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Abstract

The main aims of this research are to construct and compare models to predict the change of Customer
Lifetime Value or CLV level in two consecutive years. The data used in this work is collected by a case study
insurance company from 2018 to 2020 containing the following features: gender, the number of consecutive
years with the company, the number of active policies, the total insurance premium, the total coverage, the
total policy profit and CLV level according to company criteria (Standard, Plus, Extra and Ultima). The data
from 2018 and 2019 consisting of 541,371 customers are used to construct the ordinal logistic regression and
Random Forest models and to check the model accuracies, respectively. Then the data from 2020 consisting
of 1,029,001 customers is used for predicting future CLV.

The results show that, in term of predicting CLV, the Random Forest model (75.01%) has a higher
accuracy than the ordinal logistic regression model (65.60%). However, both models cannot be used in
detecting the change of CLV level providing the accuracies of 15.57% and 25.74%, respectively. After adjusting
the predicting threshold criterion for the ordinal logistic regression model, the total accuracy and the change of
CLV level accuracy are improved to 74.60% and 52.16%, respectively. Therefore, the ordinal logistic regression
model with the new threshold criterion is selected as our final model. By using the final model, the 1,029,001
customers are classified as 40,786 Standard customers, 809,951 Plus customers, 168,389 Extra customers,

and 9,875 Ultima customers.

Key words: Customer Lifetime Value, Ordinal Logistic Regression, Random Forest
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ﬁqﬂ Saoae 37.36 Y09a981A8 32AU Standard Sae
8% 36.00, Extra yaaas 24.01 uaz Ultima Y@
2.63 MUEIAY (13197 3)
dugnarvesuIsnnIdidnmn lude.a.
2020 vIWWATIY ToURE 49.09 UAZIWAWDY ToUa:
50.91 LLa:ﬁa‘hmuﬂsmﬁﬁﬁﬂ'aﬁwa@j‘”mmmmﬁﬂ
1.20 NTNDIIN '«‘jﬂmuﬁﬁLﬂugﬂﬁmeﬁmmﬁ ]
3516 1 Al5909nTUs3I0TINRAE 9,722 LN
Holseiudeuads 30,755 U was nulszi

FINRAY 1,647,2470M (@137 2)
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= aa @ o
MN1IN 2 ﬁﬂ@]Wiim‘w’]maﬂﬁafﬂUﬁ]’]LLuﬂﬂ'ﬁJ‘ﬂ
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Jods 2018 2019 2020
mean sd mean sd mean sd
WA T8 (n /%) 271,200 50.09 271,200 50.09 505,125 49.09
AN (N 1 %) 270,171 49.91 270,171 49.91 523,876 50.91
FUWINNINTININ ﬁaﬁwaﬁumaa 1.304 0.567 1.237 0.559 1.20 0.48
Fwmdidugnddeiitos 3.397 2,679 4.389 2,674 3516 2.82
flsvasnsusrdnu 1,118 62,617.31 13,931 31,529.15 9,722 48,254.43
Woyseiudoy 31,925 33,883.02 37,061 36,132.5 30,755 34,539.32
nulsziunu 1,749,132 3,142,649  2,025135  3,129640 1,647,247 3,099,994
A319M 3 ﬁ'lmugnﬁﬂw,wiazsm”umjmmansﬁqm@hgmﬁ'ﬁm:ma Fuwnaad
32U CLV 2020 2021
n % n %

Standard 232,138 42.88 194,893 36.00

Plus 181,129 33.46 202,241 37.36

Extra 108,234 20.00 130,003 24.01

Ultima 19,870 3.66 14,234 263

'
S 1

2. Han1sAn¥1dvaNdINaRD LAY
ALADY gnﬁ"flmzmmn
N15AN Y98N & Na@ias:@”uqmmmaa

ANANIUIZZENIAILA WU UNTOADD URDIRANLT I

U
[ o

AUAU WAz Random Forest WU3163LUUNTT

a a a o = Q a Af o
NADBYUARIRANLTIAUAL NFNUTeENInAnaLAY
A1319N 4 WA 6 WATAILUL Random Forest {6

