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Analysis of Repeated Motor Insurance Claim Count
Data Using a Generalized Estimating Equation

and a Generalized Linear Mixed Model

Uraiwan Jaroengeratikun and Lily Ingsrisawang*

ABSTRACT

The objective of this research was to build an impacted factor model for repeated
motor insurance claim count data. A Generalized Estimating Equation (GEE) and a Generalized
Linear Mixed Model (GLMM) were the methodologies used as the population average model
of the exposure unit group and as the subject specific model of the exposure unit, respectively.
In this study, the dependent variable with a Poisson distribution was the claim count of the
comprehensive motor insurance. The claim count data was from a motor insurance contract
and renewal its subsequent covering the policy years 2004 to 2007, which was provided by one
of non-life insurance companies in Thailand. The studied factor variables were usage of the car,
car group, engine size, age of the car, seat number, no-claims bonus value, and the premium.

The results of this study show that for GEE, the population average model of the
exposure unit group, the factors significantly related to motor insurance claim count at the 0.05
level consisted of the engine size of the car and the no-claims bonus value. For GLMM, the
subject specific model of the exposure unit, the engine size of the car and the specifics of each
individual risk were the fixed effect factor and the random effect factor, respectively, and were
significantly related to motor insurance claim count at the 0.05 level.

Keywords: claim count, Poisson distribution, Generalized Estimating Equation (GEE), General-
ized Linear Mixed Model (GLMM)
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∫∑π”
∏ÿ√°‘®ª√–°—π¿—¬ ‡ªìπ∏ÿ√°‘®∑’Ë„Àâ∫√‘°“√„π≈—°…≥–®—¥°“√§«“¡‡ ’Ë¬ß¿—¬∫π§«“¡‰¡à·πàπÕπ¢Õß

‡Àµÿ°“√≥åÕπ“§µ∑’Ë‡°‘¥¢÷Èπ„Àâ°—∫ºŸâ‡Õ“ª√–°—π¿—¬ °“√®—¥°“√§«“¡‡ ’Ë¬ß¿—¬∑’Ë√—∫ª√–°—π¿—¬∑’Ë¥’¡’ª√– ‘∑∏‘¿“æ
¬àÕ¡ àßº≈„Àâ∏ÿ√°‘®π—Èπ¡’∞“π–°“√‡ß‘π∑’Ë¡—Ëπ§ß‡ªìπ∑’Ë‡™◊ËÕ∂◊Õ¢Õß≈Ÿ°§â“ º≈‘µ¿—≥±åÀ√◊Õ —≠≠“ª√–°—π¿—¬¡’
2 ª√–‡¿∑µ“¡ ‘ËßÀ√◊Õ«—µ∂ÿ∑’Ë‡Õ“ª√–°—π¿—¬ (subject matter) ª√–°Õ∫¥â«¬ °“√ª√–°—π™’«‘µ ·≈–°“√
ª√–°—π«‘π“»¿—¬ ¥â«¬√Ÿª·∫∫‡©æ“–º≈‘µ¿—≥±å¢Õß°“√ª√–°—π«‘π“»¿—¬ ª°µ‘®–¡’√–¬–‡«≈“ —≠≠“ª√–°—π¿—¬
‡æ’¬ßÀπ÷Ëßªï ·≈–µàÕÕ“¬ÿ —≠≠“‡ªìπªïµàÕªï ∑”„Àâ°√–∑∫µàÕ°“√«“ß·ºπ°“√≈ß∑ÿπ¢Õß∫√‘…—∑∑’Ëπ” à«πÀπ÷Ëß
¢Õß‡∫’È¬ª√–°—π¿—¬π‘¬¡‰ª≈ß∑ÿπ°—∫·À≈àß∑ÿπ∑’Ë¡’ ¿“æ§≈àÕß´÷Ëß¬àÕ¡®–„Àâº≈µÕ∫·∑π§àÕπ¢â“ß‰¡à Ÿß‡¡◊ËÕ‡∑’¬∫
°—∫·À≈àß∑ÿπ∫“ß·À≈àß π—Ëπ°Áπ—∫«à“‡ªìπ°“√ Ÿ≠‡ ’¬‚Õ°“ ¢Õß°“√≈ß∑ÿπ¢Õß∫√‘…—∑ ‡π◊ËÕß¡“®“°§«“¡‰¡à
·πàπÕπ¢Õß∞“π≈Ÿ°§â“À√◊ÕºŸâ‡Õ“ª√–°—π¿—¬∑’Ë¬—ß§ßµàÕ —≠≠“§«“¡§ÿâ¡§√Õß°—∫∫√‘…—∑ ·≈–¥â«¬æƒµ‘°√√¡Àπà«¬
‡ ’Ë¬ß¿—¬ (exposure unit) µàÕ°“√‡°‘¥¡Ÿ≈§à“§«“¡‡ ’¬À“¬ (loss or claim severity) ·≈–§«“¡∂’Ë°“√
‡√’¬°√âÕß ‘π‰À¡∑¥·∑πÀ√◊Õ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π (claim frequency or claim count)
‚¥¬π—°§≥‘µ»“ µ√åª√–°—π¿—¬„π·µà≈–∫√‘…—∑ª√–°—π¿—¬§«√„Àâ§«“¡ ”§—≠»÷°…“«‘‡§√“–Àå¢âÕ¡Ÿ≈°“√·®°·®ß
§à“ ‘π‰À¡∑¥·∑π (claim amount) °“√·®°·®ß¢Õß®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π √«¡∂÷ßªí®®—¬
∑’Ë¡’Õ‘∑∏‘æ≈µàÕ¡Ÿ≈§à“ ‘π‰À¡∑¥·∑π·≈–®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π ®“°¢âÕ¡Ÿ≈„πÕ¥’µ∑’Ëºà“π¡“
¢Õß°≈ÿà¡ºŸâ‡Õ“ª√–°—π¿—¬∑’Ë¡’‡ ’Ë¬ß¿—¬‡À¡◊Õπ°—π ‡æ◊ËÕπ”¡“‡ªìπ “√ π‡∑» ”À√—∫°“√¥”‡π‘π°“√„π à«πµà“ßÊ
‡™àπ °“√®—¥®”·π°°≈ÿà¡‡ ’Ë¬ß¿—¬∑’Ë„™â„π°“√æ‘®“√≥“√—∫ª√–°—π¿—¬ (underwriting) °”Àπ¥‡∫’È¬ª√–°—π¿—¬
(premium pricing) °“√°”Àπ¥‡ß‘π ”√Õß ‘π‰À¡∑¥·∑π (loss reserve) ∑’Ë‡ªìπæ—π∏–Àπ’È ‘π¢Õß∫√‘…—∑
·≈–‡ß‘π ”√Õß‡∫’È¬ª√–°—π¿—¬ (premium reserve) „Àâ¡’§«“¡‡À¡“– ¡ °“√«“ß·ºπ°“√≈ß∑ÿπ °“√«“ß·ºπ
°“√ª√–°—π¿—¬µàÕ (reinsurance) ‡ªìπµâπ „π§«“¡ ”§—≠π’È Renshaw (1994) [1] ‰¥âª√–¬ÿ°µå«‘∏’µ—«·∫∫
‡™‘ß‡ âπ«“ßπ—¬∑—Ë«‰ª (Generalized Linear Model: GLM) °—∫°“√»÷°…“µ—«·∫∫°√–∫«π‡√’¬°√âÕß ‘π‰À¡
∑¥·∑π (claim process) ∑’Ëª√–°Õ∫¥â«¬∑—Èß®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π ·≈–¡Ÿ≈§à“§«“¡
‡ ’¬À“¬„π°“√ª√–°—π«‘π“»¿—¬∑’Ë√«¡ “√– ”§—≠¢Õßªí®®—¬∑’Ë‡ªìπÕ—µ√“ à«π (rating factor) ∑’Ë„Àâ‡ªìπµ—«·ª√
√à«¡ (covariate) ´÷Ëß≈—°…≥–°“√«‘‡§√“–Àåµ—«·∫∫‡™‘ß‡ âπ«“ßπ—¬∑—Ë«‰ª‡ªìπ«‘∏’°“√«‘‡§√“–Àåµ—«·∫∫§«“¡
 —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ßµ—«·ª√µ“¡ (dependent variable) À√◊Õµ—«·ª√µÕ∫ πÕß (response variable) °—∫
µ—«·ª√Õ‘ √– (independent variable) À√◊Õªí®®—¬ (factor) À√◊Õµ—«·ª√∑”π“¬ (predictor variable) À√◊Õ
∑’Ë‡√’¬°«à“µ—«·ª√√à«¡  ”À√—∫¢âÕ¡Ÿ≈∑’Ë‰¡à®”‡ªìπµâÕß‡ªìπ°“√·®°·®ß·∫∫ª°µ‘ (Non-Normal distribution)
·≈– Nelder ·≈– Verrall (1997) [2] ·≈– Ohlsson ·≈– Johansson (2004) [3] ª√–¬ÿ°µå‡∑§π‘§«‘∏’
GLM „π°“√ª√–¡“≥§à“ªí®®—¬§«“¡πà“‡™◊ËÕ∂◊Õ‰¥â (credibility factor) ‡æ◊ËÕ √â“ß Ÿµ√ ¡°“√§«“¡πà“‡™◊ËÕ∂◊Õ
‰¥â (credibility formula)  ”À√—∫„™âª√—∫ª√ÿß§à“‡∫’È¬ª√–°—π¿—¬ ´÷Ëß„π°“√«‘‡§√“–Àå»÷°…“¢âÕ¡Ÿ≈ à«π„À≠à
√«¡∑—Èß∑’Ë°≈à“«¢â“ßµâπ®– ¡¡µ‘„Àâ‡ªìπ¢âÕ¡Ÿ≈∑’Ë‡ªìπÕ‘ √–µàÕ°—π‚¥¬ “√ π‡∑»®“°º≈°“√«‘‡§√“–Àå®–æ‘®“√≥“
¿“æ√«¡„π°≈ÿà¡∑’Ë¡’§«“¡‡ ’Ë¬ß‡À¡◊Õπ°—π ·≈–®– ¡¡µ‘„Àâ≈—°…≥–æƒµ‘°√√¡°“√‡°‘¥‡Àµÿ‡À¡◊Õπ°—π Yau
·≈–§≥– (2003) [4] ª√–¬ÿ°µå«‘∏’µ—«·∫∫º ¡‡™‘ß‡ âπ«“ßπ—¬∑—Ë«‰ª (Generalized Linear Mixed Model:
GLMM) „π°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈®”π«π§«“¡∂’Ë¢Õß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¢âÕ¡Ÿ≈¡’°“√«—¥´È”
(repeated claim frequency) À√◊Õ¢âÕ¡Ÿ≈®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È” ¿“¬„µâ



