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Abstract. Lack of a diagnostic index is a problem that needs to be overcome in the diagnosis of autism spectrum
disorder (ASD), because this problem prevents an objective assessment based on biomarkers. This paper
describes the development of a diagnostic index for ASD using near-infrared spectroscopy (NIRS). We inves-
tigated continuous prefrontal hemodynamic changes depending on reciprocal disposition of working memory
and nonworking memory tasks using two-channel NIRS. NIRS signals in the prefrontal cortex were compared
between high-functioning ASD subjects (n ¼ 11) and typically developed (TD) subjects (n ¼ 21). The brain activ-
ities of the TD subjects were related to experimental design. These results were not confirmed in brain activities
of ASD subjects, although the task performance rate was almost equivalent. The brain activities of TD subjects
and ASD subjects were evaluated using a weighted separability (WS) index obtained from the feature phase of
oxy-hemoglobin and its differential value. Calculation of the t -test (TD subject versus ASD subject) confirmed
that WS was significant. This result showed that the proposed index was useful for evaluation of the brain activity
of ASD subjects. © The Authors. Published by SPIE under a Creative Commons Attribution 3.0 Unported License. Distribution or reproduction of

this work in whole or in part requires full attribution of the original publication, including its DOI. [DOI: 10.1117/1.NPh.3.3.031413]
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1 Introduction
Developmental disorders is the general term given to develop-
mental delays caused by congenital factors whose characteris-
tics manifest particularly in childhood. However, more recent
studies suggest that there should be many other factors, such
as epigenetic factors1–3 or parenting,4,5 which are involved in
the establishment of clinical features in the later life of the
patients. This makes it difficult to diagnose these disorders sim-
ply by the current method of diagnosis, which is conducted by
a specialist’s medial interview using diagnostic criteria, such as
those defined by the American Psychiatric Association in the
Diagnostic and Statistical Manual of Mental Disorders 5.
However, many disorders in the category of developmental dis-
orders have complex symptoms that make accurate diagnosis
difficult, and this difficulty is regarded as a problem.

In previous studies of patients with developmental disorders,
Gallagher et al.6 used functional magnetic resonance imaging
(fMRI) to measure the brain activity of subjects with one type
of developmental disorder, autism spectrum disorder (ASD),
while the subjects executed different verbal tasks and image rec-
ognition tasks. Gallagher et al. reported that activity in the dor-
solateral prefrontal cortex was reduced compared to typically
developed (TD) subjects. However, because some developmen-
tal disorders exhibit characteristics such as hyperactivity and
limited interests, it is difficult to obtain accurate measurements
using fMRI, which involves the patient being confined and their
movements restricted. Therefore, a simpler instrument for meas-
uring brain activity is required.

One simple method of measuring brain activity is near-infra-
red spectroscopy (NIRS). In previous studies, Narita et al.7 used
NIRS to measure changes in blood flow in the frontal lobe of
ASD subjects during execution of recognition memory tasks and
demonstrated a difference in activity in the dorsolateral prefron-
tal cortex compared to TD subjects. This study suggested the
possibility that NIRS signals could be applicable as a diagnostic
indicator for developmental disorders. However, measuring
brain activity using NIRS involves problems, such as the fact
that the measured values are values of relative change, and
that dealing with the measured data is difficult because a stand-
ardized analysis method has not been established. These diffi-
culties are serious obstacles in the development of an auxiliary
diagnosis index for developmental disorders.

In previous studies relating to an auxiliary diagnosis index
using NIRS signals, Yanagisawa et al.8 performed neurofeed-
back on TD subjects using NIRS signals and investigated meth-
ods of quantitatively evaluating changes in brain activity
characteristics before and after training. Focusing on two feature
values, oxy-hemoglobin (oxy-Hb) and the differential value of
oxy-Hb, measured using NIRS, Yanagisawa et al.8 proposed the
use of weighted separability (WS), which can quantitatively
evaluate differences in brain activity characteristics during tasks,
and demonstrated its effectiveness. Application of this method
could enable quantitative evaluation of differences in brain
activity patterns between subjects with developmental disorders
and TD subjects.

Therefore, for the purpose of developing an auxiliary diag-
nosis index for ASD from brain activity measurements using
NIRS, this study was conducted to reanalyze the previous
data of NIRS measurement reported by Narita et al.7 to evaluate
the NIRS signals of TD subjects and ASD subjects during
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execution of recognition memory tasks using the WS index
developed by Yanagisawa et al.8 and it investigated an NIRS-
based auxiliary diagnosis index for developmental disorders.