Mean Decrease Gini @30WN 5

MNALULUNADNDLRDINANLTIOUAL WL

o

nnifadsiinadaniviiuie CLV adaiinedagy

o

LREANAbMLTIUINGRTEAY CLV antiudadunn

q
&

Usziiu (SI) uazadaiddnyge Ao iwedidud

ﬂaﬁ‘ﬂﬁdwaﬁamﬁqﬂ Ao e (X)) Fedsudseand
0.0434 uszannsnifowduaunisldasaunisi
(9), (10) uaz (11) lasl# 1 unungy Standard, 2
UWNuNEY Plus, 3 WNuNEN Extra LaT 4 UNUNGH
Ultima uaz dauls Gender (X;) fdndn 1 Hawdn
wazs uazliandu 0 Waidwwandgs
§1WSUGILD Y Random Forest L3 o
Anvananudaysasandsluntsiimgainen
Mean Decrease Gini W82 Wu3162ud37 3

anudayigade nudsziuin uaz flves

'
o o %

ﬂillﬁi'ﬁj‘i’]&l Iummzﬁ e Janusaw e EI‘Y]E*;(@]

o

D.

a o o

=) v o o a _a
PIRDAARDINUAILLUUNNIIDNADNDUNDIRANLDID UG

flswesnsusisinuifsulseant 7.8741 g GINNN 5
@317 4 WAMFIATERNNINADaUAIFANLT IS UL
Attribute Value Std. Error t value
Gender:Male (X,) 0.0434 0.005795 7.488*
ActivePol (X,) 0.2035 0.003197 63.665"
YearContinue (X;) 0.2017 0.004224 47.753*
Sl (X,) -0.1622 0.004592 -35.316*
Premium (X,) 0.6622 0.006646 99.645*
7.8741 0.024651 319.387*

ProfitAmt (X;)

*3rautpdazy 0.05
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@397 5 WA Intercepts BaINTIATZANITNANBLRDIRANLTIOUAL

Case Value Std. Error t value
Standard | Plus -0.5566 0.0048 -114.9588
Plus | Extra 22724 0.0061 370.6365
Extra | Ultima 7.0610 0.0167 422.7790
p(y=1)\ _
lo (p(y>1)) = —0.56 — 0.04X, — 0.20X, — 0.20X; + 0.16X, — 0.66Xs — 7.87Xq (9)
P(Ys
log (P((Y>3) = 2.27 — 0.04X, — 0.20X, — 0.20X, + 0.16X, — 0.66X, — 7.87X, (10)
P(Y=s
log (PEY>3) = 7.06 — 0.04X, — 0.20X, — 0.20X, + 0.16X, — 0.66X, — 7.87X, (11)
ProfitAmt o
Premium o
YearContinue o
8l 0
ActivePol °
Gender o
I I I I T T
0e+00 2e+04 4e+04 ie+04 8e+04 1e+05

MeanDecreaseGini

2NN 5 NTINLEAIAT Mean Decrease Gini 31n@3LUL Random Forest

3. wan13LlIBUIA U AV UNITIIWIE AU1852AU CLV THATWIINVBIAILUL Random
FTAUAMAI2DIENAT I8z Forest Ay 75.01% 9013ansnnwadninga

AMTUS UL U S MU AN U RS WUUMIDARRslAIFANMTIOUAL (ANNUNUIN =
naiwszaugmazasgndluszazen lald 65.60%)
foyagnAduin 541,371 1o da.a. 2018 e wanNHAAILLUL Random Forest R
FINAWVLATNNTNANa8RINALTIO WAL (OLS) mwmmuﬂwﬁg\mdﬁﬁa WUUNINADBLRDIRGAN LT
uaz Random Forest (RF) wazlitayada.a. 2019 guauluszau Plus uaz Extra §IUAUUUNNT
WawSoufeudssansnmauuy lauadsansis aanapaodgAnBsouauanuududrninninlu
f 6 uar A13197 7 Wud draunsiugrlunns N3YWIIEAY Standard Waz Ultima

M99 7 AR LL&i%EQJ’ISLuﬂ’IiW mmni‘s:@“’uqmﬁ’r’uaagmﬁﬂm: AT

9@ CLV OLR RF
Standard 97.49% 95.31%
Plus 42.59% 59.63%
Extra 51.64% 68.79%
Ultima 83.46% 72.50%

EFY 65.60% 75.01%
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= . . o o o o ' [ o
M990 6 Confusion Matrix ﬁ'lﬁi‘ﬂ‘ﬂ']%'lﬂi:@]‘]_lﬂiﬂfm'l’ﬂa\‘iﬂﬂﬂ'ﬂ%i:SJZEJ']’J 4 329U

