
보험료를 결정하는 과정에서 성별과 같은 변수의 경우 구분 단위가 명확해 리스크를 

추정하는 단위의 설정이 필요 없으나, 연령 변수와 같은 연속형 변수의 경우 구분 

단위의 범위가 넓을 뿐만 아니라, 구분 단위를 결정하는 기준도 명확하지 않다. 1세 

단위로 세분화해 손해 수준을 추정하는 경우, 해당 연령에 포함되는 고객의 수가 

제한적이어서 추정된 리스크에 대한 신뢰성이 담보되기 어렵다. 또한 연령은 시간적 

흐름에 따라 자연적으로 증가하는 속성을 가진 변수로 구분 단위를 결정하는 데 있어 

순서의 개념이 고려되어야 하는 특징을 가지고 있다.

따라서, 본 논문에서는 연령 변수가 갖는 특징을 고려하여 이를 그룹화하는 효과적인 

방법을 제안한다. 기존에 활용되고 있는 다양한 방법과 함께 연령의 순서적 개념을 

고려하여 본 논문에서 새롭게 제안하는 ʻStopping Ruleʼ을 설명하고, 실제 데이터를 

이용해 각 방법을 비교, 분석하였다. 실증 자료 분석을 통해 본 논문이 제안하는 

Stopping Rule 방식의 적정성과 효율성을 증명한다.  

․ ․ 
․ ․

국문 색인어: 그룹화, 리스크, 연령, 자동차보험, Stopping Rule

한국연구재단 분류 연구분야 코드: B051605, B051608, C030805

* (mkim@hnu.kr), 

** (onlyki427@naver.com)

*** (gogators@cau.ac.kr), 

: 2016. 02. 01, : 2016. 09. 19, : 2017. 02. 13
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1. 연구 배경

2015 4 20,411,896

1). 2015 5 51,413,925

, 20 40,948,788 2). , 20

1 0.5 , 2 1

. 

. 2,000

, 

. , 

, 

. 

1 , 1

1 , , , 

. 

.

(insurance premium) (insurance benefit)

. (risk)

, (true cost) . 

. 

, 

1) (http://stat.molit.go.kr/portal/main/portalMain.do).

2) (http://www.moi.go.kr/frt/a01/frtMain.do).
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. 

. 

(pricing)

, .

, 

, 

. , 

(frequency) (severity)

. (1998)

, 

(2013) . 

, 

. 

, 

. 

. , 

. 

, 

. 

. Kim and 

Kim(2013)

. 
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, 

. 

, , , , 

, , 

.    

. 

1 . 

1 , 

. 

, 1

. 

(1997)

, ⋅ (2010)

. , 

, 

. 

, 

. 

.

2. Stopping Rule 제안 목적

, 
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. 

, 

.

. 

(clustering) 

, 

. 

. 

. 

, 

‘Stopping Rule’ . 

. , 

, 

. 

, 

. 

, 

.
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3. 논문의 구성

. 

. 

‘Stopping Rule’ , 

, 

.   

II , III

6

, 

. 

, IV III

, , . 

. (spline) 

(smoothing spline)

. ·

(2010) .
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1. 회귀모형의 분류

, 

. 

. 

, , 

. 

. 

GLM(Generalized Linear 

Model) , Jorgensen(1994), 

Murphy(2000) , ‧ (2009)

. ‧ (2008) DGLM(Double Generalized 

Linear Model) . 

, 

, . 

(smoothing spline) , 

(Sobolev space)

. 3

(1998) , Vickor(2008) 

.

, 

, 

, 

. 

.
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2. 평활모수(smoothing parameter)의 추정방식

. , 

(smooth) 

. 2 , 

.

(1)       :  

(2) 




 ″   :  

. (1)

(2) . (2)

(1)

. (1) (2)      

. , 

      

.

 
 



  
  





 ″ 

 


.

