
Citation: Wu, J.-H.; Yang, C.-Y.;

Chang, Y.-C.; Shan, Y.-C. Effects of

Near-Infrared Pulsed Light on the

Attention of Human Beings Using

Electroencephalography. Life 2023, 13,

1490. https://doi.org/10.3390/

life13071490

Academic Editor: Alfredo Conti

Received: 19 May 2023

Revised: 21 June 2023

Accepted: 30 June 2023

Published: 30 June 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

life

Article

Effects of Near-Infrared Pulsed Light on the Attention of
Human Beings Using Electroencephalography
Jih-Huah Wu 1,*, Chia-Yen Yang 1, Yang-Chyuan Chang 2 and Yi-Chia Shan 3

1 Department of Biomedical Engineering, Ming Chuan University, No. 5, Deming Rd., Gweishan Township,
Taoyuan 333, Taiwan; cyyang@mail.mcu.edu.tw

2 Department of Neurology, Min-Sheng General Hospital, No. 168, Jin-Kuo Rd., Taoyuan 330, Taiwan;
ycchang@e-ms.com.tw

3 Department of Information and Telecommunications Engineering, Ming Chuan University, No. 5,
Deming Rd., Gweishan Township, Taoyuan 333, Taiwan; ycshan@mail.mcu.edu.tw

* Correspondence: wujh@mail.mcu.edu.tw; Tel.: +886-3-3507001 (ext. 3951)

Abstract: In our previous studies, photobiomodulation (PBM) stimulation can induce significant
brain activation in normal subjects. In an open-eye study, the PBM stimulation was able to increase
the power of alpha rhythms and theta waves, as well as decrease the beta activities after PBM
stimulation. However, in the closed eyes study, the alpha rhythms in the laser group were reduced.
This means the PBM stimulation can induce specific brainwaves under different conditions. Thus,
to investigate the effects of PBM stimulation on human’s attention, forty students were recruited in
this single-blind randomized trial. A PBM stimulator, with seven pcs laser diodes (LDs), frequency
10 Hz, 30 mW/each LD, and wavelength 830 nm, was used to radiate the palm of the subject. PBM
stimulation was found to induce significant variation in beta activity in most of the regions of the
brain in the laser group. Compared to the placebo group, the PBM stimulation has a significant
change in beta activity on electroencephalography (EEG). Three types of tests, the random number
test, the Stroop color-word test, and the Multiple-Dimension Attention Test (MDAT), were used to
evaluate the effects of the PBM stimulation. The scores of MDAT in the laser group increased more
significantly than those in the placebo group after PBM stimulation (p < 0.01). An improvement in
attention was observed in this study.

Keywords: attention; EEG; brainwave; photobiomodulation

1. Introduction

Attention is a limited cognitive resource that selectively concentrates on a discrete
aspect of information while ignoring others. It is typically divided into two types: active
and passive, also known as top-down and bottom-up, or endogenous and exogenous [1].
Active attention is the ability to consistently maintain mental effort on what is important at
a given moment and to inhibit irrelevant objects. For example, when you are watching a
favorite show and someone asked you to wash the dishes, you may not hear it. Passive
attention is the involuntary process directed by external events that stand out from the
environment, such as people talking, cars driving by, bright flashes of light from a cell
phone, and a multitude of other events that are picked up by the senses. Attention is an
important mental process that affects memory and learning performance. Hence, children,
adults, and even disorder patients benefit from trainings that improve their attention [2].

Several studies have found that trainings improved the attention and cognitive perfor-
mance of subjects, ranging from children to young adults to patients with attention deficit
hyperactivity disorder (ADHD) [3,4]. For example, Jiang et al. [5] summarized current
success in the real-time neurofeedback training of older brains, aiming to match those of
younger brains in tasks that require attention or working memory. Those trainings utilized
traditional electroencephalography (EEG) and new EEG neuro-markers, including relative
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power of theta, alpha, beta, theta/alpha and theta/beta ratios, in children with ADHD and
learning disorders. Furthermore, Knowles and Wells [6] used tests to investigate whether
attention control components of the attention training techniques elicit a specific signal
that is different from passive listening. They recruited 36 healthy volunteers that were
randomely assigned to the active or control groups. They then calculated their EEG power
of the theta, alpha, and beta bands during the resting state before and after training. Their
results suggest that a single dose of attention training increases alpha and beta oscillations
in the frontoparietal networks associated with top-down attentional or executive control.

