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Interpretation of Receiver Operating Characteristics (ROC)

Jae-Duk Kim

Dept. of Oral and Maxillofacial Radiology, School of Dentistry, Chosun University

ABSTRACT

The purpose of this paper is to explain the making procedure and the usage of receiver operating characteristic
(ROC) curve for interpretation of radiographic images. The conventional radiograms obtained after the creation of
the lesions in the acrylic plates and were enhanced in color. The observer were informed of which tooth to examine,
the ‘a priori’ probability of a lesion present and the approximate diameter of the lesions. The two groups of films
were interpreted separately by the same observer using the same rating scale. The following rating scale was used:
A; definitely no lesion, B; probably no lesion, C; not sure, D; probably a lesion, and E; definitely a lesion, In
analysis, for each observer the diagnostic results in terms of true positive (TP) and false positive (FP) decisions were
plotted on a graph. The lowest point on the graph represents the TP and FP when only decisions designated as E
according to the rating scale are included. The next point shows the TP and FP values when diagnoses designated as
D are added and so forth. By connecting such plot points, a receiver operating characteristic (ROC) curves is
obtained. The area under the curve represents the diagnostic accuracy resulting from a diagnostic performance at
pure chance level and a value of 1.0 at perfect performance. This method has been known as an useful method to
detect the minute difference for each radiographic technic, each observer and for the different lesion depths.

(Korean J Oral Maxillofac Radiol 2000 ; 30 : 155-158)

KEY WORDS : interpretation of film images, ROC curve, diagnostic accuracy

N B

ROC3} A" (Mets, C.E. 1979)!2 accuracy, sensitivity,
specificity 58] Zxto] gle] A 3ke] AR )3 3 7puby
o AWE naH]) A mAE Frhgels e 5y
A= B EAL TR, noised] 3719 72
(Wiener spectrum), H| 2= (EA 4Dl 93] ehl o)A},
Zei Spe e oAt AU sl E9Y 5y
& Azd Nols sedz Age) B B HEdow
299 + o 99 ASANE BRASL A7 4ol
ol e W TAAL el Bel A ARE 72
o oo AYHo= AYHL Qg Az 2HY AA

441200049 59 64
Correspondence to : Prof. Jae-Duk Kim
Department of Oral and Maxillofacial Radiology, School of Dentistry, Chosun
University, 588 Susuk-dong, Dong-gu, Kwangju, KOREA

Tel) 062-220-3633, Fax) 062-227-0270

E-mail) jdakim@mail chosun.ac kr

A= el 2000 649 29

4 A=A 47] dEel #AAL] wHE AT 5 3
=5 Az oA A& Al HE AH=st xS
mde) sitte] Wil a¥ud ogA st AR
Heol 244 4 UL

ROCH A 7 712 gApe] n|Ag Apo)7} #aA}]
BHAN H7H S 9demz dFH7te o482 4+ Ut
AH7HA FHoz YAelr el A glewt
AzA FoA ool e 9 A& el 1
% shietn 2E S gl wH e Azt A4 o), of
Azg 5&Hes ed 5 e NS 7919
ATEZ A3 Auisles 42X, 53] A oEs)
o Friske el d3 dde] B o AHHH AA o
el Bt kg A 9 4 dem 444

ROC A& Am-a uu|gt A58 Abge] Alzbel ofs)

e A]
1_

fr e

A2HE AES A PHoZAE $58 HololA
A4 Be H3e 227 U T ROC FHLS
Rlzele A4 Aol FPsd ez 1 AEe] Fhs

— 155 —



ROC 3|

7t s $HE AS o 3 e el F
slaloF @ Wes} Q= & 4129 e, A, sk YAe
Brhshe A ThestA e Fobri Aol Yasin,

NETIEY

AT e FeAEE GFol £ olARH Al
e 7ol ARY FAPYAA ohdAE F 48 2
te A4% Be 1 FAH T 2

2 jo
Al
°
£
r
-
o
0%k
o ¢
it
o5

4 rlo
2

Hrhshe A7k " o A A3 4L
E‘& ¥ Yl ALHE AEE £

2 AN 232 HEel A&

o g z*zs‘(om Hel] AbaDellA oJ kg Wz

A Frketzl H4F 71259 AEE A
o2 3y glemg,

2mme] ofAEM]| 22 Folat QUHIHIAIMALRl A|2
o}, mahg Zetsist HARMARE AIE% P%a’iv}

q71A Fo31A] o <td A 37} #A43) vy
7 & Almgkd ROC FAlo 46& :%‘7l~: g 5 loet
3 g 4 o ARG A 8E ] A o
Wl A=} HAe] =S dez s FA] 230t 7
s7|uksER], A33] ot A3 deR|7] oEE 9=
*Ji?% (g B ARAE bz A4sA e

= qkgld.

