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INTRODUCTION

ALZHEIMER’S DISEASE (AD) is a major health-
care problem in all countries with a sig-

nificant proportion of elderly individuals. Con-
trary to previous thinking, recent work has
shown that AD is a significant cause of de-
mentia in Japan and is currently under-diag-
nosed in favor of Vascular Dementia (VD).1,2

Generally speaking, dementia has been treated
as an incurable disease. But recently, the idea
that dementia being incurable has been erased.
The American Psycho-Medical Association has
introduced the concept of curative dementia.
Matsushita3 indicated that cerebral problems
could not be the sole reason for the onset of de-
mentia because there are psychological factors
such as psychological stress, social-environ-
mental factors such as loneliness and isolation,
mental factors, and physical factors. Kondou4

reported on risk factors of the cause of demen-
tia. This shows that there is a possibility for
cure and prevention. Kaneko5 also reported on
critical factors for the cause of dementia and in-
dicated the possibility of recovery by cerebral
activation in the early stage. Kaneko stressed
the importance of early diagnosis and early
treatment.

Currently, we don’t have a standard method

for early diagnosis. The Hamamatsu method of
early diagnosis (among many others) was the
one of the easiest methods with which to screen
the patients. This method was tested through
statistical verification. However, the Hama-
matsu method includes an active functional
questionnaire and task requirements for sub-
jects; it is not suitable for mass screening.

It is known that progress of AD is blocked
by cognitive rehabilitation and medication pro-
vided it is found in its early stages. Some of the
present authors (SK, KK, KN, KS) have been
applying active art therapy on demented pa-
tients in various levels for the past 3 years, and
have observed remarkable improvement of the
patients. Active art therapy is aimed at giving
the patients an enjoyable time by providing
strong interactions between patients and
artists. Family members are also invited to join
art workshops with the patients so that they
can enjoy oneness with the patients. The age of
the patients ranges from 50 to 80 years, and the
average is 73.2 years. They are classified as
mild (20 patients), severe (20 patients), and pre-
dementia (1 patient). There are 23 patients di-
agnosed with senile dementia of Alzheimer’s
type, 15 patients diagnosed with cerebro-vas-
cular type dementia, and 3 patients diagnosed
with pre-senile dementia of Alzheimer’s type.
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The result of the active art therapy for 1 year is
as follows: 34% of the patients were improved
(more than a 3-point increase in MMSE score6)
and 20% inclined (more than 3-point decrease
in MMSE score). The families evaluated the pa-
tients’ improvement. The evaluation per-
formed by the families rated 44% of the patients
as improved and 37% of the patients as in-
clined.

The emotional state of a patient during the
active art therapy was visualized by a new
technique called ESAM that has been devel-
oped by Musha and colleagues through
correlation analysis of electroencephalogram
(EEG).7 The emotional state is decomposed in
four basic ones, namely, (1) anger/stress, (2)
sadness/depression, (3) joy, and (4) relaxation,
and it is represented as a locus in the 4-di-
mensional emotion space that is spanned by
these four orthogonal characteristic emotional
states. As this is a kind of spectral analysis of
emotion, it is called Emotion Spectrum Analy-
sis Method or ESAM. The present article will
describe what ESAM is and some of the results
that were gained by monitoring the effect of the
emotional state of patients during the course of
the therapy.

EMOTION SPECTRUM ANALYSIS
METHOD (ESAM)

Estimation of the emotional state, in most
cases, depends on the statement of a person
under test. This is, of course, subjective and has
some unreliable characters. In demented pa-
tients, a subjective method loses reliability be-
cause it is sometimes impossible to require de-
mented patients to describe how they feel. To
remove these drawbacks, an objective method
for estimation of the emotional state is desired.
A dynamic change of the emotional state is al-
most impossible to trace in every second in a
subjective way.

The mental state, on the other hand, is re-
flected more or less in EEG, and various corre-
lation analyses of EEGs have been tried so far.
If successful, it would be reproducible and al-
low reliable dynamic tracing of an emotional
change. Several researchers challenged the de-
velopment of an objective diagnostic method.