The brainwave rhythm is associated with physical and mental states. The most domi-
nant patterns of change in patients with ADHD, schizophrenia, and obsessive-compulsive
disorder (OCD) are power increases across lower frequencies (delta, 1–4 Hz and theta,
4–8 Hz) and decreases across higher frequencies (alpha, 8–13 Hz; beta, 13–30 Hz and
gamma, 30–50 Hz) [7]. If we can induce specific brainwaves by using stimulators, the sub-
jects’ attention and even the disorders mentioned above may be improved. Low-frequency
stimulation (1 to tens of Hz), including electricity, sound, magnetic field, and light, is
widely used in different areas of medicine [8]. The EEG activity can be affected by different
stimulation modalities [9–12], including visual, auditory, and somatosensory stimulation.
From our previous studies [13,14], the insensible low-level light (LLL) (also known as
photobiomodulation (PBM)) stimulation on the palm can evoke EEG. In the open-eye study,
we found a significant increase in the subjects’ alpha rhythm and theta waves, mainly in the
posterior head regions. The amplitude power of beta activities in the anterior head regions
decreased after PBM stimulation [13]. However, in a closed-eye study, we found a drop of
alpha rhythm in the posterior part of the brain in the beginning and alpha diffusion in the
frontal part of the brain [14]. Thus, whether the subjects’ eyes are open, specific brainwaves
can be induced with the same stimulator operated in 10 Hz frequency. The goal of this
study is to investigate whether attention can be improved with a similar stimulator.

2. Materials and Methods
2.1. Participants

Prior to the trial, the study protocol was approved by the Institutional Ethics Commit-
tee of Min-Sheng General Hospital. Each participant was required to give written informed
consent. This study was directed according to the guidelines in the Helsinki Declaration.
Forty healthy university students were recruited. The subjects were randomly assigned to
two groups: 20 testers in the laser group (irradiated by the stimulator: wavelength of the
laser, 830 nm; seven laser diodes (LDs); output power 30 mW/each LD; frequency 10 Hz)
and 20 in the control group (sham laser: the lasers had not been activated). Information
regarding the subjects in this study is shown in Table 1. Statistical analysis showed no
significant difference between the two groups for age (p = 0.260). Exclusion criteria included
(a) having a history of psychiatric disorders, for example, major depression, substance
abuse, schizophrenia, or paranoid disorder; (b) having cardiopulmonary disease; and
(c) receiving medication.

Table 1. Subject Information.

Item Experimental Group Placebo Group

Subject number 20 20
Male/female 12/8 12/8
Age (years) 21.35 ± 0.74 21.78 ± 1.16, p = 0.260

2.2. PBM Stimulator

In this study, a PBM stimulator (iRestore Multi-Channel Laser Therapy System, Jin-
Ciang Technology, Taoyuan, Taiwan) was applied to the palm of the tester, as shown
in Figure 1. The output head has seven light spots. The application mode of the laser
instrument was an output frequency of 10 Hz and a wavelength of 830 nm. Each output
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power of a laser diode is 30 mW, and the total dose is 63 J. Due to low output power
(30 mW) of LD, the PBM stimulation is insensible and does not have a thermal effect.
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NeuroScan, Charlotte, NC, USA) from 32 recording sites according to the international 10–
20 system (Fp1, Fp2, F3, F4, F7, F8, Fz, FT7, FT8, FC3, FC4, FCz, A1, A2, T3, T4, C3, C4, Cz, 

Figure 1. The PBM stimulator was applied to the palm of the tester.

2.3. Procedure

The study used a single-blind randomized trial. The subjects were unaware of the
groups they were in. Each subject sat in an arm-chair and was then required to put his or
her left palm on the PBM stimulator or hold the stimulator. Participants were instructed
to relax, follow the open-eyes directive, and refrain from making any movements. In
the laser group, the laser diodes were turned on for 10 min and turned off in the control
group. In the beginning, the testers were asked to relax for five minutes in order to stabilize
physiological parameters. The ongoing EEG was then recorded with eyes opened in three
stages (six sessions): before stimulation (baseline 5 min, session 1), during stimulation
(laser stimulation, 10 min, session 2 and session 3), and after stimulation (post-stimulation,
15 min, and session 4, 5, and 6), as shown in Figure 2.
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Figure 2. The protocol of this study.

2.4. Control

The low-power near-infrared laser is ideally suited for a single-blind study, since the
laser light is invisible and emits no heat or any other detectable indication. The testers were
randomly divided into two operational modes: a laser group, which received the real laser
stimulation, and a control group, which received no laser stimulation. The control group
had the same procedure as the laser group, but the laser stimulator was not turned on.