SWU Sci. J. Vol. 27 No. 1 (2011)20

‡ß◊ËÕπ‰¢°”Àπ¥‡«°‡µÕ√å¢ÕßÕ‘∑∏‘æ≈ ÿà¡ (random effect) ∑’Ë¡’√Ÿª·∫∫‡™‘ß‡ âπ¢Õßµ—«·ª√∑”π“¬ (linear
predictor) ¿“¬„πµ—«·∫∫∑’Ë§”π÷ß∂÷ß§ÿ≥≈—°…≥–∑’Ë·µ°µà“ß‚¥¬∏√√¡™“µ‘¢Õß¢âÕ¡Ÿ≈ (inherent correlation)
·≈–· ¥ß¢âÕ‰¥â‡ª√’¬∫°“√ª√–¬ÿ°µå«‘∏’ GLMM ‡∑’¬∫°—∫«‘∏’ GLM „π¢âÕ¡Ÿ≈®”π«π§√—Èß°“√‡√’¬°√âÕß
 ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”∑’Ë„Àâ§«“¡ ”§—≠¢Õß§«“¡ —¡æ—π∏å À√◊Õ§«“¡º—π·ª√„π¢âÕ¡Ÿ≈∑’Ë‡°Á∫´È”¢Õß
·µà≈–ºŸâ‡Õ“ª√–°—π¿—¬À√◊ÕÀπà«¬‡ ’Ë¬ß¿—¬ æ∫«à“„π§«“¡º—π·ª√¢Õß¢âÕ¡Ÿ≈∑’Ë‡°Á∫´È”¡’§à“ Ÿß¢÷Èπ «‘∏’ GLMM
®–§àÕπ¢â“ß‡À¡“– ¡ (fit) °—∫¢âÕ¡Ÿ≈®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”‰¥â¥’°«à“«‘∏’ GLM
¥—ßπ—Èπ®÷ß§«√„Àâ§«“¡ ”§—≠¢Õß°“√‡≈◊Õ°«‘∏’∑’Ëπ”¡“ª√–¬ÿ°µå«‘‡§√“–ÀåµâÕß¡’§«“¡‡À¡“– ¡°—∫≈—°…≥–
∏√√¡™“µ‘¢Õß¢âÕ¡Ÿ≈

∫∑§«“¡«‘®—¬π’È‰¥âπ”‡ πÕ°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’≈—°…≥–
‡°Á∫¢âÕ¡Ÿ≈´È”À√◊Õ∑’Ë¡’°“√«—¥´È” (repeated data) ‡ªìπ√“¬ªï°√¡∏√√¡å (policy year) ÷́Ëß‰¥â®“°°“√µ‘¥µ“¡
‡°Á∫º≈¢âÕ¡Ÿ≈®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬„π°≈ÿà¡°“√ª√–°—π¿—¬√∂¬πµå¿“§
 ¡—§√„®„π√Ÿª·∫∫ª√–°—π¿—¬√∂¬πµå™—Èπ 1 ª√–‡¿∑√∂¬πµåπ—Ëß ∑—Ë«ª√–‡∑»∑’Ë´◊ÈÕ —≠≠“ª√–°—π¿—¬¢Õß∫√‘…—∑
ª√–°—π¿—¬·ÀàßÀπ÷Ëß„πª√–‡∑»‰∑¬∑’Ë‡√‘Ë¡µâπ —≠≠“µ—Èß·µàªï°√¡∏√√¡å æ.». 2547 ®π∂÷ßªï°√¡∏√√¡å æ.». 2550
√«¡‡ªìπ√–¬–‡«≈“ 4 ªï°√¡∏√√¡å ‚¥¬Àπà«¬‡ ’Ë¬ß¿—¬π’È¬—ßµàÕÕ“¬ÿ —≠≠“Õ¬à“ßµàÕ‡π◊ËÕß‡ªìπ√“¬ªï°√¡∏√√¡å
π—∫∂÷ßªï°√¡∏√√¡å æ.». 2551 ¡’∑—ÈßÀ¡¥ 137,888 √“¬ ·µà¡’®”π«π¢âÕ¡Ÿ≈∑’Ë ¡∫Ÿ√≥å∑—Èß ‘Èπ 331 √“¬
°“√«‘‡§√“–Àåπ’È‰¥â§”π÷ß∂÷ß≈—°…≥–§«“¡ —¡æ—π∏å„π¢âÕ¡Ÿ≈®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”
ª√–°Õ∫√à«¡°—∫°“√«‘‡§√“–Àåªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π ·≈–µ—«·∫∫
ª√–¡“≥§à“®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬  ”À√—∫¿“æ√«¡¢Õß°≈ÿà¡‡ ’Ë¬ß¿—¬„π°“√ª√–°—π¿—¬
√∂¬πµå ‚¥¬„™â«‘∏’ ¡°“√ª√–¡“≥§à“«“ßπ—¬∑—Ë«‰ª (Generalized Estimating Equation: GEE) ‡æ◊ËÕ‡ªìπ
ª√–‚¬™πå¥â“π “√ π‡∑» ”À√—∫ª√—∫ª√ÿß§à“‡∫’È¬ª√–°—π¿—¬„ÀâæÕ‡æ’¬ß‡À¡“– ¡ °“√«“ß·ºπ°“√ª√–°—π¿—¬µàÕ
°“√°”Àπ¥‡ß‘π ”√Õß ‘π‰À¡∑¥·∑π‰¥â‡À¡“– ¡‰¡à Ÿß‡°‘π‰ª®π· ¥ß∞“π–Àπ’È ‘π‡°‘π°«à“§«“¡‡ªìπ®√‘ß´÷Ëß
°àÕ„Àâ‡°‘¥°“√≈¥§«“¡‡™◊ËÕ¡—Ëπ„Àâ°—∫ºŸâ‡Õ“ª√–°—π¿—¬∑’Ë¡’µàÕ∫√‘…—∑ ‡ªìπµâπ πÕ°®“°π’È®–√«¡∂÷ß°“√«‘‡§√“–Àå
¢âÕ¡Ÿ≈®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”‚¥¬„™â«‘∏’ GLMM ‡æ◊ËÕ∑√“∫ªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë
(fixed effect) ªí®®—¬Õ‘∑∏‘æ≈ ÿà¡ (random effect) ∑’Ë· ¥ß≈—°…≥–§«“¡·µ°µà“ß‡©æ“–¢Õß·µà≈–Àπà«¬
‡ ’Ë¬ß¿—¬∑’Ëµà“ß®“°‚¥¬√«¡¢Õß°≈ÿà¡‡ ’Ë¬ß¿—¬∑’Ë°√–∑∫µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π ·≈–
«‘‡§√“–Àåµ—«·∫∫ª√–¡“≥§à“®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬„π
°“√ª√–°—π¿—¬√∂¬πµå ‡æ◊ËÕ®–‡ªìπª√–‚¬™πå„π à«π°“√æ‘®“√≥“√—∫ª√–°—π¿—¬ °“√°”Àπ¥‡∫’È¬ª√–°—π¿—¬„Àâ
¬ÿµ‘∏√√¡·≈– Õ¥§≈âÕß°—∫ ¿“æ§«“¡‡ ’Ë¬ß¿—¬¢Õß·µà≈–Àπà«¬‡ ’Ë¬ß¿—¬ °”Àπ¥°≈¬ÿ∑∏å°“√µ≈“¥‡æ◊ËÕ¬—ß§ß
∞“π≈Ÿ°§â“‡¥‘¡ ‡ªìπµâπ

