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FeolaiEle A, AY, IsrE, £557% 50l v tEA Yehe 202 yE
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2020), BIEA] AGRCHs EAXY, B8] 22 AZAY] F8olshEo] o o 2
£ noizm 9tk 9ok s vSEAY A8 B B34 Qlxet Holrt 27
b, S8IROINE Ao 7F A3t 25K 202 oA WAEQ016)/L 4
A W B 40k A 5742 Sk SP 47k SEoIA B Be-g Holw, A
A FAFQ02)E SEde] FABHEA Bt b A3 Aoe] 2ESze] Row
AR 7o) A4 5ol Frk ANkE Bk Jeih, A% A 74 2
o S AR HeeTse] ik EARoR folizo] 10% WolR WAL £
3] QIgtom, T =717} S5 e Ftel P9l ¢ Avteli 1o of
9T AA(2015)2 AFA 2 ARAIAF 719 o BAH O Kol7} glont, 7t
QIRFe] HIoe S AFAL B A8 Bk ol ol 82012 M
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(2012)& F4 @ A A|99] AZAL 6] 22 74dEo] Lehde Bk

. ASRIE B Ea

1. A8Xl=

£ A= 01383 AH5(2020) 5 2 ARIAF 7Hdoll thet rrad - APA+
oA ARESE At FUSH AR Q] RN ATYE Y 2AL (National Survey
of Tax and Benefit)g Z-&sI3irt. Ao dRAb = 200882 AIZC = A AJ3YE]
I glow, HEAE E8oto] iHRARE B3l 719 ARA, BlARA ARE 8T
o} S, EFAE, MAF EHAZ(RD), A2A%, AFEE 59 71 o, 18

TR A9 AF B WAF ST 2 P8 B ThR Yk 133 A A
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£ RAR RS 2ROl 2ARE 717 Wi 1 ek ejdit A
A GAE ) 2L TS ASHH FARE B4l 9on, 137 71F UL G418
2 71.1%0] 28Ik 137 Hlole 71E B2 AW 4762709 772} 4,030 41
77k 370, % 8,792709) 7479 14,7599 0] 740 & T, Al 74T
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QTFHTRE 2 RS 7P ek & % ek
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Qe AL BA, A% 59 4 AT 1Y 24K Qe Ay By 89
sjel, ZRle] FAWE A, 45 9 AF/Rd B A2 FYR oz, S
B2 4% A5, A1) SRS A, A7 e 8 ol 25 A o)t 2]
dhel e AP Hiek. £ Aol 7 Akt 1Y 2AE Z2sle] doleg
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2. =80/ B Ho

Tl APHERAL 133014 thee] Aole] ARtel TR A sk
Sfel Z7hel Bl Hekstel Weg sl

(Table 1) Questionnaire for measuring time preference

* Please read and respond to the text below.
Suppose that you have 20 tokens. If you exchange one token for cash tomorrow,
you'll get 100,000 won. On the other hand, if you exchange it in one month from now

(that is, one month + 1 day), the value of token is assessed as follows.

Q. How many tokens are expected to be exchanged tomorrow and how many in a month?

Exchange value | Exchange value | (® number of ® number of
Cate Total
or for one token for one token | token exchanged | token exchanged 00)
gory (tomorrow) (in a month) tomorrow in a month
1 100,000 won 101,000 won 20
2 100,000 won 101,250 won 20
3 100,000 won 101,500 won 20
4 100,000 won 101,750 won 20
5 100,000 won 102,000 won 20

Source: Question hl on page 28 in the 13th questionnaire

i

ot

Jof wet, 3t & ¥ mek A B2 1749 7117} 101,000907141 102,000714] 715
Lo, o= o212 MBS W, © 1% 1.25%, 1.5%. 1.75% 2% 4=}zk 2ek. 9t
A= 5749] FofAl Al Zi7te] BRhE e, B 2§ 49 ¥ B30 AeE 27t
7117 e

opae 3 9 ¥ WAk she E20] 23S AuEgton], o) Eri ARHITeH
ol Aol Tt oISl Sgstoict. 1HolM sHoR AR T & 7] B2 ZAL 57}
shm ojx7} ok B 4= 9lor, o] el thel olafst ke, 1ol S¥o
2 245 5 9 5 w8 S 71 Aotk S, okl TRt ofsirt SleetE,

7P 2 5H9 oA SESHA] ttal Atk Arole e A=l tisl WY wg

=
L

o0
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¥ E580) /J5E 2001210 $HF 5 UL Aol ofefF EelE O, (Table )
o} o] Tl 1)) g0 BRstt

(Table 2) Grouping financial literacy

Group Definition N Total
1 Exchange all tokens tomorrow 1,215| 16%

2 Exchange the same number of tokens each time 482 | 6%
3 Exchange all tokens a month later 3,035 | 40%
4 Exchange more tokens to higher fixed yield 2,181 | 29%
5 |Exchange random or less number of tokens despite higher yield| 666 | 9%
Total 7,579 | 100%

Group 1~3Z H= o] tisl 22 g & A-folth. 71 F, Group 12 @A Al
A, Group 3 tla| AJ&ollA 20719] EES 2% W3 Group 2+ @Aje} ofdf 25 o
= A5 AlQloliA P L2 0] BEES neRith ojxkgo] F7IE= nlF Aol

H= B9 7578 S7FsAW, 70l AR 7k lElEie Al vlE BEEe
W= 7ia7 BolRle 789 Group 42 2751t o2t Rz njgfo] EE22 B 7
71 ZoJA AL, A=A Al LSt HElS HolA| 9RO ofxjof tisf ofssiA] 3

Sh= Adol=h 2751l Group 53l 275k B4l 7419 52 242} of&ef| Hfgt
OJSi=r} g 70 =% & 4= 2™, ol= (Table 3)3} #o] =4 & Qi

(Table 3) Definition of financial literacy

Group Financial Literacy Level Literacy Literacy 2

1 lack of information> 0

2 low 0 0

3 high 1 1

4 high 1 1

5 low 0 0

5) Group 19 E@‘% SEAES A7 %’5;}% AEA st i %3}01—7\] =24

A Aol & 7RIS T v* 5] SHESHA=A7} Ht‘“‘o}_ﬁi o Ao gk A9
gt :‘volOHﬁ H40] ERgAd 7&%‘—01 Zasitt. Appendix 30 ‘IJrE‘?i Group 1 S%
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Group 1 1 E30] toiAlE o7} FE6HA] girhal o= mhe- =2 A A3
TE HQl AR, ARH oA MdE 7KL okl wes ol RV REskar &
4 ont, EAllA Agsial = oA Y 1% oVdolehs g 13T o, F8olsiy

o] A %2 TIFO R HRol= Zlo| epgsirtal wasioirt. sHAEE, Group 24 Group
59} Zo| hstA 1 A99e =tk & % OB Group 1= F-8°l3Eo]
w2 IFOR 2Roke Literacy2 & 5712 “g2loto] Aol et 324 44 sttt

w8olafHo] Wil F73 = k= Group 22+ Group 5 $9IIA, Group 591 -%<l=
4= loﬂfﬂ 5& 7FAA S7I5HA] 9L, @3] A4sHAY wio] gl 9= oAl High
olgj7} F=3t Z-9-ear Huls] wtd 4= Qlrk. ¥HA, Group 2+ oARet FtshA 47t
5 8 SHHAL SHI BE=, o] thgt ofsirt R Al & 4= /1o, HlolH
£ AuRd @AQ) ujElo] ZH 10744, Wik Z £35S Al 497} 85% oo tiiE
< Aot RS 40| SHE5IA g2 Hrolgtal £ 4= 9k& 0= wsiqit. ol
thsll, A #F:22] oF 6%l siBdk= Group 25 A1LI3t 471/ FA4% F71= skt

9]9] AolE &-23lo] (Table 2) A3l €351, Group 1, Group 2, Group 55
A2Jgt 69%= ol Al thelf oJshE &rslal Sl HTto 2 ERgh o] Hlg-2 20209 g
283 FEAEUAA 2,400 o= T TH=ETl FBoldE RAhA
OECD/INFE ®H o= AR A3}, 5§ A4 F-2ollA 24 g Aolet vle<l 68%
o} v~ fAkslth 18], F8olsie g 30thet 4007t =4 2007t 7FE Weko
o, gET oj o] H ke ZAiE BE, ols F A7 BF dRgE, JEE £
ol ol 22 A7t kg 1T 4= il

£ A7) EAATE B, ARl a6 AXSrES Totdt 4= UARE 9 23
< AMgoto] F-8olaE S SAots A Eot Sitt. e, g3
O] AL A APETE Al Bl o)) S ST, 7o) TRt BIAE HlolE et &
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1. 7lz SA=

(Table 5)= F8°lsid¥} o] JAFFEAS2] 54 71o] BAE K] #sto] 7|24
T FEIsto] AAR 2 ¥ gt 121 A2l Appendix 19 k. & Al
A ot g ofsish=Alet HlE AwS AMESto] S8elsigs St oL,
FARRE o2} 7iES BIERE 1 4L &0l 5ol disiiE B 71E A=t o
& OE F8ol3ie HoE ARl At 1Y TollA AMESh= F8olsliEle] 71&
TRE AFtollA ARGSh= AT e 2 S, aolsign AR S45
o] A TS v=A yERd Zloloh wEbA o] oA=& AFolA AMSShe a-80l
S} 71E AFS0IM BARE AF-SATH ST TAE EAshL, VIR AF
Ao} Fgolsf o] BAIS A st

A4 s et FgoldEge 92357t obs e Kotk dg2 e =
o] A2t A2 B853S 29| FEE Hol, 30thet 40tiollA 7HE =
< OJsi=E, 20t} 50HolA] thar B2 ol s HYiH. A& offof webA e 7]EA}
osfElo] ¥, A5TEN &AM FEolsEE Seolsi=d Jo JuTAE
Hol= A 08 Yy B 7|E Aot 22 ARE HolEth AFA Af= edd

vl oA FgolslE 4 A7t Qs A o' Uehdth 2 dutaos dido] &
golsigo] ¥ #the= 23S el 7IE Al 2, & Aol Autofli= of4o]
o &2 Zlo% YERkith

(Table 4)+= (Table 2)°l419] ERt= JH] ZES AXRITE oJA7} SoldE
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(Table 4) Distribution of financial literacy group by gender

Group Male Female ¥’
1 17.36 14.50
2 6.18 6.57 5y 3w
3 38.24 42.13 (0'.300)
4 28.71 28.85
5 9.51 7.96

Note: *p<0.10, *p<0.05, ***p<0.01, P-value in parentheses, Male: 4061, Female: 3518

AFARL FgolslE BAY A5, sedd} Hleed AFA] 45, iaeE, 184
B 59 QI -EA ISRl QA ES EAslo]of Lachance(2014)4 Yan et al.(2021)°f4]
HolFE= gFai(spillover effect) = AFS|Z Sk5a7Ksocial learning)oll Tigh &
Ao] 753t

olof] gt F442 #1sll, (Table 6yollAl= o2 Al BIAT ¥t Feolsie] BAS
st R3Yst 241 SlAEA(Logit Regression) AIE Aokl Ut SjHEA M=
ot £ ofskl FHEdu_low)T 724 JHNon-employed) Hl&0] ul-¢- WobA, o
S Aol S ol 1 92, A2 A Z2A 11 9= HeE A 2lste] 4
= AP, 24 WEE, A5 S80lsiEE SAR R FomRt BAT
Ao, A9 Afolli= TAK Fode] /Iith 1EL, HE 945 SIS 4
G = AFAR] F8elsigo] &2 Zo] oft @3]8 tha WA Yehe 23S Ho
Ttk (Table 5)2F (Table 6)2 FTANEH, AFAL] Wao] A0 R 2 %
Holl AFsk= A AA7E 7119 F8olsiE S #ole 242 otyehal 2482 WiE & it

HIE JE0] TA7F o thEA YehZ] o, F8olsi=o] w2 o Blek o
-5 W= FgolsE 2Ah At mie fAREL, F8olsiEe] &
= A AFEASH] SR mie- ARl YEh s 2 o= Hof, o] Aol ARES
I SlE Fgelsld Hart st = SRR ARjREY] FgolsidE Ads| S7gskal
UL & 4= QUeh &, & Aof|A] ARGRE W= T3] oAttt ofshE HolA A

%

=l digt A2 =8 Hole 344 398 ¥ ET of= A= Higo] H3ithes Mol oF
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(Table 5) Financial literacy by socio—demographic characteristics

Total Literacy = 0 Literacy = 1
Variables Mean X2
N Uiy Percentage Percentage
Education
Edu_high 4802 0.703 60.26 64.76
Edu_mid 2580 | 0.665 36.73 32.99 1((5)8(5)0)
Edu_low 188 0.622 3.00 2.24
Age
20~29 729 0.661 10.45 9.24
30~39 1397 0.709 17.22 18.98 642"
40~49 2304 0.694 29.79 30.67 (O..O93)
50~59 3149 0.681 42.53 41.10
Residing Area
Capital 3466 0.680 46.97 45.17 2.14
Non-capital 4113 0.695 53.03 54.83 (0.144)
Gender
Male 4061 0.670 56.79 52.13 14,22
Female 3518 0.710 43.21 47.87 (0.000)
Marital Status
Married 5375 0.696 69.15 71.72 5.0
Single 2204 0.669 30.85 28.28 (0.022)
Occupational Status
Employed 5746 0.689 75.58 75.92
Self-employed | 1650 | 0.679 22.43 21.47 (03,'12984)
Non-employed 183 0.743 1.99 2.61
Other Controls
Income (609055;
Net_asset (20503 1* :;
7579 0.688 31.18 68.82 —
2
-1.46
Smoke 0.143)

Note: *p<0.10, *p<0.05, *p<0.01, P-value in parentheses, Other Controls: t statistics
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(Table 6) Logit Regression results: socio—demographic characteristics and
financial literacy

Variables Coef. (S.E.)
Residing_Area -0.134%* (0.051)
Income 0.282%** (0.050)
Net_asset 0.009 (0.008)
Age_20 -0.122 (0.105)
Age_30 0.128 (0.078)
Age_40 0.057 (0.061)
Age_diff -0.010 (0.004)
Smoke 0.035 (0.074)
Married 0.042 (0.068)
Employed -0.005 (0.060)
Male -0.186*** (0.059)
Edu_high 0.148*** (0.057)
Constant -1.001%** (0.290)

