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2020). AR, 14 [FAE 7P AHAYL F2F olE UFe wAE &
o] W20 th&dt RFM(Recency, Frequency, Monetary) RER2 X E 1174
ojgS dSctE M £ WHle Fe v TS v 98 EZYLESF 2
AAE WAy "o o]27|7kA] e A4yt dtt(Mirkovic et al.,
o

St 7I¥S olgsted, 27 2E9
WAY Adsol & ver A= A
H(Wang et al., 2022). 7|4 2dlofA oA A= (feature selection)S &
F AgeE FHAZIE H Fast 9 ofd, HolHAlY Fes Eo)7
sl GSA(Gravitational Search Algorithm)E A-8st7|=  FcHAFA,
2023).

n2Al~ utold2 AR 271 HlolHE ZHte =z 7o AA ZEAA
motstyl A FEES AAske dlolE E4oH, iAo Mit 75e &4
sto] a1Zio] AA| oEA o AN olFst=RE A o o=m A7
slote] 1174 ojgha mpelgl 4= Qlrh(o]A], 2023).

w40 F3HQ BAL ol Ul

T

N o
i N

[0

¢

ZIAStE HHE FelAE 7P 28 ARREE daEES AFEAUT
(DT: Decision Tree), 2A| A8 3]H(LR : Logistic Regression), sE IZH A
ERF : Random Forest), AZEHEMA (SVM @ Support Vector
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Maching) Solch, 2~ st SAAAYR, AAIITE ol )
g2 Yy ZYAEE ol EF wAE E7] s Hlolagel nd=A o
oA 2 52 HoFEHNeslin & Charilotte, 2006). 117 o]& H|o]
fll 4 i, 2L MO, A, AN Y 49 2
2274 Sde Aasiehud At oRol 4w Adsisiel WADA
o BAIE ZA% AZENEHAGYMIS 14 ofg RdE = dgrHXia
& Jin, 2008). 2ALE HARY] thETAHe] Gt MrERE A
AEalA] oot AR AP0l B WSS

92 sA e 2A4E ST-XGB A% R AT ANSATHL &
Li, 2019).
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1AES ARe}stel Yt
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AET Qo] 1A wr=E A Luj
(2018) i WG Agstel A9 Sdg | HA
2 FA Ao T AZAT i
Zo %
Dt A A 2zpe] A3
_ Bapa sjto] Az | A e
25t j A=aE 3 ASEo = Hat
AEape] AR AR EEA
(2019) U 9ge FER, AR ARY | 2
2 A5Bo|Ed njAL JF | ]
Zstoll Fesfor H
) Ay 5t BlHE R ubx
ol@= < Fol7] e AmA A,
SIS 9 A5 2R HAE
2020) | o e n2ad 74 $E 52 &Y
o] 2| = S,
] ]1__ [ere} 33‘_:,1_8_7]- 31—%
AL A Al SEAME] AW
3_%.'(’1}/\30 E‘H—E_&]EZO]- /\:1]:]]—& EHI_. Ooﬂ :| O O = 1 ]
A8e A A E wAFEo RN 5
742) Qlajo] AEE o)Al HH=
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< [® 2-5]9F Zth

A= et +

-5] WELZ o]9] Hope] A5

SEEy 2.
o =g A7 & o
(A=) 2oF
FASA 1 JEHE gt
N Predicting subscriber 2229 39, gAEAYR,
ozer
] dissatisfaction and improving | AFAIAT U ofgt th2 A | FAl
et al.
(2000) retention in the wireless g 7|HALg, 174 BT A S|AF
telecommunications industry | &= &3 1 52 WA 7
He AA
Hung , o FAISAL o] 8 A ESHE
Applying data mining to N A
et al. A AP ARIRE |
telecom churn management . B SIA}
(2006) 489 17 oL o=
AEAE 27 o)t o2
Anil & | Predicting credit card ° T =
, , el 154174, Random
Ravi | customer churn in banks =8
' o Forest, SJAFE2FUF, SVM
(2008) | using data mining )
Jlure] oarE ol
Assessing the impact of
Tang , o , g g5 JHE ARt
derived behavior information .
et al. o T8 AHIA Aol nold | FF
(2014) on customer attrition in the T
o y
financial service industry -
A 21 Hlo]HE ]85t
77 olgg olZehs Haly
A4, | d #d3} Boosted Decision A E% N ) °
! Are] slERda 17 §5
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FEEAL o] 817 o] @ AE
o]0 diolg ufo]ldyt AHPE ©o|§& | s 2224 3]ARH, oA}
o ?F 1 o]g BEAof w3k ZAYE 2d QlE AW =8
2019
( : A ool 45-g Huste] Q¥
A7 mdol Aty el
i}tﬂ@r A g HdeFo] AH|[zt
_ | E-AW AL ApEubA | o]
S =3 AfAofelof F4H 2t
A2} 2ol 9
(2019) Aax o] mAL A %@F% a2 =, upA o A
°ee A7 AW wie A%
43 dlold, HAY dHolEE
- VOCVoice of Customer) d] | BA435}o] A871E AFRA} 9]
7]
(O ) dolgE &8t A87tE A | oS Z2AAE A5, =8
2020
|2 olgdo & mdl VOC 7|5t Aoz nA7tx
2 3}o]| 7] o
) glolgH =& 8875 XA
259 | Lok HRE DA AgE | o e B A
Z84 HHog AFufjo]
T A ol o]er o] of A} 7
(2022) | = A+wf E olE @9l AT o Z mas Ay S 2
BEA219] Q] z]Ao=2 o]
Iold o5& 93t =24 | 214 Y BAT £ 9=
o] Al
( ]_') ~uto]d 3t gloJejutolyd 7|Wh | T2 A|A ulo| S A-85}o] S
2023
o sfoluels B A |olglEe TEAL olF B
2] A=F 1
A7 Gd# vg 7HsAdE
| BF AL ERAEYE of| &3t Churn Behavior
Az Az}
o] &3t & H|ZYAOSl 1A | Sequence Transformer 2@
(2023) _ ) 3 ) A=
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(2023) T AR 9t wory
A4,
} 5 =4
e Sz A Z3Ate] gt FAAE7E =4
B || gy | B AEE RSSO
- 3 e
(2023) 5442 §o
Clvd || 2429 | 2429 9724 2 g2
. ="
(2016) 314 65.6%, WAE 80.0%= A
24 L4, Hi W5 O3
Aldosary | &4 Artificial z\n;}i:ﬂ’ jﬂr L]:ﬂoi
& L | E—, o EE.;OO
el L4 Neural
o]y Alrashdan aa N ) HEE 92.1%, WIZHE 89.1%,
2= (2021) & etwor e
So|% 93.8%
- OAEZ YR Hete 0.83
Sobreiro AR I _
. HHEZHAE Hk 0.92
et al. =4 | HHEYEE i -
(2021) <GB XGB A= 0.95

XGB Z&rt 71 94

_44_



W Mg AT AE WF G 84, A A7 WF A% 197,
AS 42 HE g 57, AT 94 HEF N oE F 47 HEF Wi
ol s HF JMaee 38702 HA T
(£ 3-3] "5 W ¥
N e
A% || ARAL BEAL CBAL DAL B PR G,
(Teacher) HZA
A% Azt 07:00, 08:00, 09:00, 10:00, 11:00, 12:00, 13:00,
i) 19 14:00, 15:00, 16:00, 17:00, 18:00, 18:30, 19:00,
tme 19:30, 20:00, 20:30, 21:00, 21:30
REIRRS
5 Beginner, Basic, Lv.1, Lvl.5, Lv.2
(Class)
AT 9o
6 2499, 3tadd, £8¢, Z9Y, S9Y, Eqd
(Day)

1329 (Encoding)> HFF WE HFEIE olsish] 4% =2 FH
oz wWass AL oudtheldn], 2020, AL Wyes
One-hot encoding, Label encoding, Target encoding, Frequency encoding
o2 7Y 4 9ot A7 Pye DAY ol BAEDAIS 4 do|

HE @ BAST, 93AS 2P 4] T Ao Pue Holok etk
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F8 A3y Wl One-hot encoding, Label encoding, Target
encoding, Frequency encoding 7H'd % EA-S ofzf| [& 3-4]¢} Fro] A5t
et
AA .

[® 3-4] 8 2379 (Encoding) d ¥ EF

T8 A =5

0 grel fgel wet |- naw wRe 4 we A9

2L TAE F7}ol tlolel AIE 2717F A4 F7F
One-hot

nagel st BRI |- WA £5 FAAA Age AT

encoding )

15 FEAokL, Y Z] D R R

ool 002 BA |- 49 md ool AgeiA 3g

Label 7 WZFo] 1St v

1 p i
7+ o] Qojz ALE gtst
encoding é\;z}g,tg_E._ EHT_ = u"l‘] = oT=E 20 Oq
ool e wAE SHT 4 UL
. Wadg ARE B |- HA 84E Agstna doly
arget
L | Ak weel maRe | w3ol A9el 24
e vt WE BRae Adshe] uxe
Wxo WEss Asted Wiy
) 7 WEE ol AlEd] | HolEE Bk
requenc
U mAne wsse 9EE | UF AL gERE Aee dde
encodain
& Be SAF A WEsz Adstnz 1
Agte WA 5 oS
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One-hot encoding®] 7% 2t HFol sfFot= W45l BT 2] ¢
A A =o] ‘Aol A F(the curse of dimensionality)’ &A|7} &S 4= <l
7lell, d¥tdog w0 271 157 o]l A-folle AREsHA &, A9 &
g Qo= Agdstal 42 FAZE doh(Pargent et al, 2022). One-hot
encoding> W5 W49 HF 4 THF ZpYo] Frtslal, 03 1ojets =4
ARl 2 B IE 2 stof BRE9] A5s ASHAA, HF 47F B2
€ One-hot encoding °]¢]°] thZ2 wWIH-& HAEICHAHY, 2019). 9=
01 HEE W4Q Aol AR /T 7F Hotb @A, o5, AHY T AR

= o ®M4E A5t One-hot encodings WY wf, HEg W
O]ﬂoﬂl:- AA oz oY Ay p7F oW 2 Frto]| meh XGB
A5rd Aso] AHdlEE EA|Fo] duh(o]ehH], 2020). Label encoding
HEo] 1R A AR XY 4 glow, HF St E
ARESHA] AL, AN TS AR FR dAlske] oS Aol Ast
ot Target encoding®] 7%+ WFE a2 Al4tste] E3bsiH,
Aol & 7Fs/do]l =H(HHEY, 2019).

