in patients with stroke and
Parkinson’s disease.10–12 Two of the better un-
derstood driving mechanisms behind this ef-
fect are: (1) arousal and priming of the mo-
tor system via auditory stimulation; and (2)
timing and entrainment of the motor system
(i.e., synchronization and entrainment of motor
responses to the temporal structure of the
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sensory cues), leading to increased spatiotem-
poral optimization patterns in motor coordi-
nation. In addition, the music research litera-
ture provides strong evidence that music and
rhythm not only engage the motor system, but
also have critical attributes that can regulate
and stimulate cognition and perception.13,14

There is evidence that music engages atten-
tional networks by streaming and analyzing
dynamic perceptual patterns in music.13–17 A
critical role in this process has been assigned to
rhythm as a temporal ordering process, produc-
ing rhythmic attention control.18 Translational
research investigating possible effects of tempo-
ral cues in music and rhythm on cognitive func-
tion have produced findings that encourage the
application of NMT to CR. For example, the
effect of musical mnemonics on verbal learn-
ing in healthy subjects showed changes in EEG
topography and higher coherence in alpha
brain wave rhythms across frontal cortical net-
works, indicating music-induced neural plastic-
ity.19 Positive effects of music on memory train-
ing in healthy subjects have also been reported
by Wallace.20 Subjects with multiple sclero-
sis showed increased memory performance us-
ing musical mnemonics concomitant with in-
creased EEG coherence in right frontal brain
networks.19 Other studies have shown the posi-
tive effect of music on memory in dementia21–24

and learning disabilities.25,26 Many clinical re-
ports have emphasized the relative survival of
musical memories in neurologic memory dis-
orders. However, studies also suggest that mu-
sic can be utilized as a mnemonic device to
enhance memory for nonmusical events.27,28

In addition to attentional dimensions in music
perception, temporal ordering in relationship
to perceptual grouping and chunking has been
suggested as one mechanism behind the effi-
cacy of musical mnemonics.15

In spite of a fairly impressive understand-
ing of attention mechanisms in music percep-
tion, actual clinical research in utilizing musical
attention control to help remediate atten-
tion deficits in neurologic disorders has been
limited thus far.29–32 Knox, Yokota-Adachi,

Kershner et al.31 conducted one of the few stud-
ies of the effects of music therapy on brain-
injured clients. Using a single-case research
design, they demonstrated that attention capac-
ities improved after participation in a 10-week
musical attention training program.

In the area of emotional adjustment and re-
sponse, researchers have examined responses
in the brain to musical stimuli33–35 and have
demonstrated that emotional centers in the
brain respond favorably to music. In their re-
view of the studies of music and brain injury re-
habilitation, Kleinstauber and Gurr36 reported
that music can decrease depression and anxi-
ety, and that music “offers a comfortable, non-
threatening milieu which is an important as-
pect for the mood of the patient during therapy
sessions” (p. 8).

A review of the literature reveals that no
studies have been reported to date investigat-
ing the effects of therapeutic music training on
executive function. Therefore, the purpose of
this study was to provide a preliminary in-
vestigation of the immediate effectiveness of
therapeutic music techniques—within the con-
ceptual framework of NMT—in improving ex-
ecutive function, as well as other areas of cog-
nitive functioning, with persons with acquired
brain dysfunction. The study predicted that
persons who engage in one session of NMT
will improve in ability to concentrate, remem-
ber verbal information, think flexibly, and ad-
just emotionally.

Methods

Research Design, Participants,
and Procedures

A pre-test- post-test quasi-experimental de-
sign was used to test the hypothesis of this
study.37 Two groups were recruited to par-
ticipate. Control participants (n = 23) were
recruited from persons with acquired brain
dysfunction, including traumatic brain injury
(86.95%), cerebrovascular accident (4.35%),
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and toxic exposure (8.70%), who were referred
for neuropsychological evaluations. Control
participants were given one of the assessment
measures and then directed to a quiet room to
rest for 30 min, after which the same instrument
was re-administered.