Actual CLV Predicted CLV (2021) OLR Predicted CLV (2021) RF
(2021) Ultima Extra Plus Standard Ultima Extra Plus Standard
Ultima 11,880 2,263 70 10,319 2,444 1,456 15
Extra 43,845 67,134 15,649 14,468 89,425 24,761 1,349
Plus 2,885 21,896 86,144 91,316 921 19,613 120,598 61,109
Standard 640 1,805 2,453 189,995 378 1,592 7,168 185,755

RUNDIAG: ﬁ'al.mummmaﬂaa%a%nL%aé’ué’m:gﬂﬁmﬂﬁﬁﬂmﬂi:ﬁuﬁﬁmmmﬁmﬂuqaﬁqﬂ

4. Han 13U UIN YU AV LN IRIBNTS
Lﬂﬁyuszﬁnqmﬁhmmgné‘h’luixmma
WoRarsminnuudusrlunisviiune
awzgndnlud 2020 ﬁﬁmnﬂﬁﬂmzﬁuqmm
vasgneluszozemilud 2020 §1wau 103,178 au
WU AIMLLNNTNANR8RRIRANITIOUALILAAINN
LNBENANY 25.74% %agaﬂd’lé’muu Random
Forest Adnnuuiusuies 15.57% agslsfiana
5. HANIILATIERAILVUNITOAND Y
aedFaNIBIawAUNYSuInaT 1W3aufigy
NnuanITUIsusu@nuuBIwenIg
WaNKIZAD CLV 91%338%39ManTanni1 51051
Arw1Siaad (Parameter tuning) F9sinaz ol
1dﬁmia‘§né”sLmumsﬁﬂufﬁwm%"aa (Machine
learning) Tufe asfimIUsuAnnmsTanunasdw
289AWUUNITNANBUABIFANIEIOUAL Llaunny
A TIHaaNNLIwi lun1IiNweIzaY Plus
Uaz Extra T89AILULNINANDLAAIRAN LTI WAL
Falaunin@auuy Random Forest @9@151991 7 @4
lHlosnanduuussisanidssusuginazinwn el
89320 CLV ﬁmmmauﬂug\aqﬂ e ldauy
weansal by ﬁdi:ﬂ"ﬂﬁﬁé’@daugaﬁqﬂ%dﬁﬁa
Standard fauingaNn TS LR IU3 LN e
AN T WUBIAILLLNITOAD DR BIFANLT
Sue eait
1. @IUUUITRIWI8ILAU Standard N
dofla mmmauﬁuﬁazag’lm:@”uf:mﬂﬂdﬁ 0.8
2. wnanuiaziduszay Standard fiaw
N1 0.8 NI usuaNdIazIdwIzAL
Plus, Extra 482 Ultima uazvinwe'ly §93eanis

) a
anuazLd ‘Hﬁ\‘i‘ﬂq@

a c‘dy v :3 A’ 1 va
AaNIN A R NaTIIUULA alal#dnng
vyl g93:au Standard sJ'mLﬁuvl,ﬁJLﬁaamﬂﬂa;w

(2 '
AaA o =

uummuﬂmnn'jma;u'é"ussiawﬁ'mmﬂ waz Wialw
é’al,mummsnﬁ'lmUgnﬁﬁﬁLﬂﬁsui:@”u CLV
aananbaunn

31NA135197 89 LFAINAAINNLIHEN
Tagmulunsvinuiss=au CLV (2021) 2896uuy
nInAnosaaIFANEISHALALTLIN AN as
W 2w wuin ﬁ@hmmu&iuﬂwgaﬁuiﬂmﬁw"fu
90 65.60% L1 74.60% TILANIR 9% 91N
LUDLEUFINN IR NA UL LRSI uTEeU Plus 91N
42.59% L% 74.39%