One-hot encoding, Label encoding & F7t=+= ¥F +7F 571

ZH2E, XGB T YTATRE W T8EE g o F7hEe

Yol oJsf ¥4 S 8% sfiAo] ef=xd 4 AR, 2023). 207H—4
|

7 EAsk= SVM 55 Rl

i o

o > Hu

B oo o M
4o Ho
)
ol

Bom e 1o o AN
M}

H

Oll
=4

i

rr
N

§5\‘ o,
m°"

=
K<)
O
S
(@]
=
o
—t
o
5
(@)
o}
.
5
a9
-
o8]
o
@,

encoding, Frequency encoding= A-85te] 52 HwWS 23 Frequency
encoding®] 3t de& Ho, W 2l
One-hot encoding, Label encoding ™4l Frequency encoding #4-& 113
ot 4= tt(Pargent et al., 2022).

B Ao 2 4 W5E Bel § WA A 32 A 20
of uhe we A% AskE odeli, Aol AAA 2 shko] oleigol 3l
o] One-hot encoding, Label encoding, Target encoding ™4l Frequency

encoding W'H-S #A-gst4ch

&)
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(’g<ot, 2018). whebA]

[e]
+ Frequenc 1
y encoding=

g 94

3-6]olA

hn
ar

2o, |

0=

oo

k]

1

BEo
ol

<
g

[ 3-6]

W
|
i il
. o )
s w_m |
r b i) o 5 :
:_o iy ) ;o._ : ﬂ_ol
= 7A . __O._
53 o - .
<+ s . .
;OT JI\_ —— LwAlO ~ X
_— [ N N < 3
:.1 : ¢ A X0 ~O
) : . 5 - o D N
- 3 . = = = T
=] oM o & & : :
: : . < ey —_
~ < < - - : ﬂ
i & p : ;
Ul ~ N &u " :
oH o+ -~ X o i i
> : 5 ¢ " fy X
: o : - o i
5o VL ~ ~ : mo ; ;
g 7 : : 1rL Ho 0
~ 7 N ~ < = = :
<k o iy g n o ) :
3 5 i i Gl Mg ~ Ak ~ <
4 o} o i) = 3 = 3 :

Njo 150 { Tor %A ) - :
N =3 ,Ho ﬂo o2 5%
;o . e o %A

T =X o o
: B N o 3a
= T < T i
: S <k T o
< mi_ﬁ R E E
et o .2 <5 & E 52
gl HE| Nz F 5| %2 %2 %
_ = o X 5 E - ‘ :
0 Z, O o S £ -2 <%
R ~ ~— Lyl ° __i . .h.a ]
o B3| o€
T

_49_



4.1 71 B4

AR R ARl A RS HESIAH
Ne/Hx, A8 AAHKS test/SW test) &2 oI
AR, Kline(20152 f=, Axo] 71%e ZHzb +3 oy, +8 oY uj
ol e Aer HESH kb, 49 B FTrb A4 Bd 7lEel
=7 w325 %= Zor woHL
2 AFE S AR AmS] 7lE A= ts [E 4-117 Zh

!
o

olr
ol
R}
G

rr o

(% 4-1] 71& B4

} } Hr | H=
} N4 | gk | Fag | 94 oot EFHat
=2 . (Skew | (Kuto
(N) | Max) | (Min) | (Range) | (Average) | (Stddev) .
ness) sis)
=4
1,160 78 2 76 27.61 14.49 0.30 | -0.95
(Attend)
>4
1,160 15 0 15 1.42 2.02 2.67 10.01
(Noshow)
HAA
1,160 257 0 257 33.28 26.20 2.09 8.66
(Cancel)
AT ZAL
1,160 56 1 55 12.25 9.16 1.46 2.23
(Teacher)
AS A7+
1,160 54 1 53 12.37 9.10 1.43 2.05
(Time)
AS 4
1,160 51 1 50 19.71 10.84 0.53 | -0.47
(Class)
AT 94
1,160 35 1 34 10.89 7.33 1.07 0.32
(Day)
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=4, Aitde

Shapiro-Wilk  (SW

Kolmogorov—Smirnov(KS  test)=
Shapiro-Wilk(SW test)= E& 47} 5078 wlgtd
7} 1,160712 Kolmogorov—Smirnov(KS test) S 3l A4

qME BE

& Agatr,

s}

913
A
B2 57 507

Kolmogorov—Smirnov(KS  test)2}
g% &tk
ogd w ARSI,

FE2 AT 2 AT

test) A=

HO : E2o] Bl A4S wEgc
HI: E2o] Bl A48 wEst opech

5% ool
ohd Aoz gy

2

Jo r
1o
Joh
!
i)

0000]82 FR7Hde] F2tsle] ARzt

[ 4-2] A4 A4

Kolmogorov—Smirnov
(KS test)
ZSXH
FAZ 2= fFoletE
=4
0.439 1,160 0.000
(Attend)
L&
0.600 1,160 0.000
(Noshow)
A
0.525 1,160 0.000
(Cancel)
AT ZFAL
0.491 1,160 0.000
(Teacher)
AT Az
0.474 1,160 0.000
(Time)
A5 +4
0.389 1,160 0.000
(Class)
X ad
0.469 1,160 0.000
(Day)
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4.2 Holg AAZ

" 7 (Feature)+= HI°IH 9| gt& & A5s5t7] fI7t Holg 9 E4Co= Ho]
B HoA  H(column)E A Hlcolumn) 1A (Feature), &4
(Attribute), ®H(Variable)2, 3(row)2 7A|(instance), *HZ2](observed
value), 7|=(record), A-9-(case)® AFESHtt A= A E(column) $*]5}k
of WASH BEAS An G AMGIA URA o Hk HH DAYl

(Feature Engineering)2 7Fa-E A 22 glolHE Q3]s Rl A&d &

e J5oE AV Aol T 4tk WA AxYelHe A4 o]
B2 s 2 SUste] @A PAS BEo] QAL Bd T T§
gt

A% g 09 B aet B 9 )

o] o] WAL ZHo AL ubAa 2
S 24 Ha-Ad) AALUERNI TR s 4 ek
HA-Fd A2ALHMin-Max scaling)2 4]

e (17 4-17t 2ol [0, 1] 89le] oz AFAAAL sk Aol

o

7=z~ miniz) (1)

max (x) —min (z)
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[ 4-1] FHa-Fd 2ALS

EF38}H(Standardization)= dlolE7F HFEECHAIY EX)d I of I
o] 0o]al FAto] 191 gro g Wghsto]l RElo] oS A5 o =zol |

o

-~ x—mean(x)

= z/— var () 2

(19 4-2] &3} ~AYE

2 A3E 7] 57, Kolmogorov—Smirnov(KS test) AE Ay} HH3E
CFeAIRE £E)E SHA] dfe Aoz o] Ha-Hd 2ALdPS APs)
WL Atolol A fAMIS 2ol ++4

_?_
e et 2AelA © 2 9% F 5 9
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TE5HS ASE (Re-registration) 270 JTH(1: ASS, 00 o)l disf
AGS A5y, derdQl B HAMNA= A, 564, =249 3

712 718 AAE FE5H= x? (chi-square) AAS S 7|diHlz=e} T4l
Fb A=Ge)E S74shH, ARzl 7|tHl: Atojo zto]7t &
O] 955 o] A ARMES 7149 2 Aol HRESs AFHeR
2 (chi-square) #AAS A5t Mann-Whitney U HAS A&
Wilcoxon rank sum testE ©]%°f Mann¥} Whitney”7} 7§85t U SAF
= A&
7t A4S min_max HE & Mann—-Whitney U A4 gtoll disl 2]
Q1 2% HA& min_maxE A€kl ohE M4 min_max #E=

= 7145t Aes HFel de $AHez ot Zloz

¢

Jot

= O
EE
715

=
=31

o4 1
19 d

)
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[ 4-3] min_max ¥E Mann-Whitney U A4 2JAEH

A= A Golets A7
=4 min_max®] EZ7}
0.000 e 714
As=] HFolA 2ot
& min_max®] 27} 0.000 AmHe 7| zbett
3= 7|4
HE5= 0] WA ot ' e )
FA min_max®] £x7} 0.489 AEsbae Afersic
7 = —1(_15_
W52 Wrolq 2t | T
A3 ZFAF min_max®] EE7} 3
0.000 AF7HE 717
Ae=0] HFolA Zrt
A% AZF min_max®] L7} 5
0.000 AF7HEe 7149
As=9] HFolA gt
é_i 2~ [e) %17
4 min_max?] f 0.000 FR7HEE 71zt
As=0] HFolA gt
A% @Y min_max®] EX7} 5
0.000 AF7HdS 712%e
A=) HFolA Zr.
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Mann-Whimey U 74 @2 dloleE 2982 4aAA £1 2 3¢
S9gARTE AEEE Ughe ANete, 24 min_max W5 49 A5
RO £ 1% “U'(HER)Y B 2907t 0l BF £9n &
vrette,

o lo

=

[ 4-4] Mann—-Whitney U HA H+ &9 9 9 &

Ha ResultCode M= B =9 =9 &
24 0 580 47187 | 273,687.00
min_max 1 580 689.13 | 399,693.00
wa 0 580 680.78 | 394,849.50
min_max 1 580 480.23 | 278,530.50
Ax 0 580 587.30 | 340,635.50
min_max 1 580 573.30 | 332,744.50
At 0 580 45291 | 262,687.50
min_max 1 580 708.09 | 410,692.50
A7 0 580 461.97 | 267,943.50
min_max 1 580 699.03 | 405,436.50
o 0 580 47759 | 277,005.00
min_max 1 580 683.41 | 396,375.00
ael 0 580 439.79 | 255,079.50
min_max 1 580 72121 | 418,300.50
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(1Y 4-3]2 &4 ASS W5 Mann-Whitney U A% A3 559