Treatment participants (n = 31) for the study
were recruited from persons with traumatic
brain injury (77.42%), cerebrovascular acci-
dent (12.90%), seizure disorder (6.45%), and
brain tumor (3.23%). The treatment group was
involved in four separate sessions (attention,
memory, executive function, and emotional ad-
justment), conducted on four different days.
The first session focused on emotional adjust-
ment, and executive function was the focus of
the session on the following day. Then 2 weeks
later the third (attention) and fourth (memory)
sessions were conducted on consecutive days.
At the beginning of each session, the cognitive
measure pertaining to the skill being addressed
was administered to each person. Then a 30-
min NMT intervention was administered in a
group setting by a board-certified music thera-
pist with additional certification in NMT. Each
musical session began with an introduction to
the intervention and musical (vocal and in-
strumental) warm-up exercises. After the com-
pletion of each experimental session, the ap-
propriate cognitive or emotional post-test was
administered.

The study participants were predominantly
male (83% in the control group and 89% in
the treatment group) and Caucasian (95.65%
in the control group and 90.32% in the treat-
ment group), with 4.35% Native American par-
ticipants in the control group and with 6.45%
Native Americans and 3.23% Asian Americans
in the treatment group. The average age of
the treatment group was 52.65 years, while the
control group’s age averaged 47.39 (t = −1.44;
P = 0.16). Years of education completed by the
treatment and control groups were 13.48 and
14.30, respectively (t = 1.15; P = 0.26). For the
subjects with traumatic brain injury, the sever-
ity of injury was noted. Within the treatment
group, 28.57% had mild injuries, 17.86% had

moderate injuries, and 53.57% had severe in-
juries. The control group consisted of 70% with
mild injuries, 10% with moderate injuries, and
20% with severe injuries. The treatment and
control groups were not significantly different
in number of years since last injury (15.18 and
14.05, respectively; t = −0.24, P = 0.81). The
reason that the number of years since the last
injury was unusually high for both groups is
that the subjects were from a rural area where
brain rehabilitation services for military veter-
ans have only recently become available. The
two groups differed significantly on number
of reported brain injuries (treatment = 1.28,
control = 2.32; t = 2.71, P = 0.01). Persons
with degenerative brain diseases, such as se-
nile dementia of the Alzheimer’s type, were
excluded from the study. Procedures for this
study were approved by the Institutional Re-
view Board and the Research and Develop-
ment Committee of the Black Hills Veterans
Affairs Health Care System. Each subject gave
written informed consent before participating
in the study.

Measures

Assessment devices were chosen that were
(1) well established in reliability and validity; (2)
brief, so that they could be administered quickly
as pre- and post-tests during one session; (3) did
not demand large amounts of energy from the
participants, who needed plenty of stamina for
two administrations of the test plus a 30-min
session of NMT; (4) able to produce scores that
could reflect pre/post changes; and (5) minimal
in producing practice effects.35,39–41

Attention was measured with the Digit Span
subtest of the Wechsler Adult Intelligence
Scale-III.42 Memory was assessed with the Au-
ditory Verbal Learning Test (AVLT).43 Learn-
ing was defined as the total number of words
learned over the five trials of the AVLT, and
Recall was defined as the number of words re-
membered from the original list after a dis-
tracter was administered. The AVLT pre-test
was taken from Rey’s43 original list of words.
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On the post-test, Form 444 was administered to
both control and experimental participants so
that the words learned on the pre-test would
not contaminate performance on the post-test.
Mental flexibility, an aspect of executive func-
tion, was assessed with Part B of the Trail
Making Test.38 Emotional adjustment was
assessed with two measures: the Global Sever-
ity Index from the Brief Symptom Inventory-
18 (BSI-18)45 and the Multiple Affect Adjec-
tive Check List (MAACL),46 which measures
depression, anxiety, hostility, sensation seeking,
and positive affect. Two additional measures
were used to assess the nature of the NMT ex-
perience. An adapted Self Efficacy Question-
naire47 measured the participants’ confidence
in their cognitive skills and emotional adjust-
ment. Likert rating scales were employed to
measure the participants’ level of enjoyment
with the NMT experience and to rate the help-
fulness of the therapist. Measures for this study
were administered according to standard pro-
tocols by a board-certified neuropsychologist
and pre-doctoral psychology interns who were
trained and experienced in administering the
tests used in the study.