Schellberg et al.8 made coherent analysis of
fronto-temporal and inter-hemispheric EEGs,
and compared the results with subjective rat-
ings of video films. They found that high fre-
quency EEG components were involved in the
information processing and low frequency
components in the transmission of differential
affective information.8 Hinrichs and Mach-
leidt9 made coherence-spectrum analysis on
the inter-hemispheric coupling of brain activ-
ity. They found aggression and joy to be char-
acterized by an increase of alpha-coherence. An
alpha-coherence decrease is observed for anxi-
ety and sorrow. Maremmani et al.10 found that
EEG asymmetry was attributed to anxiety.
Spectral analysis of EEG and dynamical prop-
erties of the EEG system orbiting within the at-
tractor were calculated by Aftanas et al.11 and
were found to correspond to the state of brain
activity induced by emotionally valenced video
stimuli. Field et al.12 observed the effect of mu-
sic on mood state and associated right frontal
activation with chronic depression. These stud-
ies show the existence of a relationship between
emotional states and EEGs, but nobody has
ever tried to numerically evaluate levels of var-
ious emotional states by means of EEG analy-
sis.

The state of mind surely influences EEG, and
there is a possibility of characterizing it by
properly processing EEGs. Musha et al.7 are
successful in numerical characterization of the
state of mind in terms of cross-correlation co-
efficients of EEGs recorded at 10 electrode sites
(Fp1, Fp2, F3, F4, T3, T4, P3, P4, O1, O2) on the
scalp. The result is visualized in every 5.12 sec-
onds or less. There are other possible methods
for characterizing EEG, for instance, in terms
of power spectrum analysis and channel pow-
ers together with linear and nonlinear conver-
sion of these parameters. Musha et al.7 came to
a conclusion that linear conversion of the cross-
correlation coefficients is superior to the others
because the number of parameters can be made
relatively large, which allows the researcher to
pick up a large amount of information on brain
activity. More specifically, because the number
of parameters is independent of time resolution
of emotion analysis, linear conversion is the
best method of characterizing EEG.

Because EEG is recorded with 10 scalp elec-
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trodes, we obtain 45 (10C2) cross-correlation co-
efficients in every 5.12 sec. They are evaluated
for the theta (5–8 Hz), the alpha (8–13 Hz), and
the beta (13–20 Hz) frequency bands. There-
fore, we totally obtain 135 (45 3 3) parameters,
which form a state vector. This state vector in-
cludes not only emotional states but also other
brain activities. Proper linear combination of
the 135 parameters characterizes the given ba-
sic emotional states if the coordinate transfor-
mation is properly made. We have selected
anger, sadness, joy, and relaxation as the basic
emotional states. Let their levels be denoted as
zang, zsad, zjoy, and zrelax, and let them be weighted
sums of the 135 parameters, c1, c2, . . . , c135. In
matrix form these relations are described in a
compact way as:

zang a1,1 a1,235 ? ? ? a1,135 c1 d1

zsad a2,1 a2,235 ? ? ? a2,135 c2 d2
5 3 1

zjoy d3

zrelax a135,1 a135,2 ? ? ? a135,135 c135 d4

(1)

where aij are weights on the 135 cross-correla-
tion coefficients and form an emotion matrix
and d is a constant vector.

Learning derives the emotion matrix in the
following way. A subject is instructed to keep
an image of anger and 35 state vectors are cal-
culated in 3 minutes (5.12 3 35 > 180 seconds
or 3 minutes in total), and these state vectors
are substituted in Eq. (1) as zang 5 1, zsad 5 0,
zjoy 5 0, and zrelax 5 0. As a next step, this sub-
ject makes an image of sadness to get 35 state
vectors, which again are substituted in these
equations as zang 5 0, zsad 5 1, zjoy 5 0, and zre-
lax 5 0. Then this subject makes an image of joy,
and the calculated 35 state vectors are substi-
tuted in these equations as zang 5 0, zsad 5 0,
zjoy 5 1, and zrelax 5 0. Similarly for imaging of
relaxation, we require zang 5 0, zsad 5 0, zjoy 5
0, and zrelax 5 1. The value of 1 is just for nor-
malization. These simultaneous equations are
numerically solved to obtain the emotion ma-
trix and the constant vector.

