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Improvement by music therapy to the cognitive

functions and depression of the elderly

In Sil Hong
Interdisciplinary postgraduate program in biomedical engineering graduate school

Cheju National University

Music therapy is a psychical therapy which can be used to improve cognitive
functions and depression. The elderly are exposed to the environment easily
leading them to dementia, and, as the disease progresses, decline of the
cognitive functions makes them difficult in daily life. The present study has
investigated if a songwriting and a concert-oriented music therapy (COMT)
improve the depression and cognitive functions of the elderly. The study is
divided into 3 parts, (a) a songwriting to improve the cognitive functions of the
elderly with dementia, (b) a COMP for improving the depression of the elderly,
and (c) correlation between brain waves and the questionnaire based tests used
in the present study and specially designed for the elderly - MMSE-K (Mini
Mental State Examination-Korea) for assessing cognitive functions and GDS-K
(Geriatric Depression Scale in Korea) for scaling depression.

In order to explore the effects of songwriting on the cognitive functions of the
elderly with dementia, the experiment was performed to 30 participants housed
in a nursing home and capable of having group activities and communication.
The subjects were divided into 2 groups, the control and experimental, each of
which had 15 participants randomly allocated. The songwriting program
consisted of topic discussion, fill-in-the-blanks, lyrics rewriting, singing, singing
with instruments, singing with movements and making games with songs. One

session of the songwriting program for 60 minutes was performed every week

_ix_



and the intervention continued for 16 weeks from 25 August to 8 December
2007. Fee time was given to the control group while the session was in
progress. Cognitive functions was assessed by a questionnaire test MMSE-K
consisting of 5 sub-items - orientation, memory, attention & calculation, language
function, and comprehension & judgement. The experimental results show that
the average MMSE-K score for the experimental group increased by 3.8 points
(26.0%) from 14.6 to 18.4 (t=-17.076, p<0.001), while that of the control group
decreased by 0.87 (5.8%) from 1500 to 1413 (t=4.026. p<0.01). In the
sub-domains of language function, orientation, and memory, the scores were
increased by 40.4%, 22.2%, and 15.8%, respectively. But no significant statistical
differences were seen in the domains of attention & calculation and
comprehension & judgement. It was verified that the songwriting intervention
significantly improved MMSE-K scores of the elderly with dementia, namely,
their cognitive functions.

The present study has newly introduced a concert oriented music therapy
(COMT) which was an active type of music therapy contrasting to existing
popular passive music therapy. Its effects on depression was tested to 67 elderly
people being taken care of in a nursing home. The participants were divided
into 2 groups, the control and experimental, to which 32 and 35 participants
were respectively randomly allocated. The COMT program lasting for 60 minute
was applied to the experimental group once a week and continued for 32 weeks
from 22 March to 25 October 2006. Free time was give to the control group
during the intervention session. The COMT was composed of singing, playing a
instrument, and music and movement. The program was divided into Stage 1
(preparing and scrutinization) and Stage 2 (planing, performance and evaluation).
The level of depression was assessed by a questionnaire test GDS-K designed for
the elderly. The experimental results show that the average GDS-K score of the
subjects participated in COMT program decreased by 5.18 points (25.5%) from
20.34 to 15.16 (t=32.759, p<0.001), while that of the control group increased by
0.60 points from 20.29 to 20.89 (t=-5.878, p<0.001). It was confirmed that the



COMT program first conducted in this study as an active music therapy
technique, significantly increase the GDS-K scores of the elderly.

In order to test the reliability of the questionnaire tests (MMSE-K and GDS-K)
used in the study, correlation analysis was conducted between scores by the
questionnaire tests and brain waves. Brain waves were measured for 28 elderly
subjects by PolyG-I (Laxtha Inc, Daejeon, Korea). According to the international
standards 10-20, electrodes were attached to FP1 & FP2(Prefrontal), F3 &
F4(Frontal), T3 & T4(Temporal), and P3 & P4(Parietal), through which 8 channel
brain waves were recorded for the reference electrode at the right ear. The
results showed that MMSE-K was most closely related to PAF (peak alpha
frequency) and relative theta. It was seen that MMSE-K score had a positive
correlation with PAF and a negative correlation with relative theta. GDS-K had a
statistically meaningful correlation with Al and A2 asymmetry index calculated
for the brain waves from Parietal (r=-0.49, p<0.05). These indicate that Al and
A2 asymmetry index of Parietal can be used for assessing depression of the
elderly.

