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Research Background
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Quantification Measures for ECG Analysis
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Interbeat interval(IBIl) Mehler et al. (2009)

O Variability measure
= SDNN: I CHH| T 7C|'( d; =V, —¥ ) Schubert et al. (2002), Wood et al. (2002)
= RMSSD: &7 data CHH| HXH(d; =y, - Vi) could etal. 2009)
= RMSE: 2| =782t CHH| EXH(d, =y, - §) Leeetal 2010)
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Limitation of Cognitive Workload Analysis based on ECG

O 2TAE et 5 #HE S 30| AHE|X| 5 coudetal 2009), schubert et al.

(2002), Wood et al. (2002), Yao et al. (2008)
O 7¢I QIX| E35 TtHO| 0|3 ECG ™MEFSE M E AO| Lecetal 2010)
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Real-time Evaluation of Cognitive Workload based on ECG
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Research Objectives

10| 1 24{El ECG 7|HI9]

Kd

=T

104
Ok

o

i
gL

=0

v ECG7|

U E8E 18 2249] A

v

wk
ol

31

10

=0
10

I
ol
R
i
1]

od

X0

KK

H0

ECG data
X|

I....-!:l::‘.-'h
oo

Ergonomic Design
Technology Lab

@,

INDUSTRIAL AND MANAGEMENT

%o? ENGINEERING, POSTECH

" !




- TEEERESTTT - ST

Methods

Ergonomic Design
Technology Lab




Participants & Apparatus

« DX Q1920 ~ 300 HA 15%(27.7 + 3.0A))
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Primary & Secondary Task

= MY HE 2% DEE2(F: 4.57m) & 37kmE 232 O|Uf =Y
H A

& A n-back task
» OE=XNOF HA|ILZe= BAQ =XEQ nHHM| O] £=XtE 7| AL =

S
Q7| A son et al., 2010)

= (O-back: & £}
= 1-back: &7t £}
= 2-back: 52 £}
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(a) 0-back (b) 1-back (c) 2-back
n-back task Of| A|
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Experimental Design
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Window Span & Update Rate

0 ECG data= IBI BHZt A| HA|ZF QIX| 25} Hotof [ E Z 1 E XS0}
2|3l dataS L™ T7H2 2 samplingdta £410f AFE

= Sampling T2t 27| = window span Iﬂl:___> i

= Sampling 77F A4I£E = update rate “-5

O £A HA} o (window span = 30, update rate = 1)
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ECG Data Quantification

0 ECG datal| 471X| M= Hzl

Mean IBI SDNN RMSSD RMSE

Task]
BL 0B 1B 2B BL 0B 1B 2B BL 0B 1B 2B BL 0B 1B 2B
No.

1 606 625 636 .612| .007 .008 .006 .008 | .006 .007 .006 .007 | .006 .006 .006 .007

2 606 625 638 .614| .008 .008 .006 .008 | .006 .007 .006 .007 | .006 .007 .006 .007

3 606 626 .638 .617| .008 .008 .006 .008 | .006 .007 .006 .007| .006 .007 .006 .007

4 607 626 639 .619| .008 .008 .006 .009| .006 .007 .006 .007 | .007 .007 .006 .007

88 609 630 640 635| .009 .012 .007 .009| .006 .008 .007 .007 | .008 .008 .006 .008

89 609 630 .640 636 .009 .012 .007 .010| .006 .008 .007 .007 | .008 .008 .006 .008

90 610 630 641 .637| .009 .012 007 .010| .006 .008 .007 .007| .008 .008 .006 .008

91 610 630 641 .639| .009 .012 .007 .010| .006 .008 .007 .007| .008 .009 .006 .008

X BL: baseline, 0B: 0-back, 1B: 1-back, 2B: 2-back

\ INDUSTRIAL AND MANAGEMENT 13 B achsait bakic
% ENGINEERING, POSTECH Technology Lab




Cognitive Workload for ROC Analysis
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Data Pooling for ROC Analysis

0 Baseline & 0-back & 1-back vs. 2-back?| 4%

Mean IBI SDNN RMSSD RMSE
BL 0B 1B 2B | BL 0B [ "7 B— Bt =B 2B | BL 0B 1B 2B
BL&0B&1B 2B
1 606 625 636 | .612| .007  .008 06 .007| .006 .006 .006 .007