2 Description of the Experiment

2.1 Experimental Subjects

The subjects and data for this study were basically overlapped
with those previously reported by Narita et al.,7 except for one
TD subject who was omitted because of data incompletion.
Briefly, 11 ASD subjects [intelligence quotient (IQ) >65 by
Wechsler Intelligence Scale for Children-III (WISC-III) or
Wechsler Adult Intelligence Scale III (WAIS-III); aged 14 to
46 years, mean: 29.5 years; 3 males, 8 females; all right-handed]
and 21 healthy controls (aged 19 to 51 years, mean: 25.3 years;
5 male, 16 females; 20 right-handed and 2 left-handed) were
studied.

All subjects had been diagnosed and assessed at Ushiku
Aiwa Hospital (Ibaraki, Japan) by pediatric and adult neurology
and psychology specialists (including Narita) on the basis of
developmental history and current presentation, according to
the Diagnostic and Statistical Manual of Mental Disorders IV
and the Japanese version of the Autism Diagnostic Interview—
Revised as described elsewhere.7 Among the 11 ASD subjects,
9 were diagnosed with Asperger syndrome and 2 with high-
functioning autistic syndrome. Mean full scale IQ was 99.4
(range 73 to 118), mean verbal IQ was 107.6 (range 89 to 120),
and mean performance IQ was 89.5 (range 54 to 118) among the
ASD subjects assessed by WISC-III or WAIS-III. All ASD sub-
jects were free from any antipsychotic drugs or psychotherapy
when participating in this study. This study was approved by the
Research and Ethical Committee of Bunkyo University, and
written informed consent was obtained from each subject or
their legal guardian prior to the study (Approved No. 20-001).

2.2 Experimental Method and Measuring Conditions

ASD subjects are considered to perform poorly in working
memory (WM) tasks involving short-term memory retention,
and recent studies have identified disordered activity in the dor-
solateral prefrontal cortex during WM tasks as well as difficulty
in switching between tasks.9–11 Therefore, to measure brain
activity associated with switching between recognition memory
tasks, Narita et al.7 developed the exercise shown in Fig. 1,
which involves switching successively between two activities:
a WM task and a control nonworking memory (NWM) task
that does not require short-term memory retention.

In the WM task, subjects were instructed to memorize graph-
ics of different color (four colors: red, blue, green, and yellow)
and shape (three shapes: round, triangular, and square), which
were presented successively as stimuli every 3 s on a computer
screen (presentation screen), and then, from a screen showing
eight graphics (search screen), to find and point a finger at
the graphics presented earlier in the same order as they were
presented.

In the control, subjects were instructed to look at a screen
showing eight graphics and to find and point a finger at the
graphics in the same order as the graphics (presentation graph-
ics) shown in a box at the top of the same screen.

This task and control were considered to be one run of the
experiment, and the experiment was run six times for each sub-
ject. In the first run, there was one graphic for memorization in
the task and one graphic presented in the control, and these were
each increased by one graphic in each run, so that the number of
graphics in the sixth run was six each.

In the WM task, the graphics presentation screen was shown
for 3 to 18 s, followed by 15 s search screen. Graphics presen-
tation time of each WM task was encompassed by two guidance
screens, which appeared for 3 s each. The presentation time for
the NWM task was 15 s.

In this study, brain activity during the recognition memory
task was measured using the near-infrared oxygenation mon-
itor NIRO 200, manufactured by Hamamatsu Photonics K.K.
Brain activity was measured using two measurement channels.
The NIRO 200 (Hamamatsu Photonics, Tokyo, Japan) uses
laser-emitting diodes to generate light at three different wave-
lengths (775, 810, and 850 nm). It employs the technique of
spatial-resolved spectroscopy and uses multiple closely spaced
detectors to measure light attenuation as a function of source–
detector separation. The source–detector distance is 30 mm.
The measurement positions were Fp1 and Fp2 in the dorsolat-
eral prefrontal cortex according to the International 10–20
System.