@157 10 UFAIHANSTINIWENTLU R B
5261 CLV @sasfansananauaingilunisriiuwg
M aausEauLana NsEaUTaIndazn Il la
PIRNA 12 NI ‘[mﬁaﬁwmuanﬁmﬁ\mm 103,178
ﬂuﬁLﬂﬁlﬂuvlﬂsluLwia:mju WeRasamanuudndn
maaé’mmmmﬂﬁﬂuﬂqua:ﬁm15m1Law1:§ﬂ@Twﬁ
f1939289 CLV (2021) fnaidfouszauldann
CLV (2020) uaz ﬁwmm‘faﬂazﬁmsﬁmmmjw
CLV (2021) @3nu@1 CLV (2021) mwwﬂumjui{
F9l@uaasanei 10 nuMEILUNINanaYRD 3
FANLEIUAY (USULNUN) mmmﬁwmsgmﬁwﬁ
Wasusea v 689 52.61% Fananniuannne wi$u
LNDAWA 25.74% F2UNITANVLLREININGILLL
Random Forest ﬁﬁwmﬂmil,ﬂﬁﬂuﬂajuvl,@ﬁﬁm
15.57%

winweszanasluazwuinguon Ina il
mminﬁwmﬂgﬂﬁﬂﬁ'Lﬂ'é"ﬂmmvuﬁu 1 yzaulalu
A ANIN ﬁuﬁa Standard -> Plus, Plus -> Extra
waz Plus -> Ultima 'la 79 64.2%, 50.8% L8z 61.9%
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ANEAL ei’mmiﬁ'lmﬁgﬂﬁwﬁm’é‘ym:ﬁum 1
3:ﬂ°uﬁa§1uaneﬁa fla Ultima->Extra, Extra->Plus
Waz Plus->Standard b6 42.2%, 34.5% was 20.1%
awdey luunefidauuy Random Forest unuas
"Laimmmﬁ']mﬁgﬂﬁﬂﬁl,ﬂﬁslm:ﬁuvlﬁl,asJ 28
I B9ud Ulima->Extra W&z Extra->Ultima L¥intiudi
ﬁlﬁ’ﬂ'wmmLLa\iu{hagﬂummsﬁﬁ?ﬂ@Tﬁa 21.5%
LR 24.5% QNS 1AL
zhummLLajuz‘iﬂuma‘ﬁwumgﬂﬁwﬁ
Waswseey 2 seaudinwld duuulniiauise
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e LR esnsifuuszey Plus->Ulima lagvi
Tdluszaufiaae 60.0% luwmeAduuy Random
Forest mezvl,&immmﬁ'lmﬂgﬂﬁﬂﬁLﬂﬁﬂ%i:@”ﬂ
2 szevduld Twnawifsansvldias asnelsfiany
m‘sﬁ"l,ximmsnﬁmmgﬂﬁwﬁm5sm 2 sealdin
agluadiuaranuiagudn lasannnas
L‘Uﬁmuﬂadasmﬁnmﬂﬂﬂ‘f:vlsjmaxgnﬁﬂm o'le
ﬁaﬂ“ﬁagaL%m%mmmmﬂﬁau%ﬁfﬂﬁ ELRERE

a a tdl 1] v
wnaandaapm U%E]ﬂ“/lv[&l ﬁ’]&l’ﬁﬂﬂ’]‘ﬂ@]‘&l‘l(ﬂ

15799 8 Confusion Matrix ﬁﬂ%%‘uﬁﬂmmzﬁuqmﬁwaagﬂﬁﬂmw:ma 4 32aulaEAIUUNNINANB IR

RANTIOUALNYTULN UM (OLR : UTuinmuad)

Actual CLV Predicted OLR (ﬂ%‘ummﬂﬁ) CLV (2021)
(2021) Ultima Extra Plus Standard
Ultima 11,879 2,264 79 12
Extra 43,845 67,134 18,125 899
Plus 2,885 21,896 150,439 27,021
Standard 640 1,805 17,864 174,584

A3 9 dranNuini lunmInenIalszay qmmmaaﬁnﬁﬂm:m PIIFIRITLALUNINADNDLRDIRGN

\BaouaunUuInIeM (OLR : USuinmuad)

J£6u CLV OLR (U3utnamw)
Standard 89.58%

Plus 74.39%
Extra 51.64%
Ultima 83.46%

N 74.60%

6. miv‘i'm*mizéfu@m@i’mao@nﬁﬂ%

srazen lwawIAa
= = > dl

MNENANIITUITI LN U AU UNLRNIZFY
FRTUNITAIWIETEAY CLV WU @AUUNNT

Aa a A o o A o ea A A
N00UABIRGNLTIAUALNY LN URTUTZENTA N

X . . o
TausrumuTwanlnatAsInU@ILUY Random
Forest wadszantammlunisvitwienisidaon

J2AUANINAILUY Random Forest 310 91338t

S ldduuun1snanssaasafnFeswau iy sy
inasilunsiwneszauguawasgnaluszazon
luauraa (CLV (2022)) drugadayai 2020
$1UIUNIFR 1,029,001 T8 wu’hgmﬁwmulmygﬂ
ﬁ'}um'jwagfl,mm”u Plus ¥7nga Joune 78.71
J898931A8 AU Extra $0882 16.36 Standard
a8z 3.96 WAz Ultima 38882 0.01 @NU81AU

