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Objective: The aim of this study is to investigate physiological mechanisms underlying
cognitive load and determine important factors that should be considered to quantify
cognitive load.

Background: Many studies have been conducted to propose measurement methods
and effectively quantify effects that cognitive load has on user experiences, human
performance, and human safety. However, few studies have been made to investigate
which factors contributed to different findings of changes in physiological signals
characterized with increasing cognitive load.

Method: This study systematically reviews physiological mechanisms related to
cognitive load based on working memory and selective attention theory. In order
to determine the contributing factors to the different previous findings, subjective
and objective measurement methods frequently and recently introduced in the
literature have been overviewed. The contributing factors were determined by
discussing the current advantages and limitations of the measurement methods.

Results: Individual differences in inherent cognitive capability and differences in how
to increase cognitive load affect human cognitive control, which results in the different
findings of the physiological changes as a function of cognitive load. Minimizing
the number of measures to quantify cognitive load is very important to address
statistical issues such as increased false discovery rate.

Conclusion: In order to evaluate accumulated cognitive load for ensuring human
safety, objective measures indirectly reflecting neural connection between brain and
heart can be considered while using multi-dimensional subjective measures such as
NASA-TLX as an assistant method to validate the objective measures. In addition,
EEG changes underlying cognitive load can be effectively measured by recording and
analyzing brainwaves at just two midline electrodes (frontal and parietal) since the
cortical regions are inextricably tied with cognitive control functions such as working
memory and selective attention.

Application: The findings in this overview are expected to provide practical guidelines
to potential researchers who want to quantify cognitive load in their practical fields.
With the updated knowledge of the measures, it can be possible to more precisely
quantify cognitive load, determine contributing factors to the load, and then optimize
various factors positively affecting man-machine interfaces.

Keywords: Cognitive load, Working memory, Measurement method, Physiological
signal
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1. Introduction

|2 A% AL HO| Ml 2IFX|S, VR/AR, loT 7|20| 8E ME - 0|C|0f MH|A7} SHSIHAM W2 HEE ALK 28X
ol o2 HIste A0l O FasX| L ULt € EH, ASKX|E, loT, BZTH Head-up C|AE207} SRE XtaF HE A~
B(In-vehicle information system, IVIS)OI| A Cist ZFO| BIHIO|HE S8t FEESHH M3ste A2 2HXe| QAXZEE FY
1 x% QR E Aoy NEAID F 00| 2 = UChYae et al, 2017). LIZEHOZ ¢ 22t XOo[Lt & oT F0f Lasl= ol
XNZEE 2oz MBI %Mol AFRXL 7HKE KEdHs HE FZ(nformation architecture)E TFESIH, AFRXIQ| HE EMAY
NS ZAe 2 ZO0|AL FOE R + e HE A-S Hdte 20| 7Hs3HA E CHiimenez-Molina et al, 2018). 21X|2E
£ a2X0l HRlO|M HM3sts ME, Al2H, 52 MHAE FHL7| diMe QX220 Fesh JHE, el 7|F, Chet st
g ol O Bl HUNE ot nhefsiol do] XMt HAlg MEes A0l I

QIX|28}Cognitive load)y= AFEXI7L &
20| 2{(Attention resource)2| SHYE 8(Limited capacity) 22 218} Z443HCHKlimesch, 1999; Mun et al, 2017). QIX|ESHs E3t QI7k
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QIX|HEIE FHECZ HItsts WAOR 2| Ya{Tl HILK|E= NASA Task Load Index (TLX), Subjective Workload Assessment Technique
(SWAT) 0| JAem, St Hot W 2IHAQl MM SA glo| ZHHSLA QXZEE HHY = Utks HFO| ACE FHH AKX =2E H
7hb2 chAXER(Modified cooper-harper scale, Overall workload scale &) A 2 &b CHAFR AH L (NASA TLX, SWAT) A2
Lirl=0, 2 20Me X E2] AH8 &= WA0] CHAFY ALY WA0]7] MZ0| O|E FZE =25t At Bhet.