It is concluded that the songwriting intervention tested in the present study
improved the cognitive functions of the elderly with dementia, and the COMT
program newly developed in this study as an active type music therapy also
significantly relieved the depression symptoms of the elderly. A statistical
correlation was proven between brain waves and the questionnaire tests used in

the study for assessing cognitive functions and depression.

Key words: songwriting, concert oriented music therapy, COMT, the elderly,
cognitive functions, dementia, depression, MMSE-K, GDS-K, EEG
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Table 2.2.1 Demographic data, types of dementia and MMSE-K scores of the

subjects.
Sex Age Dementia type Education MMSE-K
Group
/person  (aver) /person level/person (aver)
Alzheimer 13
. Uneducated 12
Treated Parkinson 1
F/15 81 4-6 years 2 14.6
group Vascular
. 7-9 years 1
dementia 1
Alzheimer 13
Control F/13 Uneducated 14
71 Vascular 15.0 (
group M/2 7-9years 1

dementia 2

MMSE-K; Mini Mental State Examination-Korea
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Table 2.2.2 Songwriting program conceived for improvement of  cognitive
functions.
Stage Topics Aims Activities
~_|*Understa
Prelimi| . *Rapport between a .
nding a ) *Understanding preferred songs by
nary therapist and )
preferred . subjects
stage subjects
song
o xDiscussion of the past experiences
*Reminiscence of .
\ and everyday lives related to
) the past experiences e S .
Stage |*Topic cognitive functions (reality
] ~ Jand events ) 4
1 discussion o orientation, memory, language,
xSystematization of ; '
y attention, calculation, and
the past lives i
comprehension)
*Motivating through
the fill-in—the- *A therapist leaves blanks in the
blanks activity middle of the lyrics intentionally.
using one's own *Qrientation: Fill in the blanks
words using the words related to time,
*Understanding space, and person and rewriting the
practical issues lyrics
Fill-in—t related to one's own|*Memory and language function:
*Fill-in—
situation Fill in the blanks using the words
Stage |he-blanks . . .
) *Improving a related to everyday life, pictures,
2 |x*Lyrics . . .
o linguistic ability and instruments
rewriting

through repetitive
word expression
*Situation—suitable
comprehension and
problem-solving
*Encouraging
subjects emphasizing

their strengths

*Attention and calculation:
Calculating numbers and rewriting
the lyrics with words and simple
sentences

*Comprehension and judgement:
Rewriting the lyrics with various

situations through one's own words
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*Understanding the

concept of numbers

*Singing |through performance [*Singing a song rewritten by
*Singing |numerals oneself
with *Remembering *Performing with rhythms
instrumen |contents of the emphasizing contents of the written
Staged |ts rewritten lyrics lyrics
*Singing |*Improvement of *Expressing the contents related to
with senses through the lyrics by acting
movement|performance and *Introducing one's own contents to
S acting group members
*Arousing social
interest
+*Adding the contents of cognitive
*Recreating one's functions to the lyrics
own expressions *Adapting rhythm performance
*Making [*Playing the according to the lyrics, numbers,
games assigned role, and order
Staged | . ! f .
with following the *Playing a role assigned to each
songs instructions small group or individual

*Improvement of

concentration

x*Singing a song, performing, and
acting in a group or individually,

following the instructions

- 23



Topic discussion for
cognitive functions

|

Singing with e Singing with
instruments Singing movements
\ v

Making games
with songs

Figure 221 Configuration of the songwriting program wused for improving

cognitive functions.
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Table 2.3.1 T-test on MMSE-K scores (meantSD) of between the treated and

control group before intervention.

Treated Group (N=15) Control Group (N=15) t
14.60+2.971 15.00£3.047 -.364
p>0.05
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Table 2.3.2 T-test on MMSE-K scores (meaniSD) of the treated and control

groups before and after intervention.

Treated Group (N=15)

Control Group (N=15)

Before After t Rate® Before After t Rate™
14.60 18.40 i 15.00 14.13 .

-17.076 26.0 4.026 -5.8
+2.971 £2.995 +3.047 +2.949

*p<0.01, **p<0.001.

b3 .
percentage rate of improvement.
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Figure 23.1 Changes in average MMSE-K scores of the treated and control

group before and after treatment.

_29_



Table 2.3.3 Changes in scores (meantSD) of the sub-items of MMSE-K of the

treated and control group before and after treatment.