Once this emotion matrix has been obtained,
the emotional state of this subject is well esti-

mated. This emotion matrix does reasonably
estimate the emotional state of this particular
subject, but does not always correctly estimate
the emotional state of other subjects because
EEG characteristics of the basic emotional
states for different subjects are not the same. To
obtain a universal emotion matrix that is ap-
plicable to an unspecified subject, state vectors
of many different subjects (in the present case
seven subjects) corresponding to these four ba-
sic emotional states are mixed up and substi-
tuted in Eq. (1). Numerical solutions give an
emotion matrix. This universal emotion matrix
is characterized by the common nature of the
four basic emotional states over the subjects
who were involved in preparing the universal
emotion matrix. The universal emotion matrix
we have now has given mostly reasonable re-
sults.

When a subject has anger in mind, index of
anger zang increases. However, when the index
of anger is increased, it does not always mean
that the subject is angry but means that he/she
acquires mental stress or excitation. Therefore,
this index is often denoted as N1 to avoid mis-
understanding. Similarly, the index for sadness
generally specifies depression and, hence, it is
named N2. Indices for joy and relaxation are
denoted as P1 and R. When a subject has a
strong interest in a task or has curiosity on it,
N1 and P1 become larger simultaneously. Men-
tal fatigue results in elevation of N1 and N2 si-
multaneously. Thus, complex emotional states
are expressed as a linear combinations of the
four indices. By means of the multiple recur-
sive technique on which levels of these basic
emotional indices are compared with psycho-
logical statements of subjects, we can make the
dynamic display of the emotional state in more
general terms.

More electrodes would not allow a larger
number of basic emotional states to be dis-
criminated because the additional emotional
state is difficult to be made orthogonal to the
four. For instance fear is not completely or-
thogonal to anger or stress. To our experience,
it is difficult to find one orthogonal to the four.
The present method is named Emotion Spectrum
Analysis Method (ESAM) because the complex
emotional state is expressed as a spectrum of
the four basic emotional states.
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An example of ESAM is shown in Figure 1
where a subject is listening to music. This sub-
ject likes Mozart (Eine kleine Nacht Musik) bet-
ter than Enka (a style of Japanese songs Onna
no Yume). It is clearly seen that the subject
showed lower N1 (stress level) index and
higher R (relaxation) index as compared with
when he was listening to Eine kleine Nacht Musik
than listening to Enka.

THE ACTIVE ART THERAPY

ESAM is now being applied to evaluate the ef-
fect of active art therapy that has been initiated
by some of the present authors (SK, KK, KN, KS).
They selected 41 patients who had received this
treatment for 1 year. These 41 patients were cho-
sen out of a group of 118 patients who have dif-
ficulty in their daily lives because of dementia
symptoms. All of the patients in this group had

been diagnosed with dementia by the Hama-
mastu method5 and DSMV-R by the American
Psycho-Medical Association. The treatments
were both counseling for families as well as treat-
ment for the patients. For the patients, they pro-
vided creative art for recovery of communication
and identity. The purpose of the creative art is
not to make wonderful masterpieces but rather
to give encouragement to the patients to think,
make images by themselves, and give them an
enjoyable time in which strong interactions are
provided between the patients and artists. The
family members joined the artwork with the pa-
tients so that they enjoyed some kind of oneness
with the patients. The family members had 2-
hour counseling sessions called “Family Care”
once a month to share compassionate support
with one another. The 1-year treatment was eval-
uated in terms of the MMSE score as well as
through a questionnaire that was sent to families
of the patients.
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FIG. 1. Emotion spectrum when a subject is listening to Mozart’s music in the first section and after 20 seconds of
listening to Enka (Japanese song). Index refers, from top to bottom, to N1, P1, N2, and R. The bottom index below the
emotion spectrum is the percent of contribution to the primary component of the principal component analysis on
the frontal four channels (mental load lowers this index). Mozart’s music (Eine kleine Nacht musik) lowers the stress,
increases the relaxation, and lowers the mental load as compared with Enka because this patient likes Mozart better.
The horizontal axis denotes time where duration of each index is 5.12 seconds.