=

X
it
[
R
Ot
e
N

Ho
o



30 Jun, 2018; 37(3): Overview of Understanding and Quantifying Cognitive Load 339

NASA TIX= AFEAS| QIX|ZEE FAHAE Q7 (Mental demand), SH&E 272 (Physical demand), AlZHE 27 & (Temporal demand),
Ef23 4% = (Performance), =2 (Effort), T=Z(Frustration)2| 67] XH&I0f CHal 1008 AAH L= HIlsich HAN Q7 Q0 F
T EfATE FHSHT| s At (Thinking), 2IAHA( Deciding), HAM(Searching), Al4h(Calculating) % 7|2 (Remembering) S+ 2
AN e QXM 250 AOrLt §0] RFEJXE FHAL SHE 27 228 FO|T EHAIE A7 s, L
(Pushing), &0F7|7 I(Pullmg =2|7|(Tuming), "”(Controllmg) EE H3HQ |HT 2E(Acivating)dt 22 SHEe 230 &
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Table 1. Example of calculating subjective ratings in NASA-TLX

Weight Raw rating Adjusted rating (Weight x Raw)
Mental demand 3 50 150
Physical demand 0 5 0
5 5
40 80
70 280
65 325

—_

Temporal demand

Performance

Effort

(O BN \]

Frustration

Sum "Adjusted rating" Column = 840

Weighted rating = (Sum of adjusted ratings)/15 56

NASA-TLX £20M M=%t Hiet
SEACR AXZEE Bt

25 subjective orthogonality)St0] (
ZETt &0 f’é' @—?— EjA30| £4at 2A Lol

2E, HAMH EE, Ma|® AEHA M 7HK| KIS T8
N SPAYUE 7o) S8
A ’gtl"* EEH% 7JOiI 240l =oh AlZ
L Z0| =0tX|= oHA 7t EXHSICHRubio et al, 2004).
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ZIHN WL HEAle A|Ztof| 2 X[2X QI HIFA K Continuous form of measurement)® MS6FX| ZStCt [H2tA MK EjAT =

P EIEAIE ALO[Of AJZHA Zh=0| L5t M| QIXIZEE Z{US FAQ S MUZE 7[R Roff Hez A7Zq
X5 = BHCHMun and Park, 2013). E3E EfARTF e QIX|2E X|LA|ZHS DE{SHR| %2 ME{O|A, EfAT 43 A| Xl

M=ot EfA3 2o HFo FHA HI Z9 7Ho| 4ty 2ME Al=g 42 00 7tk % SHX| Y2 dEARI 2EE =k

= Ef239] 42, QX|ZE L ARt X|ZETL 00f 7P7H2 HEHE A

ENE U2 ME Husts Zat 27| ME0|CkPark and Mun, 2015). [H2tA, WKL S 9t

8%, 237t F= AXZE £FZ Pilot test EHAOIM HES| 2M5t0 74210l 1R QI
SHA © A

22 M = e ZO|AEO|LE A
A HSEES =HG0| E0Igt FEZAEA] £0[Lt Ehof ZX|ot QXZEE IA L2 AIFE 2151 3tY, ofd AIESS
YFE YHdzotol dBde =EStE Ak StLtel Thetol 2 £ ATt
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3. Objective Measurement Methods

3.1 Pupilometry

QX|HSHE ApMog WISt HAMe I 8337 B, (Mol Eii(Ee ) MYAHEY Hol 2, FUr|at Mo}
EH, Ar2ddA e £, H-dY d2d £ 50| Ut &3 K59 Hite YUtHoR QI7to] 24t FEE dtYdts AeE ¢
HA Ao, QAXZETL BIFE4E 5337|7F HX|A| =Tt Ol HZHBrain stem)0fl f|X|oH HEto| gHdatet 72 Sito| QUch
gte B2 X 9t AREo U=, E3| Alds BEStL S FEAZ| F9Q FH G (Parietal cortex)2t = & A2EEHELL
2HAZl A (Superior colliculus)?t 2 S2HZ|0] UCHWahn et al, 2016). 2|2 (Attentional resource)0| L 4+F0|ot A2 E[0f HEt
O ZHdotz|™ AlZtup 2HAE DjFHLIZ0| Bd%t(0] 350| ST A ElCh Eot QIX|R5H7F X HX o2 FH |0 HEto| o2 &4
S| AEYA ZE2E0R Y 20t Z 20| 2H|Z(0] nMAA X2 Z O[0|X|A ECiTyler et al, 2015). 337 #a}
£ 2cf M2 AXZEE HISte Fadt QAR A2M Qo £ A Ci30t 22 HHE0| EXfoct. 3337 MalE 7|He
E QXZEE ZEY 42 FH 249 H7|(luminosity)Lt =EE= EjA3 X529 817|7F HEA] YHsOf otCh= AOICL Ol &
S AHHZF OAMeh o= QIASHA BH85t7| ME0|H, 2HZ0|LE Xt=2| 87| HHE M2 SHSHA| X3 HEjofM QXZ2EE &
oA £ SAXNCE 0| 2 Y2 Fe HYWHAS NUZ SXSHA| ot HHLHE o Aap 24 =t E3 AlZA=S
A