Sub-items Treated Group (N=15) Control Group (N=15)
(score) Before After t Rate® Before After t
Orientation 5.73 7.00 . 6.13 5.67
-6.971 22.2 2.824
(10) +1.668 *1.464 +1.246 +1.113
Memory 5.07 5.87 . 4.80 4.73
-4.000 15.8 1.000
(6) +0.884 £0.352 +0.676 *0.704
Attention and
) 0.13 0.40 0.33 0.27
Calculation -2.256 1.000
5) +0.352 £0.507 +0.488 +0.458
Language
) 2.80 3.93 2.93 2.73
Function -5.906 40.4 1.382
) +0.676 £1.033 +0.704 +0.704
Comprehension
i 0.87 1.20 0.80 0.80
and judgement -2.646
@ +0.640 £0.676 +.775 £0.775

*p<0.01, **p<0.001.

b3 .
percentage rate of improvement.
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Figure 23.2 Changes in average score of the sub-items of MMSE-K of the
treated (TG) and control group (CG) before and after treatment. (a) orientation,
(b) memory, (c) attention & calculation, (d) language function, (e) comprehension

& judgment..
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Table 2.3.4 Topics of each cognitive function for discussion.

Cognitive . . .
) Topics for discussion
functions
Practical issues, such as time, places (home), persons
Orientation (family, friends, staffs of a nursing home), weather,
season, and occupation
Birthday, family, occupation, marriage, clothes,
traditional games, residental environments, family
Memory,

~|matters, things for everyday life, animals and plants,
language Function ! | )
color, figure, size, space, money, holiday,

transportation, hobby, etc.

Attention and |The concept of numbers (age, birthday, the number of

calculation performance times), changing or finding words

Remembering, explaining experiences, explaining others'
Comprehension |behavior, explaining a use of an object, expressing
and judgement |emotion (love, concern, longing, sorrow, missing,

health, manners, gratitude, waiting)
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Table 3.2.1 Demographic and clinical and educational data of the subjects.

Control
Treated Group Total
Group <2(p)
N (%) N (%) N (%)
Female 24 (75.0) 30 (85.7) 54 (80.6) 1997
Sex '
Male 8 (2500 5 (143) 13 (19.4) (:268)
50-70 5 (15.6) 5 (14.3) 10 (14.9)
A 70-80 17 (53.1) 19 (B4.3) 36 (53.7) vzd
e - g . )
s (.988)
80-100 10 IS B, (W V1 (31.3)
Dementia 7 (16.3) 10 (20.0) 17 (18.3)
Physical
§ 22 (51.2) 23  (46.0) 45 (48.4)
1llness
Crippled
_ - e\ \" (= B/ 6.0 R = @6
Diseases disorder 5.065
# Mental (.408)
) 5 (11.6) 4 (8.0) 9 (9.7) :
retardation
Bedridd
k lfl B 4 (8.0) 4 (4.3)
patients
CVA 4 (9.3) 6 (12.0) 10 (10.8)
(100.0
Uneducated 27 (84.4) 35 ) 62 (92.5)
Education  4-6 years 2 (6.3) 2 (3.00 5910
level (.116)
7-9 years 2 (6.3) 2 (3.0)
10-12 years 1 (3.1 1 (1.5)

*Multiple responses.

CVA: Cerebral vascular accident.
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Table 3.2.2 COMT program designed for relieving symptoms of depression of

the elderly.

Stage Topic Aims Activities
*Rapport between
a therapist and
Understan
. subjects .
ding a . *Expressing one's own thoughts
*Understanding .
preferred _ and feelings through a song
feelings and
P .|song
repari thinking of the
ng subjects
xDiscerning
. [ istening to music chosen by
) : emotions :
Listening . subjects
~ |expressed in a j . _
to music xDiscussing emotions occurred
song and one's
: to one's mind
own emotions
*Expressing *Discussing topics of the
Stage negative and subjects' mental issues
1 positive feelings |[*#Filling in the blanks in a song
*Understanding to mental issues or rewriting a
oneself and others |song
Songwriti |*Expressing and  |[*Introducing the created
) ng expanding one's contents to group members
Explori
own creation *Singing, performing, and acting
ng
(song, the rewritten or particular parts
performance, In a song
movements, and *Playing a game with a song
game) written by subjects
Experienc|*Interest and *Singing a song and musical
ing concern activities (Freely experiencing
musical [*New experience [singing a song, playing a
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musical instrument, and acting

Stage

activities with a song through the
songwriting activity)
*Choosing either individual or
o group work
Designing |*Improvement of