«—µ∂ÿª√– ß§å
 √â“ßµ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π¢Õß°“√ª√–°—π¿—¬

√∂¬πµå∑’Ë¡’°“√«—¥´È”  ”À√—∫¿“æ√«¡¢Õß°≈ÿà¡‡ ’Ë¬ß¿—¬ ¥â«¬«‘∏’ ¡°“√ª√–¡“≥§à“«“ßπ—¬∑—Ë«‰ª (Generalized
Estimating Equation: GEE) ·≈– ”À√—∫Àπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬ ¥â«¬«‘∏’µ—«·∫∫º ¡‡™‘ß‡ âπ«“ßπ—¬∑—Ë«‰ª
(Generalized Linear Mixed Model: GLMM)
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¢âÕ¡Ÿ≈°“√ª√–°—π¿—¬√∂¬πµå

µ“√“ß∑’Ë 1 · ¥ß¢âÕ¡Ÿ≈æ◊Èπ∞“πª√–‡¿∑√∂¬πµåπ—Ëß¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬

 à«π¢Õß¢âÕ¡Ÿ≈∑’Ë‡ªìπ·∫∫°≈ÿà¡·≈–Õ—π¥—∫ √âÕ¬≈–¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬
1. ≈—°…≥–°“√„™âß“π

°“√„™â à«π∫ÿ§§≈ (√À—  110) 87.3
°“√„™â‡æ◊ËÕ°“√æ“≥‘™¬å (√À—  120) 12.7

2. °≈ÿà¡√∂¬πµå®”·π°µ“¡¬’ËÀâÕ·≈–√ÿàπ (brand and model)
°≈ÿà¡ 1 0.0
°≈ÿà¡ 2 3.9
°≈ÿà¡ 3 63.4
°≈ÿà¡ 4 13.7
°≈ÿà¡ 5 19.0

3. ¢π“¥‡§√◊ËÕß¬πµå (Àπà«¬ C.C.)
CC ≤ 1500 19.0

1500< CC ≤ 2000 À√◊Õ (1500, 2000] 29.6
2000< CC ≤ 2500 À√◊Õ (2000, 2500] 20.9

CC >2500 30.5

§à“‡©≈’Ë¬  à«π‡∫’Ë¬ß‡∫π

 à«π¢Õß¢âÕ¡Ÿ≈∑’Ë‡ªìπ§à“µ—«‡≈¢ (mean) ¡“µ√∞“π
(standard

deviation: sd)
4. Õ“¬ÿ√∂¬πµå (Àπà«¬‡ªìπªï) 2.0151 1.5734
5. ®”π«π∑’Ëπ—Ëß 6.8369 0.5483
6. §à“ à«π≈¥-‡æ‘Ë¡®“°ª√–«—µ‘°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π

(No-Claims Bonus :NCB Àπà«¬‡ªìπ√âÕ¬≈–¢Õß
‡∫’È¬ª√–°—π¿—¬)

ªï°√¡∏√√¡å∑’Ë 1 15.6103 12.6767
ªï°√¡∏√√¡å∑’Ë 2 22.7734 15.5717
ªï°√¡∏√√¡å∑’Ë 3 22.1752 15.5538
ªï°√¡∏√√¡å∑’Ë 4 26.8127 18.0288

7. ‡∫’È¬ª√–°—π¿—¬ ÿ∑∏‘ (pure premium Àπà«¬‡ªìπæ—π∫“∑)
ªï°√¡∏√√¡å∑’Ë 1 20.7830 12.2576
ªï°√¡∏√√¡å∑’Ë 2 19.5323 11.1875
ªï°√¡∏√√¡å∑’Ë 3 17.1407 8.6047
ªï°√¡∏√√¡å∑’Ë 4 16.0484 8.2020