2 606 .625 .638 06 .007| .006 .007 .006 .007

3 606 .626  .638 06 .007| .006 .007 .006 .007

4 607 626  .639 .006 .009| .006 .007 .006 .007| .007 .007 .006 .007

88 609 630 .640 § .635) .009 .012 .007 .009| .006 .008 .007 .007| .008 .008 .006 .008

89 609 630 .640 § 636 .009 .012 .007 .010( .006 .008 .007 .007 | .008 .008 .006 .008

90 .610 630 .641 § 637} .009 .012 007 .010| .006 .008 .007 .007| .008 .008 .006 .008

91 610 630 .641 § 639} .009 .012 .007 .010| .006 .008 .007 .007| .008 .009 .006 .008

X BL: baseline; 0B: 0-back; 1B: 1-back; 2B: 2-back
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Normality Test for ROC Analysis

O Anderson-darling 278 &1t (participant 2, 3, 4 data AF&)
= p-value > 0.05 means the null hypothesis is accepted and the distribution is normal.
= p-value < 0.05 means the null hypothesis is rejected and the distribution is not normal.

=H1 2EZE:6.9%
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Area Under the ROC Curve (AUC)

O AUCE H| 0| A2 E|= dataZt B EZE [E2X| US| AR E|= 2

2-back 0-back 0-back & 2-back O-back 2-back 0-back 2-back
AUC =0 AUC =0.5 0.5<AUC<K<1.0 AUC =1
o O; Of gp?c??iéftf o | 1 ) S.pe'cif.ici'ty‘ | | 1 ] S‘pécifici.ty. | o 012 ﬁ3SO|43(:5C|(;‘ic0|:cy0B o
[ AUCT}0.52 TN [, MA HO[0] ZH0|H 242 M 52 =2 }
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Evaluation Method of Individual Optimal ECG Analysis Condition

a 367tX|2] AUC &4 =
= ECG ZE3 M= (47tX]): Mean IBI, SDNN, RMSSD, RMSE
= Window span(37}X|): 2025, 302, 402
= Update rate(37IA|): 1=, 2, 3%
a 474X[|2] QIX| 2o} ZFH[ W &=
= 28 QK| 825} "l ZH(E 47HX)0 A Z|CH AUCE 4= &4 =S

ENO|ECC v UL = I

[ = 14474 =4 ]
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Ex) Optimal ECG Analysis Condition

Q 4022 window span, 22| update rate, 12|11 RMSSD HEtsHOf
baseline & 0-back & 1-back vs. 2-back H| 1l A|, X|C} AUC LIEIL

Ca

= A|H QIX| 88} BA £ 7

Analysis condition Vs, BL & 85 &18 SsB 08 \il 18
Window span (s) | Update rate (s) | M2t M= 1B & 2B 2B 1B & 2B 2B
Mean [BI 0.944 0.870 0.782 0.740
SDNN 0.511 0.589 0.165 0.445
20 1 RMSSD 0.696 0.980 0.037 0.253
RMSE 0.499 0.666 0.296 0.486
Mean [BI 0.945 0.778 0.720 0.554
SDNN 0.275 0.568 0.059 0.394
40 2 RMSSD 0.877 0.989 | =|cf auc 0.069 0.344
RMSE 0.249 0.504 0.077 0.375
Mean [BI 0.946 0.777 0.715 0.540
SDNN 0.111 0.349 0.064 0.430
40 3 RMSSD 0.563 0.661 0.053 0.322
RMSE 0.109 0.305 0.074 0.384
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Optimal ECG Analysis Condition

Q CtYet 2 H QAX| Fof =4 =0[ LIEHH
_O_ptirT]aI ) Cognitive workload comparison condition
quannf;zzt:)orr; Measure Wln((j:;/(\:/)span Uptz:;i)rate AUC
Participant No. Low cognitive workload High cognitive workload
1 RMSSD 40 2 0.989 BL & 0B & 1B 2B
2 - <0.500
3 SDNN 30 2 0.658 0B & 1B 2B
4 RMSSD 30 1 0.862 0B 1B & 2B
5 RMSSD 30 1 0.993 BL & 0B & 1B 2B
6 SDNN 40 3 0.636 BL& OB & 1B 2B
7 SDNN 40 1 0.969 0B & 1B 2B
8 SDNN 20 3 0.947 0B & 1B 2B
9 SDNN 40 1 0.946 BL & 0B 1B & 2B
10 - <0.500
11 Mean IBI 40 2 0.986 BL& 0B & 1B 2B
12 Mean IBI 40 3 0.844 BL& OB & 1B 2B
13 SDNN 40 3 0.885 0B & 1B 2B
14 - <0.500
15 RMSSD 30 1 0.970 BL & 0B 1B & 2B
* BL: baseline; 0B: 0-back; 1B: 1-back; 2B: 2-back
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Optimal ECG Analysis Condition