*Deciding the sequence of

a team spirit and
o performance
program |sociality o .
*Deciding items needed for the
Planin performance
& Selecting *Deciding the music for a
the music performance
and type [*Attempting a new |*Singing a song, playing a
of a plan musical instrument, and selecting
performan the music and movements
ce *Selecting a musical instrument
*Singing a song: Practicing deep
breathing, practicing correct
pronunciation in a loud voice,
understanding rhythms of a
*Conveying song, listening to the voice of
feelings of a oneself and others, and singing
performance a song with accompaniment
Perfor *Improvement of [*Playing a musical instrument:
Practicing
mance concentration, Relaxing muscles, learning how
memory, to play a musical instrument,

responsibility, and

team spirit

understanding which parts
should be performed, listening to
sounds from one's own musical
instrument and those of others,
and playing a musical instrument

to the rhythms
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*Music and movements: Relaxing
muscles, moving one's body to
the rhythms of the music, and
learning the order of the

movements

Rehearsal
for the

concert

*Discovering the
new oneself
*Understanding
the importance of
the roles of
oneself

*Arousing interest
through the stage

experience

*Experiencing the real situation
of the concert

*Practicing how to relax the
tension

*[Learning the sequence of the
concert

*earning the stage manners
*Decorating oneself with clothes

and items for the concert

Concert

*Improvement of
self-esteem
*New

understanding of

*Subjects as the center of the
stage

*Expressing oneself to others
with the music

*Change from the audience to

the worth of performers
oneself *A return courtesy for applause
from the audience

xDiscerning

Establish *Discussing experience of the

Evalua oneself
ment of a concert
tion *Promoting a

new plan

desire for a life

*Designing a new plan for a life

COMT: Concert Oriented Music Therapy.
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Table 3.2.3 Numbers of questions in each factor of GDS-K (Geriatric Depression

Scale in Korea).

Number
of the Question numbers
questions
Anti-vitality factor 10 19, 21, 9, 5, 30, 7, 27, 29, 15, 1
) 16, 25, 24, 17, 6, 22, 4, 11,
Depression factor 16
10, 23, 13, 18, 3, 8, 28, 12
Cognitive function
4 2. 20, 26, 14

factor
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Table 3.2.4 Procedures of concert oriented music therapy.

Stage 2
Stage 1 ) ]
Before test ) Interim test (Planing, After test
(Preparing,
(GDS-K) . (GDS-K) |Performance,| (GDS-K)
Exploring) }
Evaluation)
) 2006. 2006. 2006. 2006. 2006.
Period
3/15~3/21 3/22~ 7/26 7/31~8/5 8/9~10/25 |10/26~10/31
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Table 3.3.1 T-test on GDS-K scores (mean+SD) between the treated and control

group before intervention.

Treated Group (N=32) Control Group (N=35) t
20.34£1.428 20.29£1.690 0.151
p>0.05
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Figure 3.3.1 Average GDS-K scores of the treated and control group before

treatment.
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Table 3.3.2 T-test on GDS-K scores (mean*SD) of the treated and control groups

before and after intervention.

Treated Group (N=32) Control Group (N=35)
Before After t Rate® Before After t Rate™
20.34 15.16 20.29 20.89

32.759" -25,5 -5.878" 3.0

+1.428 +1.629 £1.690 41937

**5<0.001.

b3 .
percentage rate of improvement.
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Figure 3.3.2 Changes in average GDS-K scores of the treated and control group

before and after treatment.
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Table 3.3.3 Changes in GDS-K scores (meantSD) of different age bands before

and after the COMT intervention.

Age N Before After t
50-70 5 20.00£2.121 15.00+1.581 15.8117
70-80 17 20.59+1.372 15.29+1.724 22.156™
80-100 10 20l GFR BHOW 15.00+1.633 18.419™

*+5<0.001.
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Figure 3.3.3 Changes in average GDS-K scores of different age bands before and

after the COMT intervention.
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Table 3.3.4 Changes in GDS-K scores (meant+SD) of the subjects with different

types of disease before and after the COMT intervention.

Diseases N Before After t
Dementia 7 20.43£1.618 15.294+1.976 15.123"
Physical illness 22 20.45+1.535 15.14+£1.726 27.911™
Crippled "
] 5 21.00£1.414 15.60%£1.673 22.045
disorder
Mental 15.60%£1.342 .
) 5 20.40%+1.140 9.798
retardation
CVA 4 22.25%£0.500 17.50%£1.291 9.922°

*p<0.01, **p<0.001.

*Diseases: multiple responses by subjects, CVA Cerebral Vascular Accident
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Figure 3.3.4 Changes in mean GDS-K scores of the subjects with different types
of disease before and after the COMT intervention (Dem: Dementia, PC: Physical
lllness, CD: Crippled Disorder, MR: Mental Retardation, CVA: Cerebral Vascular

Accident).
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Table 3.3.5 Changes in GDS-K scores (meant+SD) of the subjects with different

types of performance obtained at the time after the stage 1 and stage 2 of

COMT program.