Hat 9171 689.130.2 o Hi &9 471.87HY Fom 5=
ojge] Hlx FE7} t2A YEhdT.
0 1
ST Nz s N= 560 s
H B2 =f=41107 H2 28 =68013 2
E 10007 00
5 2
E, 0,500 0,500 i
|
] 3
ﬁ 0000 0000 2
0500 0500

I I | I | I | I
1000 BO00 GO0 400 200 00 200 400 600 8OO 100D

e ve

¥ Mann-Whitney U A&

N

(1" 4-3] &4 As5 o

(18 4-4]1% k& 52 H3E Mann—Whitney U A% A}
520 Bt =97} 48022 ol=e] FH &9 680.78Kt}t Yo
AsFat ojgo] v Byl op27 Yepyitt,

0 1

15007 y=s60 N= 560 130
E BE 29 -68078 BE 28 =480.22 E

1.000= = 000
E
£ 5
E| 0.5007 H0.500 ‘E
H -
=] r:I
E 0.000 H 000 3
2 -

41,5004 =0 500

JEIIII ] 3.'1::-0 ﬂDIJ.l‘.I

[1 4-4] & AS5S HFE Mann—Whitney U A%
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[1¥ 4-5]& F& A5 H5E Mann—Whitney U A4 23 2559
Bt =97F 573700 % o|Fe] Wt 9] 587.302 H|=StH, ASH%
olgre] Wk B3I} §ARH] et folehE 0.4892 “F A min_max<]

-lN

wusl A520] WA 2T e ARAAL Aste] SALoR
FolsHA] g sld 4 99t
0 1
1500+ H 500
N=4580 W= 5E0
BT =#=50710 EZ=H=57370 o

]
1.0005 =00 32

0500 g

Cancel _mmibn_max
=
)
=
1
| r
L

0.000- H000

W0 1500
(1" 4-5] HA AS5E H5FE Mann—Whitney U A4
(14 4-6]2 A% A A55 H5FE Mann—-Whitney U A% A}

520 B <907} 108,098 ool B &9 452918t Eo
52T} o] WiE Buz} ths] tepitet

0 1
T nesm N= 580 '
5 BT 2= 45281 B £9=7008 :
E 10007 1000 &
= =
E i
EI 05007 0500 'a
£ g
% 0000+ 0000 '3
k] i
= E

2500 0500
T I T T I
k0 2001 1000 010 1004 2000 300.0

(1% 4-6] A5 A ASE M5 Mann-Whitney U 7%
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[1% 4-71& AT A7 A= HFE Mann-Whitney U AH 7§3’Jr
A5 Ht £97F 699.0302 ojgko] Hid 9] 461.97HTt =
553} olgo] Wi Ex7} th27] Lebtt

0 1

1507 = sa0 N =580 B

BT ==4010 o =8 =65903

Y

MELLE LEILAS SRLLEN |

Tirrve _rmin_rmax

= - T
a 8 8 8 8

e te

[1% 4-7] A5 A7F AS=E H32E Mann—Whitney U A&

oE

(18 4-8]2 A% &4 AeE HFE Mann—Whitney U #A 753’/}
AS52o] Bt =97} 683.415 oo Ha &9 477.59KHc} =
A5 23} ojgre] Ml Risb ok uehgt

0 1
51— g
13007 - 5a N= 580 x
B2 2H=471758 FEET B E D
E 1,000+ =4 000 ?
Il
Hs0 3
I=
000 g
=
0500
T | [
1504 1000 500 oo 500 1008 1500
BT e
[1% 4-8] A% 4+4 A5 B2 Mann—Whitney U A4



(19 4-9]= A% a9 AFSE HFE Mann-Whitney U #4 23}
A= Bt =97F 721.21% o|F o] Hat &9 439.79K} £©
A5} olgol ¥ Bixrt of27 el

0 1

i)
W7 =580 N = 58D 1
BT =9=43379 BE=H=TH2
¥ 1000 H oD g
E
EI !
§ os0y 050 §
| 3
E 0.000 000 %
0500 ~0.500
[ | I [ | | | [ ] [ | [
100 1000 800 #00 400 200 00 200 400 €00 BAD 1000 1200
¥ 1"
(1™ 4-9] A3 84 A5E HF Mann—Whitney U #HA
A min_max9] 27} 2559 HFoA Arh= HF7H Hfis

©
FA min_max WHTE
o) Aol 27 & A
29 At min maxel £ A5 ool BFA ehe AL
5] GolstEo] 0.65008 Gol4Z 0.05H 2 Ztog _"HD7]./K-12_

Aeste] FAH R %94—5—}11 oF
min_max+ 74]@2& —.—,—946]—04

© Hx

FA min_max WS Zﬂ%o o, & A 3 25 FHA min_max7t
]:] —_
L
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(% 4-5] F40] o] hE ASE o W3 Kruskal-Wallis H 274

EREE:
4% )
w2 AT ey | TOHE | GANEA
21 10] XA 7 [e)
A 19 FA min_max?] ER=PAPE RS
Bazt 52 ofHo 7.43 0.002 |2+atet
el
Mol Zt i
2 29 HA mi °
" A 29 A min_max2) e =P LIS
wE7F ASE 79 0.21 0.650 _
min_max A,
ool 2ot
] z 1
T3 39 A min_max® ABsae
w27t AeH A7 7.12 0.000 | 2rere
4Kl
ool 2ot X
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H2HK-means Clustering)= K& o274 Hptol7bAA 3
e o, 27 4 K FH W 2-S A T AY AFR 5
(Inertia / Total within—cluster sum of squares)”®] 127} TEA] HFO
=2 Zole AHe KE 4 +49 MN4E Adgshs Hwle TEA YW
(The Elbow Method)e|2tal St} Inertiar ol &5F AZo] dupt 717
A 2o I=AE UEE #e=, 39 /57t solud 3 7Y =2
71+ o571 wW&oll, Inertia7b Eoleth TEA W2 249 g &
H7FAA Inertia®] oS wHdste] A9 +3 g ottt 4 Mg
S7HAAA InertiaE 1 ZE T2 FAsks £ Aol ZFo] Utk

2 dAFele FHY AT MY o, TEA] RgeR Zo
471 ol/dd WlHE= Inertia®] W37F v Fovn= XA FHO| HeE
7H_F,__ o].h 740] B]-E’r;do].]:]- :,L]j _/,\_g 2471] 3].13 EP/\H% uu]—_gx o £90 ndl

27} Wt R A] 7o)

E g

2 agHom 3] AS 4 A3, 23 e 4
oleh. HAG 4o 24 48 Adshs o] Mol
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A A (partitioning clustering) @] ZAi+E AlZt3loto] sfAdstar

Z]
zS|
7td & Qe AE=E AFd(silhouette)S  ©o]-&3tt AFole wWHA

A7 2 et & Fof =R, I8a of" AAl= 9R] S AFole] of
drtef] Fo QRS HoAFEo, HAA £ BHo A7
o Rotx HolZo g ol LA FAS] 7 (overview of the data

=

configuration)®} W HE9] A&l A(the relative quality of the clusters)S

Brrst & 9ty Bt A2l Z(the average silhouette width)2 35t 2
ol oiet BFdAd (validity)2 H7iotal, & A4t 5 M4-E Adst= b
g8 4 ot

Tk el pAeol Adsh @ Hert gl
A% HEste Kglo] 39 ) 429 A%7t 7bg Z7lel, 3709 2oz
Urglet



[® 4-6] Kgtoll mE A7 A=

K3t AZ A%
2 0.413
3 0.415
4 0.340
5 0.333
6 0.289
7 0.282
8 0.275
9 0.269

(27 4-1112 K=3% w, 47 A%} 0415000, ojufe] A7 A2}
g HeiF9)

The silhouette plot for the various clusters.

!