Training Materials

All training exercises were based on interac-
tive musical group improvisations with a highly
focused functional content and task structure
relative to the clinical rehabilitation goals to be
addressed. The musical attention control ex-
ercises consisted of rhythmic synchronization
exercises in which participants—using percus-
sion instruments—synchronized their rhythm
patterns to track “lead” patterns introduced by
the therapist and other group members. Percus-
sion patterns were modulated acoustically by
tempo, loudness, and rhythmic pattern to en-
train sustained and focused attention, following
concepts of “paced attention” from Attention
Process Training.48,49 In memory training, lists
of 15 unrelated words were taught as chants
and songs utilizing music as a mnemonic de-
vice in order to create grouping and chunk-

ing effects to facilitate learning and recall.20 As
a follow-up, several permutations of reorder-
ing words into new mnemonic songs were im-
plemented to strengthen an understanding of
musical mnemonics use by the study partic-
ipants.26 Musical executive function training
focused on individual decision making, prob-
lem solving, comprehension, and reasoning in
creating group improvisation projects. Specific
emphasis was given to switching attention and
comprehension in performance to two rapidly
alternating musical cues. For emotional adjust-
ment, songs representing strong positive emo-
tions were presented by the therapist vocally
and performed in structured group therapeutic
singing exercises.

Data Analysis

The results of the cognitive and emotional
measures were calculated as pre-test and post-
test means for each of the measures utilized
in the study. The statistical procedures used
were t-tests for paired samples, to compare the
pre/post means for the treatment group and
the control group for each measure. Pre-test
and post-test results of the self-efficacy test for
the treatment group were compared, also us-
ing a t-test for paired samples. Rating scale re-
sults were calculated using means and standard
deviations. The 0.05 level of probability was
established as significant.

In addition to probability analyses, effect
sizes were calculated, in order to present
evidence of the clinical significance of the
findings.50–52 Effect sizes reflect the degree of
overlap in scores between two samples, and are
considered “more likely to give truth to our real-
ity of brain-behavior relationships”52 (p. 654).

Results

Attention

The results, presented in Table 1, indi-
cate that neither the control group (t = 0.00;
df = 13; P = 0.50) nor the treatment group



410 Annals of the New York Academy of Sciences

TABLE 1. Changes in Cognitive and Emotional Functioning for Treatment and Control Groups

Mean raw scores

Measures Treatment condition Pre-test Post-test t P db

ATTENTION
Digit span Treatment (n = 21) 14.90 14.95 −0.01 0.46 −0.01

(SD 3.77) (SD 3.93)
Control (n = 14) 15.50 15.50 0.00 0.50 0.00

(SD 3.65) (SD 3.78)
MEMORY

AVLT total Treatment (n = 18) 36.50 36.22 0.26 0.40 0.02
(SD 11.95) (SD 11.99)

Control (n = 14) 43.29 39.86 1.77 0.02a 0.36
(SD 8.48) (SD 10.55)

AVLT recall Treatment (n = 18) 6.89 6.06 1.97 0.03a 0.19
(SD 4.10) (SD 4.44)

Control (n = 14) 9.50 7.50 3.02 0.00a 0.64
(SD 2.56) (SD 3.67)

EXECUTIVE FUNCTION
Trails Bc Treatment (n = 19) 107.58 84.05 3.82 0.00 1.21

(SD 48.29) (SD 40.01)
Control (n = 16) 69.38 61.06 1.63 0.06 0.40

(SD 26.83) (SD 14.84)
EMOTIONAL ADJUSTMENT

BSI-18c Treatment (n = 23) 18.87 14.57 3.60 0.00 0.29
(SD 16.40) (SD 13.51)

Control (n = 15) 14.73 12.27 2.64 0.01 0.25
(SD 10.20) (SD 9.40)

MAACL-Positive Affect Treatment (n = 23) 10.35 10.57 −0.28 0.39 0.03
(SD 7.20) (SD 8.02)

Control (n = 16) 6.06 4.75 1.91 0.04a −0.26
(SD 5.69) (SD 4.58)

MAACL-Sensation Seeking Treatment (n = 23) 2.35 3.04 −2.91 0.00 0.27
(SD 2.31) (SD 2.75)

Control (n = 16) 1.31 0.88 2.15 0.02a −0.29
(SD1.58) (SD 1.36)

MAACL-Anxietyc Treatment (n = 23) 1.61 1.09 1.86 0.04 0.28
(SD 2.27) (SD 1.44)

Control (n = 16) 2.50 2.25 0.55 0.29 0.10
(SD 2.68) (SD 2.44)