Type of N Interim test After test t Rate™
performance

Singing 11 18.90+1.792 15.70+1.418 12.829" -16.9
Playing a 10 18.2041.932 14.90+2.025 21.604™ -18.1
mstrument
Music and 11 17.91+1.446 14.73+1.348 14.056™ -17.8
movements

*p<0.001.

Percentage rate of improvement.
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Figure 3.3.5 Comparison of GDS-K scores for treated group by subject

performance types (before and after treatment).
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Table 3.3.6 Changes in scores (meantSD) of the sub-factors of GDS-K of the

treated and control group before and after COMT intervention.

Treated Group (N=32) Control Group (N=35)
Factor
Before After t Before After t
Anti-vitality 7.41 6.50 o 6.71 7.03
8.718 -2.588
factor +1.187 +1.077 +1.073 +0.984
Depression 8.97 6.16 . 9.57 9.89 .
13.223 -2.750
factor +2.071 +1.725 +1.960 +1.982
Cognitive
] 3.97 2.50 . 4.00 3.97
function 14.652 1.000
+0.177 +0.508 +0.000 +0.169
factor

*p<0.01, **p<0.001.
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Figure 3.3.6 Changes in average scores of each sub-factor of GDS-K of the

treated and control group before and after COMT intervention.
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Table 3.3.7 Changes in scores (meantSD) of GDS-K of the treated and control

group before and after of the stage 1 and stage 2 of COMT program.

Treated Group (N=32)

Control Group (N=35)

Stage
Before After t Before After t
Stage 1
] 20.34 18.38 o 20.29 20.49
(Preparing, 16.027 -1.871
) +1.428 +1.718 +1.690 +1.837
Exploring)
Stage 2
(Planing, 18.38 15.16 20.49 20.89 »
27.624 -3.919
Performance, =+1.718 +1.629 +1.837 +1.937
Evaluation)
**p<0.001.
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Figure 3.3.7 Comparison of average GDS-K scores between treated and control
groups in before and after Stage 1 and Stage 2 of COMT (before- before Stage
1, Interim-after stage 1 or before stage, After- after stage 2).

Changes in average scores of GDS-K of the treated and control group measured
before the stage 1 (before), before (intermediate) and after the stage 2 of COMT

intervention (after).
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Table 4.2.1 Statistical descriptions of the subjects.

Accumulated
Sex Frequency Percentage
percentage
Male 8 28.571 28.571
Female 20 71.429 100.000
Total 28 100
Accumulated
Age Frequency Percentage
percentage
50-60 1 3.571 3.571
60-70 13 46.429 50.000
70-80 S 10.714 60.714
80-90 8 28.571 89.286
90-100 3 10.714 100
Total 28 100
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Figure 4.2.1 A photograph (upper panel) of PolyG-I (Laxtha Inc, Daejeon, Korea)
used in the present study for recording brain waves and a notebook computer

(lower panel) which collects and processes raw data.
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Figure 4.2.2 International 10-20 standard for locating electrodes for recording
brain waves (FP: Prefrontal, F: Frontal, T: Temporal, P: Parietal) (a) top view,

(b) side view.
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Figure 4.2.3 Typical brain waves recorded through each channel (1-8).
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Figure 4.2.4 Typical power spectra of brain waves, illustrating peak frequency

positioned generally between 4-13Hz, where the magnitude is
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Figure 4.25 Graphical demonstration of SEF (Spectral Edge Frequency). The
power integrated from the lowest frequency to SEF has 50% or 90% of the total
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Table 4.3.1 Statistical description on MMSE-K and GDS-K scores of the subjects.

Minimum Maximum

Variable Subjects Mean SD
value value

MMSE-K 28 11 29 22.75 5.86

GDS-K 18 12 20 15.39 2.75
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Table 4.3.2 Correlation coefficients between MMSE-K scores and the relative theta

measured at the 8 sites of FP1, FP2, F3, F4, T3, T4, P3 and P4.

