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2. O|E ME T 7|4t OIX| B35} 2M protocol M2

3. 7t ME AT HA) AR Y HOo|=0of &

7.0

(n=6) (n=86)
ol x| B} m X -
AL I' 0= :
OIX| 2351 H7 om0
0.40
0.20
0.00
2 BE o=
= FrTE st 1 - Ergonomic Design
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QIX| 55} "7} protocol ME: ¢ A}

A} site: www.scopus.com

A

- title, abstract, keyword

v DR MET 2H&: skin conductance, SCL, GSR, Galvanic Skin Response,
Electrodermal activity, EDA

v QIX| §3} 23 Cognitive workload, cognitive overload, cognitive demand, cognitive
state. cognitive status, mental load, mental workload, mental status, stress state,

stress recognition, levels of cognitive, stages of cognitive processing

X HMY

TITLE-ABS-KEY ( ( "Skin Conductance" OR "Galvanic skin response" OR gsr OR
"Electrodermal activity" OR eda ) AND (workload OR ( ( cognitive OR mental OR
stress ) AND (load OR demand OR state)))) AND (LIMIT-TO ( PUBYEAR,
2020 ) OR LIMIT-TO (PUBYEAR, 2019 ) OR LIMIT-TO ( PUBYEAR, 2018 ) OR
LIMIT-TO (PUBYEAR, 2017 ) OR LIMIT-TO (PUBYEAR, 2016 ) OR LIMIT-TO
(PUBYEAR, 2015 OR LIMIT-TO (PUBYEAR, 2014 ) OR LIMIT-TO ( PUBYEAR,
2013 ) OR LIMIT-TO (PUBYEAR, 2012 ) OR LIMIT-TO ( PUBYEAR, 2011)) AND
(LIMIT-TO ( DOCTYPE, "ar") OR LIMIT-TO ( DOCTYPE, "re") OR LIMIT-TO
(DOCTYPE, "ch")) AND (LIMIT-TO ( SUBJAREA, "PSYC") OR LIMIT-TO
(SUBJAREA, "COMP") OR LIMIT-TO ( SUBJAREA, "NEUR") OR LIMIT-TO
(SUBJAREA, "ENGI") OR LIMIT-TO ( SUBJAREA, "SOCI"))
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QIX| &35} ™7} protocol ME: &

Author(s) Source
1 |Visnovcovaetal.| 2016 The complexity of electrodermal activity is altered in mental cognitive Com_pyters in Biology and o
stressors Medicine
2 | Ghadervan et al 2016 An efficient automatic workload estimation method based on electrodermal | international Journal of A
ry ’ activity using pattern classifier combinations Psychophysiology c
3 [ Al abdi et al. 2018 | Objective detection of chronic stress using physiological parameters g%‘zg;ﬁigg)'og'cal Engineering A
4 |Reimer et al. 2011 Th_e |mpact_ of cognitive wo'rkload' on ph'ysm'loglcal arousal in young adult Ereonies o
drivers: a field study and simulation validation
5 |Liuetal. 2018 |Psychological stress level detection based on electrodermal activity Behavioural Brain Research A
6 |Kaiiwara 2014 Evaluation of driver’s mental workload by facial temperature and International Journal of AR
J electrodermal activity under simulated driving conditions Automotive Technology °
7 | Wulvik et al. 2019 Investlgafung thg relationship betweer_l menta_l sta_te (wo_rkload and affect) Cagiiiva, Ty & i Ao
and physiology in a control room setting (ship bridge simulator)
. Kohonen neural network stress detection using only electrodermal activity | Advances in Electrical and AL
14 |Bornoiu et al. 2014 features Computer Engineering °
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O AEEOX} 4~58H (M=233.8,SD =28.6, age 10~30CH)2.2 C}Qt
0 MR BY I|E

=
v I8 MDD g2 O/X|= Alsa 23 9l =
v

e Re; o= = HA x|'(Visnovcova et al., 2016; Ghaderyan et al., 2016)
OIX| E5} HII7t 7ttt HAF QX 52 S E 23 XAl abdiet al., 2018; Wiberg et al., 2015)