2.3 Experimental Results

The NIRS signals also include signals other than brain activity
related to the task, and so it is necessary to extract brain activity
related to the task. By performing a multiresolution analysis
of the measured NIRS signals using a discrete wavelet trans-
form, the noise of the measuring equipment, the influence of
breathing and heartbeat fluctuation, Mayer waves, and so on
are removed, and components related to the task are extracted.
In this study, one run of the experiment took 39 to 54 s, and
so fluctuations related to the task with this period as the
central component (∼16 to 256 s) were extracted as brain
activity.12,13

Figures 2–4 show particularly representative fluctuations in
NIRS signals from among the subjects. Figure 2 shows the
results of one TD subject, and Figs. 3 and 4 show the results
of one ASD subject. In the NIRS signals of the TD subject
in Fig. 2, a tendency for oxy-Hb to increase during the WM
task and decrease during the NWM task can be identified in
all runs of the experiment. This shows that the brain is stimu-
lated during the WM task.

In the ASD subjects, two patterns that differed from the TD
subjects were identified. One was that the signals were not
reproducible and indicated asynchronous brain activity with no
relation to whether the task was WM or NWM, as shown in
Fig. 3. The second pattern was of oxy-Hb decreasing during

Presentation 
screen

Control
(NWM task)

Search 
screen

Task
(WM task)

15s

3s
3s

3s

15s

Fig. 1 Experimental problem.
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the WM task and increasing during the NWM task, which is
the opposite pattern of fluctuation to TD subjects, as shown in
Fig. 4.

Our experiment succeeded in identifying differences
between the NIRS signals of TD subjects and ASD subjects,
as shown in Figs. 2–4. However, it is difficult to make compar-
isons between the experimental subjects using NIRS signals,
which are values of relative change, and quantitative evaluation
is not possible. Therefore, an index for quantitatively evaluating
NIRS signals is required for application as an auxiliary diagno-
sis index for developmental disorders.

3 Evaluation Index

3.1 Oxy-Hb and the Differential Value of Oxy-Hb

This study focuses on oxy-Hb and the differential value of oxy-
Hb to quantitatively evaluate NIRS signals. Figure 5(a) shows
typical fluctuations of TD subjects in oxy-Hb and the differen-
tial value during the task. Oxy-Hb increases in association with
the task, and the differential value of oxy-Hb, which is its rate of
change, increases sooner than oxy-Hb.12,13 Figure 5(b) shows
the phase plane created by plotting oxy-Hb on the horizontal
axis and the differential value of oxy-Hb on the vertical axis.
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The brain can be regarded as “active” when the value of oxy-
Hb is high, or when the value of oxy-Hb is increasing,13 that is,
the differential value of oxy-Hb is positively high even if the
value of oxy-Hb is low. Therefore, we analyzed the oxy-Hb tra-
jectory within the shaded portion of Fig. 5(b) as an indicator of
task-related brain activation.

Focusing on the average point of the trajectory for task/con-
trol, respectively, on this phase plane, the average point during
the task appears in the first quadrant, where oxy-Hb and the dif-
ferential value of oxy-Hb are high, and the average point during
the control appears in the third quadrant, where both oxy-Hb and
the differential value are low, as shown in Fig. 6.

In the WM task performed in this experiment, it was con-
firmed that the dorsolateral prefrontal cortex is active during
the task, and so oxy-Hb is thought to increase and the brain
becomes active during the WM task. Therefore, the average
point during the WM task appears in the first quadrant of the
phase plane. In the NWM task, because it is a copying task

that does not require short-term memory, oxy-Hb is thought
to decrease and the brain returns to its resting state. There-
fore, as during the control, the average point appears in the
third quadrant on the phase plane.

3.2 Method of Evaluating Near-Infrared
Spectroscopy Signal in Regard to Separability

A quantitative evaluation using the separability index was per-
formed based on the distribution of average points for task/con-
trol in the phase plane created from oxy-Hb and the differential
value of oxy-Hb. Separability is an index that evaluates the
cohesiveness of signals within a phase plane, and it can evaluate
differences in signal characteristics in respective tasks.

