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<ABSTRACT>

Combining research methods in brain science and education is already one of the main trends and is effectively
used to test existing theories of learning at the brain level and to discover new unknown knowledge in education.
Functional near infrared spectroscopy (f-NIRS) is a device that measures the hemodynamic changes of the
prefrontal lobe related to emotional changes, cognitive activity, and physical exercise. Its measuring principle is a
method of detecting the transmittance of a light source whose wavelength is disturbed by the difference in
histological characteristics of the prefrontal lobe brain region, using a near infrared light source with a wavelength
of about 650-1000 nm. Cerebral blood flow changes can be measured in a non-invasive way. There are many
advantages and high utilization in the convenience of measurement, the mobility of the measuring device and the
possibility of the subject's movement. This method has advantages in terms of ease of measurement, maintenance
efficiency, and low maintenance costs. This can be the best tool for brain research and mass sampling of students.
To explore the practical applicability of f-NIRS in educational research, the study measured the brain activity of
college students in observing biological phenomena designed with the block paradigm. The brain activity of the
college students was shown that the BA10 region was activated in the guided observation and the BAS8 region
was activated in the non-guided observation. The findings suggest that the use of f-NIRS in educational research
can be a useful approach for studying probes in the learning process, as well as short- and long-term learning
effects. Therefore, the proliferation of f-NIRS use in educational research will contribute to the development of

specific and systematic research methods.
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I. Introduction
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II. Research Method Using
Functional Near-Infrared Spectroscopy
(f-NIRS)

1. Principles
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[Figure 1] Absorption coefficient according to
wavelength of light (Scholkmann et al., 2014)

[Figure 2] Banana-shaped near-infrared

spectroscopy path (Shuvra et al., 2018)
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<Table 1> Exemplary advantages and disadvantages of common neurocognitive brain imaging techniques (Soltanlou

et al., 2018).
Techneique Advantage Disadvantages
* relatively high temporal resolution (milliseconds . . .
,y 'gh P . ,( ) * low spatial resolution (centimeters)
* recording in natural body positions . .
. . , » only cortical brain coverage
fNIRS » low sensitivity to motion artifacts . .
« vortable * influence of extra-cerebral hemodynamics
P . * influence of hair and skull characteristics
* inexpensive
. . . . « relatively low temporal resolution (seconds
» very high spatial resolution (millimeters) o .y ~p . ( )
. * sensitivity to motion artifacts
* whole brain coverage . ",
fMRI : * constraints on body position
* structural and functional data o
o * contraindications (e.g., heart pacemaker)
* good source localization .
* expensive
* high spatial resolution (millimeters) * low temporal resolution (seconds)
PET » whole brain coverage * injection of radioactive tracer
* metabolic data * expensive
. . L * low spatial resolution
» very high temporal resolution (milliseconds) . p . . .
* sensitivity to environmental noise
EEG * portable . .
. . * inverse problem of source localization
* inexpensive . : .
* time-consuming preparation
. . s * sensitivity to environmental noise
* high temporal resolution (milliseconds) . y .
. . . s * contraindications (e.g., dental crowns)
MEG * high spatial resolution (millimeters)

good source localization

non-portable

* expensive

3. Research Process T HAE FuL AE5S A= Al v &
A Al Addsfor sk AAl AA QA HAE
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A8 7S Fu| 3 5 du I Aze wE A4 dugss &85
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A o} el e et Ay Fa el w2t Ye, 2014). BA & AZEOES gl ARES
de FyE A PAe AEIIY BYE BEAS = wA sk, B4 A3E oy 7hA R o R Uehd
d A4 9 RS AXE Aol Tow, AW o of AT 4 Aot wES AFolM= o A
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4. Experimental Procedure

f-NIRSE &8 A+ [Figure 3]ol AAsH=
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[Figure 3] Flow chart of the experimental

procedure in the research using f-NIRS
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<Table 2> Summary of the characteristics in f-NIRS study’ participants and experimental protocol