2
Of R|LIX[H SHO|7Lt = SSHSELE CE Y2 BQ £¥S 128lof ottt

3.2 Electroencephalography

MIE} o}, e}, Z0iotE g2| LT RHEk(mol
b ut

QXZE B Al 20N 7HY 20| AFEE ZHO| L|MZ0|H, LMz E HHEY, 2
9| =45l(Neural activation) == H|ZHd3HNeural inhibition)2 Q18 LIEHLEE Bk

|
HiZ=otet £ At=0f Bt3dt= MFEHEY A
otz 3A 25 = ChFigure 1).

(EEG: Electroencephalogram)

<On the surface>

AN

) r | Evoked Potentials (Time-locked by Presentation of Specific Stimuli)

‘Vg“‘ - — .

<Cortical surface>

" & i | Background EEG

- —

<Within the cortex> Q -_
g -* i

DELTAWAVES THETAWAVES ALPHAWAVES BETAWAVES
<4 wps 4~7 wps 8~13 wps >13 wps

i
|

Figure 1. Composition of electroencephalogram: Evoked potentials and background EEG

B QX|ZEQt AEO| % HiZw|os HFE MEMDRL F8Y LIHolH, ol X 7|% &2 (Working memory capacity)df 2+
g UEHIY TSEof 7| WEolct 7+ E2| LefTl siE Bidk|uto| gisl= Ch3ah ZLt 2

=
|_|_ |_|_ T

=84 CHsHolZh-R 53| K|

[ =
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X2 @y A BEYO| MEIZH S7KD FYE0l UL ZActs H0| LKL B, HY7|98Y 52 Folzo| 5%
L3201 s ABSI0f CIE EA30) §EE + 9l 71820 Kol 4F HEEO HETSL F7KHD TEYe ST HAT

= [
S T =
HESHIet e FE 23d HAUS EF

(e}
=]
ViIE=S
=]
ol

=
CHMun et al, 2017; Puma et al, 2018). =& MEITLte| Z7}
4 [

ZZ (Attentional control) HHLZ0| £35t7F Z2{ LtEILtE oY = == ACHKathner et al, 2014; Klimesch et al, 2005; Lei and
Roetting, 2011; Mun et al, 2017). J2{L} %2 Puma et al. 2018)2] 710 [EH, AXZEE REUBIT| o AR = E§A39] 74,
S5 % JHele] ng EjA3 A*"ha(&%wlc—"‘ 1R S8 Xo[Lf MEHM ZF=o| MEh) Kjo|of mi2t FFHYO|L 2 FHo| Amatit It