2.5. EEG Recording and Measurement

Raw EEG data were collected with the aid of an amplifier (NeuroScan-NuAmps,
NeuroScan, Charlotte, NC, USA) from 32 recording sites according to the international
10–20 system (Fp1, Fp2, F3, F4, F7, F8, Fz, FT7, FT8, FC3, FC4, FCz, A1, A2, T3, T4, C3, C4,
Cz, TP7, TP8, CP3, CP4, CPz T5, T6, P3, P4, Pz, O1, O2, and Oz) using sintered Ag–AgCl
electrodes. The left and right mastoids (A1, A2) were used as an averaged ear reference
for recording offline, with a FPz as the grounding electrode. The signals were filtered by a
bandpass filter from 0 to 260 Hz and digitized at a sampling rate of 1000 Hz. The average
reference was used for all channel recordings with impedances below 10 kΩ.
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All processing steps were executed by an in-house program written in MATLAB
(MathWorks, Natick, MA, USA). The EEG signals were preprocessed according to the
following three steps. First, whole signals were detrended to remove means, offsets, and
slow linear drifts over the course of time. Second, the detrended signals were filtered using
a 0.5–50 Hz bandpass filter (pop_eegfiltnew.m from EEGLAB toolbox). Finally, the filtered
signals were decomposed using the FastICA algorithm to manually remove components
containing artifacts in the form of eye movements, blink artifacts, and electrocardiogram
activity. After preprocessing, the data were then segmented into six epochs (i.e., rest0,
stimulus1, stimulus2, rest1, rest2, rest3), with five minutes each epoch. We then calculated
the relative power in each band (theta, 4–8 Hz; alpha, 8–13 Hz; beta, 13–30 Hz; and gamma,
30–50 Hz), divided by the sum of the power across the entire frequency range from 0.5 to
50 Hz.

A two-sample Student’s t-test was used to compare the EEG power in each band
between the laser group and the control group, with statistical significance defined as
p < 0.05.

2.6. Attention Test

The clinical model of attention was proposed by Sohlberg [15]. It was divided into
five dimensions: Focused Attention, Selective Attention, Sustained Attention, Alternating
Attention, and Divided Attention. To increase the diversity of the attention tests, we
designed three types of tests. In this study, a random number test, the Stroop color–word
test [16], and the multiple-dimension attention test (MDAT), were used for evaluating the
attention performance in the laser group and the placebo group. In the random number
test, Excel was used to produce random number sequences 0 to 9, and the amount of each
number ranges from 50 to 80. The subject searches for and marks the specified number
during the test. Additionally, the subject was required to search only once. Each subject
must concentrate on finding the correct number in this test, which takes about 1 to 3 min.
The purpose of the random number test is to assess the performance of focused attention.

In the Stroop color–word test, we use a mismatch between the name of a color and the
color (e.g., the word “blue” printed in white ink) extensively to evaluate the subject’s ability
to inhibit cognitive interference. A total of 50 questions were designed, which involved the
interference of similar colors, such as background and pattern. Each subject must quickly
identify the color of the word, which is assigned randomly. It takes about 0.8 to 1.3 min
for each subject to finish the test. However, it will take longer for the subject to name the
color of the word. The purpose of the Stroop color–word test is to assess the performance
of selective attention.

In the MDAT, the questions include single choice questions, multiple choice questions,
and blank filling questions. Each subject must remember the details of 15 pictures, and the
subject has 7 s for each picture. After that, the subject will answer the 10 questions (10 points
per question) in this 3-min test. The purpose of the MDAT is to assess the performance
of focused attention, selective attention, sustained attention, alternating attention, and
divided attention.

3. Results
3.1. EEG Results

Figure 3 shows the topography maps of the relative power in different frequency
bands from one of the subjects in the groups. The number represents the stage order of
the epochs after rest0, i.e., 1 indicates stimulus1, 2 indicates stimulus2, 3 indicates rest1,
4 indicates rest2, and 5 indicates rest3. Compared to the control group, the beta band power
was higher, and the alpha band power was lower in the laser group. In the laser group,
there was also a greater focus around the frontal area in the beta and the gamma bands,
especially during stage 1 and stage 2. Additionally, there was a greater focus around the
occipital area in the alpha band. In the control group, the distributions were more dispersed
around the frontal, central, parietal, and occipital areas in the alpha band.



Life 2023, 13, 1490 5 of 12

Life 2023, 13, 1490 5 of 12 
 

 

indicates rest2, and 5 indicates rest3. Compared to the control group, the beta band power 
was higher, and the alpha band power was lower in the laser group. In the laser group, 
there was also a greater focus around the frontal area in the beta and the gamma bands, 
especially during stage 1 and stage 2. Additionally, there was a greater focus around the 
occipital area in the alpha band. In the control group, the distributions were more dis-
persed around the frontal, central, parietal, and occipital areas in the alpha band. 

 
Figure 3. Representative topographic maps of the power ratios in the laser (a) and the control (b) 
groups. The number represents the stage order of the epochs after rest0, i.e., 1 indicates stimulus1, 
2 indicates stimulus2, 3 indicates rest1, 4 indicates rest2, and 5 indicates rest3. 

