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INTRODUCTION 
 

It is estimated that the proportion of people 

over 60 years old will increase from 10% in 2000 to 

21.8% in 2050 in all regions.
1
 A critical consequence 

of this rise will be the exponential increase in the 

prevalence of neurodegenerative diseases and other 

pathologies common in latter stages of life.
2
 With this 

in mind, strategies to prevent cognitive decline and 

promote a healthy physical and psychological lifestyle 

are keystones for the future. 

 

Reports of non-pharmaceutical interventions 

for the prevention of cognitive decline in dementia 

patients were use of music therapy. By listening to 

music, patients with Alzheimer‟s disease (AD) showed 

improvement in categorical word fluency
5
, autobio-

graphical memory
6
, and the memory of lyrics

7
.  

 

Executive functions (EF) encompass a number 

of cognitive processes that allow for independent 

and self-regulated behavior.
25

 These cognitive con-

structs include inhibition, problem solving, goal-

directed behavior, and maintenance of information in 

working memory. Another component of EF is cogni-

tive flexibility, the ability to adjust to novel or chang-

ing task demands which is often captured through a 

task-switch design.
26

  

 

This study aims to evaluate how musical par-

ticipation throughout the life span may influence cog-

nitive functioning, specifically executive functioning.  

RELATED LITERATURE 

 

Musical participation is easily quantified in 

terms of number of years of training or participation, 

and there is data supporting differential brain organi-

zation for amateur musicians.
9,10,11 

Therefore, investi-

gation of amateur musicians and non-musicians of-

fers an excellent model for how deliberate long-term 

practice and engagement in cognitively stimulating 

activities may alter brain development and influence 

cognition.
12

 Parbery-Clark
8
, reported that older musi-

cians showed greater auditory working memory rela-

tive to non- musicians, and suggested that musical 

training might reduce the impact of age-related de-

cline. Results from these studies suggest that music 

therapy might be useful for maintaining cognitive 

function in normal elderly adults and dementia pa-

tients. 

 

Musical leisure activities, including playing an 

instrument, listening to music, and creating music, 

stimulate a variety of cognitive functions and may be 

informative regarding training induced brain plastic-

ity that may be recruited in advanced age to com-

pensate for age-related cognitive decline.
13-14 

Suc-

cessfully acquiring musical expertise requires at least 

a decade of training, which typically begins at an 

early age and includes intensive repetitive practice 

that may result in plastic brain reorganization. Evi-

dence suggests that musical activity may be associ-

ated with cortical reorganization including enhanced 
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sensorimotor functions in young instrumental musi-

cians.
15-21

 However, there are there are limited studies 

examining how the extent of musical experience 

throughout the life span may influence maintenance 

of cognitive functioning in advanced age.  

 

  Various extra and intra-curricular activities 

have been shown to improve EF skills in children. Ex-

tracurricular activities shown to enhance EF develop-

ment in school-age children include martial arts, 

mindfulness training, and physical exercise.
 27

 While 

these findings support the potential for extracurricu-

lar activities to boost EF skills, interpretations are lim-

ited due to methodological weaknesses in these 

studies. Limitations include, for instance, a lack of 

control groups and/or the potential influence of 

other factors leading to improved performance, such 

as motivation or social engagement. 

 

  One extracurricular activity of recent interest 

to researchers is music, and its link to EF skills has 

been debated. Playing a musical instrument 

(especially within an ensemble setting) requires many 

sub-skills associated with EF such as sustained atten-

tion, goal-directed behavior and in particular the task

-switching demands of cognitive flexibility. Individu-

als with musical training have demonstrated en-

hanced general cognitive, academic and language 

abilities when compared to those without musical 

training, and this connection may be mediated by EF. 
28, 29

 For example, higher intellectual functioning has 

been reported in children and adults with as com-

pared to those without musical training through both 

cross-sectional and longitudinal study designs, 

though this connection remains debated.
30 

Musicians 

have shown enhanced language skills compared to 

non-musicians across several domains, namely vo-

cabulary knowledge, pitch processing in speech, se-

lective attention for speech in noise, and prosody 

perception. 
31 

 
  