5124«1 FHARE Bt=x Ao] 71 Fa3d A5y
T BAX ez BEo] g 4 L% FAHE
= st Ao 50-1002¢ X35} Q= AR 9 A

BE 3 o3 2E 4 g Gk RS o
L3 A olE® 8 ARE E¥Ehe He] AT
Tt nz F He A=A PriEiz| gow AHE A
S

W, 30 lo ety

2 odo ¢ e £ r%
ﬁ%:ﬁﬁm

o

2k

ui

o

A g mE?
1.2 &
B Yeledr Be L Fuh YpHez o
SEDR

1) 2 AKXl MA

gubd oz wpAbA )AL} At #EAZE HE A S}
2c), BA-o] BYHE QAL slof sn Age)

) 2oje] s olsiet o) A 2oz e

£ s FE3 E2L dof 3

el 83

nL_,

M) >i

l

o g 52
f 2o

2)

2]

e 9w

XA &L )43 ARE AF}E= A= AHAY
22 A7) Y8 Age F=u)o 2= A ol X
2o % xPetE 5o v S 3k XA PE0)9g A
2,98 Eo] CRT 3149 Afolx 7z wrle] 4 )
HE oo BEA, A2, %‘—M H71, 28 5 BEAY

AP e 1A + Az AHdAE AL 7 F
PPsd A & Bartk ok AN o= Ax
7} F2AE 9 22Ut

3) Warhol A

el o8 571 BaEoig)E=nl A 2=
uh & Adejstd A AN 594 Hrpb gut
Ao} ol 2o WA 2oz 3 AL
Holgt 3 Az MEEHUG. d7IME SHA HAHS
A2 P Holdle S AR FYst FAA A 270
ol 4o AE wlwdlels 7ol HA Adst AF] Aw
2 o9 #A Al 77%5’_ Hoj7l= do] WA o]

wAsl7] Y8 #A7|ZHE F13] (12520 9 3
M E vEddsis WS F3ioh S SohA
g olgsiglont HA oz XE Fuz ol 2
u o] gl :

Yes-No: o]7& @&} abale] w47 2e wWalA A7}
v A2g P34 (PA3) B AsE= glov ok A)E
& e 2w Ase foke 2oz) A4 8 T
g Bl o] X|qk X137 Ee] 29 7|24 HiY o]t}

oY TN7| 594 A= #A7|EE A3 A
T3, FFAE 0 B 7)Fe v} B ROC IS
Hh o] o,

LA MEIH AR 2371 Sl Ak debte] A
37} 9l e BAlY WE3l] I Lol oW A}
o] 2137} Q=718 @3t 21 A A (2AFC), 184
Z4A A9 (18AFC) o] 3let. S71M e 541 A E
o] &3t HAuIY o2 APE AP ot A= glvtn
€& 9le

4) 0|2x wjHo| A=

AgE A3 de Hrlste st v 3
7P o} EF o] obdrt, Helehe 7|7t HE
ABE Wgot 471 BAd gtev), e SulESL B
w}«l Aelo] EAE= dE7h A7 Ay Aubge

27} 5% A 99 Aasurie el e
s}c}. o] ﬂe o] EA WAL AY AlF Aol 83 H=E
slA] gtom AEU 24l =R A At A HE
ol7be Ae 3] YsM = Ped deolot

dz 33 e AP Az =7} FAAL Az
AE5d uXe FgE A o] B old. o] AY
of ROC F4¢ o] 43lTA o} 3714 ozt ojexql
He Mest=s o Ageley 73Z¢ stua ¥ ROC

fu mim

rlo of mi of

(e}
Rol&

— 156 —



FHE AR FAEATHCIGTE DA, BAR
Aol e g EbE A T 4 Sk A3

Azt EUA &2 AEF B S A3t dsa E
A @3 278E@HEE): PX)E F3a, £52 4
37} Besle AEE B3 At gldka J4E =271 &
E#HF3E8): PXis)E FH3 o714 ROCFA ] A7l
o} o] HbHE X3S0 2E Y2z T ZozA L9
Lol o3t 215E &l & W o]&£FH I, AAE o
o} 722 A ol&3le Wy ozME ety uE
4 9k

X~
L)

2.