Cluster |abel

L T T T T
—0.1 0.0 0.2 0.4 0.6 0.8 1.0
The silhouette coefficient values

[13 4-11] K-means A9 (K=3)
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4.4.2 Kolmogorov—Smirnov A4 AA

37 Ao AFAS wasty] Yl Kolmogorov—-Smirnov(KS  test) 2}
Shapiro-Wilk (SW test) A4 AATHE o] & 4 AUtk & AFolA+=
ohA BAyL Zrol R £71 1,1607H2 Kolmogorov—Smirnov(KS test) & &

ol AdS A5
HO : mEO] BEx= HHAS WEshet
HIl @ 229 BEx= A4S THSohr] et

5% So)5ZoA folstEo] 0.0000)B2 HAEIMHo] 7|ZtEo] AFEELI}
ofd Zog RIElo] HRS FAE o]&ste] EAoH3IT
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s 23
B 4= folsre
1 0.433 652 0.000
54
) 2 0.445 175 0.000
min_max
3 0.484 333 0.000
1 0.629 652 0.000
L4
. 2 0.595 175 0.000
min_max
3 0.517 333 0.000
1 0.530 652 0.000
B
) 2 0.515 175 0.000
min_max
3 0.480 333 0.000
1 0.434 652 0.000
AT A
) 2 0.517 175 0.000
min_max
3 0.538 333 0.000
1 0.415 652 0.000
HE A
. 2 0.444 175 0.000
min_max
3 0.498 333 0.000
1 0.351 652 0.000
AS 54
) 2 0.423 175 0.000
min_max
3 0.448 333 0.000
1 0.392 652 0.000
As 9Y
2 0.433 175 0.000
min_max
3 0.448 333 0.000
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4.4.3 Kruskal-Wallis H AA

3 olage] kol dial Aol Ak A R AT L A Ak BT
o2 IA raA BAHHEQ ANOVA(Analysis of Variance)@f vl B
Aol Kruskal-Wallis H A o2 Vs 4 Ul 2 A= H|R24Z2 2

S APstE2, ANOVA B4 thAl Kruskal-Wallis H AL &) 374
sl sl vl Eskct.

Kruskal-Wallis H A% 7}
WAgol W 7 37] o
W2 e 299 45
2

7AA o] oz HHA 71A o] TJEJ QoA 9t
A~
T

tu
mlm Ay -
do
i
oX,
_O|L
kl
N
g ¥
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(£ 4-8] ¥4 Kruskal-Wallis H 23 SJAFE2A

A4
o 51 Sk o] AA A
ﬂ“l‘ ]’E %7:“%]: ‘rr—‘]—fé‘ —‘] ]'Eo
24 min_max®] EI} 2o AR IS
= mm—rf‘xq [ 0.000 e
HaelA 2 7 Zktet,
L i o] By} FAo :HD7].A—1%
min_max$] SEE LA ) 260 0.000 T
WA 2t 7|z} ghet,
A o] By} 1yo ARrtae
i minmax] EEELEA ) g ) g3 0.000 o
Waolq 2ot 7)7rste}
XS ZXAF min_max®] Bx7} AF7HAES
S 7} 547.212 0.000 _
T'__L;l(:l—q Izl—l"oﬂ/‘:' E"%. 7]7_]'9_]'1:]-,
XS AlZF min_max® EXEZ7} 558.772 0.000 AF7HAE
29 WEA 2ok ' ‘ 72t
AT 49 min maxe 2317} AF7HAES
B . 692.190 0.000 _
TT__LH—J U‘l‘oﬂ/“" EQ'. 7121]—?_]']:]'.
AT Y min maxo 2x7} AF7HEE
o o 730.733 0.000 _
T O] HFoA 7245t}
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A

H
Ptk Kruskal-Wallis H A4 2

o wE A|Zedt = EALoR GO

S ofite] met w4y 24

llis A4S

ol tisll Kruskal-Walli

2

T Golggo] 0.00008 AR
Zrol7t et

[ 4-9] ¥4 55 o] 42 23 Kruskal-Wallis H 7%
oA+
a4 _
S AEIHA o FAgE | YJAEA
ASsE AF7t oY of &4
Ho 0:1"1‘ ]’ ] tm = ﬂ—‘?—ﬂ'ﬁ‘%
min_max2] X7} £ 9] 341.80 0.000 s
_ ol o 7] ZF ettt
i B R Jmolae
%4 min_max®] 227} 299 | 40561 | 0.000 7;;;
Mol 2, o
= 271 olgrd L&
mm_maXJ 227t #39] 6.80 0.000 )
MEdciy=s
L HFol A Zrt,
min_max AE2 B} =2
AR
L4 min_max® 2E7t 239 3.25 0.000 77kt
WaolA 2t o
A= =Ry = A
mm_maxiﬂ =27t 49 257.51 0.000 S\ zrsict
” Wael A 2. o
MM 5 s ot ASEY 0
) AFHEES
#4& min max®] +Xx7F FH9] | 263.29 0.000 S\zreieh
WaelA 2o o




ASE off7t ojgd o A% AEAEL
At min_max®] FE7F 39| | 246.29 0.000 7| z+stct
SR
A5 7 HFol A At
min_max ZH%E‘ o;]l-?_j} ZH—%—%?—_._] UH :HEI7]_}\-].Q_
A% 7FAF min_max®] HEx7} 250.67 0.000 7]_;_1—;::}‘——-_
279l Wrold 2 o
AEE Rt olgd o A% AEAae
AlZF min_max®] Bx7}F 249 | 235.61 0.000 _
- : 717kt
=z
/}ji /\]Zl' u"l—oﬂj\_] Z:‘r’]—
min_max = gH =209]
A ARt A= o ARHES
A% AlZF min max® 217} 274.58 0.000 5
712ttt
279 WA 2ot
= El o] 2
Aes Rt olgd W Hs AR S
9 min_max®] EE7t #9] | 29141 0.000 5
7|2}t
e WA 2o
min_max =2 o= =20]
ASE A7t ATSY o AREE
A% 4% min max® BXEZ7} 358.72 0.000 5
717kt
23°) WaolA Pk
= El ol o
ASE 57 olgd b AT AEANE S
22 min max?] EXx7} 2o | 298.77 0.000 _
MEasisg
A% Qo Wl A Z
min_max o e =209
7‘Ho—| O%Tﬂ' 7‘Ho—ua _—Hg_ﬂ_/é_‘%
A% 82U min max® X7} 386.60 0.000 12+t
717} ghet,
27°) WalA P
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Aed Yo mE AT5E ofF ®Fol el Kruskal-Wallis #48& %
sttt Kruskal-Wallis H AA 23 HA min_maxs Aelsty tr= H
Fofl Qlojde BE {olgtgo] 0.00022 TS 7|45ttt &, 54
Hog [FoJgt o7t okl & & ok 3 29 H4A min_max?] fi—U}
ATE oAFo HFolA Zrh= AF7HE dis] FolghEo] 0.65022 9
T 0.05EY & gor ARTMEE AHYste] FAZCR [oohA] = A
= A 4 ok oA, FHE AR 2S94 W, 72 1L 2 39 3
< HA min_maxe FogEo] 0.05Ht}t Fol FTAFHOZE {Folste FHA

=
AgolH, #3 2+ FA min_maxZt FgE0] 0.6502

Olstz] ¢rob A min_max WSS Aot ggto] HQ

2

=

3

o0

ko

rE
1

fru
o
)
2
o
fru
Jo lu

_71_



==
02 5= o7 Kruskal-Wallis H
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712ttt
Hol A At
22 19 AT AA
oas e AR7HIE
min_max®] EX7} 5= 9.76 0.000 o
717kt
o] Fo] HFolA Aot
22 20l M5 7R
G 428 e AR L
min_max?%] 217} 5= 16.15 0.000 )
min_max 712y 3t
o] Fo] ®lFo|A Zth
7] 39 A5 7FA
439 Ao SEEEE
min_max®| £XZ7} 5= 81.28 0.000 \hart
7\ 7kt
o] Fo] oA Zrh
=3 19 A5 Az
- | AR7HIE
min_max®] EX7} 5= 7.06 0.000 \hart
7)2¥het,
o] FO] WFo|A Lk
T3 29 A5 AZE
A5 A7t b2 | AF7Hde
4% A | min_maxe] Bxsl 452 | 1139 | 0.000 e
. 712+s
min_max o H o] HoA AT} Ferat
=3 39 A5 Az
4 | AR7HIE
min_max%] EXZ7} 5= 65.64 0.000 \hart
717kt
o] Fo] WA Aot
Tf—_"7‘] 12 /?ji 0]
48 e AR7HS
min_max?%] EX7} Q5= 1.12 0.000 \2har
7| 4.
o) o)A 2t )
27 29 A5 229
HE 59 428 e AR
min_max®| £XE7} 5= 2.81 0.000 )
min_max 71Z}sict,
o] Fo] oA Zrh
il;d 30 ﬁi S
U e AR AL
min_max®] EX7} 5= 51.66 0.000 )
712ttt




AT 9

min_max

SRR
min_max®] EX7} 5= 48.59 0.000 ]—;' :'
7)ztgitt.
ol o] JFolA gt
3 29 A% 8
- AR7HdE
min_max?%] 27} 55 75.85 0.000 7| z¥stct
o o] oA drt 51
7 39 A5 99
ol AF7Hde
min_max®| EZ7} H55 90.99 0.000 _
712ttt

olne] WzolA B,
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Kruskal-Wallis H #AHE &

4-11)7 o] Helatert.