Enhanced processing in adult musicians has 

been reported for components of EF, demonstrated 

through a nonverbal spatial task and both auditory 

and visual Stroop tasks.
32, 33

 One study reported sig-

nificant associations between musical training and 

numerous EF constructs in children 
34

, whereas in an-

other study no superior performance was found on 

any measures of EF in musically trained children com-

pared to those without training.
35

 The discrepant 

findings may be due to no comparisons to a control 

group that was not carefully screened to have no mu-

sical experience; unknown variation in the intensity 

and longevity of training of the musicians; or the in-

consistent implementation of standardized EF meas-

ures. Differences in socioeconomic status between 

musicians and non-musicians may also be the source 

of inconsistent findings.  

 

 It is evident that musical training relates to 

cognitive abilities, but it remains somewhat unclear 

which constructs of EF, if any, may mediate this con-

nection. 

 

GENERAL OBJECTIVE 
 

 To compare the executive functioning (EF) skills 

between musicians and non-musicians 

 

SPECIFIC OBJECTIVES 
 

 To correlate the relationship of executive func-

tioning (EF) skills of musicians and the number of 

musical activities participated in 

 To correlate the relationship of executive func-

tioning (EF) skills of musicians and the number of 

years of formal musical training 

 

METHODOLOGY 
 

Study Design 

 

 This is a prospective cross-sectional descrip-

tive clinical study that was conducted in different or-

ganizations (convents, church organizations, church 

choirs) in at least 60 musically inclined subjects. All 

participants are required to sign an informed consent. 

This study was done in accordance to the ethical 

principles of the Declaration of Helsinki and the Na-

tional Ethics Guidelines for Health Research.   
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Inclusion Criteria 

 

 Included in the study are healthy, independ-

ent, musicians, 40 years old and above. High activity 

musicians were defined as performing artists, singers, 

full-time music teachers, vocal coaches, choirmaster, 

choir members with an average daily practice time of 

singing or playing musical instruments, or listens to 

music at least 1 hour or more each day, with or with-

out formal musical training. Low activity musicians 

were defined as that who plays a musical instrument 

regularly, sings regularly or listens to music with no 

regular daily practice for less than hour each day. 

They were recruited from church choir members, 

seminaries or convents. Non-musicians are defined as 

that who had never played a musical instrument, not 

a member of any choir or who does not listen to mu-

sic. Participants included in this study have a Mini-

Mental State Exam (MMSE) score of more than 26, 

Hamilton-Depression Scale (HAM-D) score of less 

than 7 and with controlled existing medical condi-

tions.  

 

Exclusion Criteria 

 

 Participants with history of neurological dis-

eases (like cerebrovascular accidents, epilepsy, park-

insonism etc.), uncontrolled diabetes, uncontrolled 

hypertension, alcohol and other drug abuses like nar-

cotics, sedatives and hypnotics were excluded from 

the study.  

 

Outcome Variables 

  

 Demographic information were collected for 

all patients (age, gender, educational status, socio-

economic status, occupation, handedness; and for the 

professional musicians, the number of years of formal 

training, age of acquisition of musical expertise, years 

of actively playing the instrument/s and number of 

instruments played. Results of cognitive tests measur-

ing executive function skills were performed.  

 

Data Collection 

 

1. Clinical Characteristics 

 

Demographic information was collected for all 

patients as stated above. 

2. Cognitive assessment test 

  

 The examiner administered these tests:  

 

 a. Montreal Cognitive Assessment Test (MoCA) 

 

 The Montreal Cognitive Assessment (MoCA) was 

designed as a rapid screening instrument for mild 

cognitive dysfunction. It assesses different cognitive 

domains: attention and concentration, executive 

functions, memory, language, visuo-constructional 

skills, conceptual thinking, calculations, and orienta-

tion. Time to administer the MoCA is approximately 

10 minutes. The total possible score is 30 points; a 

score of 26 or above is considered normal. 