Separability is expressed as a ratio of within-class variance
and between-class variance, and in this study, it was used to
evaluate brain activity characteristics based on the distribution
of average points for task/control in the phase plane. First, the
mean value of measured oxy-Hb in one task or control was taken
as poxy, and the mean value of the differential value of oxy-Hb
as ṗoxy. Representing these as an average point in the phase
plane, p,

EQ-TARGET;temp:intralink-;e001;326;275p ¼ ðpoxy;ṗoxyÞ: (1)

The set of average points belonging to a task group was taken as
Xtask, the number of average points included in Xtask as ntask, the
mean of all tasks asmtask, the set of average points belonging to
the control group as Xcontrol, the number of average points
included in Xcontrol as ncontrol, and the mean of all controls as
mcontrol. The total number of average points was taken as n
and the mean of all tasks/controls as m. Expressing within-
class variance as σ2W , and between-class variance as σ2B:

EQ-TARGET;temp:intralink-;e002;326;155

σ2W ¼ 1

n

� X
p∈Xtask

ðp −mtaskÞTðp −mtaskÞ

þ
X
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�
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EQ-TARGET;temp:intralink-;e003;63;615

σ2B ¼ 1

n
fntaskðmtask −mÞTðmtask −mÞ

þ ncontrolðmcontrol −mÞTðmcontrol −mÞg; (3)

Separability can be defined using Eqs. (2) and (3) as

EQ-TARGET;temp:intralink-;e004;63;554Jσ ¼
σ2B
σ2W

: (4)

Within-class variance from Eq. (2) represents the variance of
the average points in the same group.14,15 When the average
points of a group are widely distributed (left side of Fig. 7),
σ2W is high, whereas, when the average points of a group are
narrowly distributed (right side of Fig. 7), σ2W is low.

Between-class variance from Eq. (3) represents the variance
of the centroids of groups.14,15 When the average points for task/
control are distributed separately (left side of Fig. 8), σ2B is high,
whereas, when the average points for task and control are inter-
mingled (right side of Fig. 8), σ2B is low.

The smaller the within-class variance and the larger the
between-class variance, the greater the difference between char-
acteristics during the task and the control. Basically, when the
average points for task and control are intermingled and widely
distributed, the separability value is low, whereas, when the
average points for task/control are distributed separately and
their distributions are narrow with the average points close
together, the separability value is high.

3.3 Problems of Separability and Proposal of
Weighted Separability

The brain activity of TD subjects shows an increase in oxy-HB
during a WM task and a decrease to return to the baseline during
an NWM task. This means that focusing on the average point of
trajectories for WM and NWM tasks, respectively, in the phase

plane, the average point during the WM task appears in the first
quadrant, where oxy-Hb and the differential value of oxy-Hb
both have large values, and the average point during the
NWM task appears in the third quadrant, where both values
are small. If the WM and NWM tasks each show high reproduc-
ibility and clear characteristics, then the separability value is
high.

The brain activity of ASD subjects shows (i) disordered and
asynchronous brain activity with no relation to the task or (ii) a
decrease in oxy-Hb during the WM task and an increase during
the NWM task, which is the opposite behavior to TD subjects. In
regard to brain activity like (i), the average points for WM and
NWM tasks appear intermingled on the phase plane, and so the
respective characteristics are unclear and the value of separabil-
ity is low. In regard to brain activity like (ii), the average points
for the WM task appear in the third quadrant and the average
points for the NWM task appear in the first quadrant. This result
is thought to reflect a delay in brain activity due to the difficulty
that ASD subjects have in switching between tasks.

However, because separability evaluates only the cohesive-
ness of signals, the value of separability is high whether the
average points for the WM task appear in the first quadrant
and the average points for the NWM task appear in the third
quadrant, like a TD subject, or the average points for the
WM task appear in the third quadrant and the average points
for the NWM task appear in the first quadrant, like an ASD sub-
ject exhibiting (ii). It is, therefore, difficult to evaluate the char-
acteristic differences between TD subjects and ASD subjects
exhibiting fluctuations like (ii).

Therefore, this study focused on the WS J 0
σ developed by

Yanagisawa et al.8 The implications of NIRS signals are very
different when oxy-Hb increases during the task and returns
to baseline in the control, compared to when oxy-Hb decreases
during the task and increases in the control, and so Yanagisawa
et al.8 developed a WS for weighting quadrants of the phase
plane. WS J 0

σ is defined by the following equation, where the
weighting factor is determined based on how many average
points for task/control exist in each quadrant:

EQ-TARGET;temp:intralink-;e005;326;334J 0
σ ¼

iþ 1

jþ 1
Jσ: (5)

In this case, i is the sum of the number of task average points in
the first quadrant and the number of control average points in the
third quadrant. Conversely, j is the sum of the number of task
average points in the third quadrant and the number of control
average points in the first quadrant. i increases when there is
typical brain activity, in which the brain activity is stimulated
during the task and returns to the baseline during the control.
j increases when there is fluctuation such that oxy-Hb decreases
during the task and increases during the control.