Figure 3. Representative topographic maps of the power ratios in the laser (a) and the control (b)
groups. The number represents the stage order of the epochs after rest0, i.e., 1 indicates stimulus1,
2 indicates stimulus2, 3 indicates rest1, 4 indicates rest2, and 5 indicates rest3.

We then used the first epoch, i.e., rest0, as the base condition and divided the relative
power in each epoch with that in the first epoch. We calculated the average ratios of the
whole brain in different frequency bands across all subjects. Figure 4 shows the mean
values in the five stages. When comparing the two groups, there was a decrease in the
alpha band during stage 2, whereas there was an increase in the beta band after stage 2.
Besides, the ratios were higher in the laser group, especially in the beta and gamma bands.
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To uncover the difference, we compared the ratio for each electrode at every stage. In the
theta and alpha bands, no significant difference was found. In the beta band, there were
significant differences at FT7, TP7, and CPz (p = 0.043, 0.046 and 0.038) during stage 1 and
at FP1, F3, F8, FT7, FC3, FT8, T3, T4, TP7, TP8, and T5 (p = 0.042, 0.029, 0.010, 0.016, 0.045,
0.001, 0.003, 0.003, 0.011, 0.042, and 0.049) during stage 2. In the gamma band, there was a
significant difference (p = 0.030) at FP1 during stage 2. Figures 5 and 6 show the mean and
standard deviation values of the ratio in the beta band at 6 frontal and 5 parietal electrodes,
respectively. After stage 3, the differences became small and insignificant.
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3.2. Attention Test Results

A two-tailed paired t-test was applied to compare the difference between two groups.
All the statistical analyses were executed with the SPSS software (version 11). A

statistical significance was recognized as p-value < 0.05. The errors of the Stroop test before
and after, in the placebo group, increased significantly, as shown in Figure 7.

The grades of MDAT before and after stimulation in the laser group increased signifi-
cantly. There are also significant differences between the laser group and the placebo group
after stimulation, as shown in Figure 8a. In either group, the time of MDAT before and
after the stimulation is significantly reduced, as shown in Figure 8b.
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temporal gyrus of the left hemisphere and bilateral cuneus in the 10 Hz-modulated group 
found significant activations [18]. Moreover, the photic stimulation with frequency could 
induce regulatory functions in the brain. H. Sakamoto and co-workers showed that inter-
mittent photic stimulation at 10 Hz could externally induce a coherent state in the cortex 

Figure 7. The statistical analysis of the Stroop test by comparing the error values before and after the
stimulation in either group. * p < 0.05 by paired-sample t-test.

Life 2023, 13, 1490 8 of 12 
 

 

 
Figure 7. The statistical analysis of the Stroop test by comparing the error values before and after 
the stimulation in either group. * p < 0.05 by paired-sample t-test. 

The grades of MDAT before and after stimulation in the laser group increased signif-
icantly. There are also significant differences between the laser group and the placebo 
group after stimulation, as shown in Figure 8a. In either group, the time of MDAT before 
and after the stimulation is significantly reduced, as shown in Figure 8b. 

  
(a) (b) 

Figure 8. The statistical analysis of the MDAT by comparing the values of grade (a) and time (b) in 
two groups. ** p < 0.01 by paired-sample t-test. 

4. Discussion 
4.1. Light Stimulation and EEG 

Tsai and Hamblin observed that there were phasic inhibitory and excitatory afferent 
responses when the sensory epithelium was irradiated by various types of infrared light 
with pulses [17]. From our studies [13,14], specific brainwaves can be induced by the so-
matic stimulation with near infrared light. In 2011, we used laser acupuncture stimulation 
on the left foot’s Yongquan (KI1) acupoint and verified the effect by functional magnetic 
resonance imaging analysis. The results showed that the primary motor cortex and middle 
temporal gyrus of the left hemisphere and bilateral cuneus in the 10 Hz-modulated group 
found significant activations [18]. Moreover, the photic stimulation with frequency could 
induce regulatory functions in the brain. H. Sakamoto and co-workers showed that inter-
mittent photic stimulation at 10 Hz could externally induce a coherent state in the cortex 

Figure 8. The statistical analysis of the MDAT by comparing the values of grade (a) and time (b) in
two groups. ** p < 0.01 by paired-sample t-test.