(@) | XNSES Jt| XN O | =] "'|. H A ol
Q128 & 73(58%)2 87, At AN X For 24 =4 T
.O.ptlr.nal Cognitive workload
quantification . AUC . ..
Window span | Update rate comparison condition
factors | Measure (sec) (sec)
Before drivin During drivin Difference Low cognitive High cognitive
Participant No. g g g workload workload
1 RMSSD 40 2 0.989 0.947 0042 ©| BL&OB& 1B 2B
2 ] <0.500 -
3 SDNN 30 2 0.658 0.751 0003 ©| oB&1B 2B
4 RMSSD 30 1 0.862 0.253 -0.609 0B 1B & 2B
5 RMSSD 30 1 0.993 0.850 0143 ©| BL&OB& 1B 2B
6 SDNN 40 3 0.636 0.336 -0.300 BL & 0B & 1B 2B
7 SDNN 40 1 0.969 0.963 0006 ©| oB&1B 2B
8 SDNN 20 3 0.947 0.651 -0.296 0B & 1B 2B
9 SDNN 40 1 0.946 0.992 0046 ©| BL&OB 1B & 2B
10 ] <0.500 -
11 Mean IBI 40 2 0.986 0.894 0092 ©| BL&OB& 1B 2B
12 Mean IBI 40 3 0.844 0.693 -0.151 BL & 0B & 1B 2B
13 SDNN 40 3 0.885 0.830 0055 ©| oB&1B 2B
14 - < 0.500 -
15 RMSSD 30 1 0.970 0.795 -0.175 BL & 0B 1B & 2B
% BL: baseline; 0B: 0-back; 1B: 1-back; 2B: 2-hack Difference = AUC(DD) — AUC(BD)

INDUSTRIAL AND MANAGEMENT
1 ENGINEERING, POSTECH 22

©: Difference < 0.1 or AUC(DD) = 0.8

Ergonomic Design
Technology Lab




- TEEERESTTT - ST

Discussion

Ergonomic Design
Technology Lab




Fef

i

A

O
L

_l

X
~

o %

9| 7j ¢l

]

-

H
12 24 (window span, update rate)

O] 12{=l ECG 7|
S

Discussion

oy 33
1H i
) 53
IF ©
K
ol
T
2
ol 10l
~ o1
Gl K
10 =)
~ <0
0 |
o o
s ol 5
K KO
o <0
KT il
® o
il ™
o ol
~ go
0 »
Q_o _A_.o
TR
N O T P
W =y = KO £3
S S = 58
< XV 3~ S¢
ol £
© 0l




Follow-Up Study
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Detailed Analysis: Participant 1 (Non-Driving)

ocC>r»

1.0

OIx| Fof Hld =H: BL & 0B & 1Bvs. 2B |RpSSDO| update rate 1, 2X0|M E£2 AUC 2 E

A
=
£l window span & update rate (\T\

0.8

(7é 0.980 ) 0.989
(™ S e

0.6

873 \ / \
WX : 0778 WWJY 0.777 Mean IBI

0.661 pvissD

0.4

0.2

\/ \\ 0349 SDNN
0.295 0.305 RMSE

0.0

==}

(i :r'*x“ "I; i

il == L

1% ‘ 2 X ‘ 3% 1% ‘ 2 X ‘ 3x ‘ 1% ‘ 2% ‘ 3 x
20 X 30 £ 40 =
Update rate / Window span :
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Follow-Up Study
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Example of AUC Analysis

O Baseline & 0-back vs. 1-back & 2-backl| &%

100 —--------- :'----------E ------- W -?-m”m?
Y IS IS NP N0 SN N N
: N 4 : : : : : : : :
R e oo
e | | | |
(S .' AUC = 0.888 Baseline 1B
w i i ’ 5 & 0B & 2B
[27))| P A RETIAIY IR ——— o e |
*E ; ; : ; Hl_:I I:Eﬂ %E—:! Ol
=Y ISP “SUNUON U SO =2 Aoz metE
(7,] 3 i 9 i .
c & 0 : 0 :
()] ® : g : : : g : : !
v L R s R P P P
* | . . : : . ; , , , O A data EX =
N s P P P
/c' ----------- SN SN TN
7NN S NN NS SUNSS WS WSS SN S W—
0 | | i | i | | | | |
0 10 20 30 40 A0 60 70 a0 90 100
1 - Specificity
=
Plotting=! AUC 241 Z1} 0f
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Optimal ECG Analysis Condition