SWU Sci. J. Vol. 27 No. 1 (2011)22

®“°µ“√“ß∑’Ë 1 „πÀπà«¬‡ ’Ë¬ß¿—¬∑—Èß ‘Èπ 331 √“¬ ¡’≈—°…≥–°“√„™âß“π à«π∫ÿ§§≈¡“°∂÷ß√âÕ¬≈–
87.3 ·≈–¡’‡æ’¬ß√âÕ¬≈– 12.7 ∑’Ë„™âß“π‡æ◊ËÕ°“√æ“≥‘™¬å ¡’°≈ÿà¡√∂¬πµå∑’Ë®”·π°µ“¡¬’ËÀâÕ·≈–√ÿàπÕ¬Ÿà„π°≈ÿà¡
3 ¡“°∑’Ë ÿ¥√âÕ¬≈– 63.4 √Õß≈ß¡“‡ªìπ°≈ÿà¡ 5 °≈ÿà¡ 4 ·≈–°≈ÿà¡ 2 √âÕ¬≈– 19, 13.7 ·≈– 3.9 µ“¡≈”¥—∫
·≈–∑’Ë‰¡à¡’Àπà«¬‡ ’Ë¬ß¿—¬„¥‡≈¬„π°≈ÿà¡ 1 ¡’¢π“¥‡§√◊ËÕß¬πµå¢π“¥ CC > 2500 ·≈–¢π“¥ 1500 < CC
≤ 2000 ®”π«π„°≈â‡§’¬ß°—π §◊Õ √âÕ¬≈– 30.5 ·≈– 29.6 µ“¡≈”¥—∫ √Õß≈ß¡“‡ªìπ¢π“¥ 2000 < CC
≤ 2500 ·≈–¢π“¥ CC ≤ 1500 ∑’Ë¡’®”π«π„°≈â‡§’¬ß°—π §◊Õ √âÕ¬≈– 20.9 ·≈– 19 µ“¡≈”¥—∫ ‡ªìπ
√∂¬πµå∑’Ë¡’Õ“¬ÿ‡©≈’Ë¬ª√–¡“≥ 2 ªï ¥â«¬§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π‡∑à“°—∫ 1.5734 ¡’®”π«π∑’Ëπ—Ëß‡©≈’Ë¬ª√–¡“≥
7 ∑’Ëπ—Ëß¥â«¬§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π‡≈Á°πâÕ¬‡∑à“°—∫ 0.5483 µ≈Õ¥™à«ß√–¬–‡«≈“ 4 ªï°√¡∏√√¡åÀπà«¬‡ ’Ë¬ß¿—¬
 à«π„À≠à®–‰¥â√—∫§à“ à«π≈¥®“°ª√–«—µ‘°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‚¥¬™à«ßª√–¡“≥‡©≈’Ë¬√âÕ¬≈– 15 ∂÷ß
25 ¢Õß‡∫’È¬ª√–°—π¿—¬¥â«¬§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π„π™à«ßª√–¡“≥ 12 ∂÷ß 18 ·≈–§à“‡∫’È¬ª√–°—π¿—¬ ÿ∑∏‘„π
ªï°√¡∏√√¡å∑’Ë 1 ¡’§à“¡“°∑’Ë ÿ¥‡©≈’Ë¬‡∑à“°—∫ 20.7830 æ—π∫“∑ ¥â«¬§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π 12.2576 æ—π∫“∑
√Õß≈ß¡“‡ªìπ‡∫’È¬ª√–°—π¿—¬ ÿ∑∏‘„πªï°√¡∏√√¡å∑’Ë 2, 3 ·≈– 4 ‡∑à“°—∫ 19.5323, 17.1407 ·≈– 16.0484
æ—π∫“∑ µ“¡≈”¥—∫ ¥â«¬§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß‡∫’È¬ª√–°—π¿—¬ ÿ∑∏‘„πªï°√¡∏√√¡å∑’Ë 2, 3 ·≈– 4 ‡∑à“°—∫
11.1875, 8.6047 ·≈– 8.2020 æ—π∫“∑

¢Õ∫‡¢µ°“√»÷°…“
1. ªí®®—¬À√◊Õµ—«·ª√∑”π“¬ (X) ∑’Ëπ”¡“»÷°…“Õ‘∑∏‘æ≈∑’Ë¡’µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡

∑¥·∑π¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬ ∑’Ë¡’°“√«—¥´È” ¥—ßµ“√“ß∑’Ë 2 [5]
2. µ—«·ª√µ“¡ Yij ‡ªìπ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬∑’Ë i ∑’Ë¡’°“√«—¥

´È”„πªï°√¡∏√√¡å∑’Ë j ‚¥¬¡’≈—°…≥–°“√·®°·®ß·∫∫ªí«´ß (Poisson distribution) [4] Yij ~ Poisson (µij)
‡¡◊ËÕ i = 1, 2, 3,...,S ; j = 1, 2, 3, 4 ; S = 331 ·≈– t = 4

«‘∏’°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
1. °“√«‘‡§√“–Àåµ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”

 ”À√—∫¿“æ√«¡¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬¥â«¬«‘∏’ GEE ‚¥¬®–‡°’Ë¬«¢âÕß°—∫ 3  à«πµàÕ‰ªπ’È [7]
1.1. §à“‡©≈’Ë¬ Yij ∑’Ë¡’§«“¡ —¡æ—π∏å°—∫ªí®®—¬ À√◊Õµ—«·ª√ Xij ‚¥¬°“√‡™◊ËÕ¡‚¬ß§«“¡

 —¡æ—π∏å¥â«¬øíß°å™—π≈Õ°“√‘∑÷¡ (log link function)

(1)

‡¡◊ËÕ µij = E(Yij) ‡ªìπ§à“‡©≈’Ë¬ Yij ·≈– Xij′  = [Xij1 Xij2 ... Xijp] ‚¥¬∑’Ë Xij ‡ªìπ‡«°‡µÕ√å¢Õßªí®®—¬
À√◊Õµ—«·ª√∑”π“¬´÷Ëß¡’ k µ—«·ª√ ¡’¢π“¥‡∑à“°—∫ (k+1)Ó1 = pÓ1  ”À√—∫Àπà«¬‡ ’Ë¬ß¿—¬∑’Ë i ªï°√¡∏√√¡å
∑’Ë j ·≈– β ‡ªìπ‡«°‡µÕ√å¢Õßæ“√“¡‘‡µÕ√å„πµ—«·∫∫∑’Ë¡’¢π“¥‡∑à“°—∫ pÓ1

1.2. §«“¡·ª√ª√«π Yij ‡ªìπøíß°å™—π¢Õß§à“‡©≈’Ë¬ Yij

Var(Yij) = φν(µij) = µij
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‡¡◊ËÕ φ = 1, φ ‡ªìπ scale À√◊Õ dispersion parameter ·≈– ν(µij) = µij ‡ªìπøíß°å™—π§«“¡·ª√ª√«π
(variance function) ¢Õß§à“‡©≈’Ë¬ Yij

1.3. °”Àπ¥ Correlation Structure (CS) ¢π“¥‡¡µ√‘°´å t Ó t „π°“√«‘‡§√“–Àåπ’Èæ‘®“√≥“
®“° 4 √Ÿª·∫∫¥—ßπ’È [7-9]

1.3.1. independence ¡’§à“ 

1.3.2. exchangeable ¡’§à“    ‚¥¬∑’Ë

µ“√“ß∑’Ë 2 · ¥ßªí®®—¬∑’Ëπ”¡“»÷°…“

ªí®®—¬  ‡°≈ µ—«·ª√ (X) §”Õ∏‘∫“¬ (description)

1. ≈—°…≥–°“√„™âß“π ·∫∫°≈ÿà¡ code1 °“√„™â à«π∫ÿ§§≈ (√À—  110)
code2 (base) °“√„™â‡æ◊ËÕ°“√æ“≥‘™¬å (√À—  120)

2. °≈ÿà¡√∂¬πµå®”·π° ·∫∫°≈ÿà¡ car_gr1 °≈ÿà¡ 1
µ“¡¬’ËÀâÕ·≈–√ÿàπ car_gr2 °≈ÿà¡ 2
(brand and model) car_gr3 °≈ÿà¡ 3
[6] car_gr4 °≈ÿà¡ 4

car_gr5 (base) °≈ÿà¡ 5

3. ¢π“¥‡§√◊ËÕß¬πµå Õ—π¥—∫ cc_gr1 CC ≤ 1500
cc_gr2 1500 < CC ≤ 2000 À√◊Õ (1500, 2000]
cc_gr3 2000 < CC ≤ 2500 À√◊Õ (2000, 2500]
cc_gr4 (base) CC > 2500

4. Õ“¬ÿ√∂¬πµå §à“µ—«‡≈¢ car_age Àπà«¬‡ªìπªï ¡’§à“µ—Èß·µà 1 ªï¢÷Èπ‰ª

5. ®”π«π∑’Ëπ—Ëß §à“µ—«‡≈¢ seat

6. §à“ à«π≈¥-‡æ‘Ë¡ §à“µ—«‡≈¢ NCB Àπà«¬‡ªìπ√âÕ¬≈–¢Õß‡∫’È¬ª√–°—π¿—¬¡’§à“≈¥-
®“°ª√–«—µ‘°“√ ‡æ‘Ë¡∑’≈– 5% ¢Õß‡∫’È¬ª√–°—π¿—¬
‡√’¬°√âÕß ‘π‰À¡ - °√≥’ à«π‡æ‘Ë¡®–¡’§à“‡ªìπ®”π«π≈∫
∑¥·∑π - °√≥’ à«π≈¥®–¡’§à“‡ªìπ®”π«π∫«°

7. ‡∫’È¬ª√–°—π¿—¬ ÿ∑∏‘ §à“µ—«‡≈¢ premium Àπà«¬‡ªìπæ—π∫“∑
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§à“ª√–¡“≥  ‡√’¬°«à“ working correlation matrix ¡’§à“ 