S B

(¥ 4-11] ¥H4o] 28 Kruskal-Wallis H A4

£

28 sAF

= g ik (H3h)
B 29
1 652 436.37
Z4 min_max 2 175 522.67
3 333 586.73
1 652 593.87
L4 min max 2 175 512.14
3 333 377.28
1 652 400.25
FA min_max 2 175 390.11
3 333 411.06
1 652 589.03
XS ZFAF min_max 2 175 671.25
3 333 692.27
1 652 532.81
A% A]ZF min_max 2 175 651.47
3 333 715.74
1 652 565.80
A% 49 min_max 2 175 661.43
3 333 §04.14
1 652 518.93
A5 9 min max 2 175 542.16
3 333 591.94
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AL B A (Post—hoc Analysis)2 ANOVA E+= Kruskal-Wallis H A&
Alggste] 378 Hek 7 zpolzt QIeH(Hol% sh= Apol7h Qlthe= A7t
UeEste o of® HoEbol o Hoyt Zpolrt Q=X dothH iz 4-aet
O ATHAL T HEA Ajold ol ¥l HEE SHe A0 t—rest EX
Mann—-Whitney U AAS F I HX|olA ojg] H Pt AlF 2
7 (AF7HEel AAZ= IolojA A=sfof gl S5kl EZO| @2t w
woll °ol& AHste v F / FrE(e) AV TAstEE KA
(adjusted)st= ®wo] "ol BASH= HHOZ Bonferroni correction
method, Turkey, Duncan, Scheffe ¥ So] tt. =4z EAERHO

3

ANOVACIA = olzfet F4d& #7gste] Abeta 23t

4
Ao i ANE 2HoF Gt
Z

2} ige] sl 2EE gl AR FostEe] 000002 FY4E

0.05mte 2 AF7Hde 71Z45te] Al 23 Tele #oldt Aol o=t
= 2= 2 7 A8l
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[# 4-12] Kruskal-Wallis H A HA (&F o8& H|w)

AA EA 2k o= AA
%.{,\_ %@ H]_]__]Z_ = ale] 07:" (e} 1. ‘™o %94@'_%
(H37h) A
=41 - #+32 -86.30 -3.54 0.000
24
. =41 - +43 -150.36 -6.16 0.000
min_max
A2 - +33 -64.06 -2.63 0.000
-1 - 232 81.73 3.35 0.000
L&
. A1 - £33 216.59 8.88 0.000
min_max
A2 - 33 134.86 5.53 0.000
=41 - #+32 10.14 0.42 0.000
A
. =41 - +33 -10.81 -0.44 0.000
mix_max
A2 - £33 -20.95 -0.86 0.000
A1 - 232 -82.22 -3.37 0.000
SR
. A1 - £33 -103.24 -4.23 0.000
min_max
A2 - 733 -21.02 -0.86 0.000
A1 - 32 -118.66 -4.87 0.000
Az AZE
) 481 - 343 -182.93 -7.50 0.000
min_max
442 - +33 -64.27 -2.64 0.000
=41 - #32 -95.63 -3.92 0.000
AT 4]
. A1 - +33 -238.34 =9.77 0.000
min_max
A2 - A3 -142.71 -5.85 0.000
481 - #+32 -23.23 -0.95 0.000
As a9
. A1 - £33 -73.01 -2.99 0.000
min_max
A2 - 33 -49.78 -2.04 0.000
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7t AR Kruskal-Wallis HEES [E 4-13]1F Zo] Alstich

[# 4-13] ¥4 498 Kruskal-Wallis H #7% £43¢
= =31 +32 =33
3l 652 175 333
=2 min_max 436.37 522.67 586.73
4 min_max 593.87 512.14 377.28
A min_max 400.25 390.11 401.06
Hzx _
~ A% ZFAF min_max 589.03 671.25 692.27
(BF 9D
A% A7t min_max 532.81 651.47 715.74
A% 4 min_max 565.80 661.43 804.14
A% Q< min max 518.93 542.16 591.94

400

300

200

100

Kruskal-Wallis H A% &A% H7H(E
(1 4-12]9} Zo] Yepyttt.

F #9)% 238 &

- //\ /\/\

=4
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min_max 4 min_max %4 min_max ZAl min_max A|ZF min_max 4% min_max 2% min_max



M__mhi__owuimﬂé%ﬁl %ﬂmﬂ% Em_%e_ﬁmwnS
— Al ra KB KO — vl
o TN + 5 R o) g5 oo X
TN S N grETs SEw T
o X AN ol o g T = - 5 NO .
mmﬂﬁmﬁw%ﬂﬁ%a% twE L L ELNTE
T oo Py rwEY EroIgdEwzw
CEtagtTIes ¥y FThomgg T oz
B B oot B o Mo o M li%%ix,.mi%e]_n
uuiﬂlmammh%ﬂ} %W.%Mmﬁﬂﬂﬂo
N QO le) -
IR TR A TN I < BN B -
ﬂ Hl L_.._ z..__o i 11 O_v_ ol _l_l,._ o ,z._o ﬂ7n ~O| — m_m.o II Z_I 4 _._O %Mv.l
W < T e = = = O S B - T T
PRT LT T E e TR
_I_I 7m ,ﬁ’ ﬂa ,Ul o _.ﬂ 17r X m o ,O_ ,.mm lo m/l ol 1.1_ 1o OT
i ﬂAToxdl.,ﬁE_/on_xoﬂ JER
jw;_m H oy o B T X _ G| leM @ 5 Xfo _,Tﬂmmn_m T ol
0 : s T -
TSR RS EE LR B B
% ,_H% Wm o) _mﬁ B = B N m & o o M__. _mA_ﬂ_
Ne) 0 o KX _ =
S TR IR O S G .
ST A Sy T L THE 1 TG TR
X Y Jo O_ T N _L_ﬂ_ o R AT o 1__1_ NS A_l o o_,._ o
o A& T o O F R ol =~ N ol 2 vl oy
oF i SN s o N T o Ak M od
G L T
SR IR T O - - ST S TR
AT F IS EFTEASIESSY b
g EmERR LT g e PE el oW
oo T I S O EmE e RESE
Ed HaTrrewmEs Faws TETW

ol

A Htell H

=

1

Zrol 804.14=2 ot
— 79 —

min_max H



45 5= A%

2 Ao s Aol Bt 7€ ATECIR) A5 A9 A
g dastuz 24 M) AdHez F P AN 91
Aol A5 dSstn. Ed 7IRte d3As dads F 7124
ABAUFEDT : Decision Tree)t #ATHE HIZ|517] Ya) 7/AAE =HE &
d2~ERF:Random Forrest), XGBE &-&strt. Alutele 12 AA 1A
sl shtel HAdo=w Hi AuEle 2= 1174 o|-&PH 7
oz tprol WS AEE A% 4%E BN F 674 Ax
S (Accuracy), A% (Precision), A X (Recall), E°]x(Specificity), F1
F9J(F1 Score), AUC(Area Under the ROC Curve)E ©|-85}3itt.

T
=
1o
w
=
1o
e
o_>tl, Y 2

>

4.5.1 Holg Z¢

doly #82 A4 HolHE o2 FEo=w Fgsh= Za ou|siH, b
olg] ZAdo] Fofl dlojeo tisiMrt £ dse Hole HEdE B
A5h7] fsl &R HlolHz shastal, dF HolHz HAISe IHA
21,2021, Hlole 284 asfof & Arto] 58 HlolH (Training data)e}
H718 ol (Test data)7h HA| glolglo] et iAS 7HAoF ot} st
& tlolH(Training data)& ARESE] Rels ShEAI7|AL, B71E o] H (test
data) 2 29 g5e Bt A dolee ARl BIHE ol (test
data)E ARGl 2E As= B7Iste Zoll Ui 4l B7HE dlofE (test
data)7} Hdllof stEA] 97 izl B7Hg HlolE (test data)o] A4 w
gt el t=A vere & 9ol W7HE dlolE (test data)ol]l W9k 4587t
of A=lide] Hold & dnh. 2 Aol HA dolEe] 70%e 1EAs
2y 58, UHA 30%= BF B7FEOl ol8SkiH. o] HiolHE %A
sl wet s B7keE 23 HRdglel =7u W 4 Sl

JAEZUFDT), HE ZAEERE), =3 AAE 728 (XGB)ol

f FEHo2 54 dlolel(Training data) 70% / B7H& dlolE|(Test
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data) 30%= ]ttt

452 kg WAHE

AFAE AeH7toll= dHolHE oEA & Wre A7 d4dolnt. od
ol A deste= Aol wabES(Cross Validation)olgh & 4= Uth. Hlo]H
£ o8 ¥ BHESA Uiro] o7 REg shgote] Jse Brieith

T2 kF upHFo] tgFor Hold Hrp|glor oduA itk HE
k2 5 T 10 ARgote ], 2 Afelie kitE dutdoez Agahs
52 2Aste] B&atodet dlolgE Z2E(fold)etal sk AL v 719
HE A% oA AR vtk A A 2E2 A A 255 H7HE dHlolE

2 A8, T OWAREE BSUe BDE S5e dolHz Agd
O g BYL T U BSE WbE, 1345 B5E A58 delHz A
89 o= nZA L Sastel & S0 FR=S P 5 k. 5
o Aol PRgol B Yso| ek,

I‘I“ﬁ‘

E

-
i

(1% 4-13] k(5)-F 234485

A ki RAAZE dolE AES kil thro] shyehe wha, QU
Q1 B3 upie] wls) oaat Wobel 48EE @AM go] FbsHe ol
A
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453 24l HesBrt A=

253 d(Confusion Matrix)& o 5gko] A4 gt drhdt 4=s] 53
o]

=
A BAFE BEE 290 45 BN ) F2 Agets A Eoltt

A

rr

[£ 4-14] 5328 (Confusion Matrix) &

AAL
T
Y N
TP FP
Y (True Positive : Fa4) (False Positive : AAZA)
AEF LEF
o=
FN TN
N (False Negative : #AA BA) | (Ture Negative : F574)
o Bew

SEqES v Y2 AP RH oldo=w o4l Hger AP
ok oA or ERE Adto] itk EFFDAE= ol F tiz g4nte] 0
of obd Zra ZHAaL Sl H it 8452 09 gh= 7 Aot = ¢
¢ Z7710lM= FPeF ENefl sigshe /7 2dy= 0]tk

B (Accuracy)= w7717F AdEsor & R Ao]AE AEsta AR
SfoF & RE Alo|AE ARshE FEolth ofH WAer 5S SIRe A
Az 19 AR FAAR



@st7lel 2471 & & Sdol, e AR5 @A dlejsjoF

A (Precision)+= A3 FollA AAZR To] Q= AolAg HERE &
o] oEzto]l dui AgstA ASH=7E U= ABE o2t o
53 m9 FFEelth AAR ofH WHITAH/FA)Y A5 WS F=
Zol ozt FHHOR dSstYttd gt dSo] At ‘A=A
TS F= AZolth. oyt BAPoz dqZEcigles o Az AXY gES