0O CFQFsH x| O

Fot [N QX 25t 24 =0 LiErH

_O_ptlrpal ) Cognitive workload comparison condition
quantification Window span Update rate
Measure AUC
factors (sec) (sec)

. Low cognitive workload High cognitive workload
Participant No.

1 RMSSD 40 2 0.989 BL & 0B & 1B 2B

4 h

HEsl Hx: SDNN (6%8) > RMSSD (4¥) > Mean 1Bl (2¥) > RMSE (08)

Window span: 40X (79H) > 30X (49¥) > 20X (1Y)

Update rate;: 1X(5H) > 3%X(4F) > 2X(3H)

& | J

Ry - < U500

11 Mean IBI 40 2 0.986 BL & 0B & 1B 2B
12 Mean IBI 40 3 0.844 BL & 0B & 1B 2B
13 SDNN 40 3 0.885 0B & 1B 2B
14 - < 0.500

15 RMSSD 30 1 0.970 BL & 0B 1B & 2B

¢ BL: baseline; 0B: 0-back; 1B: 1-back; 2B: 2-back

% INDUSTRIAL AND MANAGEMENT 31 Eh i
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Detailed Analysis: Participant 1 (Non-Driving)

QIX| B8} H|@ =: BL & 0B & 1B vs. 2B

1.0 /\
. 0.989
0.980 0.975 0:985 0.980 0:988 U £|Ch AUC
. 873
0.8 = = —
07800780\ — 0778 +-0778—— 0.777 Mean IBI
0:743
0661 RMSSD
0.6
A
U
C
0.4
0.349 SDNN
0.305 RMSE
0.2
0.0
2 | oz | oz | a2 | a2 | oz | a2 | a2 | sz |
20 X ‘ 30 ‘ 40 = ‘

Update rate / Window span
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Detailed Analysis: Participant 4 (Non-Driving)

QIX| &3} H|m =7: 0B vs. 1B & 2B

10 Xt AUC
0:862 0-856 0.861
(_\} 0837 0-846 0.831
0.8 —
06 MSE Cu17 U.O 1/
A RMSSD a-0532 0552
U
C
04 _.._A's—ln
SD - \ ey
Mean'\llgi ! v~?p - 0.334
0.2
0.0
15‘25 15‘25‘35‘15‘25‘35‘
20% 30% ‘ 40% ‘
Update rate / Window span
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Detailed Analysis: Participant 5 (Non-Driving)

QIX| B8} H|@ =H: BL & 0B & 1B vs. 2B

Z|CH AUC

“RMISSD 46383 0:986

0988 w 0:989 0.986

0.2

. - .
Mean IBl ¢034% e Ll 0348 2 13 0.330

0.0 ‘

1=
20
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Detailed Analysis: Participant 7 (Non-Driving)

QIX| 838} H|m =A: 0B & 1B vs. 2B %|CH AUC
1.0
. : . 888 ——W-0-967—m 0957
SONN o — 0.922
RMSSD : 7 866 0846 - 0.866

0.8 RMSE - =prg5—>0.804

0.758

mﬁ% O T— ﬂeﬂ\‘

0.6 0.614
A

U Mean IBI M

C
04
0.2
0.0
e | 2 | = | e | = | = | = | = | = |
20% ‘ 30= ‘ 40 ‘

Update rate / Window span
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Detailed Analysis: Participant 3 (Non-Driving)

OIX| 58} H|m =H: 0B & 1B vs. 2B

1.0
0.8 *EfAUC
525
0.6
A Mean IBl 6564 ~ 0558 +B ~~~~~~
U  RWISSD a-osT2 0-531 532 =N §:849
0.481
C
0.4
RMSE
SDNN
0.2
0.0
e | = | = | 2 | = | = | = | = | = |
20% ‘ 30% ‘ 40X ‘

A INDUSTRIAL AND MANAGEMENT 7 d
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Detailed Analysis: Participant 6 (Non-Driving)

QIX| B8} H|@ =H: BL & 0B & 1B vs. 2B

1.0

0.8

0.6

ocC>r»