ANE7E delA A Eu7b AeEHe AAY Hripxt
el Bzt FZAAE= 7] ALz AE2E RAFH
ARt BA e ERXE WA £31H 9 AArE AR A
gttt 28 3 ARl Alse] F7], o= Ax9 3,3}
Apo] &off EA s o, 4, AN (FAGAEA), 2
#e) 715 F WAl ad Heg A3 FHAD F

Alggie). AYEE S8 ol £ A HAuE
Tl Bzt AAE Ao dete FARE FHA
B L 5HA Y RA7E Sl B

v SIES

A.Alz7} ek B.AlEY) g A 2o C.2aAoh

D. 4371 sl A v E.Al37) sloh

AA & Aol Az s v dxsleEnz As
7} A& A8 5070, A 37} g Als 5070 Zpztel] ©sle
FAA7F A3 #AE FA 7| E A-Eoll JREST AA
N 2t BA7|EA AFE ERshed 43 ¢xe
Algel J=ts] diulste] AHg3) e =S Fo80

714 T Xls)&= 4137} Eoi3lE A& (noise+415)¢]
#A7|E & FHEE 4.

TXDE 237 e A8e BA7E F 7FEE $o
o}.

714 #A=Y Azl A & (ROCFA)E
doe HFHoz AN B AlRE B AS
7t g @& =276 Hg #gF  P(Xls)e}, 457}
UA g2 ABE B A A0 Qvkn AR dE =
o g && :PXDE 44 god ol

o]& 93 Alme] HE FE & @ BHIEE
A2 AdA s e AT GAES

TRy AR

A7 2mme] o}ZYn|=F FdT ik Al
s} = 3t Zedt s Al5E QUbAHIARA
ANgs) 7S 2 DA L @47} ol 3lell EAIH T (Xls)
o} T(XDe]=t

oo ojWol:= A 37} glvtx HRE (A)E 123t 7+
BA 7 S 3 FEE T3] Y8 DA ERE A9 W

o

4714 5
o EFYH.

T

Al & (LHbFAFA AFAD A B c D E
T (Xls); noise+ 41 3 9 11 13 9
T (X1); noise 11 15 10 12 2

goz =X $£5 A7te] #AI|F 7153
o]A & T(Xs): noise+413, T(X) : noise&. 3}e] o}l 2}
| tep i

Zro

A (QuHdAd) A B C D E

T (Xs); noise+Al & 50 41 30 17 8

T (X); noise 50 39 24 14 2
A4 ol An @A Abs Yeheae o

Z_-]'_i 8]— }\]1( ‘ﬂs }:ﬁi}
Aol #4024 28 AFesd o

=4 =9 g P)oIA
5)7F AR
okefel 2 "7} ek

= A|&P(Xls) 1.00 0.82 060 034 0.16 F3TPF
100 078 048 0.28 0.04 3] 3FPF
A B C D E

q27 3
/\
R

27} 9& A& PXI)

8 P(Xls)B 23 PXDE 202 39 2 A
plotste] 2 =& wHEH YiPHMAMIAR Almel] A&
ROCZA o] A7)c}?

olo] Zehshat MAMIALIA R RN 2
APl g8 T e ROCFAe| hyseh,

/}_]Og

= -
2o 4237t EURA g2 A=
£ B3 A3rt ddn S8 %“& z719) & PX)=
FPFE, F%¢l| 42137} E3s ARE B3 A87) o
I 2% 2A%F &8 P(Xls)=TPFE ¥ste] E2597)
ol o] FHA4uk, F 74 BA7)E QlelM P (X))
o] Br} 0o, P(Xls)7} B} 1o 7}7k¢ A7} FEo]
& A F FAPA ] E Ae] Aol & Aoz
7} "t}

oje}7ko] ROC F4¢ 8iny HEHo] gl =
e Yol sbsdln 2 23 s A RSt o9
7] Ag ¢ £ U

39, ROCEAIH 7P & SEdq wiAd-& 713 Frpgel
22 A HaM £X8 23 FAH e s v
Hel g 1A oj&4H T 9t 53] B2 ROCH
& Ael7}t Qe

ezl ROCEZA L

do]