4. Discussion
4.1. Light Stimulation and EEG

Tsai and Hamblin observed that there were phasic inhibitory and excitatory afferent re-
sponses when the sensory epithelium was irradiated by various types of infrared light with
pulses [17]. From our studies [13,14], specific brainwaves can be induced by the somatic
stimulation with near infrared light. In 2011, we used laser acupuncture stimulation on the
left foot’s Yongquan (KI1) acupoint and verified the effect by functional magnetic resonance
imaging analysis. The results showed that the primary motor cortex and middle temporal
gyrus of the left hemisphere and bilateral cuneus in the 10 Hz-modulated group found
significant activations [18]. Moreover, the photic stimulation with frequency could induce
regulatory functions in the brain. H. Sakamoto and co-workers showed that intermittent
photic stimulation at 10 Hz could externally induce a coherent state in the cortex and persist
as a form of short memory [19]. Milone’s group showed that a 10 Hz red light-emitting
diode (650 nm) light, consistent with the alpha rhythms, gives rise to cognitive function
and regulatory function in the brain [20]. Specific brainwaves and functions of the brain
can be induced with different kinds of light stimulations.
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4.2. EEG and Attention

The two groups in our study had been tested with three kinds of attention tests before
the PBM stimulation. In the present study, the main EEG changes induced by this insensible
PBM stimulation at the palm included the increase of beta rhythms in the front and parietal
lobes in the laser group, see Figures 4 and 5, sessions 1 and 2. It means that the beta
brainwave (induced by a series of tests) can be sustained with 10 Hz stimulation. From
our previous studies, the alpha rhythms in the laser group were induced in the open-eyes
study [13]. However, with the same stimulation, the alpha rhythms in the laser group were
reduced in the closed eyes study [14]. This mean that the PBM stimulation can induce
different brainwaves under different conditions—closed-eye or open-eye. According to the
attention tests, the brainwaves in the laser group are dominant at the beta band at many
sites, even if the subjects were stimulated with 10 Hz frequency (in the alpha band). We
summarize the EEG results of our previous studies [13,14,21] and this study in Table 2.

Table 2. Significant variations in the normalized power in the brain region with a similar light
stimulator.

Stimulator Laser
(30 mW)

LED
(30 mW) [21]

Laser
(7 mW) [13]

Laser
(7 mW) [14]

Task Conducting 3 Tests
(Open Eyes)

No Action
(Open Eyes)

No Action
(Open Eyes)

No Action
(Closed Eyes)

Brainwave

Beta

FT7, TP7 and CPz; FP1,
F3, F8, FT7, FC3, FT8, T3,

T4, TP7, TP8 and T5
increase ↑

C4-P4
increase ↑

T3-T5,T4-T6, F7-T3, F8-T4
decrease ↓

P3, O1, P4, O2
decrease ↓

Alpha None variation
C3-P3, C4-P4, P3-O1,
P4-O2, T3-T5, T4-T6

more increase ↑↑

C3-P3, C4-P4, P3-O1,
P4-O2, T3-T5, T4-T6

increase more increase ↑↑

P3, O1, P4,O2
F3, F4, C3, C4

more decrease ↓↓

Theta None variation P4-O2, T4-T6, T3-T5
increase ↑

P3-O1, P4-O2,
T4-T6increase ↑ None variation

Delta None variation None variation None variation None variation

In a test condition in which a subject has to perform some kind of tasks, alpha desyn-
chronizes [22], but theta synchronizes [23,24]. The findings [25,26] document that theta
varies as a function of alpha frequency and suggest using alpha frequency as a common
reference point for adjusting different frequency bands. EEG alpha and theta oscillations
reflect cognitive and memory performance [27]. A single dose of attention training increases
alpha and beta oscillations in the frontoparietal lobe [6]. More attention tests in this study,
therefore, increase beta waves.

4.3. Methods to Improve Attention

Recently, most research has been focused on some training methods to improve stu-
dents’ attention, such as computer games [3], meditation training [4], neurofeedback [5,28],
virtual and augmented reality [29,30], and music [31]. Most of these methods take a long
time to improve the attention of the testers. For example, EEG neurofeedback training
was applied to children with ADHD, and cognitive functions (sustained attention, verbal
working memory, and response inhibition) were improved in the treatment group [28].
Lai and Chang used fixation focus training activity to improve the attention of elementary
school students [32]. The experiment group underwent focus training, conducted once a
week, for 12 weeks. There were significant differences in the total scale, focused attention,
and selective attention. However, it takes 12 weeks [32] or more [28] to improve the at-
tention of the subjects. From the experimental results, specific brainwaves of the subjects
can be induced by ten-minute stimulation. The purpose of the Stroop color–word test is
to assess the performance of selective attention. The errors in the Stroop test before and
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after in the placebo group significantly increased, as shown in Figure 7. The beta bands of
brainwaves in the placebo group have not been induced or enhanced. The performance of
MDAT has been improved in the laser group, as shown in Figure 8a. On the other hand,
the time of MDAT in the two groups is significantly reduced before and after the test, as
shown in Figure 8b. Such a reduction was caused by his or her familiarity with the test
when the subject retakes the test. The purpose of the MDAT is to assess the performance of
focused attention, selective attention, sustained attention, alternating attention, and divided
attention. It means the subjects need more attention when they conduct the MDAT test.