0.4

0.2

SDNN B-0.423
7 D94
03 =034 o336 0.347
RMSE >-6:307 R O o 797
RMISSD A=6-+45 0:138 0143 0.132 0.139
0:099
0:077 0.069 0.074
20% ‘ 30% ‘ 40% ‘

Update rate / Window span
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Detailed Analysis: Participant 8 (Non-Driving)

OIX| 58} H|@m =H: 0B & 1B vs. 2B

%[} AuC
1.0 /\\
SDNN , 5 947 -0-993 . 93— -0:939——-0:938— 0.936
RMSE >-¢-88s b ,\W 0.898
>=0-859 b .860
0. RMISSD A-0:819 0.821 0:818 0-830 0.828
' 0.787
0.6
A ' - 0.563
U 794
e Mean IBI - - 5465
0.4
0.2
0.0
e | 2 | = | = | = | = | 2 | = | =
20% ‘ 30% ‘ 40% ‘

oy Update rate / Window span :
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Detailed Analysis: Participant 9 (Non-Driving)

OIX| &3} H|@ =7: BL & 0B vs. 1B & 2B

Z|CH AUC

1.0

SDNN B 0918 0.939
08 \/
0.743 - 0.744 grgr—X 0.748
RMSE ’<0.708
0.672 3
06 ~5¢0.589 0.589 0.590 0.588
A
0.505
g RVISSD A~0.487 Q496
0443
04 0424 0422
0.2
—& 0.174
Mean IBl =6:655 0055
0.0
ES 2% ‘ ES ‘ 2% ‘ 3% ‘ (ES ‘ 2% ‘ 3% ‘
20% 30% ‘ 40% ‘
G Update rate / Window span :
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Detailed Analysis: Participant 11 (Non-Driving)

OIX| B3} H|m =: BL & 0B & 1B vs. 2B Z|CH AUC

1.0

0.980

Mean IBl =945 == 0=0:91

0.8

RMSE X.0.666 0671

06RIVISSD 630 0605 /“&Mm 0.612

N : \/ \/ 0578
U SDNN 539 0.528 0.528 0.528
C . 0.444

0.4

0.2
0.184 W 0.172

0.0 ‘

20X ‘ 30X ‘ 40 ‘

Update rate / Window span

{3 INDUSTRIAL AND MANAGEMENT 41 d =, i ks
WY ENGINEERING, POSTECH GRS




Detailed Analysis: Participant 12 (Non-Driving)

QIX| B8} H|@ =H: BL & 0B & 1B vs. 2B

1.0

Z|tH AUC

05 | A—p3 o2y | T 084
. . N—r
0.749
Mean IBI . - 0670

0.6

0-584 0.570

RNVISSD A=6:538
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ocC>r»

463
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SDNN B-6- ' 3
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0.0 ‘
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oy Update rate / Window span :
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Detailed Analysis:

OIX| 58} H|@m =H: 0B & 1B vs. 2B

1.0

Participant 13 (Non-Driving)

X|CH AUC

o0

P

884 —-0:875

\0.885

B-0TTC 0.768

0.441
04 RMSE >pats X _0416 A\
RMSSD A—8-238
02 0.221
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e | = | = T | = | = | = | =
20% ‘ 30% ‘ 40 ‘
oy Update rate / Window span
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Detailed Analysis: Participant 15 (Non-Driving)

OIX| &} H|im Z=74: BL & OB vs. 1B & 2B %|C AUC

0.970! 0.940
‘JES'HSG__‘ 4
RMISSD 48646 -0 ‘_nggJ ; 09 =091 N : :
Mean IBI ~ '” =69 g ”
0.8 0.812 0.802
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% INDUSTRIAL AND MANAGEMENT

Cognitive Workload

Q QX Fot= Ao Y A SHO| ME AUE 2S5 2[5 OF
L

o E %I: Wickens and Hollands (2000); De Waard (1996), —— |'X-” 6H ?Ed II—PS O'"A-I

10 0
k=l

27E= QX sH2=E FOIE «im o0
OIX| Sohe Charst A0l os) FABHO: HAIZH 2, F Ko
NAHZ7]) Hong et al 2011)

QIR 257t oW & EHE SHO| Motk[0] A & =& S7t

Pollard et al.(1990); Wang et al.(1996); USCG(1998)
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Evaluation Method of Cognitive Workload