St MHE 29 = UChe Z{0| B1E| = AXZEE Butste EjAT WA(HEIEfAZ O ZA2)0| CHE Ej230| 07t
Fo|HZ FA ARsiof st= EjA3 :rlg'f’-l A (French airline pilot task 5), O|F EfAZ7} &3 29l(Distracton)22 Z23L0] ME
A FoIX= ool xt=0) HE [[H 1%t = HIEHIZL YT 2 4517 R0, Y7t 5715t 0| LIEHE = UZ
A|AbstCt, JHele] 1g ol f23 Ho|=o F&F2 O/E = ks M= 1o} st=0|, o S0 1R UX|sH
Wl CIRIZE FE)7t 17 QAXSHO| FHOolt A-AH = M3 AXZEE FLUSHK| 7
W20, HiZ|mbet 2 E A7 ZntE0| MOiHeE CH2A 210k e ZO|Ch ETH AtRho| a2t Hg32H HE &2 HO|
ZO| 0| MA|Z[of oo] e Ho|z=o| WNE 3T I Fo2|AATL 100EE SRE|ALL AX|7|50 LHZETL HE|A H
(Cognitive plateau), 0| EfA3 HO|=E Z2{& HiZL|mtof OFF Hol7F LIEFLEX| B4=Ct Ol2{3t 4 MEH £7tE ZEEAZ
Aol chot EfAR MEHATL FA4S| MSLEIC M2tA, EfAT HEHALL 7HRINR0| QIX|sHE a2 FFSI AT 2A
B2 7|%(Ward method §)2 2838t0] AFEAF 1E2 Low, Medium, High 122 ER3510] 2MS A|HsIALL 740! 2k XI0|E 5
MEtoz d¥ol 3 SAEMS AlASHoF ottt -E— St0f CE7Hde| AE S Alddt= 420 Benjamini-Hochberg Procedure
HENOIM SHY AFS sAsoF oot ETt HIHE ofg X|FHAM FHE
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L} Bonferroni Correction2 0| &3}

420 RelsES AUE 0050(M IHEAEE TS |HESH-2 57IE) 84X 15
[ =l

=

Bonferroni Correction 2 CH= Benjamini-Hochberg ProcedureE M-&3H= 20| Z&% C{oto|
Causeur et al, 2012; Lage-Castellanos et al, 2010; Mun et al., 2014).

CtBenjamini and Hochberg, 1995;

;_

Qutrmz QX|ZEES ZHSE 4R, uk|nt 27| & Late positive potential, LPP)Q| ZIZ0|Lt R27|E 2Ms}o] DAE QIX|
58 BAE £ QUrHs BEO| oLt AFAZHAT S| (Event-related potential, ERP)S S28}7| I3 HI71X Ol SHAI= (Target)lt E

ZAt=(Distracton) 22 4=l Oddball Paradigm (Pan et al, 2000), Cueing Paradigm (Jones and Forster, 2012), Random-interval Target
Paradigm (Mun et al, 2017) S AHEoHOF BtCt O[2(%t B FFote s AXZEZL @ 22t d 2o SYYOILE 2 FHARIL 2
UM G 0| FESH= Aol2tH, KL H2|CY0| = EjAT +HS Wolldt= a2z 8% 4= Yt O3 EHEES 9F5P7|
23l, Mun et al. 2017)& % EP)J01I Ciet BtEeS Q75| G HE 2= EZHMNAFYTLIQ HE

Fotu QAXZES HIIS g 2 A557| Qo & Hol Zst HAHAE Soff A3 HEH (Behaworal
measures), Hii 2|t Hop fﬂh MIIhete| 4aHdE CItIFo 2 M50 dAZteZ HE 7153 AXZE 53 Mt HAMS
ABSHRUCE AR ZE £ 0] 2= A £ A8t HHSHA HMAIL= DM TS0 FoMH
oz H3st= ko QAXESE 5 =2 0|29 B3 F2 ZE| BA3 $H A2 HO|

Zo| EjA3 4+ Alet HlnE o TSt= ElA39h B3 Yl A= (Distractons FAMNY #24
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nE
|

EoM X522 X2lot SHC}. O[2{%H AO|7F el 271822l TF 4o HSE|0f LEILHED, QXZEI 52 BA3 5
g AolE FART 271922 TF 20| Aol YALE OFF A LEfLID QIX|ZE7 H2 B2 +H Ao= diHe=z =7 Lt
Bt Rikimtel de= 1A 2X7|ss tEots 271820 575 RELL 420 UEfL= AF)E AXZEY et
FOISHA| #lSIA| He BR7F XL Ol HEx|nt FR0A Had /helzt AXISH| Xfo|of EfAT RIS AHHQ| 24
SHE S) MO|Z QI3 2T 4+ AUCH TetM, REETE A83Y UXZEE F8ots 8% JHHLR 2I[dR H=7|=L}
= Hotof 7HEXE 70 243H0{0F BhLt.