4.4. Limitations and Future Directions

The major limitation of the study is that the present study was conducted in a healthy
population. The gender and age are also the parameters that affect EEG in different
situations. The changes in EEG activity were used to detect a driver’s drowsiness [33] and
fatigue [34] for different genders. The age and gender parameters will be considered in
future work. Additionally, staying up late significantly affects brainwaves, and thus future
studies might try to capture more detailed and more objective indicators of sleep quality.
On the other hand, brainwave rhythm is associated with mental states. For example, the
most dominant patterns of EEG change in patients with ADHD, schizophrenia, and OCD
are power increases across lower frequencies (delta and theta) and decreases across higher
frequencies (alpha, beta, and gamma) [7]. If we recruited the patients who have these
mental problems in this study, the experimental results would be different.

Moreover, the effects caused by light stimulation on the palm are not limited to
inducing specific brainwaves. For example, the blood circulation of the brain and the
lungs (according to traditional Chinese medicine, the pericardium and lung meridians
are located on the thumb and middle finger) may be enhanced. This affects the rate of
oxygen consumption in the brain. Rojas et al. verified that LLL therapy can increase the
rate of oxygen consumption in the prefrontal cortex in vivo. Additionally, they showed
that LLLT-treated rats had an enhanced extinction memory as compared to controls [35].
The effects of PBM on the brain via somatic stimulation deserve further study.

5. Conclusions

The effects of PBM stimulation at the palm on attention were investigated. This
study applied PBM stimulation to university students to induce changes in EEG power
and improve attention. The specific brainwaves can be induced with the PBM stimulator
operated at a 10 Hz frequency. The power of beta and gamma bands increased in many
sites in the brain regions. The scores of MDAT in the laser group increased significantly.
We believe the results in this study have practical implications for the medical field. For
instance, the long-term use of light stimulation may have potential applications in several
disorder types, including ADHD, schizophrenia, depression, and OCD.

Author Contributions: Conceptualization, J.-H.W.; methodology, J.-H.W. and Y.-C.C.; software,
C.-Y.Y.; validation, J.-H.W. and C.-Y.Y.; formal analysis, J.-H.W. and C.-Y.Y.; writing—original
draft preparation, J.-H.W. and C.-Y.Y.; writing—review and editing, J.-H.W., Y.-C.C., C.-Y.Y. and
Y.-C.S.; project administration, J.-H.W. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Min-Sheng General Hospital (IRB No.
2019005 and date of approval: 21 June 2019).” for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data used to support the findings of this study are included within
the article.



Life 2023, 13, 1490 11 of 12

Conflicts of Interest: The authors declare that there are no conflict of interest regarding the publica-
tion of this paper.

References
1. Graham, F.K.; Hackley, S.A. Passive and active attention to input. In Handbook of Cognitive Psychophysiology: Central and Autonomic

Nervous System Approaches; Wiley: Hoboken, NJ, USA, 1991; pp. 251–356.
2. Marshall, P.; Hoelzle, J.; Nikolas, M. Diagnosing Attention-Deficit/Hyperactivity Disorder (ADHD) in young adults: A qualitative

review of the utility of assessment measures and recommendations for improving the diagnostic process. Clin. Neuropsychol.
2021, 35, 165–198. [CrossRef] [PubMed]

3. Olfers, K.J.F.; Band, G.P.H. Game-based training of flexibility and attention improves task-switch performance: Near and far
transfer of cognitive training in an EEG study. Psychol. Res. 2018, 82, 186–202. [CrossRef]

4. Yoshida, K.; Takeda, K.; Kasai, T.; Makinae, S.; Murakami, Y.; Hasegawa, A.; Sakai, S. Focused attention meditation training
modifies neural activity and attention: Longitudinal EEG data in non-meditators. Soc. Cogn. Affect. Neurosci. 2020, 15, 215–224.
[CrossRef] [PubMed]

5. Jiang, Y.; Abiri, R.; Zhao, X. Tuning Up the Old Brain with New Tricks: Attention Training via Neurofeedback. Front. Aging
Neurosci. 2017, 9, 52. [CrossRef] [PubMed]

6. Knowles, M.M.; Wells, A. Single Dose of the Attention Training Technique Increases Resting Alpha and Beta-Oscillations in
Frontoparietal Brain Networks: A Randomized Controlled Comparison. Front. Psychol. 2018, 9, 1768. [CrossRef]

7. Newson, J.J.; Thiagarajan, T.C. EEG Frequency Bands in Psychiatric Disorders: A Review of Resting State Studies. Front. Hum.
Neurosci. 2019, 12, 521. [CrossRef]

8. Salansky, N.; Fedotchev, A.; Bondar, A. Responses of the nervous system to low frequency stimulation and EEG rhythms: Clinical
implications. Neurosci. Biobehav. Rev. 1998, 22, 395–409. [CrossRef]

