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Abstract

This study investigates the characteristics of evaluation measures for classification models on a binary
response variable in order to evaluate their suitability for use. Six measures are considered: Accuracy,
Sensitivity, Specificity, Precision, F-measure, and the Heidke’s skill score (HSS). Evaluation measures are
reformulated using z(ratio of actually 1), y(ratio predicted by 1), z(ratio of both actual and predicted by 1)
from the confusion matrix. We suggest two necessary conditions to assess the suitability of the evaluation
measures. The first condition is that the measure function is constant for = and y in the case of a random
model. The second condition is that the measure function is increasing for z and decreasing for = and y.
Since only HSS satisfies the two conditions, that is always appropriate as an evaluation measure for the
classification model on the binary response variable, and the other measures should be used within a limited
range.
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Table 1.1. Accuracy score in each random model

Predicted
Actual Case 1 Case 2 Case 3

0 1 Total 0 1 Total 0 1 Total

0 81 9 90 72 18 90 25 25 50

1 9 1 10 8 2 10 25 25 50

Total 90 10 100 80 20 100 50 50 100

Accuracy 82% 74% 50%

7} A5 A FA-2 AR BRI 2F0e] AolE o]f3l= Z S Z root mean squared error
(RMSE) 5] i, & A He 5333 0 == 19 d&32 745 E H 573 (confusion
matrix) o]l 7|9kt RO 8 ARFE To] UL, Al WA B2 ikt JdAX] o wet vHEol A= 1)

ZE o]g3l= HPH O F receiver operation characteristics (ROC) 5-°] th (Kim 5, 2018a).

23y Friel nuod EEES AR EIES A¥EE, Sung (2013)2 71EEE o4l AA A
A Baolld FAEFES AR, Park 5 (2013)2 ﬁaﬁﬂi}x} BE 2y mo|A root average
squared error (RASE)®&} S B F88 A3t Kim 5 (2015)2 EA|SF &2l A EdH
o) AR AR B EFET o SEEE AHEHAL, Leem} Ryu (2016)= A e o %

o]
B2YE vlust] A3l ZERE, PL—Er ‘%, U=, Sol=

= /\]~9-‘6]-°ﬂ on, Kim (2016)2 94 3
AR FARF S vlwsty] A8l MAE, Sk, FEEE o838kl Sohn 5 (2005)E HFZ
¢ d=g 93 2ZAY J)For 6}0 | "< (Heidke’s skill score; HSS)E AR&-31313L, Sakong

(2012)2 71 5SS EYPnjaoA Solx, UL, AEFES Ao AAXE Ah93H7] 9
3 HSSE A&-313it}h. Bekkar 5 (2013)2 19] Z]'_u_7]' 0°] vjsf X AL imbalanced dataset ol A]
G-mean, F-measure®} ROC2] area under curve (AUC)®|| tia| A t}#%132, Kim 5 (2018b)2 3=
AA SEJITE 83 M2 FY 289 P H7HE H8 F-measures }‘]“%5]'35‘\‘:]’-

et BofollA o] AR BHREFS F7FeH7] AsiA o1 é % | AMEE I QAT 5 SEE A
43k 2A AATE AU o SEES Wdste] TFHe B3t 7-%7F Wt Table 1.1-2 Al
239 & Ao} By HUPoA go] 2ols FRFES H wRFolth Al ByoA Z+
Ao NE & A So] AN} FHHLE o]FofX| = AFEHF Y Tl gon A 2P WY
233} Zo] o &8o] AF ¢l B ot Case 13} Case 2= 22 250 thdl Aoz A 2o wat
A&=+= Z2E Mg Eﬁé ola1 Case 17} Case 32 A3 of2 A5 it S EAHE 71
AR =lad ]

EREL UE UE AN, FEREel
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Table 2.1. General components of confusion matrix

Predicted
Actual
0 1 Total
0 a b to=a+b
1 c d t1=c+d
Total fo=a+c fi=b+d n=a+b+c+d
Table 2.2. Measures for confusion matrix
Measure Formula Measure Formula
d
Accuracy a+d Precision —
n f
e d 2d
Sensitivity — F-measure
t1 t1+ f1
a PCM — PCR
Specificit, — HSS i e
pecificity to T_PCR
PCM = (a + d)/n; PCR = (tofo + t1f1)/n?. HSS = Heidke’s skill score.
Table 2.3. Confusion matrix reformulated by ratios (z,y, z)
Predicted
Actual reciete
0 1 Total
0 l—xz—y+z y—z 1—z=to/n
1 T —z z=d/n z=t1/n
Total 1—y=fo/n y=fi/n 1