  
 



  
  





 ″ 

 . 

  
arg min
∈   



  
  





 ″ 

 (smoothing 

parameter) , 
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.  2

.  (Cross Validation: 

CV) (Generalized Cross Validation: GCV) 

CV GCV  .

, 

. 1

, 

. 

. 

, 

.

, 

(risk)

. , 

, . 

, , 

.  

1. 고객 데이터의 구성

, 

45,466 , 

. 
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One Year Unit Classification
Group Age Population Sample

20 20 100% 42

23

21 33.229% 124

22 33.918% 126

Certain Company Criteria 23 32.853% 122

Classification Sample (%)
25

24 50.347% 343

~ 20 42 (0.09) 25 49.653% 338

21 ~ 23 372 (0.82)

29

26 24.783% 811

24 ~ 25 681 (1.50) 27 24.461% 801

26 ~ 29 3,274 (7.20) 28 24.876% 815

30 ~ 32 2,843 (6.25) 29 25.879% 847

33 ~ 42 2,662 (5.85) ⦙ ⦙ ⦙ ⦙
43 ~ 47 7,343 (16.15)

73

68 16.840% 166

48 ~ 52 7,414 (16.31) 69 15.026% 148

53 ~56 4,260 (9.37) 70 16.025% 158

54 ~ 60 2,741 (6.03) 71 16.100% 159

61 ~ 67 2,693 (5.92) 72 19.791% 195

68 ~ 73 986 (2.17) 73 16.218% 160

74 ~ 349 (0.77)

99

74 10.627% 37

Total 45,466 (100) ⦙ ⦙ ⦙
88 1.812% 6

89 1.532% 5

⦙ ⦙ ⦙
99 0.099% 0

<Table 2> Result of Data Adjustment

Classification Age

20 Below 20

23 Over 20 ~ Below 23

25 Over 23 ~ Below 25

⦙ ⦙
73 Over67 ~ Below 73

99 Over73

<Table 1> Age Grouping Criteria of Certain Insurance Company

, 

, 

, <Table 1> .
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Grouping Method

Ideal

(True)
Current Basic Proportion

Moving

Average

Smoothing

Spline

Stopping 

Rule

One

Year

Unit

Certain 

Company

5 Year

10 Year

Unit

Under 5%

Under 10%

Unit

3, 4

Window

 





 

  

  

  

   

<Figure 1> Method of Age Grouping

<Table 1> , 1

. , <Table 1>

, <Table 2> .

<Table 2> 74 99

, 1 , 

20 73 .

2. 연령 그룹핑 방법

. 7

.

1 . 

, 5 10
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. 

5% , 10% . 

, (window) 3 , 4

. (smoothing spline)

 . ‘Stopping Rule’

. , 

.

3. 이상적인 기준의 연령 그룹핑 

1 . 

, 

, 1

.



1 ()

(1) , <Table 3> .   

, 

. ,     

1 ,     

1 , 1

.

 





      (1)
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(true cost)

. 

,  , 

  .