Note: *p<0.10, **p<0.05, **p<0.01, N: 7,579

2. S80[5H, AFX[e} JH21%iE A BEEEH 1o A
FeolEL FARR, thE, BH 719 5 TlRt 38 BE SOl Anws

eIt} EQh, Lol chek AS S, A vl Ste] vk E3t A AlAl)
chas A AT AABEL Gt olefet AL SR g oA o8 &
Solng 9j8) F-80lsle ol v SRS AL elx gk

FEYE FOIE AAAT FEL Lxol that A, 37182 BHIAS A A2

Be] Sof gt w7t Qs Aol BRY THsAo] At H, ZuldTe] A 97le]
w2 Qi A oke wARe] whel APQIEe] FRET) B8 okl Ao oA

o}, HQleiE AHES) Al HE (Table 7904 HojFi Azt go] £50] 4% 43
g ol 1508 9 JER H3H 0 BT sEo] 4
3 Spzzolekal 2 5 iek. ShAle, B o] MR} 129 Himsto] sk glov,
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(Table 7) Tax incentives for IRP and Qualified Contracts

. Ceiling of payment
Year G(l‘?gf; |nWC:rre1e Ade eligible for tax credit C:zj(it Tax Credit
9 9 (including retirement Amount
and Salary) sansion) Rate
Up to 40 mil. | under 50 16.5% | 660,000
(55 mil.) 50 or older 4 mil. 7| (1,155,000
Before | Up to 100 mil. | under 50 (7 mil.) 13.2% 528,000
19 (120 mil) |50 or older S (924,000)
Over 100 mil. | under 50 3 mil. 13.20 | 396:000
(120 mil) |50 or older (7 mil.) 01 (924,000)
under 50 4 mil 660,000
Up to 40 mil. (7 mil.) 16.5% (1,155,000)
(55 mil.) 50 d 6 mil ' 990,000
or older (9 mil) (1.485,000)
200~22 4 mil. 528,000
der 50
(Temp) | Up to 100 mil. under 5 (7 mil.) 13.2% (924,000)
(120 mil.) 50 . 6 mil. ' 792,000
or owder (9 mil.) (1,188,000)
Over 100 mil under 50 3 mil 13.2% 396,000
(120 mil) |50 or older (7 mil) S (924,000)

Source: Financial Supervisory Service, National Tax Service (unit: won)

o] oflr= 90071 H=e] HSAZ FEoleHT /1w 2] WAE 24Tt okt
5]-4852013)9] A7-2 7,0007 oVd2] BSAE E-83l0] Ut TATH THEEA]
ATET, F80lsf ofQlo s 7F=E QI aviE 7t FAs A E3h vl
£ HiElstaL, AP 7igle] B et S8AEcleke S AR $49& AL 3o
U, 24 HHs) Fjof ZIIEo] e 2 B Ee 7Hlaji Adds ThdedE
B}, AJ52] S0 wt FgolsiE ol AFA] 8Rlo] ojmet e FFE v
U=A T BARIC (Table 8)3 (Table 9= 22t 71w 7HiAIeE BAAAHES 71
AR2] E4de it 7|2 AIFE AR,

ARG B ot . S5HeR AR iQldE TIIE EAAE(IRP),
L ZRASIAT. 429 S8 dEe AlFA o= A7t 9lon, B

=
25 FHIE At A7) A5 Restal AlA dEe FE o Sl Aol AHolA &
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ARSITHAL Bt} BV HEL A, o), AFTEEE el HAPAE A2 ASAE
A} o] SFEAL opANE Bl A ZZof 2708 A=l His) 24 HHshE A4
FO2 T W2 ARgo] AsEe] EA10] tis] AL e AEAR] Aol mEbA, il
T B EAS B 7Rl A o] R85 ARE & Sle AEelY 58

ofsfH I AFA| APt HAGHYET A5l it skgol Badh /iddsalM |
SHA Wb Ao 2 ol .

MAAE 7Hd2 2=t wE e welo] aoluz, Q1o 7 AdH 3 71
ofrgo] QAra7gel e vE 4= Adrke AT sl wek, A ARSRE JIFEA
W ol9jol= 7 7] g FIsIAH. A 7 ol (Age_diff)2 E<1o] 35t
< 7IHogolA SE RS AR 7Idlolge ARt feg, ol341(2020), ©1753]-
15202001 AARE HE ARSSIATE 1813, F ofF{(Smoke) FEE F715HA
RIS racte] Wl FEE Vo g2 ARHAIE, F1 ook =9
FHBAE st

(Table 8)°] 235 EH, F8°l5i80] 255, +=dol 75 4ol 71
A 7HdEC] A e 22 80 = Utk WH, (Table 9)& w8°lai= 24
RS 712 AP fls AL HolH, AFAqME Q5] HlEd AFAEY] 5
TEAFAEED B B9 7IIE] w2 Ao ® UERTh wEbA, AQldet B
3 B2 FARE £/8& 7 ASold, 71 27 aRlo] vy tEA Yeiute AS ¢
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(Table 8) Individual Retirement Account participation by subgroups

Total Pension = 0 Pension = 1
Variables Mean X2
N Pension Percentage Percentage
Literacy
Literacy = 1 5216 0.128 68.21 73.30 9.73%**
Literacy = 0 2363 0.103 31.79 26.70 (0.002)
Education
Edu_high 4802 0.142 61.82 74.62 e
Edu_mid 2589 | 0.085 35.54 24.07 S(S'gg(;
Edu_low 188 0.064 2.64 1.31
Age
20~29 729 0.030 10.61 2.41
30~39 1397 0.104 18.78 15.86 73,77
40~49 2304 0.138 29.80 34.79 (0.000)
50~59 3149 0.136 40.81 46.94
Residing Area
Capital 3466 0.141 44.67 53.50 25,28
Non-capital 4113 0.103 55.33 46.50 (0.000)
Gender
Male 4061 0.136 52.66 60.28 18.77%*
Female 3518 0.103 47.34 39.72 (0.000)
Marital Status
Married 5375 0.143 69.09 84.25 89,49+
Single 2204 0.065 30.91 15.75 (0.000)
Occupational Status
Employed 5746 0.130 75.02 81.62 -
Self-employed | 1650 | 0.096 2237 17.40 e
Non-employed 183 0.049 2.61 0.98
Other Controls
Income l(g' 38?;
Net_asset (90806&;;
7579 0.121 87.94 12.06 W
Age_diff 0.018)
0.0
Smoke (0.9737)

Note: *p<0.10, *p<0.05, **p<0.01, P-value in parentheses, Other Controls: t statistics
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(Table 9) Insurance participation by subgroups

Total Insurance = 0 | Insurance = 1
Variables Mean X2
N Insurance Percentage Percentage
Literacy
Literacy = 1 5216 0.854 68.02 68.95 0.37
Literacy = 0 2363 0.859 31.98 31.05 (0.540)
Education
Edu_high 4802 0.855 64.51 63.17 -
Edu_mid 2589 | 0.869 31.42 34.62 1(2%20;
Edu_low 188 0.766 4.07 2.22
Age
20~29 729 0.605 26.62 6.79
30~39 1397 0.854 18.85 18.36 441,54
40~49 2304 0.908 19.50 32.21 (0.000)
50~59 3149 0.880 35.03 42.64
Residing Area
Capital 3466 0.849 48.34 45.30 3.45*
Non-capital 4113 0.860 51.66 54.70 (0.063)
Gender
Male 4061 0.841 59.70 52.56 19.02%*
Female 3518 0.876 40.30 47.44 (0.000)
Marital Status
Married 5375 0.900 50.09 74.39 265.47%*
Single 2204 0.755 49.91 25.61 (0.000)
Occupational Status
Employed 5746 0.849 80.31 75.07 e
Self-employed 1650 0.884 17.65 22.46 1((3).8(6)1)
Non-employed 183 0.880 2.03 2.48
Other Controls
Income (407045;
Net_asset (403015(;;
7579 0.857 14.28 85.72 e
. 0.84
Age_dift 0.399)
_22 sk
Smoke (0.0274)

Note: *p<0.10, *p<0.05, **p<0.01, P-value in parentheses, Other Controls: t statistics
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(Table 11)°M= 7AdEd HAHEY 719] RS SHHFE 7= SHRA
IS AR AildE EAYES Z1do] et oA ES S| S FolX] ¢
ThL Hi= Ao Blgsitt. wabA SAof doju= QA K3 a&3 o= EA5]
fl3l, £ AtollA= oY F A F4E Zellner(1962)°14 Aok ZH7] 3 3]
(Seemingly Unrelated Regression; SUR) 232 ARE-31c.

Pension, , = (3 Literacy, , + B, Residing_Area; , + 33X, , +€; 1)
Insurance; ;, = 3, Literacy; ; + By Residing_Area; , + 33X, , + ¢, , )
T8Ol Hpet AFA] W] 2ot oo mEt Al 7] Yo R U the, T5

HaRe 247 ey RS ARSI (Table 119 2H (1), (3), (5)9]
SIS IS 7 AR, UtiRle BAGEY 71 oot Y 2SAT #4414
el A9 FARH F8ClsiE2 I 7t o] S Hlou B 7
e 5% Ao Uiyt S-8olsig S S4% A&ol ol et hgdS st
= W, A EEL ool AV YA, 1A oA R0l e 28 F
ol7le] ole} 2 It UgkS k= g A= s & 4 At 2Pl AFA
5 ZoRRE Feot ZodstA] g2 A7, SeelsE B oE Hesd F A VIRl 2
Aol= e A o= HER.

7|l =2 E TIIdES o gol 7Hdske A2 oo, AR H B
T A2 AVIske AREER] A58l 7ML, Argolut
27 §13lo] 2 Aol 17 R BAYY Hilol 71 Aolehs I o] 24 d&st
+ e T Rie] 23g Bl ofe el 4] g2 ARES EAEE 71 A
A7E ARAY, A9 St 2 AREEe] RS 7RI S0 ZIHeiEE o 2A
AP dEd S+ Ao, 1 dge & A0 Ao s 53V ofgH d2a
SARE A9 A9 Tl dEe o 7HshL, EAAEES E TIRIeIi e, deeEe] &
=55 M9E 7HIEC] w2 Ade gE, B EY Jolke et At gle A
0% UERgt 71 AJF B F1 ofele 2 Rlol /lvled, TiidE 7 e E
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AFAY B, AE, AA, B71E FEECE AHolstal 12, 1 o= 091 AFA |
T5 /It ofF 291e ARt Folle 4=A AFAREo] Zild=ol § wWol 71
SHL Qlth= 237 Ueht=d], 1 a3 agelsig e ¥ A Uehgth S &
AoA =l AFARSC] F8oldlE] AV B wAE 92 Ao® UERAL, AFAE
AIstar A% ®dl (D3 2 (5)01A T80l Mo A7t A 9] Afol7F LA &
A, 2 Q)3 2d (5)00lMY] AFA] Mo Alrle A2 A7t WA ghathe RS B
9, AFAE FgelsE e fgHar ofEt thE 2Rl Ashl ks A2 ¢
Atk &, el AFAREC] B2 20 gl g 7R Bl d AFAE 1A
= 71l ] 8olgt oAU, TFaY T AFE Sy 59 ARRIESH g]lo®
Isto] SRl Alel7 il A 4= Ql& Zlofd:. d, of=’t avh= HAAR
9 7dols yERR] egk=d, idaat 2 Adivk] Aol 7Hdshal Q= A
&, AFEEY 59 g0l oA ed/Blede] A AR A9 gle Aem K
It} Q3]2 BAGHY 3¢ SAX LR FOISHA| ko, Fsolsi=zlat ool 22
AR AL, ARFEAE FHS= AM 52 HIF0] & 1, Tt 71 o177} ol
2t Aoz QIR A U182l A4 5= 7S] W/ Hiv] st Tt
7Fdo] A= 9F2Al A8 & e Uk Atk

thZo =, 7i1A=9] Zhdofint obzt /il dw 7HI = Fgolsh=it o] A
HAE Z=A] ER1s7| fsfl, 5T 7l 7)Ao s Bkt th3o] EYl 3l
X(Tobit Regression)= X&¥stal 71 ZIE (Table 10)°] AAletiLt. S AHKE
9, F8olsigi} AFA] BF FOJRt 4O TS 7H o, e AT ER 71E
¥} BF 5Uet RS Hloh

52

g

(Table 10) Tobit regression results: Pension amount

, Model (1) Model (2) Model (3)
Variables
Coef. (S.E.) Coef. (S.E) Coef. (S.E)
Literacy 0.084* (0.045) 0.090** (0.045)
Residing_Area 0.159*** (0.042) 0.162%** (0.042)

Note: *p<0.10, **p<0.05, **p<0.01, N: 7,579
Control variables: Yes. Coefficients for other control variables is not shown due to
space. Full result is available upon request.
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(Table 11) SUR regression results: IRA and insurance participation

Model (1) | Model (2) | Model (3) | Model (4) | Model (5) | Model (6)
Variables

Pension Insurance Pension Insurance Pension Insurance

Lt 0.014* -0.005 0.015* -0.006
teracy | 0.008) | (0.008) 0.008) | (0.008)
Residing_ 0.024** | -0.013* | 0.025* | -0.013*
Area 0.007) (0.008) (0.007) (0.008)
Incom 0.091%* | 0.025** | 0.089"* | 0.026™* | 0.089*** | 0.026™*
come 0.007) | (0.008) | (0.007) | (0.008) | (0.007) | (0.008)
Net assor | 0-004™* | 0.003** | 0.004"* | 0.004"* | 0.004** | 0.004"
€Lasset | 0.001) | (0.001) | (0001 | (0.001) | (0.001) | (0.001)
heo o0 | T0126" | -0.243% | -0.127% | -0.243" | -0.127"** | -0.243*"
8- 0.016) | (0017 | (0.016) | (0017 | (0.016) | (0.017)
Age 30 | T0:055™ | -0.0105 | -0.056™" | -0.010 | -0.056™* | -0.010
8- 0.011) | (0012 | 0.011) | (0012 | (0.011) | (0.012)
Age 40 -0.011 0.020%** -0.011 0.029%* | -0.011 0.020%*
8- 0.009 | (0.009) | (0.009) | (0.009 | (0.009 | (0.009)
Ao diff 0.000 0.002%** 0.000 0.002* 0.000 0.002%*
8e- (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Smoke -0.003 -0.012 -0.004 -0.012 -0.004 -0.012
o 0.011) 0.012) 0.011) 0.012) 0.011) 0.012)
Married 0.011 0.065%"* 0.012 0.064™** 0.012 0.064*"*
' 0.0100 | (0.011) | (0.010) | (0011 | (0.010) | (0.011)
Eroloved | 0-0497 | -0.007 | 0.049* -0.007 0.049** | -0.007
ploy 0.009 | (0.009) | (0.009) | (0.009 | (0.009 | (0.009)
Male 0.020% | -0.071™* | 0.019* | -0.070** | 0.019* | -0.070%"*
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)