Reference Participants A healthy standard  Conditions Number Behavior task
of blocks
No history of
Kim Healthy young neurological, Rest 1 block Initialization
Jae-Myoung cardiovascular 1 block Baseline
adults . .
et al (n=20; 22.143 4) diseases,non-smokers, Task 5 blocks Squatting rest
(2018) T none were taking any 5 blocks Standing rest
medications
Shin Rest 30 blocks
Jae-Young Healthy young No .nel%rological, Introduction 30 blocks . .
ot al adults psychiatric, or other Task 10 blocks Mental arithmetic task
(2018) (n=13; 24.9) brain-related diseases 10 blocks Idle state task
10 blocks Breath holding task
Ahn Children who Rest 2 blocks
Jong-Bok stutter/don't stutter X Task 2 blocks Reading task
(2014) (n=10/10; 6-7) Monologizing task
Ye Rest 10 blocks
Jong-Chul Healthy young Interval 10 blocks . .
ot al adults X Task 10 blocks Finger tapping task
(2009) (n=12; 26.4£2.5) Rest 16 blocks
Task 16 blocks Working memory task
Hong .
Seung-Hyu Healthy young No damage to the Rest 5 blocks Preparatlon.
K et al adults blood vessels, Control 5 blocks Mental counting
(2015) (n=5; 28.6) cardiovascular system. Task 5 blocks Mental task (MS/MR)
Atsumori et Heal;tiléoung Right-hande.d, non Rest 1 block
al (2010) (n=6: 29.7433) neurological Control(NW) 6 blocks NW
’ abnormalities Task 5 blocks DTW + attention-demanding task
Healthy young adult Rest 10 blocks Playing table tennis
Balardin et (n=1; 30) x Forehand 10 blocks
al (2017) Predictable 10 blocks
Unpredictable 10 blocks
Healthy young adult X Everyday-life Continuou Continuous monitoring
(n=1; 26) activities s in everyday life
Doi et al MCI older adults Control (NW) 3 blocks NW
(2013) (n=16; 75.4+7.2) X Task 3 blocks DTW + VFT
Rest 3 blocks
Feng et al MDD patients X Rest 4 blocks
(2019) (n=15) Task 4 blocks VFT
Himichi et Healthy young adults Rest 30 blocks . .
al (2015) (n=44; 2132+1.73) Female only Pre-task 3 blocks Em(.)tlonal movie
Task 30 blocks Director task
Rest 3 blocks
Hu et al Healthy young adults Graduate engineering Task 1 block unstructured design task (BS)

(2018) (n=12;) students, right-handed

partially structured design task (MA)

structured design task (TRIZ)
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Maidan et Older adults with NW
al (2016) Parkinson's disease X Rest 5 blocks DTW + serial subtraction
(n=68; 71.6+0.9) Task 5 blocks DTW + negotiating obstacles

No orthopedic
problems that may
affect their gait or

had unstable medical
condition, including
cardiovascular
instability

Healthy older adults
(n=28; 70.4+0.9)

Right handed, no

McKendric Healthy voune adults historv of Rest 47blocks DTW + auditory 1-back task
k et al (n:yzg ) 8g29) car diovr;/scular Task 37blocks DTW + scenery probe
(2016) ’ . 10blocks

abnormalities
Right handed, normal
MeKendric VlSlO.Il, no history of Task 4 blocks Sltt{ng aud1tor?f I-back task
Healthy young adults cardiovascular health DTW indoor + auditory 1-back task
k et al 2 blocks ;
(n=13; 2243.0) problems, no drugs DTW outdoor + auditory 1-back
(2017) 2 blocks
that alter neural or task
cognitive function
No underlying
orthopedic or
. neurological Rest 6 blocks NW

Mirelman . .
ot al Healthy young adults disorders, be Task 5 blocks DTW + counting forward
(2014) (n=23; 30.9+3.7) cognitively intact DTW + serial subtraction

based on the Mon- Standing + serial subtraction

treal Cognitive
Assessment score

Rest 6 blocks

Task 5 blocks DTW + counting forward
DTW + serial subtraction
DTW + reciting Digit span

Nieuwhof  Older adults with
et al Parkinson's disease X
(2016) (n=12; 70.1+5.4)

Rest
Ongoing task 2 blocks DTW + ongoing task
Pinti et al Healthy young adults x Non-social 2 blocks DTW+PM
(2015) (n=1; 24) PM task 1 block
Social PM 1 block
task
Salzk;‘t;ara Same-sex twins X Rest 2 blocks VET
(2017) (n=78; 5-17) Task 1 block
Healthy young adults Right-handed, no Rest 6 blocks DTW + playing Touch the numbers
Takeuchi et (n=16; 25.9+4.4) neurological Task 15 blocks

al (2016) Healthy older adults abnormalities, cut off

(n=15; 71.743.3) score of MMSE
NW = normal walking; DTW = dual-task walking; MCI = mild cognitive impairment; PM = prospective
memory; MS = mental subtraction; MR = mental rotation; MA = morphological analysis; BS = brainstorming;
VFT = verbal fluency task
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H AR &= AE 8 AT 50 7

H A (Mirelman et al., 2014). &¥rdoz o]lF 3}
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III. Application in Education
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