Therefore, WS is larger when the pattern of brain activity is
that of a TD subject, in which case n increases and m decreases.
Conversely, WS is smaller in the case of ASD subjects, where n
decreases and m increases.

4 Evaluation Results

4.1 Task Performance

The mean task performance rate was calculated among the sub-
ject groups. Tables 1 and 2 show the performance rates of TD
and ASD subjects. The average task performance rate of WM

Fig. 7 Example of the variance of the average points in the same
group.
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was 70.5% in TD and 70.8% in ASD, whereas that of NWMwas
98.4% in TD and 100% in ASD. Both TD and ASD subjects
showed a gradual decrease in the task performance rate with
increasing task block number during the WM task in contrast
to that during the NWM task, which was almost 100% for
each task block.

4.2 Phase Plane and Weighted Separability

Using the phase plane created from oxy-Hb and the differential
value of oxy-Hb, the characteristics of NIRS signals during

WM/NWM tasks were evaluated using WS, an index for quan-
titatively evaluating NIRS signal characteristics.

In the first run of the experiment for each subject, the WM
task was very easy with just one graphic for memorization,
whereas in the sixth run, the level of difficulty of the task
was high with six graphics for memorization. An evaluation
conducted previously by Narita et al.7 did not succeed in iden-
tifying a significant difference in the first and sixth runs. This is
considered to be due to the fact that, when there was one graphic
for memorization, the task was extremely easy and so no stimu-
lation was shown in relation to the task; when there were six
graphics for memorization, the task was extremely difficult, and
some subjects gave up engaging with the task. Therefore, in this
study, brain activity in the first and sixth runs was excluded
when calculating WS.

Figure 9 shows phase planes andWS values for TD and ASD
subjects. Figure 9(a) shows the results for a TD subject, Fig. 9(b)
shows the results for an ASD subject who did not demonstrate
activity related to the task, and Fig. 9(c) shows results indicating
an opposite fluctuation pattern to that of a TD subject.

In the phase plane for a TD subject in Fig. 9(a), the average
points during the WM task are distributed in the first quadrant
and the average points during the NWM task in the third quad-
rant, and the WM task and NWM task characteristics are clear.
This indicates that brain activity was stimulated during the WM
task and returned to the baseline during the NWM task, which is
typical change during a cognitive task. Therefore, the WS value
was high, at 5.06.

However, in the ASD results in Fig. 9(b), the average points
for the WM/NWM tasks are intermingled in the phase plane,
which confirms that the characteristics for each task are unclear.
Therefore, the WS value was low at 0.0461. Moreover, looking
at the results shown in Fig. 9(c), for an ASD subject who dem-
onstrated fluctuations that were opposite to a TD subject, the
average points during the NWM task are distributed mainly
in the first quadrant and the average points during the WM
task mainly in the third quadrant, and because differences in
characteristics between the tasks can be identified, it is not pos-
sible to evaluate differences from TD subjects using separability.
However, WS is low at 0.664, and it was possible to evaluate
that the brain activity pattern differs from TD subjects by
using WS.

Furthermore, Fig. 10 shows the results of a t-test carried out
on the difference in WS between the 21 TD subjects and the 11
ASD subjects. In the right dorsolateral prefrontal cortex, WS

Table 1 Performance rate of TD subject (n ¼ 21).

Condition Performance rate (%) Condition Performance rate (%)

1WM 100 1NWM 100

2WM 100 2NWM 100

3WM 76.1 3NWM 98.4

4WM 63.1 4NWM 100

5WM 55.7 5NWM 100

6WM 27.8 6NWM 92.1

Average 70.5 Average 98.4

Table 2 Performance rate of ASD subject (n ¼ 11).

Condition Performance rate (%) Condition Performance rate (%)

1WM 100 1NWM 100

2WM 100 2NWM 100

3WM 78.8 3NWM 100

4WM 56.8 4NWM 100

5WM 61.8 5NWM 100

6WM 27.3 6NWM 100

Average 70.8 Average 100

Separability: 1.93
Weighted separability: 4.52 
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Fig. 9 Phase plane and WS: (a) TD subject, (b) ASD subject1, and (c) ASD subject2.
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was low for both TD and ASD subjects, and a significant differ-
ence could not be identified. In the left dorsolateral prefrontal
cortex, the brains of TD subjects were activated in relation to the
WM task, and so the WS value was high, whereas, ASD subjects
who demonstrated a different activity pattern to TD subjects had
a low WS value, and it was possible to confirm that this differ-
ence was significant.