By hieh | 0-043™ 0.012 0.043%* 0.012 0.043% 0.012
-8 ©0.008) | (0.009) | (0.008) ©0.009 | (0.008) | (0.009)
Constant | “0-550™* | 0.677% | -0.538"* | 0.672"* | -0.542"*" | 0.673"
(0.043) (0.045) (0.043) (0.045) (0.043) (0.045)

N 7.579 7.579 7.579 7.579 7.579 7.579
R-squared 0.056 0.078 0.057 0.078 0.058 0.079

Note: *p<0.10, *p<0.05, **p<0.01, Standard errors in parentheses
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(Table 12) SUR Regression results: Holding of private pension

Model (1) Model (2) Model (3) Model (4)
Variables
Pension Insurance Pension Insurance
Literac 0.006 -0.010 0.022** -0.003
Y 0.011) 0.014) 0.011) (0.010)
Residine Area 0.029™** -0.000 0.024** -0.022**
8- (0.010) (0.013) (0.010) (0.010)
-0.065%** -0.218%**
Age_20 0.017) (0.0215)
-0.022* -0.022
Age_30 (0.013) (0.016)
-0.005 0.030™**
Age_40 0.011) (0.010)
Ace diff 0.001 0.003*** 0.000 0.002**
8- (0.001) (0.001) (0.001) (0.001)

Note: *p<0.10, *p<0.05, ***p<0.01, Standard errors in parentheses

N: Model(1)~(2): 3,147, Model(3)~(4): 4,432, Control variables: Yes
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Model (1) | Model (2) | Model (3) | Model (4) | Model (5) | Model (6)
Variables
Literacy Pension Insurance | Literacy2 Pension Insurance

Lit 0.019** -0.008

teracy (0.009) (0.009)

. 0.013 -0.052%**
Literacy2 0.0100 | (0.011)
Residing_ | -0.171%** 0.021%*** -0.010 -0.113* 0.024*** -0.014*

Area (0.055) (0.008) (0.008) (0.066) (0.007) (0.008)

Note: *p<0.10, *p<0.05, **p<0.01, Standard errors in parentheses

N: Model(1)~(3): 7,097, Model(4)~(6): 7,579, Control variables: Yes
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Appendix 1: List of Variables

Variables Definition
Pension 1: contribution of private pension, 0: otherwise
Dependent . e . .
. Pensionamt | In(contribution amount of private pension)
Variable
Insurance 1. contribution of insurance, 0: otherwise
Literacy 1: Group3,4, 0: otherwise
Explanator . .
pial ¥ Literacy?2 1: Groupl,3.,4, 0: otherwise
Variable

Residing_Area

1: capital area, 0: non-capital area

Control
Variable

Income Inthousehold income)
Net_asset In(household asset - household debt)
Age_20 1. 20~29 years, 0. otherwise
Age_30 1: 30~39 years, 0: otherwise
Age_40 1: 40~49 years, 0: otherwise
Age_50 1: 50~59 years, 0: otherwise
. Subjective life expectancy - Objective life expectancy
Age_diff . .
estimated from Statistics Korea
Smoke 1. smoker, 0: non-smoker
Married 1: married and live with spouse, 0: otherwise
. 1: never married, married and live without spouse,
Single ) .
0: otherwise
Employed 1: employed as wage and salary worker, 0: otherwise

Self_employed

—_

. self-employed, 0: otherwise

Non_employed

—_

. non_employed, 0: otherwise

Male 1: male, 0: female
Female 1: female, 0: male
Edu_high 1: college and post graduate 0: otherwise
Edu_mid 1: high school, 0: otherwise
Edu_low 1: less than high school, 0: otherwise
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Appendix 2: The Big 3 and Big 5 Questions®)

1. Compounding. Suppose you had $100 in a savings account and the
interest rate was 2% per year. After 5 years, how much do you think you
would have in the account if you left the money to grow?

A) More than $102, B) Exactly $102, C) Less than $102,

D) Don't know, E) Prefer not to say

2. Inflation. Imagine that the interest rate on your savings account was 1%
per year and inflation was 2% per year. After 1 year, how much would
you be able to buy with the money in this account?

A) More than today, B) Exactly the same, C) Less than today,
D) Don’t know, E)Prefer not to say

3. Diversification. If interest rates rise, what will typically happen to bond
prices?
A) They will rise, B) They will fall, C) They will stay the same,
D) There is no relationship between bond prices and the interest rate,

E) Don't know, F) Prefer not to say

4. Mortgage. A 15-year mortgage typically requires higher monthly
payments than a 30-year mortgage, but the total interest paid over the
life of the loan will be less.

A) True, B) False, C) Don’t know, D) Prefer not to say

5. Bond Pricing. Buying a single company’s stock usually provides a safer

return than a stock mutual fund.

A) True, B) False, C) Don’t know, D) Prefer not to say

6) Source: https://gflec.org/education/questions-that-indicate-financial-literacy/
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Appendix 3: Characteristics of Group 1 and Group 3

Total Group 1 Group 3
Variables Mean X’
N - Percentage Percentage
Education
Edu_high 2686 0.735 58.52 65.07 .
Edu_mid 1435 | 0.683 37.45 32.29 oo
Edu_low 129 0.620 4.03 2.64
Age
20~29 419 0.704 10.21 9.72
30~39 813 0.717 18.93 19.21 0.25
40~49 1281 0.715 30.04 30.18 (0.969)
50~59 1737 0.714 40.82 40.89
Residing Area
Capital 2055 0.725 46.58 49.06 2.13
Non-capital 2195 0.704 53.42 50.94 (0.144)
Gender
Male 2258 0.688 58.02 51.17 16.37%*
Female 1992 0.744 41.98 48.83 (0.000)
Marital Status
Married 2988 0.728 66.83 71.70 .84+
Single 1262 0.681 33.17 28.30 (0.002)
Occupational Status
Employed 3215 0.723 73.17 76.64 i}
Self-employed 938 0.686 24.28 21.19 (3(6);38)
Non-employed 97 0.680 2.55 2.17
Other Controls
Income (808035;;
Net_asset (503085;
4250 0.714 28.59 71.41 W
Age_diff oo
-2.44
Smoke 0.015)

Note: *p<0.10, *p<0.05, ***p<0.01, P-value in parentheses, Other Controls: t statistics
N: Group 1: 1,215, Group 3: 3,035



3R0PHE, RISt Jfterz 2wy we sieiel 200 [T

Abstract

We examined whether financial literacy and residing area affect private
pension and insurance holding behaviors using the 13th wave of the National
Survey of Tax and Benefits. Financial literacy was measured by whether the
person understands the basic concept of interest rate. 31% of respondents had
a low level of financial literacy, and financial literacy depended on
demographical characteristics: education, gender, occupation, income, and
net asset.

The estimating using a seemingly unrelated regression (SUR) showed that
financial literacy affected holding private pensions, which only 12% of
respondents possessed, but had no significant impact on having insurance,
which 86% of respondents had. In addition, even after controlling age,
education, and financial literacy, residents of the capital area showed a higher
private pension holding rate than non-capital area residents. It suggested that
the socio-cultural infrastructure of residing areas and an individual's financial

literacy affect financial capacity.

% Key words: Financial Literacy, Financial Capability, Private Pension,

Protection-type Insurance
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8 7 7458 A7) s8] ufeh PR 4 ek iAHG =1, -, ) Ak o9 ¢
At =1, =, 7)) B2 753 B4 x,, 2 ot o] of B jRBG =1, . )
o) A7 AsE NV ek Ve A7) et QubEel dlojeli ofet
o] Uehd 5= 9iet.

D= {<]Vz<t1)7 "'ajvi(tj)’ ""]Vi(tj)’xit)
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ol F82] EASAPE IRIFFAEE =Y 7 E= 2 Afarofgt Eolels Fat
SHA| EHAH.

WASAI=S] Z22 F 7= & =

ff

3 WA 53 Aok} BYslAL 1)
A HtgE Zold B 7 240 91 S0 oel o A dstn T 2
2 Batshe Zloltt. o Sol, FYA 11 LHAHE AL 9ol o Hel =257 o
ol o B Ab7h 9A3e Zolch T1ee) FA S AL gherh Belsbs

FAEE ARIH R HegRd] WY 4= Qint. Al I FYAEE ARFA o= 889

B 3

)



uojsto] IEe B o]F SISk /HL o wol LS AR &1 4
2 7V ARSIl o e AnE A vl W A WA R0
7|ehelehs Aot
A A B9 BE A B PAVSAE H7 RS ALk AL 1
2 37 ool UolHE i BT WEolut HgHrk: AL SJulsi. F7 At
AL A WG Fatet. Tl Seftetol
R o) A ARPATL 5 ARAI} HIdSte] o] A5t Slat g
ok It @A R ugo] F7Ksle] o} A% BaKol
NIERES VIR TRIFFAE R Adksto] ATSIES Bet I MY 222 NG
3 % oA shec.
A5t By YAYSAEO] 5 A B2 el ]S FABH: 2ol 453 2
B BADFAC} 2 YL AES A 2 A BET J7 ofeo] et

HARTE M ke Atk 2he 4 AL HE =S S017] 't #lE 7

l:])"
mlm
m°l'
m°l'
o])l
T:
=
R,

4. O 2IE HEo| ojsy

4] 3)ollA Yebt= HHH1E glojg+tx9] Fa3F EXL T A (longitudinality)
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7] giBolct, Jejug TER] ko o|AARS 1lel] YAl AoaTE HEwy
of] 2g8 2= gict. Qlojay} RHle AlFE o2 U SoleEA wol: WHsH TaE o]
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V§J> (ng)>2
W r
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0 © (0, ) 0I(ry)

[0
1 5 wrn
_ (w<'7)l/(‘7) 1) i

o N (s ~ w8 —1 — (@, o) . ’ ~
= /0 {(w(])ugll + rT>9}I Mty (w V’“+T’)0(wmu(f>+ L+ rT)dH
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r— oo Oo|d 7(fln) 1914 et dEt &(Dirac delta function)& $#sPH, oj=
Pr(g=1)= 1L 9u|s}1 uj R A l(very informative) H-ZH point-mass) A}

AR7} Aok §HEo) o 2R & AEiohH d R A (less informative) AFIREE
ARESHA| .

A% Ho]=Z W (empirical Bayes method)}& 2835t j=1,2, --- ,J o] tigt
A o) o] 2HAL et 22 2FRIE(oint loglikelihood) S Htsteto]
T 4= AU

1
(o, oD, o af)= VinPr(wWn®, < wnd). (25)
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2014955 20187k 9] HlolelE £ E (training data)=, 201949 Hlo[HE Al

AR (test data)2 AEEIAT T A 247 2,933,2337, 490,94070]ct. Alzto]

Agtol| wheh B AlokRte] FE FAT 4= s A3 A BT AR 23E 0] 9]
w20l £ g dddlolelo]w, A0S A&7t B399k A &5k e HE HFTT
£ Aoko] Amo 23E7] whiol] 53] £ty Hdulojeloltt. &fEY, 1
£5] AR A AR 0 E E7Y wduolE ] A9t g, & Ao W
HEL g o] BEZolo] BAle] A8 7hssith= Aol Slet E3E HlojE o= 2 A
OAte] A AlOPY e} Bl 9 PDO] At HE7} 3= o] §l7] wiize] ths: sl
olE} & Belee A=k 4 9k,

(Table 1), (Table 2)= E3AFOA] T 7153t A2k E4
WY Wl ¥FA W40 TleEAgel tel Q2R At
BAZIIAE, & St
Aeeteiet. A8 (Gender)2 B4(0), oMI(DLE FRAT BH7FIFZE(YDE)R 3
| ugF (), 39 ol 59 H[RF(1), 59 o 79 mIRF(2), 79 oY (3)9] 47HA] R
2 R IRITSEH [R5k o] Yot £4 A 34 Z50)
T ZRIAIF EFH(1) R FHESIGTE iAo 2 JFA7](AutoSize) = Hi71FO R
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2,000cc VS HPB)OZ FESIT. FA W4l AP (Age)2] B 48.940]r
AgA 2l (AutoAge)] B 8.2H0|th
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(Table 1) Observable policy characteristics (categorical variables)

Categorical Number of Proportion to
variable Yo policies total

(0) Male (base) 2,133,111 72.72%

Gender (1) Female 800,122 27.28%
Total 2,933,233 100.00%

(0) Under 3 (base) 320,887 10.94%

YDE (1) 3 to Under 5 202,168 6.89%
(years of driving | (2) 5 to Under 7 189,949 6.48%
experience) (3) 7 and over 2,220,229 75.69%
Total 2,933,233 100.00%

(0) Malus (base) 187,400 6.39%

ﬁfﬁnus_malus) (1) Bonus 2,745,833 93.61%
Total 2,933,233 100.00%

(0) Light (base) 658,726 22.46%

(1) Compact 1,162,854 39.64%

AutoSize (2) Medium 793,902 27.07%
(3) Large 317,751 10.83%

Total 2,933,233 100.00%

(Table 2) Observable policy characteristics (quantitative variables)

QL\J/aar;it;tsl‘gve Mean Minimum Maximum S. D.
Age 48.92 18.00 100.00 11.17
AutoAge 8.22 0.00 40.00 5.19
BI claim freq. 0.05 0.00 9.00 0.23
PD claim freq. 0.16 0.00 14.00 0.44