MAACL-Depressionc Treatment (n = 23) 1.61 0.65 2.14 0.02 0.52
(SD 2.57) (SD 1.15)

Control (n = 16) 1.31 1.31 0.00 0.50 0.00
(SD 1.96) (SD 1.99)

MAACL-Hostilityc Treatment (n = 23) 0.70 0.22 1.59 0.06 0.48
(SD 1.46) (SD 0.52)

Control (n = 16) 0.88 0.63 2.24 0.02 0.21
(SD 1.26) (SD 1.09)

aRepresents a decline in functioning.
bBased on Cohen’s d for effect size, where 0.2 is considered a small effect, 0.5 a medium effect, and 0.8 or greater a

large effect.
cLower scores on these measures indicate a higher level of functioning.
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(t = −0.01; df = 20; P = 0.46) improved in
attention functioning. Effect sizes were small
for both the treatment (d = −0.01) and control
(d = 0.00) groups.

Memory

Both the control and treatment participants
performed lower on the memory post-test than
they did on the pre-test. For learning, defined as
the number of words learned after five trials, the
pre/post difference for the treatment group was
not significant (t = 0.26; df = 17; P = 0.40).
The control group was significantly lower in
learning on the post-test than they were on the
pretest (t = 1.77; df = 13; P = 0.02). For recall,
defined as the number of words remembered
after a short delay, the performances of both
the experimental group (t = 1.97; df = 17;
P = 0.03) and the control group (t = 3.02;
df = 13; P < 0.01) were significantly lower on
the post-test than on the pre-test. The effect
sizes were small for the treatment group on
both learning (d = 0.02) and recall (d = 0.19)
memory. For the control group, the effect size
was small for learning (d = 0.36), and medium
for the decrease in memory recall (d = 0.64).

Executive Function

Changes in mental flexibility were not signif-
icant in the control group (t = 1.63; df = 15;
P = 0.06). The effect size for the control
group on executive function (d = 0.40) was
between small and medium. The treatment
group improved significantly in mental flexi-
bility (t = 3.82; df = 18; P < 0.01) and demon-
strated a large effect size (d = 1.21).

Emotional Adjustment

Overall emotional adjustment, as measured
by the BSI-18, showed significant improvement
in both the control group (t = 2.64; df = 14;
P = 0.01) and in the NMT group (t = 3.60;
df = 22; P < 0.01). Effect sizes were small for
both the control (d = 0.25) and the treatment
(d = 0.29) groups.

Results of the MAACL measures were
mixed. Positive Affect did not change signif-
icantly for the treatment group (t = −0.28;
df = 22; P = 0.39), and the effect size was small
(d = 0.03). The control group declined signifi-
cantly (t = 1.91; df = 15; P = 0.04) on Positive
Affect, with a small effect size (d = −0.26).

Sensation Seeking measures improved sig-
nificantly for the treatment group (t = −2.91;
df = 22; P < 0.01) with a small effect size
(d = 0.27), while the control group signifi-
cantly declined (t = 2.15; df = 15; P = 0.02)
in Sensation Seeking, with a small effect size
(d = −0.29). In the area of Anxiety, the treat-
ment group improved significantly (t = 1.86;
df = 22; P = 0.04), with a small effect size
(d = 0.28). The control group did not change
significantly in Anxiety (t = 0.55; df = 15;
P = 0.29) and the effect size was also small
(d = 0.10).

Depression improved significantly for the
treatment group (t = 2.14; df = 22; P = 0.02)
with a medium effect size (d = 0.52). The con-
trol group did not change in Depression be-
tween the pre-test and the post-test (t = 0.00;
df = 15; P = 0.50) and the effect size was small
(d = 0.00).

In the area of Hostility, the treatment group
did not change significantly, (t = 1.59; df = 22;
P = 0.06), but had a medium effect size
(d = 0.48) in a positive direction. The control
group improved significantly in the Hostility
measure (t = 2.24; df = 15; P = 0.02), while
the effect size was small (d = 0.21).