Age  Age  Age  Age 

20 0.63058 40 0.93898 60 0.99478 80 0.88626 

21 1.20288 41 0.96740 61 0.86493 81 4.24561 

22 1.17785 42 1.04753 62 0.94186 82 0.62163 

23 1.48116 43 0.95680 63 1.22720 83 0.95114 

24 1.07216 44 0.98545 64 1.17493 84 0.87953 

25 1.12568 45 0.95094 65 1.05880 85 1.01434 

26 1.14753 46 1.02223 66 1.00092 86 0.76949 

27 0.87603 47 0.98068 67 0.95586 87 1.27244 

28 1.10115 48 0.99283 68 1.00938 88 0.75030 

29 0.96554 49 1.01729 69 1.28883 89 0.48007 

30 0.97491 50 0.94826 70 1.19702 90 0.53227 

31 0.90977 51 0.97950 71 1.18056 91 0.52936 

32 0.94542 52 0.98816 72 1.07501 92 0.47004 

33 1.08494 53 0.92239 73 0.79335 93 1.11625 

34 0.93051 54 1.03016 74 1.13653 94 0.31932 

35 0.95581 55 0.97549 75 0.87011 95 0.66077 

36 0.97235 56 1.06937 76 1.15869 96 0.54912 

37 0.98467 57 1.07682 77 1.07034 97 3.55762 

38 1.01255 58 1.01500 78 0.80970 98 0.00000 

39 0.98762 59 1.13293 79 1.15485 99 0.00000 

<Table 3> Relativity() of One Year Unit  
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(1) 연령 구간 세분화 측도의 오차 수준 지수

()

 .  1

, 

. 

 .

  
 



  
                                (2)

(2)    

1 . 

     , , 

.

(2) 연령 변동 수준 반영 지수

. 

,  , 

. 

  
 





    


                                 (3)
    

, 

. 

, 

.



Stopping Rule을 이용한 자동차보험 위험집단 구분 및 적정 손해 수준 추정 17

4. 현업에서 활용하는 연령 그룹핑과 분석 결과

<Table 1> ,  

. 20~73 , 

15 , () <Table 4> .

Age  Age  Age 

20 0.63058 33~35 0.99067 48~52 0.98541 

21~23 1.28567 36~37 0.97874 53~56 0.99711 

24~25 1.09872 38~40 0.97817 57~60 1.05793 

26~29 1.02248 41~42 1.00749 61~67 1.02315 

30~32 0.94221 43~47 0.97913 68~73 1.08692 

Number of Group  

15 0.02950 0.05233 

<Table 4> Age Grouping and Relativity() of Certain Company Criteria

() (2) (3) , <Table 4>

.

5. 기본적인 방법을 이용한 연령 그룹핑과 분석 결과

5 10

. 

, . 

, 

, 

.

5 10

()  ,   <Table 5>, <Table 6> .
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Age  Age  Age 

20~24 1.15258 40~44 0.97827 60~64 1.02437

25~29 1.03214 45~49 0.99307 65~69 1.03542

30~34 0.97111 50~54 0.97363 70~73 1.06552

35~39 0.98346 55~59 1.04889

Number of Group  

11 0.07729 0.00244 

<Table 5> Age Grouping and Relativity() of 5 Year Unit

Age  Age  Age 

20~29 1.05301 40~49 0.9858 60~69 1.0287

30~39 0.97787 50~59 1.00236 70~73 1.05513

Number of Group  

6 0.16053 0.00141 

<Table 6> Age Grouping and Relativity() of 10 Year Unit

6. 비율을 이용한 연령 그룹핑과 분석 결과

5% 10%

. 

, 

, 

. .

≤ ×


                 

, , 2

. 5%

×   , 2,273
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Age Sample  Age Sample  Age Sample 

20~29 4,369 1.0530 40~42 4,084 0.9836 52~54 3,822 0.9813

30~33 3,963 0.9825 43~45 4,471 0.9643 55~59 4,144 1.0489

34~36 3,409 0.9533 46~48 4,321 0.9991 60~73 4,539 1.0455

37~39 3,855 0.9948 49~51 4,400 0.9820

Number of Group  

11 0.07773 0.00141 

<Table 8> Age Grouping and Relativity() of 10% Unit

Age Sample  Age Sample  Age Sample 

20~26 1,906 1.14566 40 1,422 0.93898 50 1480 0.94826 

27~28 1,616 0.98957 41 1,330 0.96740 51 1408 0.97950 

29~30 1,689 0.97021 42 1,332 1.04753 52 1565 0.98816 

31~32 2,001 0.92844 43  1,514 0.95680 53~54 2257 0.97653

33~34 2,236 1.00787 44 1474 0.98545 55~56 2003 1.0203

35 1,103 0.95581 45 1483 0.95094 57~59 2141 1.07563

36 1,190 0.97235 46 1488 1.02223 60~64 2195 1.02437

37 1,284 0.98467 47 1384 0.98068 65~73 2375 1.0421

38 1,262 1.01255 48 1449 0.99283 

39 1,309 0.98762 49 1512 1.01729 

Number of Group  

28 0.02657 0.00282 

<Table 7> Age Grouping and Relativity() of 5% Unit

10% 

4,546 .