FR ol the B7h9} v} ol Folank.
B ATIAL ol URRE Mo 1 wAYAAS MRS A Bol ABHEL ZEEQ AEF
& (accuracy), WZE(sensitivity), 5©|%(specificity), D= (precision), F-measure, HSS2] 67}4]
2rg 44590 24 ZEEe) 42 Table 229 2tk

BEFES AA AR FolA 3 BRE e vleEA 7P Bol AREHE SRt LEFEL 1 -
FEFE 0L AERES] HARTH 2E87ES] H4EE 9 78 5 denE =l A
. WASE A 401 190 A8 Sol) 12 A of5 el Sl 4 dol oY A

o]t} F-measure= AYWEe} W7tx 9] E]—%:E‘O]U:] balanced F-score =+ F1 scoreF/]—IiE_ 2},

HSS9] Aol A PCM = (a+d)/ne & dh= 23] ARFEo|1L PCR = (to X fo+t1 x f1)/n*S @A

[ERake: 7@—?-%%015} HSS+ J18jehs Ryo] MPRFH 2 A= S YEhll= SEEA —o00 <

HSS <1 H919] & 7 183k RYo] PR FH T} Zo™ HSS = 0°] At

6717 S=E59 H4AEs 97 etstn H] 8t7] $13l Table 2.18] W=5-& Table 2.33} Zo] H|&E

#3714 o AR NA AAE 19 BlE)T y+= 12 A 5E & vjgoln z& AR 5o
2% 191 HEoltt.

oI=J

Table 2.3°04 (z,y,2) ©1919] FEL (z,y,2)°l W} A RR ojdLTxo] 7 SESE BF
(x,y,2)9 &7t =™ Table 2.4+ 6] SE& (z,y,2)°] et 8T Aot 6709 BE SE52
=8} y7t TAE RS W] 27F E5F AXY, 27F A JE o 29} yrt SIFEFE FaS UgEE

ye] FFE LA A, AUEE 29 FFE WA d=rh
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Table 2.4. Measures reformulated by ratios (z,y, z)

Measure Formula Measure Formula
z
Accuracy l—z—y+ 2z Precision ;
. z 2z
Sensitivity - F-measure
x T +vy
l—xz—y+z 2z — 2x
Specificity LTrmyTE HSS et
1—x Tz +y—2zy

HSS = Heidke’s skill score.

Table 3.1. Measures in case of random model (z = zy)

Measure Formula Measure Formula
Accuracy l—z—y+2z Precision T
s 2y
Sensitivity Yy F-measure
T+y
Specificity 1—y HSS 0

HSS = Heidke’s skill score.
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Figure 3.1. Contour plot of measures for z and y in case of random model.
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Table 4.1. Measures in case x is constant ¢

Measure Formula Measure Formula
z
Accuracy l—c—y+22 Precision ;
. z 2z
Sensitivity = F-measure
c c+y
l—c—y+z 2z — 2c
Specificity —oemyTE HSS LR
1—c c+y—2cy
HSS = Heidke’s skill score.
Table 4.2. Measures in case y is constant ¢
Measure Formula Measure Formula
z
Accuracy l—c—z+22 Precision -
c
. z 2z
Sensitivity - F-measure
x ct+x
o l—c—xz+z 2z — 2cx
Specificity _— HSS —_—
11—z c+x—2cx

HSS = Heidke’s skill score.

Table 4.3. Measures in case the comparability ratio is 1 (y = z)

Measure Formula Measure Formula

z
Accuracy 1—-2z+ 22 Precision —
T
. z z
Sensitivity - F-measure -
T T

1—2x+2 —z2

Specificity _— HSS i
1—-2z T — 12

HSS = Heidke’s skill score.
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AGF Z57 57 A3 Aok S 2P0 T AAS AL
gk A1ZAL AYRYQ 9] BASEEL o9 yol W WA e A4@S A Ao

UeA 57 SEEL ¢ wE yol wek sk e /B HSSE
o wEs etk me @ Ex gl AL FA gon
24 AGHA ek 27k 1N AL Wl FUE, y7t 1A
EE g7t 059 B ARFES AL B AT W9 o)A