‡¡◊ËÕ eij =  ‡ªìπ standardized residual

1.3.3. AR(1) ¡’§à“ Ri = Corr(Yij,Yi(j+h)) = ρh ; h = 0, 1, 2,..., t-j ‚¥¬∑’Ë§à“

ª√–¡“≥  ¡’§à“ 

1.3.4. unstructured ¡’§à“ Ri = Corr(Yij, Yij′) =   ‚¥¬∑’Ë

§à“ª√–¡“≥  ¡’§à“ 

«‘∏’ GEE ‡ªìπ«‘∏’°“√ ”À√—∫«‘‡§√“–Àå¢âÕ¡Ÿ≈∑’Ë¡’°“√«—¥´È” t §√—Èß ¥â«¬§à“∑’Ë«—¥·µà≈–§√—Èß¡’
§«“¡ —¡æ—π∏å°—π À√◊Õ¡’§«“¡ —¡æ—π∏å°—π¿“¬„πµ—«·ª√µ“¡ Yi „π°“√ √â“ßµ—«·∫∫«‘∏’ GEE ∑’ËµâÕßª√–¡“≥
§à“æ“√“¡‘‡µÕ√å β „πµ—«·∫∫π—Èπ®–„™â«‘∏’®“°°“√¢¬“¬ ¡°“√¿“«–πà“®–‡ªìπ (likelihood equation) „π«‘∏’
GLM ¡“«‘‡§√“–Àå√à«¡°—∫§«“¡ —¡æ—π∏åÀ√◊Õ√Ÿª·∫∫ CS (Ri) ¿“¬„π Yi ´÷Ëß§à“æ“√“¡‘‡µÕ√å β „πµ—«·∫∫
«‘∏’ GEE ®–‰¥â®“°°“√ª√–¡“≥§à“∑’Ë‡ªìπµ—«ª√–¡“≥§à“·∫∫ Generalized Least Squares (GLS) ¥â«¬«‘∏’

∑”„Àâøíß°å™—π µË” ÿ¥ ®“°°“√Õπÿæ—π∏å‡∑’¬∫°—∫ β ·≈–·°â ¡°“√À“§à“ β ∑’Ë

„Àâ  ‡¡◊ËÕ  ´÷Ëß§à“ª√–¡“≥ V^  ‡√’¬°

«à“ working covariance matrix; ·≈– Ai ‡ªìπ‡¡µ√‘°´å∑·¬ß¡ÿ¡¡’§à“ ¡“™‘°‡∑à“°—∫ Var(Yij) = µij ‚¥¬
°“√·°â ¡°“√À“§à“ª√–¡“≥ β ®–„™â«‘∏’°“√«π´È” (iteration) ®π‰¥â§à“‡À¡“– ¡®“° ¡°“√

‡¡◊ËÕ m ‡ªìπ√Õ∫∑’Ë«π´È” ·≈–§à“ β ∑’Ë‡À¡“– ¡ §◊Õ „Àâ§à“ 

2. °“√«‘‡§√“–Àåµ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”
 ”À√—∫Àπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬ ¥â«¬«‘∏’ GLMM ‚¥¬®–‡°’Ë¬«¢âÕß°—∫ 3  à«πµàÕ‰ªπ’È [7]

2.1. §«“¡·ª√ª√«π Yij ¿“¬„µâ°”Àπ¥ªí®®—¬Õ‘∑∏‘æ≈ ÿà¡„π∑’Ëπ’È»÷°…“‡©æ“–ªí®®—¬Õ‘∑∏‘æ≈
 ÿà¡§à“§ß∑’Ë (random intercept: b0i) ¡’§à“

  ‡¡◊ËÕ 
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2.2. §à“‡©≈’Ë¬ Yij ¿“¬„µâ°”Àπ¥ªí®®—¬Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë ®–¡’µ—«·ª√∑”π“¬„π√Ÿª·∫∫‡™‘ß
‡ âπ (linear predictor) ª√–°Õ∫¥â«¬‡∑Õ¡§«“¡ —¡æ—π∏å¢Õßªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë (Xij) ·≈–ªí®®—¬Õ‘∑∏‘æ≈
 ÿà¡§à“§ß∑’Ë ¡’°“√‡™◊ËÕ¡‚¬ß§«“¡ —¡æ—π∏å¥â«¬øíß°å™—π≈Õ°“√‘∑÷¡

(2)

2.3. °”Àπ¥  ·≈–§«“¡·ª√ª√«π√à«¡ (covariance) ¢Õß Yi

 ‡¡◊ËÕ εi ‡ªìπ§«“¡§≈“¥‡§≈◊ËÕπ„π°“√«—¥¿“¬„π·µà≈–Àπà«¬
‡ ’Ë¬ß¿—¬ (within exposure unit measurement error) ∑’Ë¡’ ei ‡ªìπ§à“ª√–¡“≥‡√’¬°«à“ ‡»…‡À≈◊Õ
(residual) „π∑’Ëπ’È°”Àπ¥  ¡’≈—°…≥– Variance Component (VC) ¥—ßπ’È

 ‡¡◊ËÕ  ‡ªìπ identity matrix ¢π“¥‡¡µ√‘°´å t Ó t

°“√ √â“ßµ—«·∫∫«‘∏’ GLMM ®–ª√–¡“≥§à“æ“√“¡‘‡µÕ√åªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë (β) [10] ¥â«¬«‘∏’
¿“«–πà“®–‡ªìπ Ÿß ÿ¥ (Maximum Likelihood: ML) ‚¥¬°“√Õπÿæ—π∏ÿåøíß°å™—π logL(β) ‡∑’¬∫°—∫ β ·≈–

·°â ¡°“√À“§à“ ∑’Ë∑”„Àâ  ‡¡◊ËÕ

‡¡◊ËÕ Yijb0i ~ Poisson(E(Yijb0i))

¢—ÈπµÕπ°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
1. «‘‡§√“–Àå √â“ßµ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π ∑’Ë¡’°“√«—¥´È”

 ”À√—∫¿“æ√«¡¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬ ¥â«¬«‘∏’ GEE ®–„™â°“√ª√–¡«≈º≈®“°‚ª√·°√¡ SAS v.9.1 ¥â«¬ PROC
GENMOD  ”À√—∫°“√«‘‡§√“–Àå∑’Ë®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π¡’°“√·®°·®ß·∫∫ªí«´ß
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¢—Èπ∑’Ë 1 «‘‡§√“–Àåµ—«·∫∫ univariate Poisson regression GEE „π·µà≈–ªí®®—¬ ‚¥¬§«“¡ —¡æ—π∏å
¿“¬„π Yi ∑’Ë«—¥´È”„™â CS ·∫∫ unstructured ·≈–§—¥‡≈◊Õ°ªí®®—¬∑’Ë®–π”‰ª«‘‡§√“–Àåµ—«·∫∫
multivariate Poisson regression GEE ¥â«¬°“√æ‘®“√≥“®“°§à“ ∂‘µ‘ Wald (Wald
Statistics) ∑’Ë√–¥—∫π—¬ ”§—≠ 0.25 [11]

¢—Èπ∑’Ë 2 «‘‡§√“–Àåµ—«·∫∫ multivariate Poisson regression GEE ‚¥¬‡√‘Ë¡®“°°”Àπ¥√Ÿª·∫∫ CS
¥â«¬«‘∏’°“√æ‘®“√≥“§—¥‡≈◊Õ° CS ®“°√Ÿª·∫∫ exchangeable, AR(1) ·≈– unstructured
‚¥¬‡≈◊Õ°°”Àπ¥√Ÿª·∫∫ CS ∑’Ë „Àâ§à“ ¡“™‘°¢Õß‡¡µ√‘°´å¥â“ππÕ°·π«∑·¬ß¡ÿ¡¢Õß
working correlation matrix ¡’§à“¡“°°«à“ 0.3 [9] ∂â“„π 3 √Ÿª·∫∫ CS ¢â“ßµâπ‰¡à¡’
√Ÿª·∫∫„¥‡ªìπµ“¡‡°≥±å°“√§—¥‡≈◊Õ° · ¥ß«à“¢âÕ¡Ÿ≈∑’Ë¡’°“√«—¥´È”·µà≈–§√—Èß‡ªìπÕ‘ √–°—π
®–°”Àπ¥√Ÿª·∫∫ CS ‡ªìπ·∫∫ independence