Relative theta

FP1 FP2 F3 F4 T3 T4 P3 P4

Pearson

correlation -0.838 -0.853 -0.626 -0.697 -0.822 -0.801 -0.742 -0.714
coefficient

P_Value T3 ok ok T3 T3 ok ok T3

) 0.000" 0.000™" 0.000" 0.000" 0.000" 0.000™" 0.000™ 0.000
(2-tailed)

N 28 28 28 28 28 28 28 28
Kendall

M tau_b

. -0.592 -0.645 -0.394 -0.465 -0.495 -0.448 -0.418 -0.416
M correlation
coefficient

E P_Value £ *k *k sk sk Hk Hk sk

) 0.000™ 0.000™" 0.004™ 0.001" 0.000" 0.0017 0.002™ 0.003
(2-tailed)

K N 28 28 28 28 28 28 28 28
Spearman

rho

. -0.792 -0.824 -0.527 -0.637 -0.645 -0.613 -0.598 -0.578
correlation
coefficient

P_Value £ Hk Hk £ £ Hk Hk £

) 0.000™ 0.000™ 0.004™ 0.000™ 0.000™ 0.001™ 0.001™ 0.001
(2-tailed)

N 28 28 28 28 28 28 28 28

*+5<0,01.
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Figure 4.3.1 Scatter plots of MMSE-K scores against the relative theta measured

at the 8 sites of (a) FP1, (b) FP2, (c) F3, (d) F4, (¢) T3, () T4, (g) P3 and (h) P4.
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Table 4.3.3 Various correlation coefficients between MMSE-K scores and the

relative alpha measured at the 8 sites of FP1, FP2, F3, F4, T3, T4, P3 and P4.

Relative alpha

FP1 FP2 F3 F4 T3 T4 P3 P4

Pearson
correlation 0.686 0.622 0.632 0.536 0.603 0.372 0.427 0.468
coefficient

P-value

) 0.000™ 0.000" 0.000 0.003" 0.001™ 0.051 0.023" 0.012"
(2-tailed)

N 28 28 28 28 28 28 28 28

Kendall
M tau_b
M correlation

0.532 0.4778 0.445 0.412 0.412 0.232 0.259 0.341

fficient
S coefficien
E P-value - - *
) 0.000™ 0.001™ 0.001™ 0.003™ 0.003 0.091 0.059 0.013
(2-tailed)
K N 28 28 28 28 28 28 28 28
Spearman
rho
. 0.728 0.643 0.642 0.581 0.584 0.350 0.382 0.468
correlation
coefficient
) 0.000™ 0.000™ 0.000™ 0.001™ 0.001 0.068 0.045" 0.012
(2-tailed)
N 28 28 28 28 28 28 28 28

*p<0.05, **p<0.01.
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Figure 4.3.2 Scatter plots of MMSE-K scores against the relative alpha measured

at the 8 sites of (a) FP1, (b) FP2, (c) F3, (d) F4, (¢) T3, () T4, (g) P3 and (h) P4.
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Table 4.3.4 Various correlation coefficients between MMSE-K scores and the

relative beta measured at the 8 sites of FP1, FP2, F3, F4, T3, T4, P3 and P4.

Relative beta

FP1 FP2 F3 F4 T3 T4 P3 P4

Pearson
correlation 0.431 0.449 0.250 0.311 0.660 0.637 0.499 0.308
coefficient

P-value

] 0.022° 0.017° 0.199 0.107 0.000™ 0.000"™ 0.007" 0.112
(2-tailed)

N 28 28 28 28 28 28 28 28

Kendall
M tau_b
M correlation

0.248 0.270 0.085 0.139 0.401 0.374 0.341 0.161

fficient
S coefficien
E P-value - "
) 0.070 0.049° 0.537 0.311 0.003™ 0.006™ 0.013" 0.241
(2-tailed)
K N 28 28 28 28 28 28 28 28
Spearman
rho
. 0.378 0.386 0.101 0.179 0.566 0.510 0.449 0.195
correlation
coefficient
) 0.048" 0.043" 0.608 0.362 0.002™ 0.006™ 0.017° 0.319
(2-tailed)
N 28 28 28 28 28 28 28 28

*p<0.05, **p<0.01.
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Figure 4.3.3 Scatter plots of MMSE-K scores against the relative beta measured at
the 8 sites of (a) FP1, (b) FP2, (c) F3, (d) F4, (e) T3, (f) T4, (g) P3 and (h) P4.
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Table 4.3.5 Various correlation coefficients between MMSE-K scores and the

relative gamma measured at the 8 sites of FP1, FP2, F3, F4, T3, T4, P3 and P4.