BIS} PD7} 59 Folb HES wrky & u), 7 A%0] gt zols 371249
A3 (Table 3)7} 2t} Bl 37 4 A7 Bl @4o] vlsjo] oj4e] wler} o &
2 Zo= Uepith. 7194 39wl vlste] 34 ol 5 wgk, 54 ol 7d

R, 79 ol 0 o] AolU4E AT ATt AA Rt SATS SF T
Zof wlsto] l5Fol BT A4t Mk, AP 147 A7} 240l w 23450
A%7) g0z o] Z71ste] wet 7 A%7) asithrh RAG oA tha F



7ot BEIS & 5= ik o] WaE
£ Bt} oleist ATk FARE ¥AR AR 2
2 5o, A5 o AA1999)L ol W B Fleldeo] Fred

=, Y580 242, W] 2%

=, AFALo] FerE FT Aot Sk AL

20 = = (o]
& Ak 715 AHEH2009) Al HIsh &7t 714780l Beas, €5
Fo| 248 37 147} 7151, Aol FHUEE 1 A4t PAstArk Fasel

A A 7FBks RS Holm, X5l mebd 7 A4 Feble Kol

vl R} 7)s Bl HT ALoAs Z8xleko] 7 ALt 71 A9lout PD HE
A%t dEgRigo] g AL A0 Uehbs 5 Aolg BYrt. B3k ALALE Bl
A4lo] F7K3te] wet J7 A47t S7HSEE st PD A4H08 gashs 24

(Table 3) Coefficient estimates of Poisson model

BI (j=1) PD (j=2)

Varibles(t) Estimate (al(l)) Standard error | Estimate (al@)) Standard error
(Intercept) -1.8210*** 0.0398 -0.8575"* 0.0221
Gender(1) 0.1049™* 0.0060 0.1260*** 0.0033
YDE(1) -0.2866*** 0.0120 -0.3119** 0.0068
YDEQ) -0.3619*** 0.0126 -0.3745"* 0.0071
YDE®) -0.4602*** 0.0091 -0.4390™** 0.0051
BM(1) -0.5574*** 0.0092 -0.3873™* 0.0054
AutoSize(1) -0.0188** 0.0068 0.0287** 0.0038
AutoSize(2) -0.0915%** 0.0076 0.0531%*** 0.0041
AutoSize(3) -0.0424"** 0.0098 -0.1913** 0.0057
Age -0.0138"*** 0.0016 -0.0086"** 0.0009
Age’ 0.0002*** 0.0000 0.0002*** 0.0000
AutoAge 0.0277%** 0.0018 -0.0053%*** 0.0010
AutoAge’ -0.0018*** 0.0001 -0.0011%*** 0.0001

Note: Significance “*** 0.001, *** 0.01,

Base: Gender - Male(0)
YDE(years of driving experience) - Under 3(0)
BM(bonus-malus) - Malus(0)
AutoSize - Light(0)

“0.05
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(Table 4) Contingency table for Bl and PD claims

Frequency of Frequency of Bl claims
PD claims 0 1 2 3 4 5+
0 2,493,835 21,719 235 7 0 0
1 271,039 89,816 1,380 21 2 0
2 28,412 15,814 3,164 94 5 0
3 2,996 2,286 815 140 3 2
4 389 451 179 46 9 4
5+ 84 132 90 36 14 14

(Table 5) Measures of association between frequencies of Bl and PD claims

[tem Pearson correlation Kendall's 7 Spearman’s p
Estimate 0.4626 0.4421 0.4457
p-value <10°¢ <10°°¢ <107°

A (7)3} @) HAE Ak S T ARE e T 919 mEle] AT A% Aol
o Qigro] EARtck /ST Ik, et Tkt B9 Eoky mdlur) § B
292 A85R o] AAWA A FE AR 1 ool EASHA Tl
SHoF @k, (Table 4)% BISH PDE] Bo] thet W Hlo 22 Lhehiict. o] g §3
5 7 A% 710] JRAS 223 2 4 9tk oIS Sof B 447} 1Y W PD A4}
17491 490) BIEsh 7Kg 3 BI A4 24, 349 A9E
(Table 5)& olefst & w3 7k0] Aebie AFaloz Selsh] 18] Lurael 24
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w9l Pearson correlation, Kendall's 7, Spearman’s p& AF&35t A1lo|t}. o] & 53
Hojk FHEFo] PFE AlofokA| 2 wofl= Bl & PD A=+ 4= 7ol 523k 2] A
TA7} o= RIS = QT

quasi-Poisson S04 AL HE4E S2451R= HHS AAo= 2 7HA] 57T ek
~\2
& S0 McCullagh and Nelder(1989)= ¢= ! M (s - v 2 Foterd il
Mm=Pr=1 vy

Cameron and  Trivedi(1990)=  ¢= Z RE AMsIATE  o7]A
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(Table 6)2 0|2 AF&3t A1 BL, PD AT A5 ¢, ¢
o= A AL BRIT 4= Qlrk. wba] B4 oAl T HlojEd
AL & &= ek
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=

w1 ol
= Sutast =
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(Table 6) Estimates of overdispersion parameters qAb and ¢ for Bl and PD claims

Overdispersion BI PD
parameter
) 1.0422 1.0807
é 1.0402 1.1069

133 Cameron and Trivedi(1990)= mo] $E5] 3L k=1, -+ ,mo] T3} n,
7t 589 o, oh3o] TS HArt

H,: ¢=13A Z= ¢~ = N0, 1). 27)

Fol4l Holelel4 Bl % PD 7ol thet 7 2 212} 2104563+ 66.4850°]. whek
A 5 gRo) A7l shef ALk QERe ARIHIG RI5H 7124 & Qlous
A7} EARE B 5 ok

91} o] Elolelol ] T AtEe] st S 1] SRS HASHO TR ofF
RS AT BIL A 8] 8RS AT

w4 ) ghe T S1Ee) SOl et AFE Aol BEE Holee] BAgoR
2gelof Ak, 4 Q4)eIA BT 5 Y50l A 21 UF FYAE A4S W)
7Fs(weighted sum)el tet A4) Wme] 715310 vlgR wEEe ety ol 5
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(Table 7) Coefficient estimates of proposed model

Bl (5=1) PD (j=2)

Variables() Estimate(al(l)) Standard error Estimate(a}”) Standard error
(Intercept) -1.8242%* 0.0398 -0.8548"*** 0.0221
Gender(1) 0.1079* 0.0060 0.1252% 0.0033
YDE(1) -0.2758*** 0.0120 -0.3046*** 0.0068
YDEQ) -0.3525%* 0.0126 -0.3713%*** 0.0071
YDE®3) -0.4565*** 0.0091 -0.4349*** 0.0051
BM(1) -0.5476** 0.0092 -0.3776*** 0.0054
AutoSize(1) -0.0182 0.0068 0.0296™** 0.0038
AutoSize(2) -0.0891%** 0.0076 0.0525™** 0.0041
AutoSize(3) -0.0348* 0.0098 -0.1887*** 0.0057
Age -0.0139*** 0.0016 -0.0086™** 0.0009
Age’ 0.0002*** 0.0000 0.0002%** 0.0000
AutoAge 0.02717%* 0.0018 -0.00517** 0.0010
AutoAge’ -0.0018** 0.0001 -0.00117** 0.0001

Note: Significance “*** 0.001, ** 0.01, * 0.05
Base: Gender - Male(0)
YDE(years of driving experience) -~ Under 3(0)
BM(bonus-malus) - Malus(0)
AutoSize - Light(0)

B9 WE AGv} 2450 T ol AT M| ] Mo F ek AT
WOl AREIES] 7S 4] (22)9} o] EESIU 0B E o] o] gaith NV o]
Ely C’ﬂé‘ = AA E"%JE% ARERit= oujo|lug oEExo] VY &,

o= E[NY) In 0P ] 2 290k Ao] eigol). o]2A AkEdt ATk i
2J(out-of-sample) HAS= Boto] 2019 Al@R}= 2] AA| H+ 749} v|wsto] o=
Jo= IRIskE = St} 5= Hlwsh| flste] 59 Eoks H(naive Poisson)Zt
£ @ (univariate credibility)& -85t R 7= $H AM=s19ct
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H=8%+ HM33E A=

3l o] ZIZh Hdst B3 golth Aot l(multivariate credibility)®} 8w sFH
j=19d o= 'V =1, w'? =00]3 j=2% o= 'V =0, w? =12 Ho]
t}. o]& Aeoto] YERHH (Table 8)3 At

(Table 8) Predictive means of three models for out-of-sample validation

Model Predictive mean
- T -
Naive E{Ny‘llm%)vn%)] *E[NT(JL]
Poisson = X1 o
T .
r+ng )
Univariate @) t=1 Xpp 00

() (1) _
credibility E{NTH'nT g ]

— .
r—i—zutw
t=1

Multivariate
credibility

(i)
t=1 t=1 X7
e

nj2f| A= ¥l=o] thek S =A 4AEE 2t Hw9| dl&Es Hrish] sl thaat
Zo] AolH AFTHAFAF L Hroot mean square error, ©|5, ‘RMSE 2 §He} -
A 2 2xHmean absolute error, °]5}, ‘MAE 2} )& ARE-5FTt.

1 &I _ ~(a 2
RMSE = \/EZ (MQT)+1_‘N§;])T+1) ’ @)

2 T .
MAE = Z‘Z‘M(‘JT)H_ 'LZ,J)T+1" (30)

o71H I A% Aol e B Aok 52 it A 74A] mlel ofs) 4t
23 9] BAE (Table 9o LRSS, 4] L] RMSESH MAEZ} 55 A4 HlE
2 ] 2 ol WA H8 L 4 Ik RVSESH MAB: 9318 ek
Azo]mz AukA 0 Fho] B 2 muo] HEEls], Aot mL| RMSES} MAE/ 2
5 7 AR g Bl A B B AV 2L =g Bert & o Hets 1Y
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£ 7t & 317] 9J5te] BIC(Bayesian information criterion)& AF&3%E & (Table
ool YetA=t, AMEE 2] BICT} 71 Robx| thE g =0 vl Z4sH o U
Zog Holth

(Table 9) Out-of-sample validation for frequency prediction

Statistic Ngive Univ:.ar?e?te Multivariate
Poisson credibility credibility
RMSE 0.31496 0.31417 0.31373
MAE 0.16955 0.16814 0.16807
BIC 3,797,314 4,138,017 3,714,699
V. 88

Tt HA oA Mz thiE el Qe ALE EASk: o Y Ed2 v &9t
He] oItk & ALz QIste] Bl o e &7 A 4= glone 7} 9
o= 3t A At A= S 71 ¢ Ak B3 Hst of ] o 5t 5
T 5o AlOFALE R o2 BEdhe A2 vl 3% dolnt. meEbA Hsiikes AloF
AR2] I AT ol tigt FEH Ho[HE AALHA EfsH HER o8 H’s
off 83| Kt = glofoF & Aolet. 53] AFSARE AT kS| H A2 Eod7Izte]

He7]7to] SREYE B4 Be AVH FHIE M2 282 A8sie 2 dEelR

a
2 AR 3 HT 0|2 HERR] Mt YAUFA=G} Al wo] 22 TET
S
~

] Teiste] th 918 2E9 2 1ol ke S o)
Sh gamiet A7) 580 A4 B4 AT BHSHAA thE 99 BT A
210] Alaele o T2 vt 284E R AT 44 AT doles o
QIF At Tt} A AL Elslel o] Hels] 99 vE wdpme
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Abstract

Multi-peril insurance consists of multiple coverages which compensate for
accidents caused by various perils. In multi-peril insurance, there may be
dependence among the claims from different perils. When dependence is
confirmed, it is reasonable to consider the correlation among perils in
ratemaking. In this study, we confirmed such dependence and proposed a
shared random effects model to capture and reflect this in posterior
ratemaking. The model can provide closed forms of credibility premium,
which makes it easy to implement in actuarial practice.

We calibrated the model using the actual claim data of bodily injury and
property damage of automobile insurance as an example of multi-peril
insurance. Then we used the model for posterior ratemaking and evaluated its
performance by out-of-sample validation. The results showed that the
performance of the proposed model is superior to that of comparative models

such as the naive Poisson model.