e
ol

AEet AdrE wEeA] Xtk wEtA ¢ Ex yoll Aldke £ ¢fod Wzt
|

21 399 BT B AUEE A2EAS BES ADE W9 oA AT =

a3 67 SEE0| A4S A2 AL BF B HAE B =1l Agks £ 7t 2A3E
S, y7t TAE RS wl, 222 vjwnzt 190 Ao 3 AE gt JEFE2 2 Byt 0.5¢Y
o], A5 E ¢y IAFEHPE ul, EolEE yrF AAFHRES v, AUEE o7 TIPS w) F 2AES
WSSt F-measurex 7 23S W= 497 ¢, HSS= &4 7 248 wEsigich wet
A HSS& 0|23 w-euigo] EFEY s BrEER 4 Ago] A%st the S5 543t
HE ol A= ARSI EA T A E HojuA] ARSI Ao stk 288 WY & Aot
B Ao mskA] FgkA|wE olgje] Aoz ZEHE 4 ¢lE Matthew’s correlation coefficient
(MCO)& & Aol AN F 27E BF WS 202 Holy A5 722 =97} 8% Ao=
o] AR
z—xy

MCC = .
zy(l —z)(1—y)

2 7ol AnE wgow Tt d7Eo] olojd Aoz etk g Sof neshe Byol A
YR £E Ao e AR HSS7H Rk 2 Aol Bjet AHo% 7bsE Aelth. E@ HSSE 03
Lo HlolE e AL AABR HSSE gl 37) olge] Mol thet BRl= A & + 9
Ao Holmg of7ld] Hat AL L A7 2 Aol

References

Bekkar, M., Djemaa, H. K., and Altiouche, T. A. (2013). Evaluation measures for models assessment over
imbalanced data sets, Journal of Information Engineering and Applications, 3, 27-38.

Kim, B., Bae, W., Seok, K., Cho, D., and Choi, K. (2018a). SAS EM 14.1 Data Mining Basis and
Application, Kyowoo, 293-317.

Kim, H., Shin, D., Shin, W., and Hwang, C. (2018b). Rating Information-Aided Denoising AutoEncoder for
effective collaborative filtering, The Journal of Korean Institute of Communications and Information
Sciences, 43, 357-1367.

Kim, M., Kim, S., and Ock, C. (2015). A predictive model of problem drinking of workers using decision
tree analysis, Journal of The Korean Society of Living Environmental System, 22, 460-468.

Kim, S. Y. (2016). The comparison of analytical models for risk factors of colonic adenomatous polyp
(Master Thesis), Graduate School, Chung-Ang University.

Leem, Y. M. and Ryu, C. H. (2006). A comparison of data mining techniques for predicting model of



Comparison of evaluation measures for classification models on binary data 299

industrial accidents. In Proceedings for the Spring Conference 2006, Society of Korea Industrial and
Systems Engineering, 107-113.

Park, I., Kim, Y., Choi, Y., Kim, S., Kim, E., Won, S., and Kang, S. (2013). Development of advanced TB
case classification model using NHI claims data, The Journal of Digital Policy & Management, 11,
289-299.

Sakong, J. H. (2012). A study on predicting stock price based on data mining techniques (Master Thesis),
Graduate School, Inje University.

Sohn, K., Lee, J., Lee, S., and Ryu, C. (2005). Statistical models for prediction of heavy rain in Honam
area, Asia-Pacific Journal of Atmospheric Sciences, 41, 897-907.

Sung, O. (2013). A empirical study on the relevance of technology finance supporting business for techno-
logically innovative SMEs, Journal of Korea Technology Innovation Society, 16, 303—322.



300 Byungsoo Kim, Soyoung Kwon

gipot . o

“QIM TSt SHISHRt, PAIZ ook MR 2| 27| 7| %t

(20194 01 18 T4, 20194 022 152 £, 20194 022 152 X&)

of

E =2 e vhsRT) o]XEd EREYC g FrEE s §45 Fobeta AR A BUE st

£ ARt 1yt S5+ JEFE, WEE, & -measure, HSS (Heidke’s skill score)2] 67)
J

o
b
~~ oX
ne
Al
o

(AR 19 1), y(12 AAES & H18), (A %] BF 19 ulE)
LB ATE RABE ASHN) HBG FE2 9] AT 2ACR F ANE ALY
YA Aol BASEE ook yol ol Aol A2z FAZES] Ao Al WEE(2,y,2) B
F2 oA 2ol WA ST 29k yoll BalA FagLololor Tk Aolth. HSSE § 27 BF

A Wguse) RPN hE BAEER 4 A8 FH%, T FESS A W el
A A Aol B

ZFRE0: OXIWS, WISE, 2RO, WY, 510/SH M4

o] &2 2017dE u&Fe AYPoR AFAFATY AdS wol £3¥H V1 2AFAY Y (2017R1ID1IA3B

03034032).
LA A 2L (50834) g el Al QA= 197, AA RS EA ST}, EAAEATLA. E-mail: statkbs@inje.ac.kr