Relative gamma

FP1 FP2 F3 F4 T3 T4 P3 P4

Pearson
correlation 0.311 0.325 -0.068 0.216 0.112 0.289 0.352 0.259
coefficient

P-value

] 0.108 0.092 0.730 0.270 0.572 0.135 0.066 0.184
(2-tailed)

N 28 28 28 28 28 28 28 28

Kendall
M tau_b
M correlation

0.172 0.194 -0.128 0.123 0.085 0.202 0.227 0.112

fficient
S coefficien
E P-value
) 0.210 0.159 0.350 0.371 0.538 0.141 0.099 0.415
(2-tailed)
K N 28 28 28 28 28 28 28 28
Spearman
rho
) 0.259 0.306 -0.180 0.181 0.147 0.290 0.308 0.145
correlation
coefficient
P-value
) 0.184 0.114 0.360 0.357 0.455 0.135 0.111 0.463
(2-tailed)
N 28 28 28 28 28 28 28 28
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Figure 4.3.4 Scatter plots of MMSE-K scores against the relative gamma measured at

the 8 sites of (a) FP1, (b) FP2, (c) F3, (d) F4, (e) T3, (f) T4, (g) P3 and (h) P4.

_89_




Table 4.3.6 Various correlation coefficients between MMSE-K scores and the

theta/alpha measured at the 8 sites of FP1, FP2, F3, F4, T3, T4, P3 and P4.

Theta/alpha

FP1 FP2 F3 F4 T3 T4 P3 P4

Pearson
correlation -0.724 -0.692 -0.657 -0.601 -0.746 -0.727 -0.653 -0.634
coefficient

P-value

] 0.000™ 0.000™ 0.000 0.001* 0.000™ 0.000™ 0.000" 0.000™
(2-tailed)

N 28 28 28 28 28 28 28 28

Kendall
M tau_b
M correlation

-0.631 -0.525 -0.401 -0.505 -0.516 -0.434 -0.401 -0.390

fficient
S coefficien
) 0.000™ 0.000™ 0.004™ 0.000™" 0.000™ 0.002" 0.004™ 0.005
(2-tailed)
K N 28 28 28 28 28 28 28 28
Spearman
rho
. -0.830 -0.779 -0.583 -0.697 -0.664 -0.637 -0.580 -0.548
correlation
coefficient
) 0.000™ 0.000™ 0.001™ 0.000™ 0.000™ 0.000™ 0.0017 0.003
(2-tailed)
N 28 28 28 28 28 28 28 28

#+p<0.01.
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Figure 4.3.5 Scatter plots of MMSE-K scores against the theta/alpha measured at
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Table 4.3.7 Various correlation coefficients between MMSE-K scores and the

theta/beta measured at the 8 sites of FP1, FP2, F3, F4, T3, T4, P3 and P4.

Theta/beta

FP1 FP2 F3 F4 T3 T4 P3 P4

Pearson
correlation -0.582 -0.522 -0.483 -0.501 -0.773 -0.803 -0.689 -0.573

coefficient

P-value

] 0.001™ 0.004™ 0.003™ 0.007" 0.000™ 0.000™ 0.000" 0.001™
(2-tailed)

N 28 28 28 28 28 28 28 28

Kendall
M tau_b
M correlation

-0.494 -0.494 -0.259 -0.352 -0.445 -0.445 -0.434 -0.330

fficient
S coefficien
) 0.000™ 0.000 0.059 0.010" 0.001™ 0.001™ 0.002" 0.016
(2-tailed)
K N 28 28 28 28 28 28 28 28
Spearman
rho
. -0.681 -0.686 -0.364 -0.503 -0.622 -0.595 -0.601 -0.460
correlation
coefficient
) 0.000™ 0.000 0.057 0.006™ 0.000™ 0.001™ 0.001" 0.014
(2-tailed)
N 28 28 28 28 28 28 28 28

*p<0.05, **p<0.01.
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Figure 4.3.6 Scatter plots of MMSE-K scores against the theta/beta measured at

the 8 sites of (a) FP1, (b) FP2, (c) F3, (d) F4, (e) T3, (f) T4, (g) P3 and (h) P4.
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Table 4.3.8 Various correlation coefficients between MMSE-K scores and the PAF

measured at the 8 sites of FP1, FP2, F3, F4, T3, T4, P3 and P4.

PAF

FP1 FP2 F3 F4 T3 T4 P3 P4

Pearson
correlation 0.843 0.877 0.851 0.687 0.861 0.836 0.811 0.566
coefficient

P-value

) 0.000™ 0.000™ 0.000™ 0.000™ 0.000™ 0.000™ 0.000™ 0.002™
(2-tailed)