Self-Efficacy

After treatment, the participants showed sig-
nificant improvement in confidence in their ex-
ecutive function ability (t = −1.86; df = 18;
P = 0.04), and no significant changes in con-
fidence in attention (t = −1.50; df = 20;
P = 0.07), memory (t = −0.48; df = 17;
P = 0.32), or emotional adjustment (t = −0.80;
df = 22; P = 0.22). Effect sizes in the self-
efficacy changes were small to moderate for



412 Annals of the New York Academy of Sciences

TABLE 2. Changes in Confidence in Cognitive Skills and Emotional Adjustment Ratings of the Treatment
Experience and the Music Therapist

Areas Measured Pre-test Posttest t P da

ATTENTION (n = 21)
Confidence in attention abilityb 62.38 65.71 −1.50 0.07 0.18

(SD 18.68) (SD 18.59)
Enjoyment rating, musical experiencec 3.79

(SD 0.42)
Helpfulness of music therapistc 3.84

(SD 0.37)
MEMORY (n = 18)

Confidence in memory abilityb 49.44 51.11 −0.48 0.32 0.07
(SD 23.63) (SD 22.72)

Enjoyment rating, musical experiencec 3.31
(SD 0.70)

Helpfulness of music therapistc 3.69
(SD 0.48)

EXECUTIVE FUNCTION (n = 19)
Confidence in executive function abilityb 55.26 62.11 −1.86 0.04 0.33

(SD 20.38) (SD 21.75)
Enjoyment rating, musical experiencec 3.43

(SD 0.93)
Helpfulness of music therapistc 3.43

(SD 0.93)
EMOTIONAL ADJUSTMENT (n = 23)

Confidence in emotional stabilityb 64.35 67.39 −0.80 0.22 0.10
(SD 31.02) (SD 26.84)

Enjoyment rating, musical experiencec 3.43
(SD 0.79)

Helpfulness of music therapistc 3.65
(SD 0.71)

aBased on Cohen’s d for effect size, where 0.2 is considered a small effect, 0.5 a medium effect, and 0.8 or greater a
large effect.

bBased on a 100-point scale, with 100 indicating the highest level of confidence possible.
cBased on a 4-point scale, with 4 indicating the most positive rating possible.

executive function, and small for attention,
memory, and emotional adjustment (Table 2).

Patient Satisfaction

Enjoyment ratings of the NMT treatment
by the participants, as shown in Table 2, were
positive for all groups. They ranged from 3.79
for the attention group to 3.31 for the memory
group. Likewise, the group ratings of helpful-
ness of the music therapist were positive, rang-
ing from 3.84 from the attention group to 3.43
from the executive function group.

Discussion

Executive Function

The results of this preliminary study—
investigating the effects of a single, brief, music-
based cognitive intervention—are promising in
that one 30-min session of NMT produced sig-
nificantly improved executive function in the
form of mental flexibility. Not only were the
improvements in the treatment group statis-
tically significant, but they produced a large
effect size, suggesting clinical significance as
well. In addition, self-efficacy ratings of mental
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flexibility from the treatment group improved
significantly, with a small-to-medium effect size,
demonstrating that these subjects improved
with respect to both their performance and
confidence in their mental flexibility. This com-
bination of improved ability and bolstered con-
fidence may hold promise for therapeutic music
interventions to effectively increase a neurolog-
ically impaired person’s chances for overcom-
ing the executive dysfunction that is particularly
common on account of vulnerability to injury
in the anterior portion of the brain. Increased
flexibility in executive function reflects func-
tionally important gains, in that persons will
be able to effectively switch their attention and
task management between two important tasks
in everyday life.

Very few salient models have been pro-
posed regarding the manner in which musi-
cal task training can influence executive func-
tion.53 It is possible that the inherent temporal
structure in music and musical tasks provides
strong self-regulatory and self-organizational
constraints that cue and exercise reasoning, de-
cision making, problem solving, and compre-
hension processes in real time. Pertinent ev-
idence comes from acoustical arousal studies
and alertness training that demonstrate im-
provements in executive function by adding
acoustical stimuli.54–56 We thus propose a
framework for a developing model of musi-
cal effects on executive function. As a foun-
dation, music provides an enriched environ-
ment for the brain, introducing a variety of
sensory stimuli. This rich stimulation promotes
dendritic sprouting and enhanced vascular-
ization of the brain.57 Music embeds func-
tional tasks into the structured auditory arousal
process through music’s three-dimensional
metric–melodic–polyphonic structure,53 acti-
vating both hemispheres of the frontal lobes.58

Thus, in executive function, music may oper-
ate as a sensory prosthetic similar to tempo-
ral entrainment by music and rhythm in mo-
tor control. However, rather than regulating
motor timing, it regulates cognitive timing and
mental flexibility mechanisms. The result is a

coherent and creative process-to-product ma-
trix that produces increased brain “agility” and
eventually, desired cognitive and behavioral
outcomes.