AI —t —t
M H SR ALY
v tEoF 2 H|ShAl abdi et al,, 2018; Ghaderyan et al., 2016; Wiberg et al. 2015)
v 7HH1Q 22 M F U SH FX| (Al abdi et al., 2018; Ghaderyan et al., 2016; Wiberg et al. 2015)
Participant Age
Author (year 9
(year) Total Male Female (mean)
Visnovcova et al. (2016) 50 25 25 23.33
Ghaderyan et al. (2016) 35 12 23 24
Abdi et al. (2018) 58 26 32 21.52
Reimer et al. (2011) 26 - - 23.9
Kajiwara (2014) 4 4 0 22
Wulvik et al. (2019) 31 18 13 24
Ghaderyan et al. (2018) 35 12 23 24
Xu et al. (2015) 44 44 - 28.6 i Kl
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v' Encoder: sensorz 235} 10 softwareZ Az A

v Software: HYLS ASE A|ZHOE Ho{FD A Ha| L 24

Sensor Encoder Software

‘émm.gmmmmm Client: Sample, Physiology. Screen: Rep - Phys profie - Line grophs - 1 men.scr
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A mf Mz 5 QX 2510 &2 & = A= AR 222 HAHSH| fiet A4 F
2tgd =
v BEFE 25 8 55 FX| (Visnovcova et al., 2016; Al abdi et al., 2018; Kajiwara., 2014)
v’ Task 0| 2| 2| X}= K}E (Visnovcova et al., 2016; Wulvik et al., 2019; Bornoiu & Grigore., 2014)

Task 0]|2|2| X}= X}ct

20°C ~ 25°C 30% ~ 55%
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Q dH M= & &85t QX FotE "ototy| flof ol F M7t S8 /A,
TEH FILE O|8o7| = &
Author (year) Skin conductance Skin potential Pupil diameter HR Skin temperature Subjective
Visnovcova et al. (2016) @)
Ghaderyan et al. (2016) O O o]
Abdi et al. (2018) @)
Reimer et al. (2011) O O O @)
Liu et al. (2018) O )
Kajiwara (2014) O @] O O
Woulvik et al. (2019) o
Bornoiu et al. (2014) O
Ghaderyan et al. (2018) @)
Xu et al. (2015) O 0]
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¢ ZAFZa): DR FHERr d 5

0 DR MEC ASE £l g4 1A

1. Skin conductance response (SCR)

> 21X &35, 48 Het 5 A= 2fsl Halk= L2 5

> 580l 2451 Het

0Z

2. Skin conductance level (SCL)
> Q5 Ap=ar 27 gi0| ekl Me| HEfo] oo Hatkl= DR HEE 59
> 578a40| =2|A| Hzt

Peak

——— SCR

EDA amplitude (uS)

SCL

i ﬁ EY3ijitia 00:00 00:30 01:00 01:30 A Ergonomic Design
W "“‘I'ﬂ:ggg‘tl'ﬂi Time (mm:ss) Technology Lab
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0 SCRI} SCLS 7|EtO2 TXH OIX| 83} Byl B D8 MEL As 2M Mg
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Measure HEC LS condsuké’?ance cgnne;t?cf:rllrc‘:e Nurgg;r of EEIEEs ) VRIS G ElEElE
response (Amplitude |activity (Phasic
(SCR) level (SCL) (Global mean) (nSCR) Sum) Max)
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£33zt | SYOiMxiel | mABR £ 37t el =5 x12 0
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B AKXl | ME|st MEf | QUX|RS MEY | AX|H} 4 | AXFSSF | T -
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S} ™7} protocol M E: Summary

F
o HE
T Contents
g moxp |1 dEERIEYER
- HY oK 5 B
1) Sensor
A FH| 2) Encoder

3) Software

- EZR2EYEE R

» Task 0|2|9| X}= X}t

= OQIX| 25} "HIL0| F2 AEE= ML
o 7} S = 1)  Skin conductance
1

2) FEN

= SCR, SCL, Mean skin conductance, Number of SCR, Sum of SCR amplitudes, Maximum value

of phasic activity
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Q E7 YH|

v' Sensor: SA9309 (Thought Technology Ltd., Canada)

v" Encoder: FlexComp Infiniti (Thought Technology Ltd., Canada)

v’ Software: Biograph Infiniti 5.1.2 (Thought Technology Ltd., Canada)
Q XH| AR g
A Al D AHAre| H| M AX|QF X2 28R Otc|of £4