Pre-dementia refers to an MMSE score of
24–30, mild to 15–23, and severe to 0–14. When
the MMSE score increased more than three
points, it is judged as improvement, and de-
creases of the score that were more than three
points lead to a judgment of deterioration; oth-
erwise it means no change.

For 16 patients of mild dementia who live
with their families, the MMSE score indicated
44% improved and 25% declined. The evalua-
tion from the families of these 16 patients in-
dicated 44% improved and 38% declined. The
cases of mild dementia patients who do not live
with their families were omitted as there were
only four cases. In 20 patients of severe de-
mentia, 30% showed improvement and 15%
showed decline. Prevention against declining
of dementia was effective in 85%. For the se-
verely demented patients, compared to the
mild dementia patients, the rate of improve-
ment was not as high, but improvement rate
made by the family evaluation was higher. In
the 16 patients with terminal dementia living
with their families, improvement was found in
25% and decline was found in 13%. According
to the evaluation by the families, improvement

was found in 50% and decline was found in
38%.

Art therapy does not use medicine, and its
goal is for patients to live in society as well as
with their families at home. Our active art ther-
apy consists of three dimensions: (1) early di-
agnose of dementia, (2) creative art activity of
the patients, and (3) family care counseling.

In art therapy, seven or eight patients gather
as a group to paint, carve, create ceramic art,
cast, work on paper craft, and make expressive
art with various materials. A wide range of the
creative arts are covered according to the cur-
riculum. Active art therapy is an effective
means of communication for those who are not
able to speak, who are not well enough for use
of a language, and those who want to commu-
nicate. The process of spending time together
for creative artwork is very important, and
artwork will activate brain creativity and en-
courage patients to express unconscious
thought or imagination of the mind. It will give
the patients joy and happiness while they do
artwork. Such an idea has been proved by the
result of ESAM, and a typical example is given
in Fig. 2. Enhancement of joy is observed while
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FIG. 2. Emotional response of a demented patient. She feels joy during the active art therapy. After the therapy, the
artist gives positive comments on the artwork of each of the patients to encourage them. This patient showed joy be-
fore and during the comment session. Enhancement of joy is one of the aims of the active art therapy, and ESAM al-
lows researchers to monitor the dynamic change of emotional responses of the patient to the treatment.



being involved in creative painting. After the
artwork, the artist gives comments to each of
the artworks made by the patients. The artist
tries to find good points and encourages all the
patients. It is observed that patients showed
high level of joy before and during the com-
ment session. We did not expect such emo-
tional activation in the comment session, but it
is really effective.

In our therapy, we don’t analyze the artwork
of the patients. Rather we value the works as
tools for communication; we encourage the pa-
tients to enjoy, and encourage them to do
things by themselves. The leader of this cre-
ative activity needs to have the ability to com-
municate with the patients through their art-
work, and he or she has to know the joy of
creative art personally. The leader needs to be
a professional creative artist who actually prac-
tices the creative art. The artist can aim for the
essence of the art, which artists have been aim-
ing at since ancient times. Invalid psychologi-
cal analysis of the artwork would damage the
patients, and it would be a hindrance for treat-
ment. The report we presented above indicated
that 34% of patients improved and 20% of pa-
tients declined according to MMSE.

CONCLUSIONS

We have developed a new technique, ESAM,
to visualize a dynamic change in a state of mind
in terms of mental stress, depression, joy, and
relaxation. This technique has been success-
fully applied to the effect of music therapy on
senile demented patients. This time, we applied
it to the active art therapy, and we are able to
see how the patient responds to the therapy.
We find that demented patients also have joy
when their artworks received positive com-
ments by the artist. Furthermore, they show ex-
pectation to have such a joyful time after fin-
ishing the artwork. We are now trying to find
which kind of art therapy gives the best emo-
tional influence on each of the patients.
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