Aredldzet s34 de[Hez APt FEA7t AN AXZES FHots FRARE YHO[Lt HYHHO|E(Heart rate

o — o= Ry | [}
variability)2 T2 AMESC} QIX|ZEJt [HE|ALL QF AERA Q010 285H WZMAA HTSZ 0|0 Ao ZItstAHLt
AEHH 0| E0| &=OtX|= THEO| LIEFLICE Park et al. (2014)2 AHEAZAA T4 M(Autonomic balance) HSHE £H8I0 X QX2
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EE EA3 =70 et Moz BAg 4 Qe Autonomic balance ZHE A S| RAChFigure 2). £ =79l E{AIE A
= I SY(Reference state)Oll A Zone 52 K-S AA HEN7L HBSIACHH, MEHHO|EQ| VLF (Very low frequency) IH{7F w4l
A &&52 BYst HF (High frequency) IHeI7t S ZMAA 252 drgsicta Ze{N 7| R0 ZXE AXZER Qlgl| |2
Z0] U nZMBZAT FRE HOE s|ME = ot
>
£ 10
=5 Zone 1 Zone 2 Zone 2
o
¥
S
o3
o
e 7
g Q
> E Zgne & Reference State Zone 4
e 8
L g
c o 4
D o
I £
~ 0o Zone 7 Zone 6 Zone 5
£ 0
=
Q 1
x 1 2 3 4 5 6 7 8 9 10

In (Very Low Frequency Power)
Reflecting Sympathetic Activity

Figure 2. Autonomic balance model (Adopted from Park et al. (2014))

AEMEA = U EXEs MEO e OFAFE(Vagal nerve)| M7|1H MBI A0 s DB Z8(Nucleus tractus solitaries, NTS)
2 AN A4 (Thalamus), AlASHE (Hypothalamus), B =X|(Amygdala) S22 MEE|0 LO{HCE Math, MEON 2 MEE s ds
7b QXA 7|50t EfAT HEHAN 583 FE2 O/ = RUCHHansen et al, 2003; McCraty et al, 2009; Park et al, 2014; Rau et al,

EEG Alpha Signal MWM«WWN“‘MJ/‘A

HEP HEP
First component| Second component

-100ms 50ms 250ms 600ms

ECG Signal

Figure 3. Concept of heart-evoked potential (Adopted from Park et al. (2015))
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Changes in physiological signals with increasing cognitive load

FO{OF

.

Alpha powers of first and second HEP components increase at frontal sites
o

Late positive potentials' amplitudes decrease and latencies delay
Heart rates increase, Heart rate variability increases

Theta power increases at frontal sites
Alpha power decreases at parietal sites
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Table 2. Objective measures to evaluate cognitive load and major bio-indices with increasing cognitive load
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B, 5 @ HOoXof HF M2 27t o MEEAL B2EH Y& HE FZ(Information architecture)7t H&&[0f RACHH
Ol= ALEAF QIXIF3IE RS HY7(0| Q=X @2 Yoz BHLH 5to] AZA FHH 28X Jg=s 0|2 + AUCL ot
2bA, CHfel & BtM EjA3E 285t 0|8 #d93t= Ul R4S 8L, A3 +8E2, cUl, 7|5 )0 WE AXIFoIE FEst
ot B ZEAZEE F0|1 ALEAH FEE A HIShs A0| SR AR RGHE Haste 4+ AU HE EE HIUE Fx2 20|
OlRE A& AHAEE 12310 HEo| HiX|st1, O|0[X|, 3B, A=A L, HAE S5 AEA7L 7|9 H=5 EE Tl O
Ol 2 QF3I5H0 UIE 2tast St 0| siEE & ULt

QIX|ZE= Chfeh MY wBOA O X XY 89S S5t ALEA Fes HHsohr| ffs) nefolor 3t= 28t 2210|L).
metM QIR=E 2 Al ofiol H2|X /e[y Helrt LIEIL=XIE Baoh Folota iyt &gl QXZEE Hysh 942 I
8oto] 5t o1t A0l FALL SQSICE = N0 DES QXZE £ B Jto|E2I2 7|E A7l Ao, g2
o SLX|Of St 2, 58 Al fRelMe, SAY 2F A2zt Hot, AH8E0] e dMis 58 W2 tY 7tsd S& HMAISHY,
71E dedd 280 oH8E QURZE 5Ol SHAE Ciyet HA MYROIR YD ot EHE MSE A2 J|nfECt

References

Benjamini, Y. and Hochberg, Y., Controlling the false discovery rate: A practical and powerful approach to multiple testing, Journal
of the Royal Statistical Society. Series B (Methodological), 57(1), 289-300, 1995.