 

 b. Verbal Fluency (Phonemic and Semantic) 

 

 Verbal Fluency subtest contains three conditions 

that measure phonemic fluency, semantic fluency, 

and category switching fluency. Our output of inter-

est compared achievement on phonemic fluency with 

semantic fluency. In phonemic fluency, participants 

were prompted with a single letter and asked to state 

as many words as possible, starting with that letter 

within 60 seconds; excluding names of people, places, 

or numbers. In semantic fluency, participants will be 

prompted with a category (e.g. animals) and were 

asked to name as many objects as possible, within 

the category of interest within 60 seconds. Normal 

Score is 11 words and above, less than 11 is consid-

ered abnormal. 

 

 c. Design Fluency Test (DFT) 

 

 For the design fluency task, participants will be 

instructed to make a different design using only four 

straight lines such that, each line had to touch at least 

one other line. The task was limited to 60 seconds to 

draw as many different designs as they could. Normal 

score is 10 figures in one minute, and figures less 

than 8 were considered abnormal. 

 

 d.  Stroop Test 

 

 The Stroop test used in this study has three            

conditions: one requires reading black colored names 

of colors (Stoop Word; SW); the second condition 
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implies naming of the colors in which four consecu-

tive colors are printed (Stroop Color; SC); and in the 

latter condition, the subject must name in each item, 

the color of ink used for printing a color name, which 

has been printed in a color different to the one writ-

ten (Stroop Color-Word; SCW). This test is based on 

the finding that it takes longer to name colored          

symbols than to name words that refer to colors, and 

even longer to name the color of ink in which incon-

gruent color names are written
22

. The final score for 

each condition is obtained by counting the number 

of colors correctly named or read (depending on con-

dition) in a 45 second time interval, with higher 

scores indicating better performance.  

Figure 1. Research Process  
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ANALYSIS OF DATA 
 

 Data were encoded and tallied in SPSS ver-

sion 10 for windows. Descriptive statistics were gen-

erated for all variables. For nominal data frequencies 

and percentages were computed. For numerical data, 

mean ± SD were generated.  Analysis of the different 

variables was done using the following test statistics: 

Chi-square test was used to compare/associate nomi-

nal (categorical) data.  

RESULTS  

 A total of 90 subjects were included in the 

study equally divided into three groups. Table 1 

shows the comparison of the demographic character-

istics between the three groups. The results showed 

that there was no significant difference noted as 

proven by all p values >0.05. This shows that both the 

control group and the study group are homogenous. 

  Groups p-value* 

Control 

(n=30) 

High Activity 

(n=30) 

Low Activity 

(n=30) 

Age (year) 

Mean ± SD 

  

53.33 ± 7.54 

  

53.53 ± 7.71 

  

53.50 ± 9.55 

  

0.99 (NS) 

Sex 

Female 

Male 

  

20 (66.7%) 

10 (33.3%) 

  

15 (50.0%) 

15 (50.0%) 

  

18 (60.0%) 

12 (40.0%) 

  

0.42 (NS) 

Educational Attainment 

Tertiary 

Post-graduate 

  

27 (90.0%) 

  3 (10.0%) 

  

20 (66.7%) 

10 (33.3%) 

  

24 (80.0%) 

  6 (20.0%) 

  

0.08 (NS) 

Handedness 

Both 

Left 

Right 

  

0 

0 

30 (100%) 

  

  1 (  3.3%) 

 3 (10.0%) 

26 (86.7%) 

  

0 

0 

30 (100%) 

  

  

0.07 (NS) 

  

Table 1. Comparison of the Demographic Characteristics Between the Three Groups  

* p-values >0.05- Not significant;  p-values ≤0.05-Significant 

 Table 2 shows the comparison of the executive functioning subtest and total MOCA scores between the 

three groups. The results showed that there was no significant difference as proven by all p values >0.05. On the 

other hand, there was a significant difference noted in the total MoCA scores between the three groups as proven 

by the p values 0.04.  