¢—Èπ∑’Ë 3 µ√«® Õ∫·≈–ª√—∫·°â overdispersion „πµ—«·∫∫ ∂â“¡’§à“ mean deviance ¡“°°«à“ 1
®–„™â°“√ª√—∫·°â¥â«¬«‘∏’ dscale (§◊Õ °“√ª√—∫§à“§≈“¥‡§≈◊ËÕπ¡“µ√∞“π¢Õß  (standard
error: SE( ) „À¡à ‡ªìπ§à“ SE( )  °—∫°“√ª√—∫·°â¥â«¬«‘∏’‡ª≈’Ë¬π°“√
„™â°“√·®°·®ß¢Õß  ‡ªìπ°“√·®°·®ß∑«‘π“¡≈∫ (Negative Binomial
distribution) ·∑π [10,12]

¢—Èπ∑’Ë 4 µ√«® Õ∫§«“¡‡À¡“– ¡„π«‘∏’°“√ª√—∫·°âªí≠À“ overdispersion „πµ—«·∫∫ 2 «‘∏’µ“¡
¢—Èπ∑’Ë 3 ¥â«¬‡°≥±å°“√‡ª√’¬∫‡∑’¬∫®“°§à“ log likelihood ‚¥¬«‘∏’∑’Ë‡À¡“– ¡®–„Àâ§à“ log
likelihood ∑’Ë Ÿß°«à“

¢—Èπ∑’Ë 5 §—¥‡≈◊Õ°ªí®®—¬„π°“√«‘‡§√“–Àåµ—«·∫∫ multivariate GEE ®“°«‘∏’°“√ backward ¥â«¬
‡°≥±å°“√æ‘®“√≥“®“°§à“ ∂‘µ‘ Wald ∑’Ë√–¥—∫π—¬ ”§—≠ 0.25

¢—Èπ∑’Ë 6 µ√«® Õ∫§«“¡‡À¡“– ¡¢Õßµ—«·∫∫®“°«‘∏’ residual plot √–À«à“ß deviance residual °—∫
§à“∑”π“¬ (predicted value : ) [13]

‡¡◊ËÕ deviance residual = 

➞
➞

➞
➞

➞
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2. «‘‡§√“–Àå √â“ßµ—«·∫∫ ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈§ß∑’Ë ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈ ÿà¡µàÕ®”π«π§√—Èß°“√‡√’¬°
√âÕß ‘π‰À¡∑¥·∑π ∑’Ë¡’°“√«—¥´È”¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬¥â«¬«‘∏’ GLMM ®–„™â°“√ª√–¡«≈º≈®“°
‚ª√·°√¡ SASv.9.1 ¥â«¬ PROC GLIMMIX  ”À√—∫°“√«‘‡§√“–Àå∑’Ë®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡
∑¥·∑π¡’°“√·®°·®ß·∫∫ªí«´ß

¢—Èπ∑’Ë 1 «‘‡§√“–Àå univariate Poisson regression GLMM „π·µà≈–ªí®®—¬´÷Ëß‡ªìπªí®®—¬Õ‘∑∏‘æ≈
§ß∑’Ë ‚¥¬¿“¬„πµ—«·∫∫¡’ªí®®—¬Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë ·≈–§—¥‡≈◊Õ°ªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë∑’Ë®–
π”‰ª«‘‡§√“–Àå multivariate Poisson regression GLMM ¥â«¬‡°≥±å°“√æ‘®“√≥“®“°
§à“ ∂‘µ‘ t (t statistics) ∑’Ë√–¥—∫π—¬ ”§—≠ 0.25

¢—Èπ∑’Ë 2 «‘‡§√“–Àå multivariate Poisson regression GLMM ‚¥¬¿“¬„πµ—«·∫∫¡’ªí®®—¬Õ‘∑∏‘æ≈
 ÿà¡§à“§ß∑’Ë·≈–°”Àπ¥√Ÿª·∫∫‡¡µ√‘°´å variance-covariance ¢Õß εi ‡ªìπ VC ·≈â«
§—¥‡≈◊Õ°ªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë®“°«‘∏’°“√ backward ¥â«¬‡°≥±å°“√æ‘®“√≥“®“°§à“ ∂‘µ‘ t ∑’Ë
√–¥—∫π—¬ ”§—≠ 0.25 ·≈–æ√âÕ¡°—∫µ√«® Õ∫§«“¡‡À¡“– ¡¢Õßªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë∑’Ë
§—¥‡≈◊Õ°„πµ—«·∫∫¥â«¬°“√∑¥ Õ∫Õ—µ√“ à«π¿“«–πà“®–‡ªìπ (Likelihood Ratio test:
LR test) ∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

¢—Èπ∑’Ë 3 µ√«® Õ∫§«“¡‡À¡“– ¡¢Õßªí®®—¬Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë„πµ—«·∫∫¥â«¬‡°≥±å°“√æ‘®“√≥“
®“°§à“ ∂‘µ‘ Mean Generalized Chi-Square ∑’Ë¡’§à“≈Ÿà‡¢â“§à“ 1 [14] ·≈–æ‘®“√≥“®“°
§à“ª√–¡“≥

Intra-Class Correlation (ICC) =  ¡’§à“„π™à«ß [0,1] ∂â“¡’§à“ ICC µË”

· ¥ß«à“≈—°…≥–§«“¡·µ°µà“ß°—π„πÀπà«¬‡ ’Ë¬ß¿—¬·µà≈–√“¬‚¥¬√«¡ à«π„À≠à  ¡’
Õ‘∑∏‘æ≈§àÕπ¢â“ßµË”µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π

º≈°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
1. º≈«‘‡§√“–Àåµ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”

 ”À√—∫¿“æ√«¡¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬ ¥â«¬«‘∏’ GEE
º≈°“√«‘‡§√“–Àå univariate Poisson regression GEE ∑’Ë√–¥—∫π—¬ ”§—≠ 0.25 ¡’‡æ’¬ßªí®®—¬

code, car_gr, cc_gr, NCB ·≈– premium ∑’Ëπ”‰ª«‘‡§√“–Àåµ—«·∫∫ multivariate Poisson regression
GEE ‚¥¬¡’º≈°“√§—¥‡≈◊Õ°√Ÿª·∫∫ CS „π°“√«‘‡§√“–Àåµ—«·∫∫ multivariate Poisson regression GEE
®“°°“√æ‘®“√≥“§à“ working correlation matrix ¥—ßµ“√“ß∑’Ë 3

➞
➞
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º≈®“°µ“√“ß∑’Ë 3 ‡ª√’¬∫‡∑’¬∫§à“¥â“ππÕ°·π«∑·¬ß¡ÿ¡¢Õß‡¡µ√‘°´å„π·µà≈–√Ÿª·∫∫ CS æ∫
«à“∑ÿ°√Ÿª·∫∫¡’§à“§àÕπ¢â“ßπâÕ¬ ·≈–πâÕ¬°«à“ 0.3 À¡“¬§«“¡«à“ §à“®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π
∑’Ë«—¥´È”„π·µà≈–ªï°√¡∏√√¡å  ”À√—∫¿“æ√«¡¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡ªìπÕ‘ √–°—π ¥—ßπ—Èπ„π°“√«‘®—¬π’È‡≈◊Õ° CS
„π√Ÿª·∫∫ independence  ”À√—∫°“√«‘‡§√“–Àå multivariate Poisson regression GEE ‚¥¬®–‰¥âµ—«·∫∫
‡¥’¬«°—π°—∫°“√«‘‡§√“–Àåµ—«·∫∫¥â«¬«‘∏’ GLM ·≈–®“°º≈°“√µ√«® Õ∫§«“¡‡À¡“– ¡¢Õßµ—«·∫∫∑’Ë„π
µ—«·∫∫ª√–°Õ∫¥â«¬ªí®®—¬ code, car_gr, cc_gr, NCB ·≈– premium ¥—ßµ“√“ß∑’Ë 4 ®“°§à“ mean
deviance ‡∑à“°—∫ 1.4536 ¡’§à“‡°‘π°«à“ 1.0 · ¥ß«à“‡°‘¥ overdispersion °—∫µ—«·∫∫∑’Ë®–µâÕßª√—∫·°â
§à“°àÕπ°“√§—¥‡≈◊Õ°ªí®®—¬„π°“√«‘‡§√“–Àåµ—«·∫∫ multivariate Poisson regression GEE