Boksem, M.AS,, Meijman, TF. and Lorist, M.M,, Effects of mental fatigue on attention: An ERP study, Cognitive Brain Research,
25(1), 107-116, 2005.

Causeur, D, Chu, M.C, Hsieh, S. and Sheu, CF, A factor-adjusted multiple testing procedure for ERP data analysis, Behavior
Research Methods, 44(3), 635-643, 2012.

Chun, KY, Son, YJ, Jeon, ES, Lee, S. and Han, CS, A self-powered sensor mimicking slow- and fast-adapting cutaneous
mechanoreceptors, Advanced Materials, 30(12), e1706299, 2018.

Coyne, JT, Baldwin, C, Cole, A, Sibley, C. and Roberts, D.M., Applying real time physiological measures of cognitive load to
Improve training. Paper presented at the Foundations of Augmented Cognition. Neuroergonomics and Operational Neuroscience,
Berlin, Heidelberg, 2009.

Hansen, AL, Johnsen, BH. and Thayer, JF, Vagal influence on working memory and attention, /nternational Journal of
Psychophysiology, 48(3), 263-274, 2003.

Hart, S.G. and Staveland, L.E., Development of NASA-TLX (Task load index): Results of empirical and theoretical research. In P. A.
Hancock & N. Meshkati (Eds.), Advances in Psychology (Vol. 52, pp. 139-183): North-Holland, 1988.

Jimenez-Molina, A, Retamal, C. and Lira, H., Using psychophysiological sensors to assess mental workload during web browsing,
Sensors, 18(2), 1-26, 2018.

Ho
0Xx
2t
i}
Ot
ro

N



30 Jun, 2018; 37(3): Overview of Understanding and Quantifying Cognitive Load 345

Jones, A. and Forster, B, Reflexive attention in touch: An investigation of event related potentials and behavioural responses,
Biological Psychology, 89(2), 313-322, 2012.

Kathner, I, Wriessnegger, S.C, Miller-Putz, GR, Kibler, A. and Halder, S, Effects of mental workload and fatigue on the P300,
alpha and theta band power during operation of an ERP (P300) brain-computer interface, Biological Psychology, 102, 118-129,
2014.

Klimesch, W,, EEG alpha and theta oscillations reflect cognitive and memory performance: A review and analysis, Brain Research
Reviews, 29(2-3), 169-195, 1999.

Klimesch, W, Schack, B. and Sauseng, P, The functional significance of theta and upper alpha oscillations, Experimental Psychology,
52(2), 99-108, 2005.

Lage-Castellanos, A, Martinez-Montes, E., Hernandez-Cabrera, JA. and Galan, L, False discovery rate and permutation test: An
evaluation in ERP data analysis, Statistics in Medlicine, 29(1), 63-74, 2010.

Lei, S. and Roetting, M, Influence of task combination on EEG spectrum modulation for driver workload estimation, Human Factors,
53(2), 168-179, 2011.

Lee, K, Byeon, H.H. Jang, C, Choi, JH. Choi, IS, Jung, Y, Kim, W, Chang, J. and Yi, H., Hydrodynamic assembly of conductive
nanomesh of single-walled carbon nanotubes using biological glue, Advanced Materials, 27(5), 922-928, 2015.

McCraty, R, Atkinson, M, Tomasino, D. and Bradley, RT, The coherent heart: Heart-brain interactions, psychophysiological coherence,
and the emergence of system-wide order, /ntegral Review; 5(2), 10-115, 20009.

Mun, S. and Park, M.C, Evaluation of human factors for the next-generation displays, Journal of the Ergonomics Society of Korea,
32(2), 207-215, 2013.