  Groups p-value* 

Control 

(n=30) 

High Activity 

(n=30) 

Low Activity 

(n=30) 

Executive Functioning Subtest 

Mean ± SD 

  

4.63 ± 0.56 

  

4.83 ± 0.38 

  

4.83 ± 0.38 

  

0.14 (NS) 

Total MOCA Score 

Mean ± SD 

  

27.60 ± 1.45 

  

28.43 ± 2.04 

  

28.63 ± 1.38 

  

0.04 (S) 

Table 2. Comparison of the Executive Functioning Subtest and Total MoCA Scores Between the Three Groups 

* p-values >0.05- Not significant;  p-values ≤0.05-Significant 
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 Table 3 shows the comparison of phonemic verbal fluency test (PVFT) for letter F, A and S, semantic verbal 

fluency test (SVFT) for the category animal and design fluency test (DFT) scores between the three groups. The 

results showed that there was a significant difference noted in the PVFT, SVFT and DFT scores between the three 

groups as proven by all p values <0.05.  

  Groups p-value* 

Control 

(n=30) 

High Activity 

(n=30) 

Low Activity 

(n=30) 

PVFT (F) 

Mean ± SD 

  

13.06 ± 3.57 

  

15.03 ± 4.26 

  

12.00 ± 3.18 

  

0.007 (S) 

PVFT (A) 

Mean ± SD 

  

11.40 ± 2.88 

  

14.53 ± 3.95 

  

11.67 ± 3.70 

  

<0.001 (S) 

PVFT (S) 

Mean ± SD 

  

13.43 ± 4.74 

  

14.67 ± 4.70 

  

10.97 ± 3.75 

  

0.006 (S) 

SVFT 

Mean ± SD 

  

13.97 ± 2.74 

  

18.57 ± 5.32 

  

13.27 ± 3.06 

  

<0.001 (S) 

DFT 

Mean ± SD 

  

5.73 ± 2.42 

  

7.63 ± 2.46 

  

5.23 ± 2.47 

  

<0.001 (S) 

Table 3. Comparison of the Phonemic, Semantic and Design Verbal Fluency Test scores Between the Three 

Groups 

* p-values >0.05- Not significant;  p-values ≤0.05-Significant  

 Since there was a significant difference noted in the PVFT, SVFT and DFT scores between the three groups, 

a pairwise comparison was done between two groups as shown in Table 4. For F and S, there was no significant 

difference between the control and the high activity group (p>0.05) and between control and the low activity 

group (p>0.05) but a significant difference was noted between the high and the low activity group (p<0.05). For A, 

semantic and design fluency, a significant difference was noted when the high activity group was compared with 

either the control or the low activity group as shown by all p values <0.05 but no significant difference between the 

  

Control 

vs 

High Activity 

Control 

vs 

Low Activity 

High Activity 

vs 

Low Activity 

PVFT (F) 0.12 (NS) 0.80 (NS) 0.006 (S) 

PVFT (A) 0.001 (S) 1.00 (NS) 0.004 (S) 

PVFT (S) 0.84 (NS) 0.10 (NS) 0.005 (S) 

SVFT <0.0001 (S) 1.00 (NS) <0.0001 (S) 

DFT 0.01 (S) 1.00 (NS) 0.001 (S) 

Table 4. P Values for the Pairwise Comparison of PVFT, SVFT and DFT Between the Three Groups  

* p-values >0.05- Not significant;  p-values ≤0.05-Significant 
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 Table 5 shows the comparison of Stroop word (SW), Stroop color (SC) and Stoop color-word (SCW) scores 

between the three groups. The results showed that there was a significant difference noted in the SW and SCW 

scores between the three groups as proven by all p values <0.05. On the other hand, there was no significant dif-

ference noted in the SC between the three groups as proven by the p values >0.05.  

* p-values >0.05- Not significant;  p-values ≤0.05-Significant 

 Since there was a significant difference noted in SW and SCW score between the three groups, a pairwise 

comparison was done between two groups as shown in Table 6. For SW, there was no significant difference be-

tween the control and the low activity group as shown by the p values 0.24. For SCW score, there is a significant 

difference noted when the control group was compared with either the high or the low activity group as shown by 

all p values <0.05 but no significant difference between the high and the low activity group (p>0.05).  