9. Chen, A.C.N.; Liu, F.J.; Wang, L.; Arendt-Nielsen, L. Mode and site of acupuncture modulation in the human brain: 3D (124-ch)
EEG power spectrum mapping and source imaging. NeuroImage 2006, 29, 1080–1091. [CrossRef]

10. Teplan, M.; Krakovská, A.; Stolc, S. Direct effects of audio-visual stimulation on EEG. Comput. Methods Programs Biomed. 2011,
102, 17–24. [CrossRef]

11. Lyskov, E.B.; Juutilainen, J.; Jousmäki, V.; Partanen, J.; Medvedev, S.; Hänninen, O. Effects of 45-Hz magnetic fields on the
functional state of the human brain. Bioelectromagnetics 1993, 14, 87–95. [CrossRef]

12. Davis, L. The Alpha Plan: Making the Most of Your Mind; Methuen: London, UK, 1986; p. 26.
13. Wu, J.H.; Chang, W.D.; Hsieh, C.W.; Jiang, J.A.; Fang, W.; Shan, Y.C.; Chang, Y.C. Effect of low level laser stimulation on EEG.

Evid. Based Complement. Altern. Med. 2012, 2012, 951272. [CrossRef] [PubMed]
14. Wu, J.H.; Chang, Y.C. Effect of low-level laser stimulation on EEG power in normal subjects with closed eyes. Evid. Based

Complement. Altern. Med. 2013, 2013, 476565. [CrossRef] [PubMed]
15. Sohlberg, M.M.; Mateer, C.A. Effectiveness of an attention-training program. J. Clin. Exp. Neuropsychol. 1987, 9, 117–130.

[CrossRef]
16. Stroop, J.R. Studies of interference in serial verbal reactions. J. Exp. Psychol. 1935, 18, 643–662. [CrossRef]
17. Tsai, S.R.; Hamblin, M.R. Biological effects and medical applications of infrared radiation. J. Photochem. Photobiol. B Biol. 2017, 170,

197–207. [CrossRef]
18. Hsieh, C.W.; Wu, J.H.; Hsieh, C.H.; Wang, Q.F.; Chen, J.H. Different brain network activations induced by modulation and

nonmodulation laser acupuncture. Evid. Based Complement. Altern. Med. 2011, 2011, 951258. [CrossRef]
19. Sakamoto, H.; Inouye, T.; Shinosaki, K. Preservation of alpha rhythm shortly after photic driving. Int. J. Neurosci. 1993, 73,

227–233. [CrossRef]
20. Milone, F.F.; Minelli, A.T.; Cian, R. Alpha rhythms response to 10 Hz flicker is wavelength dependent. Neurosci. Med. 2013, 4,

94–100. [CrossRef]
21. Shan, Y.C.; Fang, W.; Chang, Y.C.; Chang, W.D.; Wu, J.H. Effect of near-infrared pulsed light on the human brain using

electroencephalography. Evid. Based Complement. Altern. Med. 2021, 2021, 6693916. [CrossRef]
22. Pfurtscheller, G.; Aranibar, A. Event-related cortical desynchronization detected by power measurement of scalp EEG. Electroen-

cephalogr. Clin. Neurophysiol. 1977, 42, 817–826. [CrossRef]
23. Klimesch, W.; Doppelmayr, M.; Schimke, H.; Ripper, B. Theta synchronization in a memory task. Psychophysiology 1997, 34,

169–176. [CrossRef]
24. da Silva, F.L. The rhythmic slow activity (theta) of the limbic cortex: An oscillation in search of a function. In Induced Rhythms in

the Brain; Birkhäuser: Boston, MA, USA, 1992; pp. 83–102.
25. Klimesch, W.; Doppelmayr, M.; Russegger, H.; Pachinger, T. Theta band power in the human scalp EEG and the encoding of new

information. NeuroReport 1996, 7, 1235–1240. [CrossRef] [PubMed]
26. Klimesch, W.; Doppelmayr, M.; Russegger, H.; Pachinger, T.; Schwaiger, J. Induced alpha band power changes in the human EEG

and attention. Neurosci. Lett. 1998, 244, 73–76. [CrossRef] [PubMed]
27. Klimesch, W. EEG alpha and theta oscillations reflect cognitive and memory performance: A review and analysis. Brain Res. Rev.