% Key words: Multi-peril Insurance, Shared Random Effects, Overdispersion,

Claim Frequency Analysis, Bonus-malus System
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(Table 1) Individual Risk Definition and Determinants

Category Definition Determinants
* Loss ratio
* Level of claim reserve

Insurance | Risk of loss due to an unexpected
risk increase in the loss ratio

accumulation
Risk that will negatively affect | * Interest rate sensitivity of
Interest | financial status due to the assets/liabilities
rate risk | fluctuation of net asset value due | * The proportion of interest
to interest rate fluctuations. linked products

) . | * Credit rating, default rate
. Risk of loss due to the debtor's . . 8 X
Credit ,_ | * Credit reinforcement details
default or the counter party's

risk such as collateral and
default, etc.
guarantee
Risk of loss due to changes in | * Appropriateness of
Market asset value caused by fluctuations distributed investment
risk in market prices (stock prices, | * The proportion of variable
interest rates, exchange rates, etc.). insurance
, . . * Appropriateness of internal
. Risk of loss due to inappropriate PProp
Operating | . control
. internal  procedures,  personnel, . .
risk * Appropriateness of accident

systems, external events, etc.

prevention measures

Source: FSS(2020), (Revised) Guide for RBC system for the insurers.
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(Table 2) Sample Selection

: L Number of
Sample selection criteria .
firm—quarters
Initial samples with listed non-life insurers for 2011-2021 336
Less : Samples with re-insurers (42)
Less : Outlier 12)
Final samples 282

AT 717t T U AFEESEFEAR] 271 F B2 3367001 A9, olFollA
AEASA] HE 4270E AQISHAL, SEA|(outlier)?] ZFoz I3t EA A 9f
IS YA 9Jsto] 71x AR 07 HEDRE SAMAE RGN Ul Sxo]Q]o] AF5}Y)
1%°]] sigohs E2 A AQsigitt. o=ie W2 Fdto] A or 24E A
< =4l AFE 778 Hearel & 28271 717 °lt

EV\—:L EAdo] digt Xé-‘ﬂﬂ sy 1 7gojoll et Bjaa B '5H% =49 1
Z7gstolof gt} & AolA BlAaT B SRS AFold Ak
< 5k B, 5, A8, A B *FTLAR FESH] mefs| & jitt. mebd
W EjAaT7go] sjat AA|9) AlFof g R7AREONA AAJske vl AT S EASA

2 2lag EAA R Aottt ek, SSEsANe] AFefs QAR Z719]
297 NEH O R AbEslo] o]F 71| EAtaIE Tefsto] XE Mok TAE AR

£ Aol 42t9] A fAT7 v ER] ok 9ol AEE AA AgeiE 8
g Q4 ARETe] zo)7t Y] HA| AFeiE QFAHE A
AAohe HlES T gAT FHol| tigt AT B4 Foep|= gt dlE &
|2 23bAfsl A=A AN s, 2=k 2 9h2] 20179 18271 SAF AAS] A&
ofg QA2 10,7249 Ho|AgE, A gAFe] tigt ATk By, g2, 418,
A a8 )20 diste] ZH2F 5,9049] €, 2,327 ¥, 4,9129] ¥, 4829 €&
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7231 608°] Yol o] 50] A% FAE 14,2339 LozA S A AHld |
T} chze), ofubstel Ak A0 Adelel ATARCS HYAUELTAIYA
2 A5-70] 3 8 [E3 22)0] w} Bhg 3} o) 4k} wEolt

SRR 2 FARARC) = \/ Y12 (RA; X RA)x Cor-cocf.;;+ ORA

A9l AoM rA= W BlAAFE SJulskal, OrA® *FE|LATE SJvlshH,
Cor.coef.= /B AT IHJHBAE T80l i, j B, 52, AL, APEAEE 9
ot i Eaa o] AAles EeEaaet e fad Il disiiE 0.258
A-gstar, g7, Alg AP AA Ttolle 0.58 A8sto] AREgit) o]o] w mjE|=
SHAI2] 20179 1271 sPAA| Q] AFodE] 2 7ARATRC) B3 o] ALk

+2,327 5,904 X 0.25 +2,327% + 2,327 X 4,912 X 0.5+ 2,327 X 482 X 0.5
+4,912 X 5,904 X 0.25 + 4,912 X 2,327 X 0.5 44,9122 + 4,912 X 482 X 0.5

TRC = /5,9042 + 5,904 X 2,327 X< 0.25+ 5,904 X 4,912 < 0.25+ 5,904 X482 <0.25 + 608
+ 482 35,904 X 0.25 + 482 X 2,327 X 0.5 + 482 X 4,912 X 0.5 + 482*

=10,724 (9 9)
o714 BREaT0) digt PAT BGAL BPAT} ZAGA AS B9 5 B
Aeadgo] 0(F)Q! A9 AFold QFARZ(FARC)T Yl 87ARZ(TRO)Z] Alo]
7} ¥ @AM Aok HlEE AR,

+2,327X 0 0.2542,327% 42,327 X 4,912 X 0.5+ 2,327 X 482 X 0.5
+4,912X 0} 0.254 4,912 X 2,327 X 0.5+ 4,912% + 4,912 < 482 X 0.5

FARC= /02 02,327 %025+ 0% 4,912 X 0.25 + 0 X 482 X 0.25 + 608
4482 X0 0.25 + 482 X 2,327 X 0.5+ 482 X 4,912 X 0.5 + 4822

= 7,293(219)

193 BEelATL A A9ke A90) AFole e AR} ga) QAR
A10](DARC) % He|A719] 7]0jw(PARC)E ZHt TRe} o] Abeict,
* DARC = TRC - FARC = 10,7249 ¥ - 7,2939 ¥ = 34319 ¥

DARC 3,431
TRC 10,724

* PARC = = 31.99%
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207 kL, AR 92 Aol BdElad SRV H2 #Eos FERitt 9

€ =01, 201749 1719 =4 AFEEsEAsEe] Batadd EeE|lad E4R=
24.249%C1 A 2 27100 Hiet HlZlzeRe] BEeE|ad E4Ae olEn &2
31.99%c12= H2|2epA9] 20179 127] B2 w2 Hdid E4AE 2= g
(FHd o=z ZFd:. ol ¥ o= A3t 7|t digh v=|=skA 2] 7iE AAEA
A& AFESIAL A1) Bt} vlaste] ok T EohH the At

(Table 3) Individual Risk Characteristics

Risk Components Meritz ﬁ:ﬁ::ﬁi) Group classification
Insurance Risk 31.99% 24.24% High
Interest Rate Risk 12.24% 17.11% Low
Credit Risk 28.45% 32.23% Low
Market Risk 2.40% 0.85% High
Operating Risk 5.67% 7.02% Low

S HYSIANE] AFold Q7 RHES] AREHFAL Al Q] WSy} Qi) B o
T-9] AT 717ESolE gt X Q] WSkt Aot AR $19] QAR AREEAl
20149 48715E F8E== 708 a3 7H Ao thet 179 2839t A 22 2014
| 3R 7= ohe ) 22 TAbEAS ARSI

TRC = VARA’>+ (IRA+ CRA)*+ MRA*+ ORA

919] AlojlA] ARA, IRA, CRA, MRA 18]31 ORAE: 27t B, 2], A8, A% 18
*FYLT QAL om3ith. o3t ALFALS
12 7Pgstar U] 7 A 2k AJaA|
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(Table 4) Descriptive Statistics

The number of observations used in the estimation is 282. Sample selection criteria
is presented in Table 3, and all variables are defined in equation (1)-(2). PARC refers
to the contribution of insurance risks to the total required capital. PIRC refers to the
contribution of interest rate risks to the total required capital. PCRC refers to the
contribution of credit risks to the total required capital. PMRC refers to the
contribution of market risks to the total required capital. PORC refers to the
contribution of operating risks to the total required capital. Other variables are
defined in equation (1) - (5).

Variables Mean Std. dev. Minimum Median Maximum
P 0.0952 0.0655 0.0108 0.0795 0.3118
BV 0.0962 0.0391 0.0422 0.0918 0.2042
E 0.0025 0.0020 -0.0032 0.0025 0.0079

NGE -0.0001 0.0004 -0.0032 0.0000 0.0000
PARC 0.2612 0.0676 0.1094 0.2516 0.4554
PIRC 0.1616 0.0570 0.0663 0.1473 0.3849
PCRC 0.2809 0.0877 0.0969 0.2772 0.5983
PMRC 0.0074 0.0087 0.0000 0.0043 0.0480
PORC 0.0762 0.0218 0.0444 0.0696 0.1307

(Table 40l = 27|12 SN0 R U 2718 AVIS AL B2 0% 9.52%=
LB, 712 A A0 8 U A7 AR ARa NS o|HT} ot %2 +F0 % YE
U =2 £81HEES|Ae] MTB Ble{market to book ratio)2 98.96%(=0.0952/0.0962)
QI Ao = Ueth 271ee]do] HHARl 52 712 AREEH o] 0.25%°]1L, o=
B)ak 2712429] 2.60%(= 0.0025/0.0062) el ARl K1 Zolele] 1]
0| A7 H]sto] w9 W2 0 = LERT.
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(Figure 1) Trend of the Proportion of Individual Risk Component
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(Table 5) Pearson Correlation Matrix of Variables

The number of observations used in the estimation is 282. All variables are defined in
equation (1)-(5), and the text in the parenthesis represents the p-value of the statistics.

P BV E NGE | PARC | PIRC | PCRC | PMRC | PORC
> 1.000
v 0.834 | 1.000
(<.0001)
0.581 | 0.481 | 1.000
£ (.0001) | (£.0001)
0.168 | 0.179 | 0.488 | 1.000
NGE
(0.005) | (0.003) |(£.0001)
0.058 | -0.141 | 0.222 | 0.045 | 1.000
PARC
(0.328) | (0.018) | (0.001) | (0.456)
PIRC -0.296 | -0.083 | -0.293 | -0.058 | -0.434 | 1.000
(<.0001)| (0.163) |(.0001)| (0.334) |(£.0001)
PCRC -0.009 | 0.215 | -0.057 | 0.075 | -0.811 | 0.064 | 1.000
(0.875) | (0.001) | (0.343) | (0.210) |(£.0001)| (0.286)
PMRC -0.038 | 0.261 | 0.100 | 0.127 | -0.297 | 0.068 | 0.508 | 1.000
(0.521) |(<.0001)| (0.095) | (0.033) |(£.0001)| (0.258) |(£.0001)
PORC 0.031 | -0.328 | -0.113 | -0.180 | 0.324 | -0.434 | -0.487 | -0.641 | 1.000
(0.609) |(€.0001)| (0.058) | (0.002) |(£.0001)|(£.0001)|(£.0001)|(£.0001)
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(Figure 2) Correlation of Individual Risk Component
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(Table 6) Results of Chow Test
Estimation model; P, =§,+6,BV,,+6,E, , +&,NGE,, +e,
All variables are defined in equation (4). ***, ** and * indicate the significance at 1%,

5% and 10% level, respectively.

Panel A. Insurance Risk Characteristics

Variables Intercept Coe;i/?:ent (t_StaEiﬂCS) NGE; ¢ Ad. B ((:sf)\\//glies
Low _?;3.5513) 1(‘1277.?0) 8'(2.3385) 2(026509) 0821 1 3 1gzmm
eI N

Panel B. Interest Rate Risk Characteristics

Variables Intercept Coeé‘;i/iie”t (t_StaEiﬂCS) NGEi; Adj. R ((:pt]?\g]iel):
lov | 3oy | sw | oy | cren | O | 5 igm

Panel C. Credit Risk Characteristics

helilals Intercept Coeéii/?:ent (t_StatEiitiCS) NGE; ¢ Ad) il ((:;?\\/Aafliel):
Low (010;% 0'(2.7552> 10(7722) _1(6—22.é§> 0520 | 3838w

Panel D. Market Risk Characteristics

MR Intercept Coeéii/?:ent (t_StaéiiT} = NGE; ¢ Ad) i ((:;?\\//\aflie)l:
lov | " | sy | tn | 2o | O | asso

Panel E. Operating Risk Characteristics

S Intercept Coeéii/?:ent (t_StatEiitiCS) NGE;+ Adj. R %;—o\\//glie)l:
v | Vesy | 7oy | 6o | o1 | OO | ggape
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(Table 7) Explanation Power Based on the Risk Characteristics

This table reports R square measures obtained from the following linear model;

P, =0yt BV, T, E e, 1)
B, =0, +6,BV,, te;, 2
B =vntnE, e, (3)

TEP and CEP denotes total and common explanation p ower of BV and E. IEP(BV) and
IEP(E) denotes increment explanation power of BV and E. Bach variables are measured
as follows;

TEP = R square of equation (1)

IEP(BV) = R square of equation (1) - R square of equation (3)
IEP(E) = R square of equation (1) - R square of equation (2)
CEP = TEP-IEP(BV)-IEP(E)

Panel A. Insurance risk characteristics

Variables EP(BV) EP(E) EP(CO) EP(TO) BV vs E
Low R square 0.3554 0.0198 0.4464 0.8215 BV) E
© Proportion 43% 2% 54% 100%
) R square 0.0728 0.1967 0.1938 0.4632
High Proportion 16% 42% 42% 100% BVCE
Panel B. Interest risk characteristics
Variables EP(BV) EP(E) EP(CO) EP(TO) BV vs E
R square 0.3371 0.0657 0.2686 0.6713
»
Low [ Droportion 50% 10% 40% 100% BV E
. R square 0.3746 0.0310 0.3949 0.8005
High Proportion 47% 4% 49% 100% BVY B
Panel C. Credit risk characteristics
Variables EP(BV) EP(E) EP(CO) EP(TO) BV vs E
L R square 0.1026 0.1464 0.2871 0.5361 BV (E
oW Proportion 19% 27% 54% 100%
R square 0.3568 0.0365 0.3895 0.7827
i »
Hish 15 ortion 46% 5% 50% 100% BV E
Panel D. Market risk characteristics
Variables EP(BV) EP(E) EP(CO) EP(TO) BV vs E
Low R square 0.2870 0.0666 0.3669 0.7205 BV) E
Proportion 40% 9% 51% 100%
. R square 0.3506 0.0459 0.3033 0.6998
High Proportion 50% 7% 43% 100% BV E
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Panel E. Operational risk characteristics

Variables EP(BV) EP(E) EP(CO) EP(TO) BV vs E
R square 0.4217 0.0578 0.2757 0.7552
>
Low Proportion 56% 8% 37% 100% BVY E
R square 0.0689 0.1638 0.1477 0.3804
i 4
Hish 1 ortion 18% 43% 39% 100% BVCE

Bz, BERRe] ATE Uehlt BEeAT W 29EAT SR 52 7

£49 IA= 2T A 2ol 2 Aol7t I3l ook Z2 A= PH 119 A4
¥} HAH Chow(1960)H7g 2] 2¥fete dadh

NE Fagdz 1 B4R Aol weh AR =o]e] AT ZHRRAgel A
o7t UeAE AuEH Tt Aok BefEAn9] By fAad AT W2 el 4
G ARte] S E0] 43%C10 0 BlAa SR w2 AT el
IR o= UERRIL, &oleje] SEEEH2 oloh Witz 2l SRV W Ad
otz 2% BB, BlAa SR w2 HeollAe 42% TEo = YERL BlA
S/gx19] Halo] mt AJHiA ZHRE-Agel Aol7t i, wEjE|Aae] Beole 7

23 B4R W2 Ade] 78 eAkte] S48 E el 50%e10 o Blaa SR

H
1

olN
p

B2 AP Brole 47%2 &5 445131, ol9)o] SE4WE AA| fad 544
7H 2 A= 10%e13l e, Blaa A7 &2 AdollA 4% +=2= UEht

FE 7Rl Alel7t A=Al 7S B o Qi 488 A9 Feolks Bl

Hu
A\
Ry
N
.
flo
i)
T
o,
o
4
R
2t
15
olN
:
M
ol
)
o,
5
X
o,
%9,
o
v
)
it
A\t
I
i‘:
N
Hir

= 590] Eaksto] 2laz E4x0] wiskol whet Altha o] Mol gk A
2A70] B 9ol 2AT SR L Aeo] B9 wxite] ZEAWEo] 40%0]3)
oL} Blad B4R &S Fue] Aol 50%2 ST, <olole] FiAgHL

245 E47} e FRtol i O%elglont, Bt S} S HeeIA: 7%

o



S EELNSENC RS L EERLEEEN 105 |

ulow 9ofe|Ag9] 9ol M Aol fAG Wel ekt 2lAd 477}
1o ko] 9 apile] ZEAEo] Seuolglont BlAT E4A 8 ko] 4
Qo 18%0] Bket A0 ekt £ololo] ZHAWeS olo} virjz 2 AT 24

A7F 2 oA = 8%l Edotdlon, Blad SRV 2 AdolMe 43% +E2

%] R4 S1gOM 1L o]t ulujste] Zfolo] folio] il Aol nhy

ox,
ﬁ
N
N
AT
flo
i)
Py
>
fr
iz.
B
2t
1o
N
N
i
r,
ox,
o,
ﬁ
2
2
Hir
N,
rEI
|
L
~
N
t:_l?kz
X,
e
on

- =0]2j9] ZRA|#E go] EorAAL k. 121 FARZS] fAaE Hhgshs 418 %
APgE|2A9] ol ol It = 2|lAd EAGA7E E2 Ao =oloje] 7HE-
go] Bid ez AN BlAa ST EoRlE A ARl THAlmRAe] =oAL
ATk T, 71 AR 738 A 9 el9]] SEAEY Alelr) vjufsto]
A freldelle o2l At TRal FejElame] Aeole i 5419 $719
o} AR B ol9) B SEAEE ] daste Ao yERt At TR
of Mzl ekl & 4= gick.