  

Groups 

p-value* Control 

(n=30) 

High Activity 

(n=30) 

Low Activity 

(n=30) 

SW 

Mean ± SD 

  

53.26 ± 4.86 

  

61.80 ± 8.52 

  

56.33 ± 6.10 

  

<0.0001 (S) 

SC 

Mean ± SD 

  

41.86 ± 6.80 

  

39.40 ± 8.99 

  

41.16 ± 9.45 

  

0.51 (NS) 

SCW 

Mean ± SD 

  

41.40 ± 11.12 

  

52.60 ± 8.84 

  

51.93 ± 13.68 

  

<0.001 (S) 

Table 5. Comparison of the Stroop Word (SW), Stroop Color (SC) and Stroop Color-Word (SCW) Scores            

Between the Three Groups 

  Control 

vs 

High Activity 

Control 

vs 

Low Activity 

High Activity 

vs 

Low Activity 

SW <0.0001 (S) 0.24 (NS) 0.006 (S) 

SCW 0.001 (S) 0.002 (S) 1.00 (NS) 

Table 6. P Values for the Pairwise Comparison of SW and SCW Between the Three Groups  

* p-values >0.05- Not significant;  p-values ≤0.05-Significant 

 Table 7 shows the comparison of the musical 

participation between the high and the low activity 

groups. The results showed that there was a significant 

difference between the two groups with their musical 

participation specifically with the low activity group 

participating on vocals or singing and listening to mu-

sic (p 0.02) and the high activity group participating 

with vocals, listening and playing musical instruments 

(p 0.01) and this is proven by p values <0.05. This table 

also shows the number of formal music training be-

tween high and low activity groups. The results 

showed that there was a significant difference be-

tween the two groups as proven by p value of 0.04 (<p 

0.05) with the high activity group, having more partici-

pants with more than 5 years of formal musical train-

ing (36.7%).  
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* p-values >0.05- Not significant;  p-values ≤0.05-Significant 

Musical Activity Participated In 
Groups 

p-value* 
High Activity (n=30) Low Activity (n=30) 

Listen (L)   1 (3.3%) 0 1.00 (NS) 

Vocals (V)   1 (3.3%) 0 1.00 (NS) 

Vocals, Listen (V, L) 11 (36.7%) 20 (66.7%) 0.02 (S) 

Vocals, Plays Instrument (V, P)   3 (10.0%)   5 (16.7%) 0.70 (NS) 

Vocals, Plays Instrument, Listen (V, P, L) 14 (46.7%)   5 (16.7%) 0.01 (S) 

Number of years of Formal Musical Training 

<5 years 

>5 years 

None 

  

 9 (30.0%) 

11 (36.7%) 

10 (33.3%) 

  

  3 (10.0%) 

  8 (26.7%) 

19 (63.3%) 

  

  

0.04 (S) 

Table 7. Musical Activity Participated In and Number of years of Formal Musical Training Between the High 

and the Low Activity Groups  

* p-values >0.05- Not significant;  p-values ≤0.05-Significant 

 Table 8 shows the correlation of musical activity participated in with executive functioning subtest, total 

MoCA, PVFT, SVFT, DFT, SW, SC, and SCW scores. The results showed that there was no significant associations 

noted as proven by all p values >0.05 except for SCW (p=0.05).  

  

Musical Activity Participated In 

*p value Listen (L) 

(n=1) 

Vocals (V) 

(n=1) 

Vocals, 

Listen (VL) 

(n=31) 

Vocals, 

Plays Music (VP) 

(n=8) 

VPL 

(n=19) 

EF 

4/5 

5/5 

  

0 

1 (100%) 

  

0 

1 (100%) 

  

3 (9.7%) 

28 (90.3%) 

  

1 (12.5%) 

7 (87.5%) 

  

6 (31.6%) 

13 (68.4%) 

  

0.33 (NS) 

MOCA 

Mean ± SD 

Median 

  

30 ± 0 

30 

  

30 ± 0 

30 

  

28.77 ± 1.28 

29 

  

28.38 ± 1.50 

28 

  

27.90 ± 2.33 

28 

  

0.34 (NS) 

PVFT 

0 

1 

  

0 

1 (100%) 

  

0 

1 (100%) 

  

8 (25.8%) 

23 (74.2%) 

  

0 

8 (100%) 

  

3 (15.8%) 

16 (84.2%) 