ZA TR HA R2OIN HEHO R £

Al
Xt

i
I
m
=
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:|o

| % Reviewing made. Open Display session. Client: Sample, Physiology. Screen: Rep - Phys profile - Line graphs - 1 mon.scr (== <
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1x

Protocol

HI

U Preprocessing
v" Low-pass filtering
v Down-sampling (¥ & 256 Hz > 32HzZ &N &)
O Feature extraction
v Ledalab codeE &-&3}0| Continuous Decomposition Analysis(CDA)
v 671X LR Mk 23 W x5
O Statistical analysis
v Ztask THOA 2N HOF 2R O R M Mo @i gEHA EE

v Task 0| =0 2 =2t ot Z0et 0|2 M= HEO| Fekd ntof

Processing Feature extraction Statistical analysis
o L - BR Y EFHEACE
Mz Filtering =) CDA m) - Task HO[=0| 2  mmp Result

Z3p Tt

sy Ergonomic Design
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XKz e HEE BN HE =2 m
- SHY =S sA=a
O MEE Continuous = Outlier H|A
N 4 Filtering mp decomposition =y - T?sl: :JO}IEFOH m=  mmp Result
. Z4SEM 11O
analysis S&c 5
Phasic Max

e
020 4 ..--""'"-[]-_.35 0.37

0.40

0.30
0.20
0.10

0.00

HEs EE& ods

Fn EFUBYHED ¥ i i
WY ide3sn 26 Technology Lab.




S M Protocol: X 2|

O Down-sampling (A& 256 Hz > 32HzZ H &)

0 Low-pass filtering (1Hz)

Raw signal Filtered signal

HAe

=T

b4l [ ; :
H = Ergonomic Design
‘jg*: Algiziod 283} 27 Technology Lab




2M Protocol: I MEr BEM EHE EH™HIES

QO Ledalab functiong Z-&5t0 67tA| &M HEof st HEI £
O Continuous decomposition analysis (CDA) > L& MEE AT E

SCRE 2575l &M

CDA7}
HEEH Mz
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£ Protocol: 84| &4

Q Outlier Al A

v DR HEE s HE YU Erlt #EHA B
v EZEHEO FHIUOIM+3sD O A= ZA0IM H 2

Q sS4 =4
v' Baselinel} task #Zt0|A] &M M E =™ O] X1O0| Hj

S
v Taskleveld]| E =4 HE SHUS dd =4

Phasic Max
Global Mean
.

250, 2.10 0.50 , - 0.-:;-5 0.37
00| 152 ] 0.40 :
' T PP 0.25
150 l - 0.30
1.00 0.20
0.50 0.10
0.00 0.00

Baseline Task = HE O3

Sy, FUZiin ] E ic Desi
¢ sl 2sin) 29 Technology Lab




O AN @7 +F =8 & HMutH ol HH0|= > Task Leveld| 2t S 7}
O Y= > Level 10 H|olf 21} 30j|A| =2 4= 72
UM Q7 4E B 4 E 2EE] RebEel oz (=24
7.0 - 7.0 1 7.0 1 7.0 7 I SE
6.0 6.0 - 6.0 - 6.0
5.0 - Y 4 5.0 - 5.0 - 5.0 -
40{ _==" 30 4.0 ”f’ 3.2 4.0 - - - 4.0 ",a’ 3.0
3.0 1 22 301 »=7 4 304 L, 30{ = 2.3
204 17 204 14 : 2.0 o ==k i N 204 14
1.0 - m 1.0 - ’_’—‘ m 1.0 - 1.0 - ’_X—‘
0.0 : : . 0.0 : . .00 : : .00 : : .
e HE o Flg EHE ofs e HE oI e HE oI
Fgn, FTHZuin : Ergonomic Design
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DRMer M5 2 ZAD: Baselinedt Task T2t X10] (112)

O Baseline +7t 0t task 72| | B MEE Mo 2M Mol SH{S H|W
v 6709 Ml 2EM M O paseline T+ZH0]| H| 8 t s
OO0
2o

=]
v nSCR H L= F2|0[ct X}0| & HO|X| ES

nSCR Amplitude Sum SCR (n=24)
| se
a0 3.50 '3'194 1.40 4 0.91 0020 5
- - 1.20 [ 0.015 0.010
3.00 1.00 - [
0.80
2.00 060 0.__21 . JRe \ 0.010 0.002 ) - l
1.00 0.40 ,’ 0.005 T ,’
0.20 04
0.00 0.00 [ 1] 0.000 [T 1
Baseline Task Baseline Task Baseline Task