N 25 24 26 26 26 24 25 27

Kendall
M taub

. 0.582 0.650 0.581 0.467 0.609 0.562 0.646 0.446
M correlation

fficient
S coefficien
E P_Value kk 3k kk *k k% k3k k% 3k
) 0.000™ 0.000™ 0.000™ 0.0017 0.000™ 0.000™ 0.000™ 0.002
(2-tailed)
K N 25 24 26 26 26 27 25 27
Spearman
rho
) 0.752 0.800 0.748 0.638 0.774 0.721 0.816 0.560
correlation
coefficient
) 0.000™ 0.000™ 0.000™ 0.0017 0.000™ 0.000™ 0.000™ 0.002
(2-tailed)
N 25 24 26 26 26 27 25 27

** 5<0.01.
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Figure 4.3.7 Scatter plots of MMSE-K scores against the PAF measured at the 8

sites of (a) FP1, (b) FP2, (c) F3, (d) F4, (e) T3, (f) T4, (g) P3 and (h) P4.
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Table 4.3.9 Various correlation coefficients between MMSE-K scores and the SEF

measured at the 8 sites of FP1, FP2, F3, F4, T3, T4, P3 and P4.

SEF

FP1 FP2 F3 F4 T3 T4 P3 P4

Pearson
correlation 0.556 0.487 0.521 0.390 0.413 0.408 0.762 0.587
coefficient

P-value

] 0.002™ 0.009™ 0.005™ 0.040" 0.029" 0.031" 0.000™ 0.001™
(2-tailed)

N 28 28 28 28 28 28 28 27

Kendall
M taub
M correlation

0.498 0.434 0.383 0.461 0.461 0.306 0.541 0.358

fficient
S coefficien
E P_Value kk 3k kk *k k% * k% 3k
) 0.000™ 0.002™ 0.005™ 0.0017 0.001™ 0.026" 0.000™ 0.009
(2-tailed)
K N 28 28 28 28 28 28 28 27
Spearman
rho
) 0.701 0.593 0.563 0.664 0.637 0.452 0.731 0.494
correlation
coefficient
) 0.000™ 0.0017 0.002™ 0.000™ 0.000™ 0.016" 0.000™ 0.008
(2-tailed)
N 28 28 28 28 28 28 28 27

#+p<0.01.
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Figure 4.3.8 Scatter plots of MMSE-K scores against the SEF measured at the 8
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Table 4.3.10 Log alpha powers measured at the 8 sites of FP1, FP2, F3, F4, T3,
T4, P3 and P4 (N=18).

Prefrontal Frontal Temporal Parietal

FP1 FP2 F3 F4 T3 T4 P3 P4

Mean 5.466 5.413 6.510 6.564 5.819 4.306 8.009 7.289

SD 2.747 1.718  2.207 2425 2.067 1.648 3.305 2.723
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Table 4.3.11 Correlation coefficients between A1l and A2 measured at the 8 sites

of FP1, FP2, F3, F4, T3, T4, P3 and P4 (N=18).

) Asymmetry
Region (channel) . Mean+SD R
index
Al -0.010£0.055 e
Prefrontal(FP1 and FP2) 0.99993
A2 -0.005+0.027
Al ~0.004%0.090 .
Frontal(F3 and F4) 0.99997
A2 -0.002+0.045
Al -0.293+0.206 »
Temporal(T3 and T4) 0.99977
A2 -0.144£0.100
) Al -0.089£0.155 "
Parietal(P3 and P4) 0.99997
A2 -0.044£0.077
#5p<0.0001.
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Table 4.3.12 Correlation tests between GDS-K scores and the A2 Asymmetry
Index measured at the FP, F, T and P sites (N=18).

A2 Asymmetry Index

FP F T P

Pearson

correlation -0.020 0.205 -0.240 -0.490
coefficient

P-value .

) 0.939 0.414 0.339 0.039
(2-tailed)

N 18 18 18 18

Kendall
tau_b

: 0.062 0.007 -0.145 -0.435
correlation
coefficient

GDS-K

P-value .

: 0.729 0.969 0.419 0.015
(2-tailed)

N 18 18 18 18
Spearman

rho

. 0.099 0.000 -0.215 -0.575
correlation
coefficient

P-value .

) 0.695 1.000 0.393 0.013
(2-tailed)

N 18 18 18 18

*p<0.05.
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Table 4.3.13 Correlation test between GDS-K scores against the A2 Asymmetry

Index measured at the parietal location.

Control . .

. Variable Parietal
variable
Correlation -0.801
GDS-K P-value (2-tailed) 0.000™
df 15
Depression
Correlation 1

Parietal P-value (2-tailed)

df 0.000

*p<0.01.
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Figure 4.3.9 Scatter plot of GDS-K scores against the A2 Asymmetry index

measured at the parietal location.
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MMSE-K(Mini Mental State Examination—-Korea)
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GDS-K(Geriatric Depression Scale Korea Version)
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