1999, 29, 169–195. [CrossRef] [PubMed]

https://doi.org/10.1080/13854046.2019.1696409
https://www.ncbi.nlm.nih.gov/pubmed/31791193
https://doi.org/10.1007/s00426-017-0933-z
https://doi.org/10.1093/scan/nsaa020
https://www.ncbi.nlm.nih.gov/pubmed/32064537
https://doi.org/10.3389/fnagi.2017.00052
https://www.ncbi.nlm.nih.gov/pubmed/28348527
https://doi.org/10.3389/fpsyg.2018.01768
https://doi.org/10.3389/fnhum.2018.00521
https://doi.org/10.1016/S0149-7634(97)00029-8
https://doi.org/10.1016/j.neuroimage.2005.08.066
https://doi.org/10.1016/j.cmpb.2010.11.013
https://doi.org/10.1002/bem.2250140202
https://doi.org/10.1155/2012/951272
https://www.ncbi.nlm.nih.gov/pubmed/22973409
https://doi.org/10.1155/2013/476565
https://www.ncbi.nlm.nih.gov/pubmed/24288562
https://doi.org/10.1080/01688638708405352
https://doi.org/10.1037/h0054651
https://doi.org/10.1016/j.jphotobiol.2017.04.014
https://doi.org/10.1155/2011/951258
https://doi.org/10.3109/00207459308986673
https://doi.org/10.4236/nm.2013.42015
https://doi.org/10.1155/2021/6693916
https://doi.org/10.1016/0013-4694(77)90235-8
https://doi.org/10.1111/j.1469-8986.1997.tb02128.x
https://doi.org/10.1097/00001756-199605170-00002
https://www.ncbi.nlm.nih.gov/pubmed/8817539
https://doi.org/10.1016/S0304-3940(98)00122-0
https://www.ncbi.nlm.nih.gov/pubmed/9572588
https://doi.org/10.1016/S0165-0173(98)00056-3
https://www.ncbi.nlm.nih.gov/pubmed/10209231


Life 2023, 13, 1490 12 of 12

28. Shereena, E.A.; Gupta, R.K.; Bennett, C.N.; Sagar, K.J.V.; Rajeswaran, J. EEG Neurofeedback Training in Children with Attention
Deficit/Hyperactivity Disorder: A Cognitive and Behavioral Outcome Study. Clin. EEG Neurosci. 2018, 50, 242–255. [CrossRef]

29. Shema-Shiratzky, S.; Brozgol, M.; Cornejo-Thumm, P.; Geva-Dayan, K.; Rotstein, M.; Leitner, Y.; Hausdorff, J.M.; Mirelman, A.
Virtual reality training to enhance behavior and cognitive function among children with attention-deficit/hyperactivity disorder:
Brief report. Dev. Neurorehabilit. 2018, 22, 431–436. [CrossRef]

30. Lorenzo, G.; Gómez-Puerta, M.; Arráez-Vera, G.; Lorenzo-Lledó, A. Preliminary study of augmented reality as an instrument for
improvement of social skills in children with autism spectrum disorder. J. Educ. Inf. Technol. 2019, 24, 181–204. [CrossRef]

31. Barbaroux, M.; Dittinger, E.; Besson, M. Music training with Démos program positively influences cognitive functions in children
from low socio-economic backgrounds. PLoS ONE 2019, 14, e0216874. [CrossRef]

32. Lai, Y.J.; Chang, K.M. Improvement of attention in elementary school students through fixation focus training activity. Int. J.
Environ. Res. Public Health 2020, 17, 4780. [CrossRef]

33. Stancin, I.; Zeba, M.Z.; Friganovic, K.; Cifrek, M.; Jovic, A. Information on Drivers’ Sex Improves EEG-Based Drowsiness Detection
Model. Appl. Sci. 2022, 12, 8146. [CrossRef]

34. Shahbakhti, M.; Beiramvand, M.; Nasiri, E.; Chen, W.; Solé-Casals, J.; Wierzchon, M.; Broniec-Wójcik, A.; Augustyniak, P.;
Marozas, V. The Importance of Gender Specification for Detection of Driver Fatigue using a Single EEG Channel. In Proceedings
of the 2022 14th Biomedical Engineering International Conference (BMEiCON), Songkhla, Thailand, 10–13 November 2022.
[CrossRef]

35. Julio, R.C.; Aleksandra, B.K.; Francisco, G.L. Low-level light therapy improves cortical metabolic capacity and memory retention.
J. Alzheimer’s Dis. 2012, 32, 741–752.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/1550059418813034
https://doi.org/10.1080/17518423.2018.1476602
https://doi.org/10.1007/s10639-018-9768-5
https://doi.org/10.1371/journal.pone.0216874
https://doi.org/10.3390/ijerph17134780
https://doi.org/10.3390/app12168146
https://doi.org/10.1109/BMEiCON56653.2022.10012118

	Introduction 
	Materials and Methods 
	Participants 
	PBM Stimulator 
	Procedure 
	Control 
	EEG Recording and Measurement 
	Attention Test 

	Results 
	EEG Results 
	Attention Test Results 

	Discussion 
	Light Stimulation and EEG 
	EEG and Attention 
	Methods to Improve Attention 
	Limitations and Future Directions 

	Conclusions 
	References