=
DAE (Sensitivity) 9t TLate], AAR Fd o, For ERg &S A
W 9ds] Hojd xe AdE

Argtet, A (Accuracy) ot HAE 2 EA]
= B 5 Qe @A EARH
=

O] (Specificity)&= AF-sllof & HE AO|AE ARdt= 5HOR, HA

2 AAY o AZoR dESPS FES AL AEET tiHo] HeE A
B2 99d35] HojA Eolxrt A U2 5 = SHAZF EAgi
F1 2A30](Fl score)= AWEe} Ad&o] xotgHFoz st Zrolth =

] 258
44 Y BEe ATAS BY d22S WG o S5 Fag
ALle Defalor @k AUES} LS B of TPE Eolt d AW
DR, JUALE FPE BRI, AVES ENG WRE o 2HS TErs
Hol A= o2 Bl JUwst AAse 1Y Bkl fEH 2wl
@ @ ARGl FoPAW THE AE gtol Robd spsHel ot WS 17
Sh Amolth, AUES AL BF ¥4 1] e FEW DL
W % ook
AUC (Area Under the ROC Curve)x= ROC Curve®] WS T3ict

ROC(Receiver Operating Characteristic) Curve= FPR(False Positive Rate)
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I} TPR(True Positive Rate)= Z}7} x, y%02 w2 Iz olt},

TPR(True Positive Rate)= 1¢1 Alo|2o] Wi 12 w27 A535h Hl&
U (Sensitivity)©]™, FPR(False Positive Rate)= 091 #Alo]Aof s 1=
£ d&st= w88 1-E9o|%=((Specificity) o]}, 1= (Sensitivity) 2} &
O] (Specificity)+= ®Hele|stH, oAl el TE(Sensitivity)t 1-50]%
((Specificity)= H]# gty ROC Curvers RO Wt 7|&S dALHoR
A 435S o FPReF TPRO| W3S vehd Aoz (0,07 (1,D<
+ FAolth. ROC CurveZt #ddto s 71 ol 293 I8ins 2+
do] 7} =2 A& Helth AUCE ©]21¢F ROC Curve WHH
B7tste ©l, 1ol 7Whaas Lot STl Adste] +
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454 3 ATHE 4= 29

AUEle 12 3 ATE A5 Bgo=, At ATE(ClD) 4=
TFolA ARgSiaL Qo @ AleE S B2 AA AAS dide R 5t
37HA] dAEEe A&sto] ds= H7ksHAH

[ 4-15]0flA =) Hete] et Aes oS LId2 XGB7F 7P F
A= EAth 4587 ARe 72 AgE, YU, AQdE, 5ok, Fl
FolE Hlwshs H A= E HERE AWAl 218 s XGB7F e
Foll Bls ¢t gte HAn. o5 29 A2 B7Iste o= A& Fol
Hae, Fl A70l(JuUE, QA B8), AUCEIE B8 FH02 B
Sl= |, Training Data®] H|3] Test Data Ad%5°] 7/HAES Q1 4 3l
ok

& 4-15) 9 AES ) 29 45

g g o] ] an g
7He DT RF XGB
Aot (Accuracy) 0.72 0.75 0.85
F1 &350 (F1 score) 0.72 0.75 0.85
Training | 812 AYE (Precision) 0.73 0.77 0.83
Data (70%) A& (Recall) 0.72 0.73 0.88
Eol% (Specificity) 0.73 0.78 0.82
AUC 0.73 0.76 0.85
Aot (Accuracy) 0.73 0.77 0.87
F1 £350] (F1 score) 0.74 0.75 0.87
Test 348 I (Precision) 0.73 0.71 0.86
Data (30%) A& (Recall) 0.75 0.79 0.88
Eo] (Specificity) 0.73 0.76 0.85
AUC 0.74 0.78 0.86
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[ 4-14] 2 Hdo] 2T A= 2P XGBoA ATHo &=

FE= W4 F85(Feature Importance)E H F=y, HAs Z

< 1

min_max(0.29), A% 49 min_max (0.24), £ min _max(0.21) o2 4
Pt HA min_maxe SAHLRE FOotx] fkol W4 FQLoA ALt
o] £43)5

[19 4-14] & HAd XGB 29 ®Hy 59T
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Auele. 2=
3 39 H49
o H%g B
9D A, Fl
XGB =22 A50°]

o 1S
AR

L)
A~ > o hu

2y

et S
DT RF XGB
Aex (Accuracy) 0.78 0.84 0.90
F1 £50] (F1 score) 0.72 0.83 0.88
+H1 AT (Precision) 0.74 0.87 0.88
(FeF 3dd) AAE& (Recall) 0.70 0.78 0.87
Eol% (Specificity) 0.78 0.79 0.87
AUC 0.78 0.79 0.87
AT (Accuracy) 0.79 0.85 0.91
F1 £30] (F1 score) 0.80 0.86 0.91
32 AU (Precision) 0.85 0.89 0.91
(F2F 2dhd) @& (Recall) 0.76 0.83 0.90
Eo] (Specificity) 0.78 0.81 0.90
AUC 0.79 0.81 0.91
A2t (Accuracy) 0.84 0.88 0.92
F1 &30 (F1 score) 0.88 0.90 0.91
33 AT (Precision) 0.89 0.90 0.89
(= =) Ad& (Recall) 0.88 0.91 0.92
Eo] (Specificity) 0.80 0.82 0.91
AUC 0.80 0.82 0.92

_87_



HEUA QP55 AFAE 24T 3= AhA= Clavel et al.(2016)
o] 22AH 3]9], Aldosary & Alrashdan (2021)¢] ANN, Sobreiro et al.
(2021)¢] ARV, Hd EEﬂiE, XGB7} Sltt.

2 Aol AME EaEEE Tree 7I8He] SAPEAUT, S ZIYXAE,
XGB=Z Clavel et al.(2016)¢] 2] A¥ 3]9, Aldosary & Alrashdan (2021)
o] ANN ZA7 ARl A5 As vHle FE7F Sk Clavel et
al.(2016)] 2A|AF 2|24 23 HETt 65.6%, AL 80.0%= &
T DT, RF, XGB A&k Aol ¥ ¢35k, &+ 19 DT, RF, ¥4 2
DTE Al&fstal ymz] 4 2 dagFolA Ade 45l J 53 Ao

2 3FolxQir}. Aldosary & Alrashdan (2021)9] ANN B4 Ax} A
92.1%, AEE 89.1%, E°l= 93.8%2 2 AT AL, AL, Solrt
w2 Zlog I

#AE, XGB 22 Huwstd 3 33 Hgt oS Aol RAE I

wr oz AR ( #y ZHAE ( XGB 02 Ako

= motEioh ol QARAAURO] wHARtE

v} 7] (bagging), XGB H2H®(boosting) A4S RElo] s /W auts
0]

% e,

m o m

e

[# 4-17] Sobreiro JEYA AFF 345 24 APA+
S AT AHZHAE XGB
Hetr 0.83 0.92 0.95
F1 ~30] 0.86 0.90 0.95
e 0.93 0.96 0.96
A& 0.84 0.93 0.98
Eo| 0.71 0.79 0.73
AUC 0.83 0.85 0.86
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£ 4-181e Y 1@ 99D, 79 2370 99D, 29 384
s)92) A

S5 9= 2¥ Y Training Datad} Test Dataol] tist A5
dom, FEZAHOF Test Data2] o= ALo] 7

[3 4-18] A% Training Data®} Test Data 5= o= 29

o
=
glo]e] =
+3 it N TE
7
fi DT RF | XGB
&% (Accuracy) 0.75 0.83 0.88
F1 239 (F1 score) 0.73 0.79 0.86
o AU (Precision) 0.70 0.80 0.82
Training 457
Dat (70%) _
e ’ AHE (Recall) 075 | 078 | 0.90
Eol% (Specificity) 0.75 | 0.78 | 0.85
+31 AUC 0.75 0.78 0.85
(FeF
3L 48 (Accuracy) 0.78 0.84 0.90
F1 239 (F1 score) 0.72 0.83 0.88
Test 195 AU (Precision) 0.74 0.87 0.88
Dat (30%) 3
e ’ NEE (Recall 070 | 078 | 087
Eol% (Specificity) 0.78 | 0.79 | 0.87
AUC 0.78 0.79 0.87
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A< (Accuracy) 0.76 0.83 0.88

F1 230 (F1 score) 0.73 0.84 0.86

Training 122 AU T (Precision) 0.75 0.86 0.88

Data | (70%) AAE (Recall) 0.71 | 0.81 | 0.84

Eo]% (Specificity) 0.77 | 0.80 | 0.90

3 AUC 0.77 | 0.80 | 0.90
(F3r

s A% (Accuracy) 0.79 0.85 0.91

F1 ~30] (F1 score) | 0.80 | 0.86 | 0.91

Test 53 AW x (Precision) 0.85 0.89 0.91

Data | (30%) NEE (Recall) 0.76 | 0.83 | 0.90

Eol% (Specificity) 0.78 | 0.81 | 0.90

AUC 0.79 | 0.81 | 091

A (Accuracy) 0.81 | 0.86 | 0.90

F1 ~3¢] (F1 score) | 0.82 | 0.87 | 0.92

Training | 233 U (Precision) 082 | 0.86 | 0.92

Data | (70%) AAE (Recall) 0.83 | 0.87 | 0.93

Eol% (Specificity) 0.78 | 0.79 | 0.88

AUC 0.78 | 0.79 | 0.91

S (Accuracy) 0.84 | 0.88 | 0.92

F1 ~30] (F1 score) | 0.88 | 0.90 | 0.91

Test 100 JE% (Precision) 0.89 | 0.90 | 0.89

Data | (30%) AEE (Recall) 0.88 | 091 | 0.92

Eol% (Specificity) 0.80 | 0.82 | 091

AUC 0.80 | 0.82 | 0.92
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L& min_max

M3 AIZF min_max
M= 2 Y min_max
= A

=5 min_max

ZF 2 min_max

), A% £4(0.19) +=o=2 yergth 4 1(F9F
H|3] k4 min max HZH & £$))0] =of HE

I 005
I o004

[ 4-15] <4 1(FeF gda) XGB 2d Wy Fo5%
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13k Sl9)e] H% 48 2g9 XGBAA A5S

=
4 595 (Feature Importance)d Ho] Fed, ki
25
o

5
5



T 257 Y9 HF A" 2Pl XGBOA AFE
4 585 (Feature Importance) & R = o], A5 A}
0.27), AS AIZH0.21) <oz yepgeh #+3 29 3¢ H

= fFoskA] oot HA min_max WS ALfshal
He ZaEs BASHoh 3 20 o2 ®go] Hg] As At

min_max H@tCH# 907} ot M4 957} 7 %o hepsdet.