, ()

<Table 7>, <Table 8> .

 

7. 이동평균법에 의한 연령 그룹핑과 분석 결과

. 
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Age  Age  Age  Age 

20 0.63058 32~34 0.98794 46~48 0.99906 60~62 0.94133 

20~21 1.05808 33~35 0.99067 47~49 0.99747 61~63 0.99442 

20~22 1.10976 34~36 0.95330 48~50 0.98631 62~64 1.09707 

21~23 1.28567 35~37 0.97167 49~51 0.98198 63~65 1.15178 

22~24 1.17912 36~38 0.99016 50~52 0.97216 64~66 1.07807 

23~25 1.15683 37~39 0.99480 51~53 0.96715 65~67 1.00520 

24~26 1.12526 38~40 0.97817 52~54 0.98130 66~68 0.98405 

25~27 1.03222 39~41 1.08771 53~55 0.97620 67~69 1.04127 

26~28 1.04235 40~42 0.98364 54~56 1.02386 68~70 0.79919 

27~29 0.98131 41~43 0.98911 55~57 1.03577 69~71 1.22061 

28~30 1.01283 42~44 0.99455 56~58 1.05624 70~72 1.14544 

29~31 0.94841 43~45 0.96430 57~59 1.07563 71~73 1.01998 

30~32 0.94221 44~46 0.98625 58~60 1.05076 72~73 0.94806 

31~33 0.98460 45~47 0.98475 59~61 1.01936 73 0.79335 

Number of Group  

56 0.01434 0.01351 

<Table 9> Age Grouping and Relativity() of 3 Windows

, 1 , 

, 

. <Table 9>, <Table 10>

() .
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Age  Age  Age  Age 

20 0.63058 32~35 0.97986 47~50 0.98497 62~65 1.08794 

20~21 1.05808 33~36 0.98586 48~51 0.98467 63~66 1.11351 

20~22 1.10976 34~37 0.96189 49~52 0.98360 64~67 1.04737 

20~23 1.21921 35~38 0.98233 50~53 0.96214 65~68 1.00575 

21~24 1.18324 36~39 0.98950 51~54 0.98081 66~69 1.02721 

22~25 1.15968 37~40 0.97976 52~55 0.98005 67~70 0.86772 

23~26 1.15216 38~41 0.97548 53~56 0.99711 68~71 0.89529 

24~27 1.03820 39~42 1.07685 54~57 1.03414 69~72 1.17759 

25~28 1.05254 40~43 0.97638 55~58 1.03166 70~73 1.06161 

26~29 1.02248 41~44 0.98816 56~59 1.07370 71~73 1.10180 

27~30 0.97968 42~45 0.98340 57~60 1.05793 72~73 1.15965 

28~31 0.98442 43~46 0.97877 58~61 1.01813 73 1.50904 

29~32 0.94756 44~47 0.98492 59~62 1.00284 

30~33 0.98254 45~48 0.98676 60~63 0.99454 

31~34 0.97036 46~49 1.00379 61~64 1.03551 

Number of Group  

57 0.02922 0.01066 

<Table 10> Age Grouping and Relativity() of 4 Windows

8. 평활 스플라인을 이용한 그룹핑과 분석 결과

2 (smoothing 

parameter) . 

, 

. , (CV) (GCV)

.