QO CHYot THIE S8l I8H 58 7ts
Q 22X E S 95 7t 7ts

OIX| £oto| Y H W

No. 53 9y

1 Electrocardiography (ECG)

2 Electroencephalogram (EEG)

3 Magnetoencephalography (MEG)

Functional magnetic resonance

4 imaging (fMRI)
5 Single photon emission computed [ 4 . ®
tomography (SPECT) g \g /
: <
6 Brain positron emission tomography @&

(brain PET)




Electrocardiography (ECG)
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Interbeat Interval (IBI)

0 S8 & ECG data= 21X &35t 710 HE5t7| Rt oY &5 ¢!
7t (interbeat interval; IB) 2 2 HSZ| O AFE wventer et al. (2009)
z
® | IBI |
£ R R
S
: AN
Q J_/\_/\
S S
|
80(|).21 80(|).89 Time (s)
Interbeat interval (1BI)
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Measurement of ECG

O ECGe= ¥ H7[H =& 7|F5t0 =2 oY 7Iso HE=Z
=

(O4l: MEDAC System/3, BioHarness BT)2 S

(63 Pty 1€\
EE) ) M) i) e T e §l) B J
. b
” :
o AN e imY e Taa"
- P ﬂzgi
| EM?M
MEDAC System/3(Biomation, USA) BioHarness BT(ZephyrTM, USA)
Hﬁ‘% INDUSTRIAL AND MANAGEMENT i D
V2% ENGINEERING, POSTECH 50 Technology Lab




Quantification Measures for ECG Analysis

d Heart rate (HR) =60/ Mean IBI(E¢ &% 2& 744

O Heart rate variability (HRV) measure

1BI
(ms)
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) Yao et al. (2008) ; (yi)

n

SDNN rc":)lil' I:H Hl r.El kl‘( di =Y, - y ) Wood et al. (2002), Schubert et al. (2002)

RMSSD: &7 data CHH| B X}(d; = y; - Y1) Gould etal. (2009)

RMSE: 2|# =8 4f CHH| HX}(d =y, - §) Leeetal. 2010)
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*RMSE AHE =H: QIX| £3} 7H&
AlBIZt 3 Xo 2 ZH45t= 3
(transition effect)= | 2|oH A XA
ol BIo| HisdS mefstr| ¢l
Lee et al. (2010)



Cognitive Workload Evaluation Using ECG

Q QK| ot B7tE ?Iol ECG/t #E0HH &&

No. AT WHE 0 23

ECGE £8d}0] etz 20t NS0 ST oM X2 T
Ql gl Zl=0| Q1K £slo| Hglof| EeF2 O|X|=X| mHtst o ,
H X L& ] . s S o= [ i d PN )

b morseist sormol et A% HE 80| Rl Sotete 1 Brookhuis and Waard(2001)
= o<t
A B517F MK =0 A k2 1 dot0| =0 | = ZHE Al _
slo Ej ;;io ol tf rHIISOJIf.:.Ef'O | ZOHX] s Sosnowski et al.(2004),

2 2= S0 SEmoRM, ECG/F el morel Befof feh 2lX Boutcher and Boutcher(2006)
2SLE "Wotste oo A2 = Aes LHAS YT

>~

S Off CHot AA Yol gle 7 A =
3 £ EI15H7| ?I8l ECGE &30 Al ol Hgl Dussault et al.(2005)
(cardiovascular change)0fl &t AT+ E +=H

O = S| M3} AFROE QI8 2/ A8 =32 HaMoz _
4 rg 7;71|T-?-|H3HI_E(£G%O§E*% - Teen=cen Liu and Lee(2006)
= 519510] S8 A| SLHAISIO)| 2 Aaiy A X}o| O
T = O
ECGE &85t 27 A| QK| &5} 75 2ol =& 0 et 2l
6 x| 5}5 %ﬂ% Ttot o e Lee et al.(2010)
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Receiver Operating Characteristic (ROC) Curve

O ROC curve= 2l =2 EfX| 0| Z(signal detection theory; SDT)2| &&=
2}t (hit rate, sensitivity) CHH| @ A 2 2tE(false alarm rate, 1-
specificity)= 12 == LIEFH A

O ROC curvel| 20| T M= BHX| 9| HE 5= (discriminability; d”)
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Area Under the ROC Curve (AUC)

| 40| AFEE|= data?t At 225 [LEX| 22 [ff data

-specificity’ = 7t HEC = HE 53 I}

ROC analysis
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