Emotional Adjustment

The study’s findings in the area of depres-
sion were also encouraging. They speak to the
potential power of the musical emotional exer-
cises that were designed to articulate and ex-
press positive emotions in order to overcome
depression. The results support the work of
Unkefer and Thaut59 and are consistent with
the findings of Hanser and Thompson,60 who
demonstrated that music therapy can improve
a depressed mood.

A second area where the treatment group
demonstrated significant improvement, while
the control group did not change, was anxi-
ety. However, the NMT effect size was small,
indicating that the clinical significance of the
anxiety changes in the treatment group may be
limited.

The results demonstrated global emotional
improvement in both the treatment and con-
trol groups. Since both groups changed sig-
nificantly, with small effect sizes, no conclu-
sions can be drawn about the effects of NMT
on global emotional improvement. A second
area where both the experimental and control
groups changed in a positive direction was hos-
tility, where the control group improved signif-
icantly (P = 0.02) and the treatment group did
not change significantly (P = 0.06). The NMT
group produced a medium effect size (0.48),
while the control group had a small effect size
(0.21), allowing no definitive conclusions about
the effects of NMT on hostility.

In the area of positive affect, the NMT group
did not change significantly, while the control
group changed significantly in a negative di-
rection. The effect sizes were small for both
groups, indicating limited clinical significance
of the findings.

Sensation seeking, which measures a person’s
tendency to explore new sources of sensory
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input, showed a significant increase for the
treatment group and a significant decrease for
the control group. Effect sizes for both groups
were small for sensation seeking, limiting the
clinical significance.

Memory and Attention

The study showed that neither memory
nor attention improved after NMT treatment.
While other studies using music in memory
training have demonstrated improved mem-
ory, most studies examined multiple sessions of
memory treatment. It is likely that more than
one session is necessary to achieve improve-
ment in memory,32,61,62 allowing the partici-
pants time to incorporate the memory strate-
gies that music provides. Another factor that
may have contributed to the lack of improve-
ment in the memory study is fatigue. Many of
the study’s participants reported being men-
tally fatigued after learning two (for the con-
trol group) or three (for the treatment group)
lists of words during a 1-h session. The sig-
nificant decrease in memory performance by
both the treatment and control groups on the
post-test may support the conclusion that lack
of time to adequately learn the new techniques
and/or fatigue were likely important factors in
the memory results. Future studies on mem-
ory will need to take these factors into ac-
count. Attention NMT training with traumatic
brain injury may also require a series of inter-
vention dosages in order to produce quantifi-
able and generalizable results on standardized
measures.63–65

Conclusions

The focus of this study was short term, with
no delayed measurement of the effects of the
cognitive skill training, limiting the generaliz-
ability of the results to the immediate effects of
NMT on cognitive functioning. While a control
group was used to compare the findings of the
experimental group, participants were not ran-

domly assigned to conditions. Although there
was a reasonably close match in subject diag-
nostics and demographics between the treat-
ment and control groups (not significantly dif-
ferent in age, years of education, or years since
the most recent neurologic injury), there were
other differences that need to be taken into ac-
count. First, although the control group had sig-
nificantly more neurologic injuries (2.32) than
did the treatment group (1.28), the severity of
the injuries to the treatment group (53.57% se-
vere, 17.86% moderate, and 28.57% mild) was
greater than that of the control group (20.00%
severe, 10.00% moderate, and 70.00% mild).
Thus, the two groups were not identical enough
to provide a strong direct comparison between
the two, and the generalizability of these re-
sults is limited. This study should be considered
a preliminary exploration into the immediate
effects of Neurologic Music Therapy on cog-
nitive and emotional functioning, and further
investigation is needed.

In conclusion, this exploratory study pro-
vided preliminary evidence that music-based
CR can provide improvement in the men-
tal flexibility aspect of executive function with
brain-injured participants. These findings pro-
vide a first basis for additional research and
advances in the neuroscience of music cogni-
tion, learning, perception, executive function-
ing, and plasticity in brain rehabilitation.
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