P>
S,
B
8
O
%
N,
oft
N,
X
o

0 0.05 0.1 0.15 0.2 0:25 0.3 0.35

e Zatmin_max |G, o1

A
=

rx
ot
1

rx
fot

M QAU min_max _ 0.12
=N min_max _ 0.07
B oo

L& min_max

(18 4-16] &3 2(F7 ¥ XGB 2E Wy FQ 5%
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< 7 3(¢ Y] HF A" 2P XGBAA AlFH
o JdFS F= W %RE(Feature Importance) & Ho| F+= H, ﬁi
2 AZH0.27), Ae ZAAH0.25) o= YEwTth +H 3(%

) oll= EP% ‘E‘i—’?oﬂ Hl3] A2 4% min_max HZH(E+F =910l E—EOP

rﬂsﬂ'-l
4 e o2

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

M2 ZAtmin_max NG 0.5
Mz 2 min_max |GG 0.08

=M min_max I 0.06

F A min_max [ 0.03

& min_max [l 0.02

(27 4-17) 23 385 893 XCB 24 W4 Faw

_93_



T 2y, 2 1GF D), v 2F3 Bgw), 23 (e 2
™) BF AgE 5 XGB7F 7P Helu AAH R A= Aol ot A
o= ZAEC. AAEAYURI R EB] Zub meox|ut A &
Az e ZAAEZF ARG WY ZIHAEE oA Jfe] AEAUYRT}

19l bagging YAE Rdoltt, XGBE AMEAAURE 7jdtoz shx|gt
boosting FAME RElg #yY ZHAES ool Tt boosting WAL 3
7he] AZEEo tet errorg Eole Aotk A& B A ¥4 JAHEH
W71 glo] o]& E3t dESHdoe] & w, o]A9 eApgles tA AEA
URE QA5 Fol1l 1 AE FZ2 WAozs Folul Folx WAoot
TARES BA A8 E, A Y £ 2 3

Ag F7tete] ge

K

T E =9t XGB= 1d

I

ki
2
r ]
o
of4
)
olr‘
M
o
u!

e,
l

= lis
\l

N
i)

e,
o

4 Y55 AF Tﬁ%}% E}% [3 4-19]¢} Zo] A sttt. K-means
55 A 3 32 ol A 1(HY 39d), +H 2E¢ Y
A o Yol T vlg HF mygz AAH XGB 2go] A

&, F1 &390, AUCZE =7 vttt &3 240] 7t o 1E14 O*}*é%
o

BEIDE dolHs FAE Telsh gt T e

A7) B9e P FHOR e 24 131 99D, 2 237 89
D), 2 3§45 04D A9 2 1t 29D 2 AFL H9D)
(29 3on A9 sos A5 Ae] Sa9 Acs BaY
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456 A= A5 &

(19 4-1812 A5E ojRE I3 e
42 Fo) 2P BR F o 2HeIA A
gotel A5= B8 AHstant

[1¥ 4-18] XGB 24 Flow

K-means %

XGB e 3

[1" 4-19]1= XGB 24 415+ dlo]g 7} Flow= [1™ 4-28] XGB

29 Flowd] A5E o2 o & gl A7 dolgg dE maz golq

“XGB Classification Predict”= HA35}itt.

[19 4-19] XGB &2 415t dlo]g 7} Flow
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[ 4-20]2 Test Datas 7|& split data tAl A5 ARE L1zt

SHo Al lolH® WS A9 daskdct

1 1
1
- l. XGB Classification Train : fg table :
1
— LR ; 1
Bl model : -® Split Data - :
|
. 1
1
. !.h split Data : B (1] Split Data :
O e T T B
B (0] split Data model
&l (1] split Dato B XGB Classification Train X
=] model
v zl Load
| 0] Load

‘ N

1 1
1
: 1
+ s xGB Classification Train i & table :
1
1
model : 5 Load X :
1
1
v !." Split Data : E (0] Load :
e e e e e e e a
B (0] splitData model
ssifi
B (1) Spit Data B XGB Classification Train X
Z] model
v z Load
B (0] Load

[1% 4-20] XGB 2dl 1 dlojg WA
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A7) AaE Jdste] 52 o7E 41 ALe A dolgd tis] A5
= SES [® 4-2017 o] &lstlrt. A5 = (Re—registration)& 12 -7
atel probability 101 5% g &EE HolFE ], El 39 A
probability_1g}°] 0.572 #A|GE &Eo] 57%=2 == AUt

¥ 4-20] XGB 2d 5= o= g
Propa | Propa
No | Can | Tea i Pre - -
User | Result | Attend Time | Class | Day bility | bility_
show | cel | cher diction
0 1
El 19 2 | 13| 13 6 13 | 8 ij;tfiggni 043 | 057
E2 18 2 |21 | 6 | 12| 8 |Rereil g3 | o6
E3 17 1 11 11 6 12 8 ifa‘tfiggrf 0.49 | 051
E4 50 4 |40 ] 15| 22| 32 | 25 | Chun | 075 | 025
E5 43 1 | 38| 16 | 16 | 24 | 14 ftf;éf)gni 036 | 0.64
E6 39 1 35 | 13 15 20 13 ij;tfiggg 0.18 | 0.82
E7 36 2 |40 | 18] 14| 2| 12 igéf)gni 029 | 071
E8 35 3 |32 12| 14 | 18 | 12 | Chun | 084 | 0.16
E9 35 0 |30 | 11 | 21 | 26 | 10 [Rereell 46 | 054
E10 2 5 3 15 | 11 | 14 | 12 | Chum | 081 | 0.19
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457 48 99 4 o128 AALD 5

oS [E 4-21]3% Zo] 7 3¢ 44 o]& Raw-datas A5t

(% 4-21] /1E 31Y 49 o]8l Raw-data A

FAY Sk Skl 73R 2]/ H
2021-06-01 Basic 18:00 A Z4
2021-06-03 Basic 18:00 A Zx
2021-06-04 Basic 20:00 C =4
2021-06-07 Basic 19:00 A Z4
2021-06-08 Basic 21:00 C a4
2021-06-10 Basic 19:00 A &4
2021-06-14 Basic 19:00 B 4
2021-06-15 Lv.1 20:00 A i
2021-06-17 Lv.1 18:00 C Z=A
2021-06-21 Lv.1 19:00 A =A
2021-06-22 Basic 18:00 A Z4
2021-06-28 Basic 19:00 B Z=4
2021-06-29 Lv.1 19:00 A 2
2021-07-01 Basic 18:00 C i
2021-07-05 Basic 19:00 B |
2021-07-06 Basic 18:00 A A4
2021-07-08 Lv.1 18:00 A ZA
2021-07-13 Basic 18:00 A =4
2021-07-14 Basic 18:00 B 4
2021-07-15 Basic 19:00 A £
2021-07-19 Lv.1 19:00 B i
2021-07-21 Lv.1 18:00 B Z4
2021-07-22 Basic 18:00 C ZA
2021-07-26 Lv.1 19:00 B Z4
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4.6.1 =34 B2l opAIY e

T BAE Tl F 39 FHoR vo] ZF O AHFE, oF F
5 AnEdth #HIFT D)2 652l diel AsE 2617
(40.0%), oI 3917(60.0%)°] 235, 4 2(53F 3P9d)= 175800 o
3 5= 86 (49.1%), olF 89 (50.9%)°] HE5IH, FH 3($ YD)
2 33390 s A5= 2339 (70.0%), o1& 1009 (30.0%)°] HE51 )
u} DT, RF, XGB 24 % 37| &8 2% XGB Rg9 o= Aso] 714
Foto] 7 A A, F1 AF0], AUC A#9 A5 Aestilrt &+
@ 1FF 319w < 23 237 Fd9d) 23 3(% 3Yd) &2 oﬂ
= Aol ot Btk 3 13 2led)e] 8 ¥y F8LEE *
4(0.28), A5 7FAH0.25), AT £94(0.19)°] 3 1(FHF sldw)el FF

Fi, 24 2T Y F2 e FoEE AS 03D, AT
0.27), A= AZH0.2D°] &4 2(F7 el = FiL, 4 3(%
Z.

sgd)e] F8 E’i T8EE= AT 4£9(0.29). A= ARH0.27), A= ZFAL
(0.25)7F 31 3(¢= Sleaoll dd=
F7H 17%494 dlole7t Aol =W 7]E 4 sigE= A Btst