<Table 11>

, 

 .
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Smoothing 

Parameter()
Cross Validation

Smoothing 

Parameter()
Generalized

Cross Validation

0.1 2,488,4461,886 0.1 25,979,769,304

0.2 19,413,940,841 0.2 13,848,841,143

0.3 14,754,019,218 0.3 10,944,547,189

0.3732638 13,486,984,210 0.3976385 9,587,350,701

0.4 13,655,123,515 0.4 9,588,246,968

0.5 16,250,600,726 0.5  10,966,593,031

0.6 18,295,441,919 0.6 13,056,847,746

0.7 18,209,665,159 0.7  14,169,833,532

0.8 16,919,861,769 0.8 14,199,672,451

0.9 15,585,972,047 0.9 13,859,700,611

<Table 11> Cross Validation Values for Smoothing Parameters

Age  Age  Age  Age  Age 

20 0.71979 31 0.94629 42 0.99686 53 0.96608 64 1.14496

21 1.07137 32 0.97381 43 0.98541 54 0.98919 65 1.07821

22 1.26497 33 0.98896 44 0.97634 55 1.01318 66 1.00637

23 1.31451 34 0.98091 45 0.97874 56 1.04730 67 0.99294

24 1.21382 35 0.96404 46 0.98845 57 1.06636 68 1.07085

25 1.12835 36 0.97094 47 0.99658 58 1.06910 69 1.18883

26 1.06579 37 0.98646 48 0.99690 59 1.04344 70 1.22393

27 1.00624 38 0.99373 49 0.99201 60 0.99023 71 1.17523

28 1.00593 39 0.98096 50 0.97621 61 0.94318 72 1.03583

29 0.98627 40 0.96772 51 0.97092 62 1.00609 73 0.83165

30 0.95888 41 0.98010 52 0.96701 63 1.12228

Number of Group  

54 0.00368 0.00656 

<Table 12> Age Grouping and Relativity() of Cross Validation

<Table 11> 

() . , 

. <Table 12>, <Table 13>

. 

, .
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Age  Age  Age  Age  Age 
20 0.73914 31 0.95088 42 0.99328 53 0.96818 64 1.13144 

21 1.06140 32 0.97236 43 0.98517 54 0.98964 65 1.07643 

22 1.25070 33 0.98497 44 0.97801 55 1.01462 66 1.01491 

23 1.30276 34 0.97990 45 0.97998 56 1.04664 67 1.00615 

24 1.22050 35 0.96734 46 0.98838 57 1.06487 68 1.07715 

25 1.13547 36 0.97260 47 0.99571 58 1.06515 69 1.18117 

26 1.06828 37 0.98509 48 0.99616 59 1.03828 70 1.21564 

27 1.01138 38 0.99087 49 0.99095 60 0.99182 71 1.16791 

28 1.00216 39 0.98112 50 0.97708 61 0.95785 72 1.03367 

29 0.98310 40 0.97123 51 0.97066 62 1.01329 73 0.84161 

30 0.96024 41 0.98061 52 0.96687 63 1.10996 

Number of Group  
54 0.00418 0.00551 

<Table 13> Age Grouping and Relativity of Generalized Cross Validation

9. Stopping Rule 방식에 의한 그룹핑 방법

Stopping Rule

. Stopping Rule (4) .

±

×
≡ 

×
 

×
                               (4)

(4)   , 

. Stopping rule

, Stopping Rule

. , Stopping 

Rule . 

<Figure 2> .

<Table 14>~<Table 18> Stopping Rule

()  .
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 ±

×


 ∈ ±
×

  ∉ 
±

×




   

 
   

 ±

×


 ∈ ±
×



 ∈ ±
×

  ∉ 
±

×




   

   and
&   




 

  

⋮

⋮
 ±

× 



∈ ±
×



⋮

<Figure 2> Process of Stopping Rule
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Age  Age  Age 