SR, SEAEHE ol8Rt AR =ofefe] AT ATl Hiet &

M2 oftl7L thekAlel S7to] Wake SRelshe Zlo] Baist AowA 1 BA fo

S b0l At 220]010] SRR AS(A] (5)oIA] AHAt 20]21] BIFAA] Hol
7t Qi) SAEFA 21 Holo] $AE fel4o] e o2 B AR oz Tl
ok 3.

Z7hESAL U WY 599 B (Table 8)9% 2.

©



(106 [EEEEESRIHRG

(Table 8) Parallelism Test

Estimation model; 7, =0, +0,BV, ,+0,E, ,+0,NGE, ,+ 0 X QR, +e,
All variables are defined in equation (5). ***, ** and * indicate the significance at 1%,
5% and 10% level, respectively.

Panel A: Insurance risk characteristics

Low - Insurance

: High - Insurance Parallelism
Variables — — — —
coefficient t—statistics coefficient t—statistics test
Intercept -0.0606 -5.20%* -0.0504 -5.03%* -
BV 1.2784 22.38%** 1.0759 10.04™* -1.67
E 5.0780 2.67** 11.3099 8.47+* 2.68™**
NGE 1.6471 0.20 -12.4470 -2.45%* -
QT dummy Included -
F-value 37.78%* 16.34%*
Adj.R? 0.9150 0.8322
Max(VIF) 3.7254 3.1558
Panel B: Interest rate risk characteristics
. Low — Interest High - Interest Parallelism
Variables — —
coefficient t-value coefficient t-value test
Intercept -0.0526 -5.80%*** -0.0464 =3 44 -
BV 1.1209 19.85*** 1.2785 17.54% 1.71
E 8.4223 6.72%** 8.5109 3.96™** 0.04
NGE -11.2942 -1.51 -3.2623 -0.45 -
QT dummy Included -
F-value 25,74 2774
Adj.R? 0.8643 0.9105
Max(VIF) 2.5657 3.6957
Panel C: Credit risk characteristics
_ Low — Credit High - Credit Parallelism
Variables — -
coefficient t-value coefficient t-value test
Intercept -0.0411 -4, 88" -0.0746 -4, 024 -
BV 1.0157 10.98*** 1.2641 18.93*** 2.18%*
B 10.1911 8.00%** 4.1334 1.57 -2.08™*
NGE -7.7609 -1.74* 0.8617 0.04 -
QT dummy Included -
F-value 17.971%** 25.04**
Adj.R? 0.8034 0.9102
Max(VIF) 3.2964 4.2321
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Panel D: Market risk characteristics

i Low - Market High — Market Parallelism
Variables — -
coefficient t-value coefficient t-value test
Intercept -0.0426 -4.96*** -0.0908 -6.51*** -
BV 1.2237 19.80™** 1.3182 19,42 1.03
E 7.8857 6.23%* 7.3077 3.15%"* -0.22
NGE -5.9129 -1.28 -9.1473 -0.50"** -
QT dummy Included -
F-value 29.96*** 25.23%**
Adj.R* 0.8756 0.9026
Max(VIF) 2.7909 4.3521

Panel E: Operating Risk Characteristics

. Low — Operational High - Operational Parallelism
Variables — —
coefficient t-value coefficient t-value test
Intercept -0.0642 -5.63%** -0.0254 =13 -
BV 1.2631 24.81%* 0.8858 7.2 -84
E 7.4695 5.21%* 9.1654 5.44%* 0.77
NGE -4.1967 -0.4015 -7.1303 -1.29 -
QT dummy Included -
F-value 37.27%* 6.57**
Adj.R* 0.9026 0.6815
Max(VIF) 2.5196 2.8599

(Table 8)2 7N 2|23 BAJA|9) MAIE 7IEo R 728 F Aol 23 222
ol g3to] HE A WHOR SA old 4 5)F F31L, F9H &AMl <=0
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oA 2lAT B0 w2 BEIAL AR At 7Ex|H /g7 F]A 0]
Qo] A& 7iR| TR Zfolof thgt oFd BA2 JE 2lAT B S AW T
Ao JrEsto] AR Aatolct. T o3t WO R BlAT B4l FRolE =
Sh= A2 oA AF Q1 ZHHol Sl wha] 2 7R A= AE 2lAT B
] 25%01 siiFdet= At} 619 25%0] sig ol HHe = FHEsto] o e 712 Zjo]
£ A0 24 EAZET0] 7FA/S =o|1A} gt (Table 9)&= ol9 22 A4S
o|-&sto] ZlAT EAo]| 2 AL ARHE ZEX|HE A HHetol thet 242 oot

(Table 9) Results of Additional Chow Test

Estimation model; P, =6, +6,BV, , +6,E ,+0,NGE,  +e,,

All variables are defined in equation (4). ***, ** and * indicate the significance at 1%,

5% and 10% level, respectively.

. o Adj. R® ,
Risk Characteristics : Chow's F (p-value)
Low High
Insurance Risk 0.963 0.236 8.076*** ({0.001)
Interest rate Risk 0.754 0.900 2.702** (0.038)
Credit Risk 0.473 0.971 8.326™** ({0.001)
Market Risk 0.559 0.644 1.525 (0.204)
Operating Risk 0.648 0.386 4.156** (0.005)

B, AT AL BE A E40] Fxolz TR A 2k Mol
19 T 5% 42014 fola0l 0% Uehteh. B@eAaet egelato] 49 g
2 E4A7} e vt whe ekt slAR Agelo] o v v, Felels
29k 4182430 oAl oloh itk el (Table 60l A4 £42710k A

A B/ g SAREL =o]Q]e] A4 ZER|HR o] HstolFof gt =
7}54 A3R= (Table 10)3} 2t
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(Table 10) Additional Parallelism Test

Estimation model; 7, =0, +0,BV, ,+ 0,5, , +0,NGE, , e, ,
All variables are defined in equation (5). ***, ** and * indicate the significance at 1%,

5% and 10% level, respectively.

Risk Virasle Standardized coefficient Parallelism
Characteristics Low High test
1 Rtk BV 0.9107*** 0.3010** “4.54m
psurance & E 0.1056* 0.3970*** 0.36

Iterest rate Rick BV 0.7074** 0.7068"* 0.39
nterest ra E 0.2460™* 0.4087** 2.39"*

o BV 0.3028"* 0.9828"* 4127

Credit Risk E 0.7928"** 0.0095 -3.99

, BV 0.5974** 0.7595""* 218"
Market Risk E 0.3736™ 0.2575" 0.63
Onerating Risk BV 0.6746"** -0.2947" -5.G7
perating s E 0.3146"* 0.7338"* -0.30

(Table 10)& 78 SA10] Bghe THOR FHI e 2k ol s Zug Lhet

U (Table 8)9] 249 ato] et 47A4S AZ17] It 27k 2nhs Lhehck
S ATE A8eIATI0h 2olelAm B4A0) ol £AE U o]o] o)A

(Table 8)e42] 241419} QXY =, AGelAT EHA7H EoHISE gapate]

NRSASE GO H O ZTI: HhA o]o)e] BlAARE GO R OR ARSI, 29

Sh, BRATo) A9 Blas E0] S710] utel Sl that ¥HgALe] Kol
= gojx 0= kgt Ui o]olo] thah ¥HgA0] Xjoliz )20l glgjet. olel 2
o A3 shHshe chewt Uk, eApt folo) el T BheAS: Aolo] S0l
Z oA (Table 8)0lA2] B4lduor thit Aol Algl, o1o)o] Afeja] 7Heeiy 2
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Abstract

This study examines whether value relevance of insurance accounting
information differs according to risk characteristics of insurance companies.
The analysis results are as follows.

First, the higher insurance or operating risk proportion, the lower overall
value relevance of accounting information, while the higher interest rate or
credit risk proportion, the higher overall value relevance of accounting
information.

Second, the higher insurance or operating risk proportion, the higher
relative value relevance of net income, while the higher credit risk proportion,
the lower relative value relevance of net income.

This study contributes to the literature on insurance accounting information
quality by exploring conditions affecting overall and relative value relevance

of insurance accounting information.

% Key words: Risk Characteristics, RBC System, Required Capital, Value

Relevance
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Aoz QRMAYZA Bl 4] ATl AAem ol 2ok #2752 49} 1}
749] A DAY Eit obzh o 27, 71972, MY Sl Bolshe Aoz dHA Sl
RieF, Aoprt FAlsl] A= AA] SRt -2 44| of2] 71sol EAH S = U

TGS AEche dIEAQ] Aee AokeAS DI} A o= AJof Hute] 4
A sk Tl ARoln}. 20209 A3 of=f ol AY2ATE dmEd X299
A FHLF (QgAgho] 1,6278F B(31.4%) 2% 7P o, ‘oA (FA]) 6137t
(11.8%), A= 3 TEFARA] Q] DL (R+9) 3897 H(7.5%)2] =l A, E2L A
i ol A AuEE, 194 ofsollAl= “X|oke-4]'(26.3%), ‘*Iote] e 9 &
7ol (20.0%), 20~50H= ‘22 H AFELF (35.0%), A°RAT(9.1%), 60 oV
A2 HAFEL (36.1%), A R ZHFARA] 2] AL (10.1%)°11EY

T73EERE Z|o} |0 fHA] ok oot ofEt AEFH AR QIg XA
Tashs FE W S 4ES, B, L8, ST &2 WdER] o3 Ao

= A5l |27 171A] A Aol 24 sk g &

TR, S RHdA 0|1 s B0 Qs AFmdls & A=Hol

ohe HlFo] JaL wid F29] S7Ivke A0l k. AAl, 201749 71 1909 Bt &

AaB|(R )= 699 9, A3} F AgHl= 5290 Holo A& H]= 20115 E
20169717] oF 49%7t 5715 ATHA| 2] =g 72 2020).

2, AdEY A Iz Aed=e]of ik 2Rl EE Wolk|al 3len 2019

| 7|1& AR BAE AnEY, A BAES 64.2%<1H] Hls ATHldS 36.9%,
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gl W= (Loesche 1986), XWAlFEr W Alde] thAEE]] 24 59 5714 B4
of o] ool WA} AJobdo] E3lEl= IPo g Xofg w7, Aol Tt
QA B, e 53 5= Q| RIHsH Ayt

2) AFEek2 XjolxrHe) A= XHAlFE ol gt &59] ¥kgol QJsf X2 &t
ALES, A5 B4 9 Aokg Aok A &3} ARAFe AF2AS wsto] A
of g ftke WY AFA AToR ARIoN Xotg Aske FE Yot
(Schatzle et al. 2004).

3) AEFAAE7R BREAR(202]), AR AX T oA 9 ey e] EAET.
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T4y HASPH dEelm iy TilE S8 7HE 2ol SA1E 44 A&
B35S wfolal Q= BESAE 2022 19 EA AEAL 53, EHAF 15320 B3t
FBOoE AHRte] AE 9150] 22 H L ko) B Eejo] sidshes AEw iy
o] FA% &3 Aol 78kl HASAES M= SAIAZIKIERS 17) =4
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EIE o83t Huet AATAE Sl 7S] BASHA] e A ATk AHSE
N e 712450 7HRIHE SHE S48 itk 28y 352lR HlolE Als Al
MIFE 2 98 522 BASAE2 s 7iE<S 913t vlol ghEof de< 4

4) FNAZREY] Hex1E(2020), “20199% AZE IS} AgH] A RAY.
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7) A&7A(2018. 3. 5), Aoty A BB olf=", 7IAF HaL
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olefat TN H AT FUALR B AgIHe FUAY FEE2.0DB ¥
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SHE e HoA} wel5He] ofgiFo] AT 4= Atk Wb dF 9 g Fdew
T35t disee] 2o ofet 7H] NS Fgste] EEohd AEEARE A8
Zlo] x|},

TP Ao 7|2 A= TARE SN th=A Uehdt) wief, ]
SAY Hr} AANRY E4do] A - HsAe] Eajdi(@)o] SIske HEaa
7 AR AAe 71 &4d 2] Alolof| it 554 02 THdRet HsAL 7 A
5 W] jgt el et EE ool 5 4 9tk

W, UL 7192 A SIS ol HERE M ek gor oz g
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A A1) SR ol ol Hla) Rojshe BRI vAThL Azksiel 7115 e
B Zlolc, Q4Ee gt ool 14X T el T BRlolAE A5E H 9)
tHA g ol 85+ 2013; Akerlof 1970; Rothschild and Stiglitz 1976; Einav and
Finkelstein 2011).