AR

ste] 2obd Azl S 2he & & Uk B4, AR A2 X

239 241 Aole] As Zgsle] 4G Ahe FAE FE 5 = 4,
Ad7t Ake FR el Ao 7R,

213} A9w), 2H2AF7 9D 1AL 2HI94 slgDoE
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4.6.2 A5 mtAE et
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Hste] xS SEolof Pty ABIAE o]gdlof Hus AHeHEu= oef
= &9 A7 He A FEo] fAAEE ARPh vk Au2o] ddiF
ZEA] e tiet dEHETE dAFAA S AHE ZRR7E = A4EE 840
ofs A 4 vt ol-8A=e] FEstA] g2 ARl FEE dofe
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V. 48

51 @723 a9

EVz A A5 Wi ol §UHL BAst] 2 £
WSS 5 Bgotol 14 pe] BdL Acksidch A FEYZL Lol
B

Z N ZA™S A 7]17H20209 29 ~ 20224¢ 19/2471) o AA

e
re,
-
rr
H

of tell olHE st AEE ARE sl o

z
= 9ol A2 ol HY £2 7 5808H 2 LA RS
olE7} &

5 HIE = Z
ok ATE/ClEA] 3Y 47t vhE B¢ = HlolHt Ed e X E 7t
| Rdo] Shgo] A2 o]Fo2|A] & FEo] &t HolHO E+d
ol wet AEETE fAAastal Adeo]l Frtste & A7 A 4 e,
tlole o] @& sfastaar &2 49 HloleE -85ttt

HEUA Fof A% 73 dFE To T TN H4E 24, k4, A,
AS AL AT o, AT AR AR 9ds AAskeln. H59 |l A
3 A AT 4, AT AZE AT 2 ti8] Frequency encodingS 5
off 2 W2 HEsinh ARl F4A oFE 4 AES|oF sk
A HN=/HAE, KS test(Kolmogorov—Smirnov test)= T 4= Qlch A
T8 Te 7Eol| REEA ot AFEECHAIF 232)E SHA g AL
& ZRIEo] HRS FAE ol 8ol AT BEo] 27|17t FEs] AT
BEYHY] FExE= IAHCRE AFEEE OET: SAHSTAE Y oet &2
Aol Ade 7Hdstal EAR shARE, AEX2E 7PYst LRkl
A 24 e ARgSte] FRE AuE de 5 249 AFETt "Hojd
g o], HES JAS Z¥¥ste] sie WHart AEE o Fol ou|rt A
ikt

1% (Feature)«= Ho|H 9] Zh= & o5st7] fIgt HolHe EA4C2, 1
4 izl o] (Feature Engineering)e 7}yE A &2 HloJEHE 345 &

- 108 -



dof] AR o Qe 7o r Agsh= Wolzt & 4 vk £ HolH
Froll whet Hekd-& 28 XA

b 2ol B gsiet, mA AAA=™ ((Feature Scaling)2 A2
£ ol g UGS YR FEeE WRE AR B AT9 JEE

x? (chi-square) AA& 415te] Mann-Whitney U 7
At ZF Y45 min_max ¥W3 & Mann-Whitney U #A Ztoll
= ol A3t HA min_maxE A|eJstal to+E M4 min_max

g 7174—8}04 AES B fof TR0 fely Aoz

A min _max9] T-‘:_‘—E I AsE o729 -%—Oﬂfq 7]":}1— ?’4—‘?—7}@01] EHEH T
ojg-Eo] 0.6500.2 [o4F 0.05ET & ez ARIHE AEste] FA
How FosiA Y= A AT 5 Uty webA, foJgtEo] 0.05H e &
2 23 1, 23 39 A$ FHA minmaxe FAZHCR Folste] FHA
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ABSTRACT

A Study on Customer Segmentationysis and and
and Re-registration Prediction of the Fitness center

— Using Fitness Center Group Exercise member information —

Kim, Young—Jin
Major in Smart Convergence Consulting
Dept. of Smart Convergence Consulting

The Graduate School

Hansung University

This study proposed a marketing plan using the fitness center's
customer segmentation and re—registration prediction model using the
fitness center small-scale group exercise member information. In the
fitness industry, like other service industries, it is important to establish
relationships  with customers, and customer relationships reflecting
customer characteristics eventually lead to re—registration, which is
directly connected to profitability.

Since there is a limit to the survey response to predict whether or not
to re—register by conducting a survey each time, a systematic data
marketing strategy that analyzes the data of members' use of the center is
a realistic alternative. It is necessary to try to utilize Martech, which is in

the spotlight in the marketing field. A compound word of marketing and
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technology, Martech can detect specific pattern behavior in real-time
collected customer logs, analyze behavior patterns, and design target
marketing campaigns by finding the needs of potential customers in a
digital environment.

The purpose of the study was to collect and process customer data
inside the center, suggesting practical implications for making proper
marketing decisions such as promotions and events that allow center
members to re—register without churn. Data were collected on the history
of 513,530 cases of 1,160 members who were re—registered and exited
from small-scale group exercise (GX) over the period of investigation of
the N branch of Fitness Franchise A during 2020.2~2022.4(24 months).

Attendance, no—show, cancellation, preferred instructor, preferred class,
preferred time, and preferred day of the week were selected with a total
of 7 variables through prior literature research in the fitness field. The
categorical variables such as preferred instructor, preferred class, preferred
time, and preferred day of the week were converted into numerical
variables through frequency encoding. It was confirmed that it was not a
normal  distribution  through  skewness/  kurtosis  and  KS
(Kolmogorov—Smirnov) tests, so it was analyzed using nonparametric
statistics. Nonparametric tests were performed to confirm whether the
variables were meaningful to re-register.

Feature is a characteristic of data for predicting the value of data
well, and since it was not normally distributed, minimum-maximum
scaling was performed to perform follow—up work based on the
min_max value.

Clustering is the work of finding meaningful groups in the data,
comparing the elbow method and the silhouette coefficient, and dividing
it into three clusters with the largest silhouette coefficient when K=3,

With a nonparametric analysis method that can determine whether
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there is a difference between three or more groups, all of the
Kruskal-Wallis H test results had a significance probability of 0.000, and
all the null hypotheses were rejected. In the detailed analysis by cluster,
in the case of cluster 1 and cluster 3, the cancellation min _max variable
was applied statistically significantly because the significance probability
was smaller than 0.05, and cluster 2 excluded the cancellation min_max
variable because the cancellation min_max had a significance probability
of 0.650, which was not statistically significant.

Cluster 1 showed a higher value for a total of 7 variables, no—show
min_max was higher than that of other clusters, and cancellation
min_max was the middle value of cluster 2 and cluster 3. Overall, when
comparing variable attributes, it can be seen as the most vulnerable
member cluster among the total three clusters, so cluster 1 was named
"vulnerable member group”. Cluster 2 has an attribute value H (average
ranking) of 7 variables in the middle position, and can be said to be an
intermediate member cluster among the total three clusters. Therefore,
cluster 2 was named ‘intermediate member group”. Variable cluster 3
showed higher values than other clusters except for no—show min_max.
Overall, when comparing variable attributes, it can be seen as the best
member cluster among the total three clusters, so cluster 3 was named
"Excellent member group".

Decision Tree (DT), Random Forests (RF), and eXtreme Gradient
Boosting (XGB) were commonly divided into 70% of training data and
30% of evaluation data. The predictive performance was evaluated by
repeatedly dividing the data several times through cross validation in
which the commonly used K value was designated as 5.

A total of six indicators, accuracy, precision, recall, specificity, F1
score, and AUC, were used to evaluate the re-registration prediction

performance. The single model, cluster 1 (vulnerable member group),
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cluster 2 (intermediate member group), and cluster 3 (excellent member
group) were all confirmed to have excellent performance in the order of
DT < RF < XGB. XGB is a boosting ensemble model that reduces errors
for one predictive model, and is different from RF, a bagging ensemble
model. Cluster 1 (vulnerable member group) < cluster 2 (intermediate
member group) < cluster 3 (excellent member group) showed excellent
prediction performance in the order of cluster 1.

In the case of data that want to know whether to re-register, the
cluster can be classified through K-means cluster analysis, and then the
XGB re-registration prediction probability, which is the optimal
prediction model, can be checked in the cluster and used for customer
management.

Through target marketing strategies for each cluster, departure can be
prevented and linked to re—registration. Marketing plans can be
implemented in consideration of the each cluster feature importance, such
as reservation confirmation guidance text messages and point
management,

As an academic implication, first, it is a study that conducted an
advanced analysis compared to previous studies in  predicting
re—registration in the fitness field. Second, non-parametric statistical
techniques were used to statistically approach non—normal data. Third, it
is possible to prevent overfitting of a specific data set through cross
validation and generate a generalized model. Fourth, the organic linkage
between supervised learning and unsupervised learning can be cited.
Finally, as a result of comparing the performance by applying various
artificial intelligence algorithms, XGB was the best, and the relative
feature importance affecting re—registration through feature importance of
XGB can be quantitatively reviewed and wused for future index

management.
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As practical implications, first, data accessibility was improved by
using the usual customer DB. Second, it is possible to intensively manage
target customers through customer segmentation considering the
characteristics of the customer. Third, as a reference material that can be
used from a marketing perspective, it focused on practical customer
management such as estimating the probability of re-registration
prediction. Finally, if government agencies such as the Small Business
Corporation  develop and  distribute  re-registration  (re—purchase)
prediction algorithms suitable for each industry, the foundation for
sustainable growth can be established.

The limitations of the study and future research directions were based
on 513,530 data on the history of 1,160 members who were re—registered
and departed from small-scale exercise at N branch of A fitness center,
but more data needs to be secured for better generalization. It is expected
that the study will be more valuable if the scope is expanded to various

fitness centers to generalize the empirical research results.

[(Key words] Martech, Non-parametric test, Customer Segmentation,

Re-registraion prediction, Target marketing
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