  

0.48 (NS) 

SVFT 

0 

1 

  

0 

1 (100%) 

  

0 

1 (100%) 

  

0 

31 (100%) 

  

2 (25%) 

6 (75%) 

  

1 (5.3%) 

18 (94.7%) 

  

0.08 (NS) 

DFT 

0 

1 

  

1 (100%) 

0 

  

0 

1 (100%) 

  

28 (90.3%) 

3 (9.7%) 

  

7 (87.5%) 

1 (12.5%) 

  

14 (73.7%) 

5 (26.3%) 

  

0.10 (NS) 

SCW 

Mean ± SD 

Median 

  

80 ± 0 

80 

  

72 ± 0 

72 

  

57.42 ± 7.38 

54 

  

56.75 ± 5.01 

55 

  

60.95 ± 7.55 

58 

  

0.05 (S) 

SC 

Mean ± SD 

Median 

  

34 ± 0 

34 

  

40 ± 0 

40 

  

39.71 ± 8.91 

40 

  

37.25 ± 11.71 

35 

  

42.84 ± 8.80 

46 

  

0.56 (NS) 

SW 

Mean ± SD 

Median 

  

40 ± 0 

40 

  

44 ± 0 

44 

  

52.52 ± 11.88 

50 

  

53.50 ± 9.06 

58 

  

52.42 ± 12.12 

56 

  

0.68 (NS) 

Table 8. Correlation of Musical Activity Participated In and the Test Scores of Executive Functioning subtest (EF), 

MoCA, Phonemic Verbal Fluency Test (PVFT), Semantic Verbal Fluency Test (SVFT), Design Fluency Test (DFT), 

Stroop Word Test (SW), Stroop Color Test (SC) and Stroop Color-Word Test (SCW) 
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 Table 9 shows the correlation of formal musical training with executive functioning subtest, MoCA, PVFT, 

SVFT, DFT, SW, SC, and SCW scores. The results showed that there was no significant associations noted as proven 

by all p values >0.05 except for SCW (p=0.05).  

  Formal Musical Training *p value 

<5 

(n=12) 

>5 

(n=19) 

None 

(n=29) 

EF 

4/5 

5/5 

  

1 (8.3%) 

11 (91.7%) 

  

5 (26.3%) 

14 (73.7%) 

  

4 (13.8%) 

25 (86.2%) 

  

0.36 (NS) 

MOCA 

Mean ± SD 

Median 

  

27.83 ± 2.79 

28 

  

28.78 ± 1.27 

28 

  

28.55 ± 1.40 

28 

  

0.67 (NS) 

PVFT 

0 

1 

  

2 (16.7%) 

10 (83.3%) 

  

3 (15.8%) 

16 (84.2%) 

  

6 (20.7%) 

23 (79.3%) 

  

0.90 (NS) 

SVFT 

0 

1 

  

1 (8.3%) 

11 (91.7%) 

  

2 (10.5%) 

17 (89.5%) 

  

0 

29 (100%) 

  

0.22 (NS) 

DFT 

0 

1 

  

9 (75.0%) 

3 (25.0%) 

  

16 (84.2%) 

3 (15.8%) 

  

25 (86.2%) 

  4 (13.8%) 

  

0.68 (NS)   

SCW 

Mean ± SD 

  

62.50 ± 10.20 

  

60.63 ± 7.72 

  

56.62 ± 6.14 

  

0.05 (S) 
  

SC 

Mean ± SD 

  

42.50 ± 9.84 

  

39.78 ± 9.70 

  

39.69 ± 8.76 

  

0.65 (NS) 
  

SW 

Mean ± SD 

  

53.16 ± 9.70 

  

50.21 ± 11.98 

  

53.24 ± 11.88 

  

0.64 (NS) 
  

Table 9. Correlation of Formal Musical Training and the Test Scores of Executive Functioning subtest (EF), 

MoCA, Phonemic Verbal Fluency Test (PVFT), Semantic Verbal Fluency Test (SVFT), Design Fluency Test 

(DFT), Stroop Word Test (SW), Stroop Color Test (SC) and Stroop Color-Word Test (SCW) 

* p-values >0.05- Not significant;  p-values ≤0.05-Significant 

DISCUSSION 
 

This study examined the executive functioning 

skills of healthy, musically inclined subjects and corre-

late them with the number of activities of musical par-

ticipation and the number of years of formal musical 

training. The results of the study revealed significant 

differences between musicians and non-musicians on 

measures of verbal and design fluency tests and color-

word interference test.   