Theo 2 g4 ol AR vt o= QI B 7Rt B ofsiuART A ®
© w02 49| NS toHA Sk FAE Teith dEomH YoM =Y 3



F0ZiZEE UEOES BB A0 28 ASa0 2ot o X0lAE, Apuss syoz [PE]

O|F AR} A2 SHHA FHEstal Qi

ARA Y4 sfol= mEY AP QR H TS B3 o H] BAO R Q5 o7
B v71QJRe) Hs 2FAA] & AP k= FHUE rletHArrow 1963). W,
AR =EA sfol= HE7IAPE BA7IIE B9l FEtke AE omAH|A 7HAo]
SteRto & Qlsf| o= AHIA o]8-& S FNE T &, Tl A7PHIIA Y=
A2 7H Wslo] W AH]R} 429 9] Higo]tPauly 1968; Cutler and Zeckhauser
2000). o]=gt oJu]oflA A2 =Y 4 sfol= AR sl et D52 F-8ol2tal &
4 tHEinav and Finkelstein 2018). A&0]2H 0] ARSH TH ] sfjol= 71QZ1<]
A PRI of 2} Q=70 HlFo] ol thet YRR HRlo] qlrh. A&
FEHIO AA =4 §fo]9] Ak HDALY] &S| 5ol o3t HYE Y=
olojtt. A= A 497K2017~2020%) Ao H Ao Helges A ¥t 13.4% 5
7¥stl o HISAE RS siaxstr] ffsiale 1087 A Bt 19.3%2] HARE VS
o] YRFH 0= UEylth8) A=, A TE4 dfo]& Qg Hw QU 7|E A
St 714Ae] oyt I A71F o' A oAk KT Role ASHAIA AAEE
G A 4= QU oA " =Y 4] sfio|et JATEe AR Bl o] ofgt dAolH
SN oLt AT AT EARIT.

Z1 g0l Ao g S aAE Wl W o7 7|e U] mhE X|&H] F7HE QIet &
e S7F 7R 9 SASHAITHEANR - 78/93] 2018) dEQ]mH o] A&7k e
QM= 2EA 07 MR S4art BR3I)

A&0g WO g |AS 5 HRto g B 7Ol 21535} F= AlEs) 2go] F
A5k o] AES| A7 = olgie (0]t o4 2016; oA 9] 2017 AL -7
/93] 2018). A& HE 53} B AlRRIE 913 5414 32 thsit
] A& g WY gl ©7] B4R 159 &R AEde Ao, 7 d
2 &85 4 I BFL AuISEAE B F(Generalized Linear Model; GLM)°]c}.

kAo % GLMZ o83t Heli APgoll= AP 14 9 Aokid 891(Factors)

8) AYH(Q2021. 12. 15), “MeRFm, ol 193%% €A @god Hz.d FAW
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AP o, f2 4 (2,29 2o Wt B4 ;= Blyle,) (94 A 245 3
D] 2R EEE,

gl

log(u;) = =B, 2.2

o7 B (k+1)x 1 B4 9IES UehfaL, ki eise] Solch

S7ol= ThitE(over-dispersion)@/do] AT oj2f3t AL S ZH= Hlo]E|d]
Fols ERE A&, RolSIARFS 2Y AT F840] DolXA HrHGumu
1991; H3]5-QF87 2012). whebA] ofefgt RolSH L o] IfALZE RS sfl4sr] 913t
2§07 ol HE(negative binomial distribution)& AR&-51A Hct.

SO = HLORSRREL} o] ()2 Aok A= FEHSY IR oA
(hetero-skedasticity)S o1-8dk= AR HojE|u g iz} HAsh= 49 AF
| 5= = A o] Hrt SolFEE= A9 i jiA JiA|Q] WA 4ol Tt B

AR A (2.3)3 o] #dE 4 3lth

Ey | ) = p;, Var(y,) = p, + Dy, (2.3)

=
A

A7) A1 (2.3)9] i A A 2] 2 7320 et SolRHEALY] AL

o

AmE
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rJ
i

DSOS HolSRER SsH et

SOIFRARF JA| REH7E g2 HE e 20l
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i
g

2E51, AdgelE4

=
-

d

10) o714 7= GIMZEolA 4% AERSZIo = (Table 4), (Table 6, (Table 8),
(Table 10)°llA vepdtt.
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z; B2 4] (2.4)9F Zo] 235 F3f Ado] Hrt.
log (i) =z, B (2.4)

oA71A f (k+1) <1 H5= HES L]

R
l‘l r
e
oH,
e
jg
3
O

r
J

Wb £ G AR BEIKI0] sk XobeA) B XEAehE 31 9 HAXE
%0 2991 4749) WhgMZol thol @) HBAES] AGIT U A, A, A
AL 3714 APSet 2 TA(offse)}S BT ZOIFATARFL olg3le] BA
S g,

¢
F

(Table 1)& 7|& 87|22 #83t 9HzIAel ZuziA Hcto] Ad gy Bys
UERd Bo|oh RRATAL] vl A BATVS L9 oF 27.4%E AFAISHAL . EA
O] A HlE2 A3 oF 30%, o199 FHEAIA Hle2 A2 oF 26% &
ofc}. ERF, FEATA W A vl E/d 52%, o1 48%%1 W, TR A Fd U]
A HIS2 H4 48%, 9443 52%°]tt.
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(Table 1) Distribution by gender and age of diseased A and disease-free A in
basis year 2007(unit: person, %)

. diseased A disease—free A
variable ; ;
number ratio number ratio
male 81,077 51.8 198,536 48.0
gender
female 75,465 48.2 215,296 52.0
30~34 16,362 10.5 63,715 15.4
35~39 18,472 11.8 74,182 17.9
40~44 19,146 12.2 66,435 16.1
45~49 22,866 14.6 63,637 15.4
50~54 22,165 14.2 48,799 11.8
e 55~59 17,265 11.0 31,239 75
60~64 14,691 9.4 23,907 5.8
65~69 13,041 8.3 20,493 5.0
70~74 8,529 5.4 14,001 3.4
75~79 4,005 2.6 7,424 1.8
total 156,542 27.4 413,832 72.6
AGiE A FHEAIAS] HIEo] 7HE &2 AZdl= 65~69AI(38.9%).

60~64Al(38.1%), 70~74A1(37.9%), 55~59A1(35.6%)2] =L & UEtydtt. W, FH4t
A A W vlsE AHEE, 45~4941(14.6%), 50~54A41(14.2%), 40~44A1(12.2%),

35~39A1(11.8%), 30~34A1(10.5%)2] <=2 & e} GOAl

A HA9] 74.3%= A5kl QlTt

(Table 2)= ¢l EF7lE= 248

AR §

HABO] vl &2
At FHEABE AE 7SR AnHEE &
FHEALA o4 ] 50.8%

= 13.5%%

Zegzolct

ATz A SuABE £
40~44A, 45~49A, 50~544] AFH
1H

51%2 T2 Aol Hlsh A4 Uebdt

ZFA tiH] 43~51%
SHAB 2H7]

ufRke] A i7E A

el

Szow Ui =3,

o as
#2183

=



[ 130 [EREEECRHR

(Table 2) Distribution by gender and age of diseased B and disease-free B in
basis year 2007(unit: person, %)

. diseased B disease—free B
variable . -
number ratio number ratio
male 38,559 50.1 241,054 48.0
gender female 38.333 49.9 252,428 52.0
30~34 7,682 10.0 72,395 14.7
35~39 8,976 11.7 83,678 17.0
40~44 9,695 12.6 75,886 15.4
45~49 11,738 15.3 74,765 15.2
age 50~54 11,206 14.6 59,758 12.1
55~59 8,513 11.1 39,991 8.1
60~64 7,150 9.3 31,448 6.4
65~69 6,179 8.0 27,355 5.5
70~74 4,021 5.2 18,509 3.8
75~79 1,732 2.3 9,697 2.0
total 76,892 13.5 493,482 86.5
B 7o) IHE BA gARRs 20079 712 570,37490] 2015874 A7t

et vl 9ol k=5% F 5,133,306 94 2,516,5177(49.0%), °14d
2,616,8497(51.0%)°11, 8/ AGdE /7171 e HEof tiet E3= (Table
3> 2.

(Table 3) Sample characteristics of subjects exposed to risk each year from
2007 to 2015(unit: person, %)

ae number ratio disease- diseased | disease- | diseased
free A A free B B

30~34 119,338 4.7 96,337 23,001 107,948 | 11,390
35~39 337,288 13.4 272,372 64,916 305,854 | 31,434
40~44 410,821 16.3 326,942 83,879 370,359 | 40,462
45~49 394,865 15.7 298,554 96,311 348,368 | 46,497
50~54 370,620 14.7 260,011 | 110,609 318,020 | 52,600
male 55~59 294,339 11.7 190,399 | 103,940 245,447 | 48,892
60~64 210,797 8.4 126,445 84,352 171,400 | 39,397
65~69 159,752 6.3 91,261 68,491 127,824 | 31,928
70~74 118,646 4.7 67,035 51,611 94,337 | 24,309
75~79 100,051 4.0 57,468 42,583 79,929 | 20,122
sum 2,516,517 49.0 1,786,824 | 729,693 | 2,169,486 | 347,031
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30~34 115,299 4.4 89,740 | 25,559 103,766 | 11,533
35~39 324,902 | 124 256,256 | 68,646 292,854 | 32,048
40~44 395,712 | 15.1 313,530 | 82,182 354,600 | 41,112
45~49 382,489 | 14.6 298,064 | 84,425 337,492 | 44,997
50~54 366,650 | 14.0 276,158 | 90,492 316,765 | 49,885
female | 55~59 302,145 11.5 217,508 | 84,637 255,997 | 46,148
60~64 223,028 8.5 152,507 70,521 185,961 | 37,067
65~69 182,097 7.0 120,168 | 61,929 150,938 | 31,159
70~74 154,814 5.9 100,632 54,182 128,973 | 25,841
75~79 169,713 6.5 113,101 56,612 144,506 | 25,207

sum 2,616,849 | 51.0 | 1,937,664 | 679,185 (2,271,852 | 344,997
total 5,133,366 | 100.0 | 3,724,488 | 1,408,878 |4,441,338 | 692,028

2.

HI

Al &dt

QoA et dlojE U EARYE upEko 2 200741~2015HE AF7I7i0] s}
= 7] WS HL(RlokAl0] et BHA R 714, Agio] et $1A = 74, Ao}
S0 gt BAR 7 A%, AFETo] et wAAR Ao] et BAANE AL
A gt

Sl et SHAE D47t 7P Bor 2o R A, A, FHAAY A
HIAE. FHEAB] Xoke-Ae] ot SAAE A= FHEATA H] exp(0.2547)=1.2900
o =) LRERLE RBATA iE] §EAIBY] oS il 1.2009 & & Sl 2,
FHEABY] 7-F-= A thH] exp(0.0026)=1.00268] | LHERAT.
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(Table 4) The result of model fitted the number of filling treatments for dental caries

variable df estimate s.e. P-value LR X2 P-value
intercept 1 -1.1908 0.0336 <.0001 | 1254.75 |<0.0001
female 1 -0.0024 0.0183 0.8973
gender 0.02 | 0.8971
male 0 0.0000 0.0000 0.0000
30~34 1 -0.2869 0.0410 <.0001
35~39 1 -0.3500 0.0408 <.0001
40~44 1 -0.2917 0.0408 <.0001
45~49 1 -0.1730 0.0408 <.0001
age 50~54 1 -0.0395 0.0408 0.3284 15488 | €0.0001
55~59 1 0.0496 0.0408 0.2257
60~64 1 0.1438 0.0408 0.0004
65~69 1 0.2106 0.0408 <.0001
70~74 1 0.1945 0.0408 <.0001
75~79 0 0.0000 0.0000
dfif::ﬁ' 1| -0.6056 | 00258 | <0001
p;j_gz;fgv d;siesa;sesci_A 1 -0.2547 0.0258 <.0001 19251 | 0.0001
e 1 -0.6030 | 0.0258 |  <.0001
diseased B 0 0.0000 0.0000
dispersion(7) 1 0.0066 0.0010
Deviance 80.01 (df=66)
Deviance/df 1.2123
Pearson X’ 79.35
Full Log Likelihood -696.88
AIC 1423.76

AP X|oke-2]o] tigt FHA R ALE B, o] 352 Xoke-Alof gt &
A= Ap7E F7F6ks S Holu, 754 ol Aol Aask= A& ekt
o}, ZJoRe-Alof| thet SR & A7t 7P 2 ARG 65~69A4= 7P R A
35~39A] thH] exp(0.5606)=1.7517H) =Skct.
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(Table 5) Predicted value and relative risk of the number of filling treatments
for dental caries

incidence incidence | diseased incidence | incidence disease-
rate of . ) rate of rate of |free relative
gender age . rate of |relative risk]| . . .
diseased diseased B B/A) disease—fre| disease— risk
A e A free B (B/A)
30~34 0.177 0.228 0.1244 0.1247
35~39 0.166 0.214 0.1168 0.1171
40~44 0.176 0.227 0.1238 0.1241
45~49 0.198 0.255 0.1394 0.1397
| 50~54 0.226 0.292 0.1593 0.1597
male
55~59 0.247 0.319 0.1741 0.1746
60~64 0.272 0.351 0.1913 0.1918
65~69 0.291 0.375 0.2045 0.2051
70~74 0.286 0.369 0.2013 0.2018
75~79 0.235 0.304 1.2500 0.1657 0.1662 L0026
30~34 | 0.177 0.228 ’ 0.1244 0.1247 '
35~39 0.166 0.214 0.1168 0.1171
40~44 0.176 0.227 0.1238 0.1241
45~49 0.198 0.255 0.1394 0.1397
; | 50~54 0.226 0.292 0.1593 0.1597
M 5559 | 0247 | 0319 0.1741 | 0.1746
60~64 0.272 0.351 0.1913 0.1918
65~69 0.291 0.375 0.2045 0.2051
70~74 0.286 0.369 0.2013 0.2018
75~79 0.235 0.304 0.1657 0.1662