A}, Mg BRE) olE Aol

— 157 —



ROC sl{A

A3g 4 gl dolHE AlFsr] A% Wiez FAd
WA (Accuracy): BA A F22k HA, ZH= (Sensitivity), &

o] = (Specificity) 5 Ao @& HrlpEE A g
7} alek.
4714
L No. of true positive decisions
sensitivity = —
No. of actually positive cases
. No. of true negative decisions
specificity = :
No. of actually negative cases
No. of true posi deci+No. of true nega deci
accuracy =

No. of all cases

2 A 2)Eu* ROCZANA HHol
accuracy & 2]w}gle} 6

Zm A o] diagnostic

2 o
1. QLEHFAMARRI D Zhetslst SEAMMALEI2| H| oA

47 DgolM AdE Al o ROCH YA = true
positive fraction (TPF), false positive fraction (FPF)Z- o] 7]
42 ay Qemz 24 FrhA weeel W 242
gz ohe} 2ol Friaieh.

2. Hy7|

i

W glel
E
A2 dubAAARR N AAl2 W§art SUE R0|
50, Z= 20| 50 oIl 91 WA E A2l A8l
A B C D E
AAYdE= 7 9 11 13 9 8 ; & 50cases
7

A, 7285 B, 2 A C, A9 e D, ek

AA 9= 11 15 10 12 2 ; % 50cases
of2hA
TPF 50/50 41/50 30/50 17/50  8/50
1 082 060 034 0.16—1
FPF 50/50 39/50 24/50 14/50  2/50
1-p 1 078 048 028 0.04—0
3. FMOET|

a. 322 FPF 222 TPF= § T =Z plotg e}

sensitivity 17/50 specificity 26/50 accuracy 43/100

b FANEY] Z2IdE olg3td FAE DEANE

TPEE adll ¢{¥3}l2 PFPE bel| &3t}

o] plot&
tripod.co kr/jdakim ==
v oA FANABALANA ¥

http://www chosun.ac kr/~jdakim£]
oA & gl

28 4 9)x = =2 7302 http://www.members.

Conventional Binormal ROC Curves
FPF

0 0.2 0.4 0.6 0.8 1

1 T v Y v
09 | £
08 } 4
0.7 } ”,
06 | -

05 } 4

TPF
A Y

04 | &
03 N
0.2 4

0.1 7

olzzagdelA UHT a, by F2

No. of true positive decisions
TPF ;a=

No. of actually positive cases

No. of false positive decisions

FPF® ;b= ;
No. of actually negative cases

S2hte) UHe] dojr YPAMARNNY B
A5t doldl FAe] TAZelN FHo| Heh

o2} 2o Aug Aeina Apxl BEolA Hro] A3

T_“;]'-

—_

. Metz CE. Application of ROC analysis in diagnostic image evluation ;
In the physics of medical imaging: Recording system measurements
and techniques. New York: Am Assoc Physicists in Med.; 1979 p.
546-72.

2. Ak ROCHIS: TEBR (& FFY. p. 65-9.

3. Swets J. ROC analysis applied to the evaluation of medical imaging

technique. Invest Radiol 1979 ; 14:109-21.

4. Okada R, Shoji S, Horiuchi H. Processing of alveolar bone X-ray
Images; Effect of contrast transformation. H #{R3E 1992;35:1026-
32.

5. Metz CE. Basic principles of ROC analysis. Semin Nucl Med 1978 ; 8
:283-98.

6. Kullendorf B, Grondahl K, Rohlin M, S Henrikson CO. Subtraction

radiography for the diagnosis of periapical bone lesions. Endod Dent

Traumatol 1988 ;4 :253-9.

— 158 —