µ“√“ß∑’Ë 3 · ¥ß§à“ working correlation matrix „π·µà≈–·∫∫¢Õß CS

√Ÿª·∫∫ CS ªï°√¡∏√√¡å∑’Ë 1 ªï°√¡∏√√¡å∑’Ë 2 ªï°√¡∏√√¡å∑’Ë 3 ªï°√¡∏√√¡å∑’Ë 4

AR(1)
ªï°√¡∏√√¡å∑’Ë  1 1
ªï°√¡∏√√¡å∑’Ë  2 0.1354 1
ªï°√¡∏√√¡å∑’Ë  3 0.0183 0.1354 1
ªï°√¡∏√√¡å∑’Ë  4 0.0025 0.0183 0.1354 1

Exchangeable
ªï°√¡∏√√¡å∑’Ë  1 1
ªï°√¡∏√√¡å∑’Ë  2 0.1043 1
ªï°√¡∏√√¡å∑’Ë  3 0.1043 0.1043 1
ªï°√¡∏√√¡å∑’Ë  4 0.1043 0.1043 0.1043 1

Unstructured
ªï°√¡∏√√¡å∑’Ë  1 1
ªï°√¡∏√√¡å∑’Ë  2 0.1427 1
ªï°√¡∏√√¡å∑’Ë  3 0.1577 0.2205 1
ªï°√¡∏√√¡å∑’Ë  4 0.0614 0.0027 0.0696 1

µ“√“ß∑’Ë 4 ‡ª√’¬∫‡∑’¬∫«‘∏’°“√ª√—∫·°â overdispersion

«‘∏’ mean deviance log likelihood

°“√·®°·®ß·∫∫ªí«´ß∑’Ëª√—∫·°â¥â«¬ dscale 1.4536 -843.4758
°“√·®°·®ß∑«‘π“¡≈∫ 0.9483 -1157.7856
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‡¡◊ËÕæ‘®“√≥“º≈°“√‡ª√’¬∫‡∑’¬∫«‘∏’°“√ª√—∫·°â overdispersion 2 «‘∏’ ¥â«¬°“√æ‘®“√≥“§à“ log
likelihood æ∫«à“«‘∏’ª√—∫·°â∑’Ë‡À¡“– ¡ §◊Õ °“√ª√—∫·°â¥â«¬«‘∏’ dscale „π°“√·®°·®ß·∫∫ªí«´ß ‡π◊ËÕß®“°
¡’§à“ log likelihood  Ÿß°«à“  à«πº≈°“√«‘‡§√“–Àåµ—«·∫∫ multivariate À≈—ß°“√ª√—∫·°â§à“ overdispersion
®“°«‘∏’ dscale ·≈–§—¥‡≈◊Õ°µ—«·ª√ªí®®—¬‚¥¬«‘∏’ backward ®“°‡°≥±å°“√æ‘®“√≥“¥â«¬§à“ ∂‘µ‘ Wald
∑’Ë√–¥—∫π—¬ ”§—≠ 0.25 ¥—ßµ“√“ß∑’Ë 5 ‚¥¬∑’Ë√–¥—∫π—¬ ”§—≠ 0.05 ¡’‡æ’¬ßªí®®—¬ cc_gr ·≈– NCB ∑’Ë¡’
Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π  ”À√—∫¿“æ√«¡¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬ ∂â“„Àâ§à“ à«π≈¥®“°
ª√–«—µ‘°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π°—∫Àπà«¬‡ ’Ë¬ß¿—¬ (NCB) ‡æ‘Ë¡¢÷Èπ∑ÿ°Ê 5% ¢Õß‡∫’È¬ª√–°—π¿—¬®–¡’º≈
µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬≈¥≈ß‡∑à“°—∫ exp(-0.0117) = 0.9884 π—Ëπ§◊Õ ª√–¡“≥
1 §√—Èß ‡¡◊ËÕµ—«·ª√ªí®®—¬¢π“¥‡§√◊ËÕß¬πµå (cc_gr) §ß∑’Ë ·≈–°√≥’‡¡◊ËÕµ—«·ª√ªí®®—¬Õ◊ËπÊ §ß∑’Ë Àπà«¬‡ ’Ë¬ß
¿—¬∑’Ë¡’¢π“¥‡§√◊ËÕß¬πµå CC ≤ 1500 (cc_gr1) ¢π“¥‡§√◊ËÕß¬πµå (1500, 2000] (cc_gr2) ·≈–¢π“¥
‡§√◊ËÕß¬πµå (2000, 2500] (cc_gr3) ®–¡’®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬¡“°°«à“Àπà«¬‡ ’Ë¬ß
¿—¬∑’Ë¡’¢π“¥‡§√◊ËÕß¬πµå CC > 2500 (cc_gr4) ®”π«π 49.74%, 52.68% ·≈– 49.14% µ“¡≈”¥—∫ ´÷Ëß
¡’µ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”  ”À√—∫¿“æ√«¡¢Õß
Àπà«¬‡ ’Ë¬ß¿—¬„π√Ÿª·∫∫µ—«·ª√∑”π“¬‡™‘ß‡ âπ §◊Õ

(3)

‡¡◊ËÕ * ªí®®—¬∑’Ë¡’π—¬ ”§—≠∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

µ“√“ß∑’Ë 5 º≈«‘‡§√“–Àå multivariate Poisson regression GEE
(µ—«·∫∫ : g )

ªí®®—¬ SE(  ) exp(  ) §à“ ∂‘µ‘ z p-value

Intercept -0.3677 0.1071 0.6923 -3.43 0.0006*
cc_gr1 (CC ≤ 1500) 0.4037 0.1239 1.4974 3.26 0.0011*
cc_gr2  (1500, 2000] 0.4232 0.1190 1.5268 3.55 0.0004*
cc_gr3  (2000, 2500] 0.3997 0.1377 1.4914 2.90 0.0037*
cc_gr4 (CC >2500) . . . . .
NCB -0.0117 0.0028 0.9884 -4.19 <0.0001*

À¡“¬‡Àµÿ: * ¡’π—¬ ”§—≠∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

 ß̂  ß̂  ß̂
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√Ÿª∑’Ë 1 · ¥ß residual plot √–À«à“ß deviance residual °—∫§à“∑”π“¬ ( )

®“°√Ÿª∑’Ë 1 „™âµ√«® Õ∫§«“¡‡À¡“– ¡¢Õßµ—«·∫∫ æ∫«à“‡ªìπ°“√°√–®“¬∑’Ë‰¡à¡’√Ÿª≈—°…≥–
·∫∫·ºπ (no any pattern) π—ËπÀ¡“¬§«“¡«à“ µ—«·∫∫¥—ß ¡°“√ (3) ¡’§«“¡‡À¡“– ¡°—∫¢âÕ¡Ÿ≈

µ“√“ß∑’Ë 6 º≈«‘‡§√“–Àå multivariate Poisson regression GLMM ‚¥¬∑’Ë¿“¬„πµ—«·∫∫¡’ªí®®—¬Õ‘∑∏‘æ≈
 ÿà¡§à“§ß∑’Ë (µ—«·∫∫ : )

ªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë SE(  ) exp(  ) §à“ ∂‘µ‘ t p-value