(Table 5)= SolFT]ALFS o83t FEAAL} FHABY] ASH X|oke-Alo] gt
A g A5 WEHIEE YeRd 3o, FEAFA tiH] KRB X|ok-4] SR
A5 A = B SU5HA 1.29000], FHEAHA tu] FABY] 2|oke-4A] S
A& AL AR EE B FU5H] 1.0026°2 2o|F3]ARF ] ]FAGolA &
2 AP SO A et dA|gich
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. 23] g $494%
(Table 6)> X729 Hiet S = o] ik SO ARY 23 23 A,
A, AP B 2] gigh Sdxzdeo] mhe Foldt 9L miAle A
ik

o2 ettt ol5 wid 5 AbElto] g SOJRt 9% sl heow
Y, 4 08 et

(Table 6) The result of model fitted the number of filling treatments for
periodontal disease

variable df | estimate s.e. P-value LR X2 P-value
intercept 1 -3.5560 | 0.0353 <.0001
female 1 -0.0932 | 0.0187 <.0001
gender male 0 | 0.0000| 0.0000 | 2084 |<0.0001
30~34 1 -1.1078 0.0465 <.0001
35~39 1 -0.4866 0.0424 <.0001
40~44 1 -0.1598 0.0418 <.0001
45~49 1 0.1086 0.0416 0.0091
50~54 1 0.3143 0.0415 <.0001
age 55~59 1| 04619 | 0.0415 | <0001 | 259-20 | <0.0001
60~64 1 0.4726 0.0416 <.0001
65~69 1 0.3768 0.0418 <.0001
70~74 1 0.1830 0.0422 <.0001
75~79 0 0.0000 0.0000
disease- 1 |-03789 | 0.0268 | 0.0001
free A
prde—observ dids.eased_A 1 -0.1616 | 0.0272 <.0001 115.04 | <0.0001
ec group flsease 1 | -03740 | 0.0268 | <0001
ree B
diseased B 0 0.0000 0.0000
dispersion(7) 1 0.0063 | 0.0012
Deviance 87.67 (df=66)
Deviance/df 1.3284
Pearson Xz 87.97
Full Log Likelihood -526.91
AIC 1083.82

(Table 6)2] ARITFEF T Hieh 2P xE AW EY, FHAB7F B4 o= AF4
ol gk A= A7t 7P o o2 AN, FRAIB, FEAMAL £AR Y
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ERtT RO Al5Ego] iRt SR 2= A HiF] exp(0.1616)=1.1753
Hl] ot FEATA T -FHEABY] & A == 1.1753%2 & 5= Qlet ERL 7Rt
B FHAIA thH] exp(0.0049)=1.00494) =2}t
o AtaE HY, dYo] £25 AR A9t S0k @d= Hold,

50~70419] A& 2357t eF Agio] wlsf ul->- @ow, 70A] ol dellM= F43] A4st
© A= Hu A gigt SAX R A4 7P 2 60~644= 7HE R
30~34A) tim] X5l et SHARE A7} exp(1.5804)=4.85694] A YEFATY.

A Z2yE AEEYE, gAY XFde] fiRt $HAR Aee oAgdH|
exp(0.0932)=1.09774] = 43S Helrt

(Table 7) Predicted value and relative risk of the number of filling treatments
for periodontal disease

incidence| . . . incidence | incidence | disease—
incidence | diseased .
gender age rate e rate of [relative risk rate of r.ate o fes rela‘nve
diseased diseased B|  (8/A) disease— | disease— risk
A free A free B (B/A)

30~34 0.008 0.009 0.0065 0.0065

35~39 | 0.015 0.018 0.0120 0.0121

40~44 0.021 0.024 0.0167 0.0167

45~49 | 0.027 0.032 0.0218 0.0219
male 50~54 | 0.033 0.039 0.0268 0.0269

55~59 | 0.039 0.045 0.0310 0.0312

60~64 | 0.039 0.046 0.0314 0.0315

65~69 | 0.035 0.042 0.0285 0.0286

70~74 | 0.029 0.034 0.0235 0.0236

~ .024 .02 .01 .01

35~39 | 0.014 0.016 0.0109 0.0110

40~44 0.019 0.022 0.0152 0.0153

45~49 | 0.025 0.029 0.0199 0.0199

50~54 | 0.030 0.036 0.0244 0.0245
female 75559 0,035 | 0.041 0.0283 | 0.0284

60~64 | 0.036 0.042 0.0286 0.0287

65~69 | 0.032 0.038 0.0260 0.0261

70~74 0.027 0.031 0.0214 0.0215

75~79 | 0.022 0.026 0.0178 0.0179
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(Table 7)2 S°IF2HR TS o8t R AMAR} FHAB2| dlSH A2l Hiet

SRR g SR HER IolH, FEATA HiH] 782 BO] A|Sgho] diet
FAAE A5 JHIPEE L5 SLoHA 1.17537F ok FHAGA ofd] 382 Bo] X

93 AN T A% AAABEE B FL5H 1.0049% Lol ARFe) AL
oA B APATERIRE] A9 Est Ak

ot Zlok-Aof| T HAEA|E

(Table 8)2 o4l tigt HAXR 714 A3 919t o3 ALY Atolct.
/g, A, AT BT B XJoke-A] A7 4o wl-- {-of3t FIke wlAH,
o] Z Addo] 7 Rt G WMo, theo g ARTR G, g9 A= et
ek

(Table 8)9] JEHSFE AW HH, F/J9] X|oke-A]of| thet BAA] & A4 ooy
exp(0.2591)=1.29584] &2 AFE It

Ther0 2 AP O] -, AR HA 0= X|oke-Alof tigh HEA| R A
7F 7P gom thE o2 FHAA, FHAB, FHAIAS] AR Vel |HEABY Xlof
Q2o] gt HAXZ A5 A diH] exp(0.0233)=1.02364, FHAB2] X|oke-
Alof| tigt HAXFE Ags= FHAA tH] exp(0.0516)=1.05308 B2 Ao 2 Uelsith
A=, FEAA ] §37 BY Aoke-Alo] tigt BAX R A40] % s
1.0236%& & 4= Slch

(Table 9= SOIFTARFL o83t AL} FHAB, FHAet FHABY o5
H Zol-Alof izt HAX R ASE WAHEE UERd Holoh §HAA tiH] {54 B
9] ZJoke-Alof| gt HAEA| = A4 AR EE 25 SUsHA 1.02360] ot FHAA
] 52t BO] X|ok-Alof| thet HAA| R A4 AT E E3 B 5Y5HA 1.0532
2 ol 9] FAAGONA D APATI T AT ot LRzt
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(Table 8) The result of model fitted the number of prosthetic treatments for
dental caries

variable df estimate s.e. P-value LR x> | P-value
intercept 1 -2.8287 0.0229 <.0001
gender female 1 -0.2591 0.0121 <.0001 148.67 | <0.0001
male 0 0.0000 0.0000 .
30~34 1 -0.8814 0.0292 <.0001
35~39 1 -1.0617 0.0275 <.0001
40~44 1 -0.9263 0.0270 <.0001
45~49 1 -0.6848 0.0267 <.0001
50~54 1 -0.4812 0.0265 <.0001
age 308.61 | <0.0001
55~59 1 -0.3299 | 0.0265 <.0001
60~64 1 -0.1745 0.0266 <.0001
65~69 1 -0.0633 0.0267 0.0175
70~74 1 0.0082 0.0268 0.7584
75~79 0 0.0000 0.0000
dfi:eessg' 1| -02951 | 00177 | <0001
perg—;f;sgv d;s.esisae;(i_A 1 -0.0233 0.0179 0.0222 143.74 | <0.0001
P 1 -0.2435 | 0.0175 | <.0001
diseased B| 0 0.0000 0.0000
dispersion(7) 1 0.0024 0.0005
Deviance 86.65 (df=66)
Deviance/df 1.3128
Pearson X2 87.79
Full Log Likelihood -512.22
AIC 1054.44
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(Table 9) Predicted value and relative risk of the number of
prosthetic treatments for dental caries

incidence | . . . incidence | incidence el
rate of incidence diseased rate of ate of free
gender age . rate of | relative risk | | . relative
diseased | ,. disease— | disease— .
diseased B B/A) risk
A free A free B ®B/A
30~34 0.024 0.024 0.0182 0.0192
35~39 0.020 0.020 0.0152 0.0160
40~44 0.023 0.023 0.0174 0.0183
45~49 0.029 0.030 0.0222 0.0234
| 50~54 0.036 0.037 0.0272 0.0286
TEE 5550 | 0042 | 0.042 0.0316 | 00333
60~64 0.048 0.050 0.0369 0.0389
65~69 0.054 0.055 0.0413 0.0435
70~74 0.058 0.060 0.0444 0.0467
75~79 0.058 0.059 1.0236 0.0440 0.0463 1.0530
30~34 0.018 0.019 ' 0.0141 0.0148 '
35~39 0.015 0.016 0.0117 0.0124
40~44 0.018 0.018 0.0134 0.0142
45~49 0.022 0.023 0.0171 0.0180
i | 50~54 0.028 0.028 0.0210 0.0221
M 5559 [ 0.032 | 0.033 0.0244 | 0.0257
60~64 0.037 0.038 0.0285 0.0300
65~69 0.042 0.043 0.0319 0.0336
70~74 0.045 0.046 0.0342 0.0360
75~79 0.045 0.046 0.0339 0.0357

gt 215Fgo] digh HAA|E

(Table 10y X\F83i] ther BAXR A% 23 91k Solgsi7iny Aol
g, R, AT BE AT e BANE A%0] )9 RO FFS F
w, o] 5 o] 7Fg fofat Mol The 2 AT, Ao Uehgrt
(Table 10)9] 0|31 EY AgAo) uust dAo] X7ago] et B3
A2 A4 o] exp(0.4347)=1.54450) 2 HS RIIT). T APATHIA
T2 AR, SR XRAg] et REXE A47} 4 o theoz §
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AB, FHAB, FHEAAY] AR UERTh FHEABE FHEARA tiH] X5Agt] tigh B
A A&7 IYAFE exp(-0.0361)=0.964582 A== 0.964501 1 Zpolof of
St p-value=0.32582 U} BAIH 02 RolokA] ISttt Hhd, FHEABE FHAtA of
H] exp(0.0978) =1.10274} -2 A0 =2 Yelyitt,

APgpd XFAg] gt BAX R A4S B, dY0] 524E R YL |
et A5Egol| tigt RAXE 57 7P & 7541 o 7P W 30~344 o
H] 53 exp(1.4430)=4.23348] &A Uebgth

(Table 10) The result of model fitted the number of prosthetic treatments for
periodontal disease

variable df estimate s.e. P-value | LR XQ P-value
intercept 1 -1.6403 | 0.0484 {.0001
female 1 -0.4347 | 0.0260 <.0001
gender o 5 5.0000 | 0.0000 — 119.68 | <0.0001
30~34 1 -1.4430 0.0586 <.0001
35~39 1 -1.3784 0.0579 <.0001
40~44 1 -1.0219 0.0577 <.0001
45~49 1 -0.6290 0.0577 <.0001
50~54 1 -0.3773 0.0576 <.0001
age  [T55.59 1 202323 | 0.0576 | <0001 | 23784 | 00001
60~64 1 -0.1408 0.0576 0.0145
65~69 1 -0.0767 0.0576 0.1830
70~74 1 -0.0505 | 0.0576 0.3811
75~79 0 0.0000 0.0000 -
dflsease' 1 -0.3673 | 0.0367 | <.0001
ree A
pers—;)r)osirv d;s.eased_A 1 0.0361 | 0.0367 0.3258 92.07 | <0.0001
P e 1 -0.2695 | 0.0367 | <.0001
ree B
diseased B 0 0.0000 .0000 -
dispersion(7) 1 0.0131 | 0.0021
Deviance 80.95 (df=66)
Deviance/df 1.2265
Pearson X 84.53
Full Log Likelihood -650.61
AIC 1331.21
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(Table 11)2 SOlF3]ALBE o83t FHHAALt F8ABY] A5 Xoke-4fef o
3 BEA 7 255 WAHER Lehd ook FEAA tiE] 8RB Aokl High
BEAg A5 AA9dEs SAXNCE ROSHA= ANt (Table 1003 FUsH
0.9645% WeRth. F8AA dju] 78RR A|5de HdR| & 4] il Eet

R FUSH 1.10272 S1FBARG Y AN E2 ARIEEEEe] A
=9k ARl

(Table 11) Predicted value and relative risk of the number of prosthetic
treatments for periodontal disease

incidence | incidence disease=
incidence | incidence | diseased free
: . rate of rate of .
gender age rate of rate of [relative risk discase— | discase— relative
diseased A|diseased B| (B/A) risk
free A free B B/A)
30~34 0.047 0.046 0.0317 0.0350
35~39 0.051 0.049 0.0338 0.0373
40~44 0.072 0.070 0.0483 0.0533
45~49 0.107 0.103 0.0716 0.0790
1 50~54 0.138 0.133 0.0921 0.1016
ME€ 5559 | 0159 | 0.154 0.1065 | 0.1174
60~64 0.175 0.168 0.1167 0.1287
65~69 0.186 0.180 0.1244 0.1372
70~74 0.191 0.184 0.1277 0.1408
75~ 0.201 0.194 0.134 0.1481
79 2 0.9645 Bas 1.1027
30~34 0.031 0.030 0.0205 0.0227
35~39 0.033 0.032 0.0219 0.0242
40~44 0.047 0.045 0.0313 0.0345
45~49 0.069 0.067 0.0464 0.0511
50~54 0.089 0.086 0.0596 0.0658
female
55~59 0.103 0.100 0.0689 0.0760
60~64 0.113 0.109 0.0755 0.0833
65~69 0.121 0.116 0.0805 0.0888
70~74 0.124 0.119 0.0827 0.0912
75~79 0.130 0.126 0.0870 0.0959
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Abstract

The relative risks of disease-free groups with different periodontal disease
treatment observation periods - five years and one year before the base year -
with the National Health Insurance Cohort 2.0 DB for dental insurance that
covers periodontal caries and disease were calculated using GLM. It was shown
that the relative risk of the one-year disease-free group to the five-year
disease-free group were 1.0026 and 1.0049 for filling treatments for
periodontal caries and disease. However, the relative risk of prosthetic
treatments for periodontal caries and disease were 1.053 and 1.103, which
were higher than filling treatment cases. These results suggest that the
additional premium for prosthetic treatment will be higher than that for filling
treatment if the observation period for periodontal disease treatment shortens

from 5 years to 1 year and the eligible group for dental insurance expands.

% Key words: big data, dental insurance, generalized linear model, national

health insurance, relative risk