(71N 11)
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CLV (2022) OLR (USutnou) Sosas
Standard 3.96
Plus 78.71
Extra 168,389 16.36
Ultima 0.01

@390 10 SUFINENNIMILUFEUNENNANTTI (CLV 2020) 1w CLV20221 §1uunaueauuy

Actual Actual CLV 2021 Predicted OLR U5uUtneust (CLV 2021) Predicted RF (CLV 2021)
CLV 2020 Ultima Extra Plus Standard Ultima Extra Plus Standard Ultima Extra Plus Standard
9,507 3,797 0 0 9,085 1,935 0 0
Ultima 10,345 8,999 271 255
(91.9%) (42.2%) (0.0%) (0.0%) (87.8%) « (21.5%) (0.0%) (0.0%)
1,493 48,916 3,780 0 592 85,637 1,008 0
Extra 2,412 93,354 10,939 1,529
(61.9%) (52.4%)  (34.5%) (0.0%) (24.5%)  (91.7%) (9.2%) (0.0%)
879 14,421 118,316 1,106 0 2,316 110,814 1,632
Plus 1,464 27,282 146,884 5,499
(60.0%) (50.8%)  (80.5%) (20.1%) (0.0%) (8.5%) (75.4%) (29.7%)
0 28,343 173,478 0 0 8,236 184,178
Standard 13 368 44,147 187,610
(0.0%) (0.0%) (64.2%) (92.5%) (0.0%) (0.0%) (18.7%) (98.2%)
=y
anisaua

dsildtou suduuuniInane
FRIRGNLTIOUAL WATAILUY Random Forest
lunwswmmniim“uqm@iwaoanﬁﬂmw:m’a LAY
nIasuIzAU CLV luamae Nan1339uwudn a9
wUU Random Forest #a213uansnluni1svinuie
326U CLV maa@nﬁnl@mmmnﬂ'j']ﬁmuumi
NANDURDIRGNLTIOUAL Imﬁ@i'}ﬂ'nmmuﬁ’m%iﬁ

A R ea [ o ' A A
75.01% mag’tummmmamﬂ@ wAUITENTAIN
AMIFMEAITUREUTZAY CLV é1ndn@iwuunns
NANDURDIFANLTIOUAL WAZLHBINAILLLAT
nANesRIRANTIOUAY tasna tinazyinuwe'ly
o \ Aq o ' A @
mnqwl%mwmauﬂugwqﬂ LRI WAILUY
g1NIUTuLn s A TN U1z DU LN LA &
UTeANTANVRIAILLL ba U3 T0AIILEUBNT

Usuinasianuiazidunasduuunisnanasaad

sandssuauinandszansnnluntsriimne S
WaIaNAUSUIN T Ua? WUNGALLUMTnaney
sedmanBssuauAYsuInms i Sarnauaingnlunns
WEINTAIZAU CLV lagTIuuaznIIWeNnIainng
WagusTAY CLV Lﬁ'ugaﬁu FIR0AARBINUINH
wananiinsUsuinasinnuhazdulunisinune
ﬂ'\iﬁmuﬁﬁm_’m“ﬁagavl&iauqa (unbalanced data)
Tasnsdsuinailivinumnglu fongalngjiilandia
m'cmﬂuga%u Lﬁaﬂmﬁ'umiﬁﬂmﬂvlﬂﬂ?‘.lmju"?'iﬁ
walnajunawinly

Tunsanmnessdeld arsasiimaAnsaw
i’;‘u**ﬁa%lagu 9 ﬁﬂw:dawmia*sm”umjuqmﬁwad
andnluszozend ldun eld souenwsuss
3w (udu iathunfndssansnmmuessiuyy
luﬂwsﬁmwnﬂ”umjuQﬂﬁmazﬁwmiﬁﬂm

Lmﬂﬁumsmﬁyunéjmaagﬂﬁ”’]
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