Mun, S, Kim, ES. and Park, M.C, Effect of mental fatigue caused by mobile 3D viewing on selective attention: An ERP study,
International Journal of Psychophysiology, 94(3), 373-381, 2014.

Mun, S, Park, M.C, Park, S. and Whang, M., SSVEP and ERP measurement of cognitive fatigue caused by stereoscopic 3D,
Neuroscience Letters, 525(2), 89-94, 2012.

Mun, S, Whang, M, Park, S. and Park, M.C, Effects of mental workload on involuntary attention: A somatosensory ERP study,
Neuropsychologia, 106, 7-20, 2017.

Pan, J, Takeshita, T. and Morimoto, K, P300 habituation from auditory single-stimulus and oddball paradigms, /nternational
Journal of Psychophysiology, 37(2), 149-153, 2000.

Park, M.C. and Mun, S., Overview of measurement methods for factors affecting the human visual system in 3D displays, Journal
of Display Technology, 11(11), 877-888, 2015.

Park, S, Won, M.J, Mun, S, Lee, EC. and Whang, M, Does visual fatigue from 3D displays affect autonomic regulation and heart
rhythm?, International Journal of Psychophysiology, 92(1), 42-48, 2014.

http://jesk.or.kr



346 Sungchul Mun J Ergon Soc Korea

Park, S, Won, MJ, Lee, EC, Mun, S, Park, M.C. and Whang, M,, Evaluation of 3D cognitive fatigue using heart-brain synchronization,
International Journal of Psychophysiology, 97(2), 120-130, 2015.

Park, S, Won, M.J, Lee, DW. and Whang, M., Non-contact measurement of heart response reflected in human eye, /nternational
Journal of Psychophysiology, 123, 179-198, 2018.

Porges, S.W, The polyvagal perspective, Biological Psychology, 74(2), 116-143, 2007.

Puma, S, Matton, N, Paubel, PV, Raufaste, E. and El-Yagoubi, R, Using theta and alpha band power to assess cognitive workload
in multitasking environments, /nternational Journal of Psychophysiology, 123, 111-120, 2018.

Rau, H., Pauli, P, Brody, S, Elbert, T. and Birbaumer, N., Baroreceptor stimulation alters cortical activity, Psychophysiology, 30(3),
322-325, 1993.

Rubio, S, Diaz, E, Martin, J. and Puente, JM,, Evaluation of subjective mental workload: A comparison of swat, NASA-TLX, and
workload profile methods, Applied Psychology: An International Review, 53(1), 61-86, 2004.

Spellman, T, Rigotti, M., Ahmari, SEE, Fusi, S, Gogos, JA. and Gordon, JA, Hippocampal-prefrontal input supports spatial encoding
in working memory, Nature, 522(7556), 309-325, 2015.

Tyler, W.J, Boasso, A M, Mortimore, H.M, Silva, RS, Charlesworth, J.D, Marlin, M.A, Aebersold, K, Aven, L, Wetmore, D.Z. and Pal,
S.K. Transdermal neuromodulation of noradrenergic activity suppresses psychophysiological and biochemical stress responses in
humans, Scientific Reports, 5, 13865, 2015.

Wahn, B,, Ferris, D.P, Hairston, W.D. and Kénig, P, Pupil sizes scale with attentional load and task experience in a multiple object
tracking task, PLoS ONE 11(12), 0168087, 2016.

Xie, B. and Salvendy, G, Prediction of metal workload in single and multiple task environments, /ntemational Journal of Cognitive
Ergonomics, 4(3), 213-242, 2000.

Yae, JH,, Shin, JG, Woo, JH. and Kim, S.H, A review of ergonomic researches for designing in-vehicle information systems, Journal
of the Ergonomics Society of Korea, 36(5), 499-523, 2017.

Author listings

Sungchul Mun: anstjdcjf33@naver.com

Highest degree: PhD, HCI & Robotics, Korea Institute of Science and Technology (UST)

Position title: General Manager, Future Engine Lab., CJ Hello

Areas of interest: User Experience, Electrophysiology, Cognitive Science, Human-computer Interaction, Virtual Reality

%
2
2

_(')_I-
re

N
OH

o
ot
Rl

Ho
o