20 0.63058 41 0.96740 58 1.01500 

21~22 1.19037  42 1.04753  59 1.13293  

23 1.48116 43 0.95680  60 0.99478  

24 1.07216  44 0.98545  61 0.86493  

25~26 1.13661  45 0.95094  62 0.94186  

27 0.87603 46 1.02223  63~64 1.20107  

28 1.10115  47~48 0.98675  65 1.05880 

29~30 0.97023  49 1.01729 66 1.00092  

31 0.90977 50 0.94826  67 0.95586  

32 0.94542  51~52 0.98383  68 1.00938  

33 1.08494  53 0.92239 69 1.28883  

34 0.93051  54 1.03016  70~71 1.18879  

35~36 0.96408  55 0.97549  72 1.07501 

37~39 0.99494 56 1.06937  73 0.79335  

40 0.93898  57 1.07682  

Number of Group  

44 0.00007 0.02917 

<Table 14> Age Grouping and Relativity() of   

Age  Age  Age 

20 0.63058 40 0.93898 56~57 1.07310 

21~22 1.19037  41 0.96740  58 1.01500  

23 1.48116 42 1.04753  59 1.13293  

24~25 1.09892  43 0.95680  60 0.99478  

26 1.14753 44 0.98545  61 0.86493  

27 0.87603  45 0.95094  62 0.94186  

28 1.10115  46 1.02223  63~64 1.20107  

29~30 0.97023  47~48 0.98675  65 1.05880 

31 0.90977 49 1.01729 66~68 0.98872  

32 0.94542  50 0.94826  69~70 1.24292 

33 1.08494  51~52 0.98383  71~72 1.12778  

34~35 0.94316  53 0.92239 73 0.79335 

36~37 0.97851 54 1.03016  

38~39 1.00008  55 0.97549  

Number of Group  

40 0.00040 0.03184 

<Table 15> Age Grouping and Relativity() of   
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Age  Age  Age 

20 0.63058 33 1.08494 62 0.94186 

21~22 1.19037  34~36 0.95289  63~64 1.20107  

23 1.48116 37~55 0.98363 65~66 1.02986 

24~26 1.11513  56~58 1.05373  67~68 0.98262  

27 0.87603 59 1.13293 69~71 1.22214 

28 1.10115  60 0.99478  72 1.07501  

29~32 0.94891  61 0.86493  73 0.79335  

Number of Group  
21 0.00196 0.05623 

<Table 16> Age Grouping and Relativity() of   

Age  Age  Age 

20 0.63058 33 1.08494 62 0.94186 

21~22 1.19037  34~37 0.96084  63~65 1.15364  

23 1.48116 38~52 0.98508 66~68 0.98872 

24~26 1.11513  53 0.92239  69~72 1.18535  

27 0.87603 54~58 1.03337  73 0.79335 

28 1.10115  59~60 0.99755 

29~32 0.94891  61 0.86493  

Number of Group  

19 0.00473 0.06144 

<Table 17> Age Grouping and Relativity() of   

Age  Age  Age 

20 0.63058 34~41 0.96874 63~65 1.15364 

21~26 1.20121  42~52 0.98815  66~68 0.98872  

27 0.87603 53 0.92239 69~72 1.18535 

28 1.10115  54~58 1.03337  73 0.79335  

29~32 0.94891  59~60 1.06386 

33 1.08494 61~62 0.90339  

Number of Group  

16 0.01202 0.06801 

<Table 18> Age Grouping and Relativity() of   
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Grouping Method
Number of 

Group
 

True Value One Year 54 - -

Company Current 15 0.02950 0.05233 

Basic
5 Year 11 0.07729 0.00244 

10 Year 6 0.16053 0.00141 

Proportion
5% 28 0.02657 0.00282 

10% 11 0.07773 0.00141 

Moving

Average

3 Windows 56 0.01434 0.01351 

4 Windows 57 0.02922 0.01066 

Smoothing

Spline

   54 0.00368 0.00656 

   54 0.00418 0.00551 

Stopping

rule

   44 0.00007 0.02917 

   40 0.00040 0.03184 

   21 0.00196 0.05623 

   19 0.00473 0.06144 

   16 0.01202 0.06801 

<Table 19> Number of Group and Relativity for Each method

<Table 

19> .

1 ()

() . 

, 

. 

.

,    , 
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