4.3 Discussion

We succeeded in confirming a difference in brain activity
between TD subjects and ASD subjects in the left dorsolateral
prefrontal cortex through evaluation using WS. The previous
research by Narita et al.7 reported a difference in activity
between TD subjects and ASD subjects in the left dorsolateral
prefrontal cortex with regard to mean oxy-Hb values during
WM tasks. However, the evaluations using mean oxy-Hb values
did not evaluate the difficulty that ASD subjects have in switch-
ing between tasks, and it was therefore necessary to evaluate
successive changes in brain activity from a WM task to an
NWM task.

In the evaluation carried out in this study using WS, it was
possible to evaluate changes in response to a block design in
which the brain was active during a WM task and brain activity
returned to baseline during an NWM task to evaluate successive
changes in NIRS signals. In this study, ASD subjects had lower
WS values for the left dorsolateral prefrontal cortex compared to
TD subjects. This result reflects the fact that successive changes
in brain activity associated with switching tasks are inefficient
fluctuations in the case of ASD subjects in comparison with
TD subjects, and it demonstrates the validity of using WS as
an auxiliary diagnosis index, as proposed in this study.

The previous research using fMRI has reported that ASD
subjects exhibit reduced activity in the left dorsolateral prefron-
tal cortex, considered to be the region for responsibility, during
execution of a “theory of mind” task compared to TD sub-
jects,16,17 and other previous research has identified a relation-
ship between brain activity in the left dorsolateral area and
emotional control.18 Koshino et al.10 also used fMRI to measure
changes in blood flow in the frontal lobe of ASD subjects during
WM tasks and demonstrated a difference in activity in the pre-
frontal cortex compared to TD subjects.

Therefore, differences between ASD subjects and TD sub-
jects can be expected to appear in brain activity in the left dorso-
lateral prefrontal cortex, and it is considered valid to focus on

activity in the left dorsolateral area in developing an auxiliary
diagnosis index.

The weaknesses of the proposed method are that it is neces-
sary to set a block design experiment. In future work, as an alter-
native toWS, wewill develop an auxiliary diagnosis index using
NIRS signal of resting state.

5 Summary
In this study, to develop a diagnostic aid for ASD using NIRS,
we evaluated NIRS signals of TD subjects and ASD subjects
during execution of cognitive tasks using WS, an index devel-
oped by Yanagisawa et al.8 that is capable of quantitatively
evaluating the characteristics of NIRS signals during task/
control.

Focusing on the difficulty ASD subjects have in switching
tasks, we set up a task that involved successively performing
a WM task and an NWM task. Using phase planes created
from oxy-Hb and the differential value of oxy-Hb for brain
activity in TD subjects and ASD subjects during that task,
we investigated the validity of using the WS index, which eval-
uates characteristics of brain activity, as an auxiliary diagnosis
index for ASD subjects.

We succeeded in confirming that the brains of most TD sub-
jects were active during the WM task and returned to the base-
line during the NWM task. Therefore, WS values were high. In
the ASD subjects, we succeeded in confirming asynchronous
brain activity regardless of the task and an activity pattern in
which fluctuations related to the task were greatly delayed so
that the brain was active during the NWM task, which is the
opposite of TD subjects. WS values were low. As a result of
conducting a t-test on WS for TD subjects and ASD subjects
(21 TD subjects and 11 ASD subjects), we were able to detect
a significant difference in the left dorsolateral prefrontal cortex.

The previous research7 was not able to evaluate successive
changes in brain activity associated with the difficulty ASD sub-
jects have in switching between tasks, but the use of WS makes
it possible to evaluate successive changes in NIRS signals, and
we succeeded in quantitatively evaluating the differences in
brain activity characteristics of TD subjects and ASD subjects.
The abovementioned results indicate the possibility of using a
method of evaluating brain activity measured by NIRS using
WS as an auxiliary diagnosis index for ASD.

Hereafter, focusing on neurofeedback training for ASD sub-
jects, which is a technique in which the subject controls their
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brain activity using their own will, we intend to investigate
changes in WS and changes in clinical symptoms as a result
of training.
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