-0.005
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DREMer M5 2N ZAD}: Baselinedt Task T2t X10] (212)

O Baseline +7t 0t task 72| | B MEE Mo 2M Mol SH{S H|W
=
o

v 8702 A

x

=4 M 5 baseline 77H0f| H|3H task +7+0f
O 0
o0

M
v nSCR H L= F2|0[ct X}0| & HO|X| ES

Pasic Max Tonic Global Mean (n=24)

1.82 250 2.10
1.40 4 0.94 2004 1.47 T 1 I
1.20 f" 1 2.00 152 > 4 J_
: T 1.50 [ == i

1.00 I 150 [ -
0.80 0.39 PR 4 l 100 ' |
0.60 T . PR 1.00
0.40 0.50
0.20 0.50
0.00 0.00 0.00

Baseline Task Baseline Task Baseline Task

sy Ergonomic Design
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OEFMer M B2M Z)b: Task HHO| =0 [HE AT (12)

O nSCR: WO|E =7} > ZtAadst= At
O Amplitude Sum: HO|=0f [HE Agkd S EO|X| AF

0 SCR: H0|= 37t > Z7tsl= A%

nSCR Amplitude Sum SCR (n=24)
| se
250 0.008 , 0.006
.00 | 1-98 10y 0.67 0.007 O'OTOG T
: 0.80 0.006 1
150 I 0.96 0.60 I O'TSO 0.005 0.0T04 |
0.004
1.00 I 0.46 0.40 0.27 1 0.003 i
L on| [l oo
0.00 0.00 0.000
= 2S O3 M8 H& OofH2 = 2 OHZ
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OEFMer M B2M Z)b: Task HHO| =0 [HE AT (212)

O Phasic Max, Tonic, Global Mean: 40| =7} > S7}5l= AE

Phasic Max Tonic Global Mean (n=24)

» »>
0.50 —”——’ e 0.70 "
- - 0.50 - - -
[ =77 035 0.37 [ ”———0 34 0.36 os0] =7 0.5 0.?5
0.40 T 0.40 . ' T
0.25 " T 0.27 I I o5 [ 0.38 T I
0.30 . 0.30 - 0.40 T
I T I
0.20 0.20 0.30
0.20
0.10 0.10 0.10
0.00 0.00 0.00
HEe BS Oof= Hg EBS ods & HE ods

sy Ergonomic Design
Technology Lab




Q DBdMEcE 7|9te 2 o QIX| 238} H I} protocol H &
v CIX| 25t HIIE flet FR | RHEE HE Sl HE Fgd 20l
v I HEE ez of QIX|§5 Eop 2t E =4
Q 7P M E(FHml Ha)e| Qx| R ot "ot A &AM ZHut
v FHEEH Ol 3242 Mot BE 250 A task HHO| =0 L2} S7t5t= A et
v OEMEE MEo| A2, SCR, Phasic Max, Tonic, Global Mean= task 0| =0
2t S715t= 4 oo

v nSCR, Amplitude Sum= task 0| =0 [} 2 AT/ d0| ELIX| &S

O EME & 7|4t Task 0| = 0f [} £
OO O

QUIX|H 5l It 24 Phasic Max Z2¢kAd

050 ,

0.35 0.37
0.40

0.30

0.20
010
0.00

{3 Tu3ndia 3 b S TR 22 E 2
L~ h > L A ; e ; H= H = Ergonomic Design
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E 9| (212

Limitation

v O8 MEE 5 28510 ArEAte| QK| 2515 HSHA mefstr| s ot Al O B2
A|ZHO] A8 E|= task7t He

0| = Off 2 QIX| 2512 Xjo| 7t FEeh task E R

% AT A

dE, o], ’IF AHE FE st €2 220 ot TREHEEE V[H X[ F5 &4

N N TN

MZ2l ul 24 242 X at75t 200 M50 ul 2AeHof tiet B2t 2&

7t protocol?| task X F A 7t o=

2min 11 min b.ﬁ min 3 min

Baseline = Task “uoy Recovery = Task 5
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