 

 Tests of verbal fluency assess cognitive func-

tioning and involve associative exploration and retrieval 

of words based on phonemic or semantic criteria 

(phonemic and semantic fluency, respectively), usually 

conducted in the setting of a time constraint (60 sec-

onds). These measures are considered to impose 

comparable demands upon executive or supervisory 

processes because both require efficient organization 

of verbal retrieval and recall, as well as self-monitoring 

aspects of cognition (the participant must keep track 

of responses already given), effortful self-initiation, 

and inhibition of responses when appropriate. In this 

study, there was a noted significant difference in the 

performance in the verbal fluency tests among the 

three groups however, the results were not significant 

when correlated with musical participation and years 

of formal training.  
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 Another type of fluency that has been stud-

ied is design fluency, which is measured by a patient‟s 

ability to generate a series of novel (i.e., nonrepeat-

ing), abstract designs. Impairment on the design flu-

ency test or DFT was specific to patients with exci-

sions involving the right frontal lobes, and further 

suggested that the right central region was particu-

larly important in design fluency. The unstructured 

nature of the DFT, while complicating scoring, may 

increase sensitivity to frontal lobe mediated executive 

functions by increasing the initiation and organiza-

tion required of the patient. In this study, there was a 

noted significant difference in the performance in the 

design fluency tests among the three groups how-

ever, when correlated with musical participation and 

years of formal training, the result was not significant. 

It is important to note though that in pairwise com-

parison, there was a significant difference between 

the DFT scores of the control and high activity group. 

The right brain, often considered the more subjective 

and creative hemisphere, focuses on the melody in 

music. The left hemisphere, considered the analytical 

part of the brain, is responsible for the understanding 

of musical structure and motor skills, such as playing 

the violin 
37

. Since the DFT tests the right frontal lobe 

specifically, high activity participants were able to 

perform better.  

 

 Stroop test is a reliable measure of executive 

function that requires cognitive flexibility, selective 

attention, cognitive inhibition, and information proc-

essing speed. There was a noted significant difference 

between the scores of the three groups that was also 

evident when pairwise comparison was done. It was 

significant specifically when measuring color word 

interference or stroop color-word (SCW). This differ-

ence was also evident when correlated with years of 

formal musical training and musical participation. 

Interestingly, a previous study showed that profes-

sional musicians had significantly smaller color-word 

interference effects in the Stroop task 
33

. This reflects 

an enhanced selective processing, automaticity, and 

inhibitory control of the study group. 

 

 The results of this study reveal that the years 

of engagement in musical activities is associated with 

better performance on tests of executive functioning, 

specifically cognitive flexibility. Furthermore, it is also 

conceivable that sustained musical activity in ad-

vanced age may maintain cognitive flexibility. Also, 

this study may suggest that musicians have cognitive 

advantages that may potentially provide cognitive 

reserve in advanced age. However, future investiga-

tions are needed to explore the mediating factors 

and neural mechanisms. There is growing evidence 

that lifestyle factors, including stimulating cognitive 

and leisure activities, may impact “cognitive reserve” 

and postpone the onset of Alzheimer‟s disease and 

other dementias. The reasons why musicians outper-

form non-musicians are unclear from our findings, 

although it may be considered that musical training 

serves as additional education. Educational attain-

ment has been reported to retard cognitive decline in 

advanced age and has demonstrated differences in 

recruitment of networks during memory tasks provid-

ing greater compensation 
37

.  

 

CONCLUSION 
 

 Executive function skills of musicians, specifi-

cally cognitive flexibility, cognitive inhibition, selective 

attention and information processing speed are en-

hanced when compared with non-musicians and this 

is influenced by the number of years of formal musi-

cal training and the number of musical activities par-

ticipated in.  
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