Intercept -0.6932 0.2139 0.50 -3.24 0.0013*
code1 (√À—  110) -0.1903 0.1489 0.8267 -1.28 0.2014
code2 (√À—  120) . . . . .
cc_gr1 (CC ≤ 1500) 0.5065 0.1445 1.6595 3.51 0.0005*
cc_gr2  (1500, 2000] 0.4595 0.1280 1.5833 3.59 0.0003*
cc_gr3  (2000, 2500] 0.4055 0.1392 1.5001 2.91 0.0037*
cc_gr4 (CC > 2500) . . . . .
premium 0.0075 0.0048 1.0075 1.56 0.1192

ªí®®—¬Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë (b0): σ     = 0.3294 SE(b0) = 0.05693

§à“‡»…‡À≈◊Õ (e) : σ   = 1.1143 SE(σ   ) = 0.04912

§à“ Mean Generalized
Chi-Square =1.11 ; ICC =                =                       = 0.2282

À¡“¬‡Àµÿ: * ¡’π—¬ ”§—≠∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

 ß̂  ß̂  ß̂
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2. º≈«‘‡§√“–Àåµ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈§ß∑’Ë ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈ ÿà¡ µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß
 ‘π‰À¡∑¥·∑π ∑’Ë¡’°“√«—¥´È”¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬ ¥â«¬«‘∏’ GLMM º≈°“√«‘‡§√“–Àå univariate
Poisson regression GLMM ¡’ªí®®—¬ code, car_gr, cc_gr, NCB ·≈– premium ∑’Ë¡’π—¬ ”§—≠√–¥—∫
0.25 ‡ªìπªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë∑’Ë§—¥‡≈◊Õ°π”‰ª«‘‡§√“–Àå„π multivariate Poisson regression GLMM

®“°º≈„πµ“√“ß∑’Ë 6 ªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë„πµ—«·∫∫¡’‡æ’¬ßªí®®—¬¢π“¥‡§√◊ËÕß¬πµå (cc_gr) ∑’Ë¡’µàÕ
®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë√–¥—∫π—¬ ”§—≠ 0.05 ‡¡◊ËÕµ—«·ª√ªí®®—¬Õ‘∑∏‘æ≈§ß∑’ËÕ◊ËπÊ §ß∑’Ë
·≈â«Àπà«¬‡ ’Ë¬ß¿—¬∑’Ë¡’¢π“¥‡§√◊ËÕß¬πµå CC ≤ 1500 (cc_gr1), ¢π“¥‡§√◊ËÕß¬πµå (1500, 2000] (cc_gr2)
·≈–¢π“¥‡§√◊ËÕß¬πµå (2000, 2500] (cc_gr3) ®–¡’®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬¡“°°«à“
Àπà«¬‡ ’Ë¬ß¿—¬∑’Ë¡’¢π“¥‡§√◊ËÕß¬πµå CC > 2500 (cc_gr4) ®”π«π 65.95%, 58.33% ·≈– 50.01%
µ“¡≈”¥—∫ ÷́Ëß¡’µ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈§ß∑’Ë ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡
∑¥·∑π∑’Ë¡’°“√«—¥´È”¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬ „π√Ÿª·∫∫µ—«·ª√∑”π“¬‡™‘ß‡ âπ¥—ßπ’È

(4)

À√◊Õµ—«·∫∫§à“ª√–¡“≥®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬
‡©æ“–√“¬ §◊Õ

(5)

‡¡◊ËÕ * ªí®®—¬∑’Ë¡’π—¬ ”§—≠∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

º≈°“√æ‘®“√≥“ªí®®—¬Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë„πÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬∑’Ë‡æ‘Ë¡‡¢â“‰ª„πµ—«·∫∫æ∫«à“
¡’§«“¡‡À¡“– ¡¥â«¬§à“ ∂‘µ‘ Mean Generalized Chi-Square ¡’§à“‡∑à“°—∫ 1.11 ‚¥¬∑’Ëªí®®—¬Õ‘∑∏‘æ≈
 ÿà¡§à“§ß∑’Ë®–¡’º≈°√–∑∫µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬ ·µà¡’º≈
°√–∑∫‡©æ“–‡æ’¬ßÀπà«¬‡ ’Ë¬ß¿—¬∫“ß√“¬‡∑à“π—Èπ ´÷Ëß‡ªìπ®”π«π à«ππâÕ¬√“¬®“°∑’Ë¡’§à“ ICC ‡∑à“°—∫
0.2282 ¡’§à“§àÕπ¢â“ßµË” „π¢âÕ¡Ÿ≈∑’Ë«‘‡§√“–Àåπ’È®”π«πÀπà«¬‡ ’Ë¬ß¿—¬√«¡∑—Èß ‘Èπ 331 √“¬ ®–¡’‡æ’¬ß®”π«π
16 √“¬‡∑à“π—Èπ∑’Ëªí®®—¬Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë¡’º≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬
„π√“¬π—ÈπÊ ≥ √–¥—∫π—¬ ”§—≠ 0.05 ¥—ßµ“√“ß∑’Ë 7 · ¥ß∂÷ß§à“ª√–¡“≥·≈–∑¥ Õ∫ªí®®—¬Õ‘∑∏‘æ≈ ÿà¡§à“
§ß∑’Ë∑’Ë¡’µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬ „π√“¬∑’Ë 16 ∂÷ß√“¬∑’Ë
20 ∑’Ëº≈°“√∑¥ Õ∫„π√–¥—∫π—¬ ”§—≠ 0.05 ¡’‡æ’¬ßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬∑’Ë 16 ·≈–√“¬∑’Ë 18 ∑’Ë¡’ªí®®—¬
Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë¡’µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬
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µ—«Õ¬à“ßµ—«·∫∫§à“ª√–¡“≥®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬
‡©æ“–√“¬∑’Ë 16 §◊Õ

π—Ëπ§◊Õ®“°µ—«Õ¬à“ßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬∑’Ë 16 ‡¡◊ËÕªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë¡’≈—°…≥–§ß∑’Ë ¥â«¬§ÿ≥≈—°…≥–‡©æ“–
√“¬„πÀπà«¬‡ ’Ë¬ß¿—¬√“¬∑’Ë 16 ®–¡’®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬‡∑à“°—∫ exp(-0.6932+0.9290)
= 1.27 §√—Èß À√◊Õª√–¡“≥ 1 §√—Èß

µ“√“ß∑’Ë 7 §à“ª√–¡“≥·≈–∑¥ Õ∫ªí®®—¬Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë∑’Ë¡’º≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π
¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬ „πÀπà«¬‡ ’Ë¬ß¿—¬√“¬∑’Ë 16 ∂÷ß√“¬∑’Ë 20

Àπà«¬‡ ’Ë¬ß¿—¬√“¬∑’Ë (b0i) SE(b0i) exp(b0i) §à“ ∂‘µ‘  t p-value
(i)

16 0.9290 0.3214 2.5320 2.89 0.0039*

17 -0.01512 0.4195 0.9850 -0.04 0.9713

18 0.8914 0.3218 2.4385 2.77 0.0057*

19 -0.1818 0.4339 0.8338 -0.42 0.6753

20 -0.3714 0.4908 0.6898 -0.76 0.4494

À¡“¬‡Àµÿ: * ¡’π—¬ ”§—≠∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

^ ^ ^
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 √ÿªº≈·≈–°“√ª√–¬ÿ°µå„™âß“π
1. º≈®“°µ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È” ”À√—∫

¿“æ√«¡¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬„π°“√ª√–°—π¿—¬√∂¬πµå ¥â«¬«‘∏’ GEE „π∑’Ëπ’È®–‡ªìπµ—«·∫∫‡¥’¬«°—π°—∫°“√
«‘‡§√“–Àå¢âÕ¡Ÿ≈¥â«¬«‘∏’ GLM ‡π◊ËÕß®“°º≈«‘‡§√“–Àå¢âÕ¡Ÿ≈∑’Ë«—¥´È”„πÀπà«¬‡ ’Ë¬ß¿—¬‡¥’¬«°—π‡ªìπ√“¬ªï°√¡∏√√¡å
µ≈Õ¥™à«ß√–¬–‡«≈“ 4 ªï°√¡∏√√¡åµ‘¥µàÕ°—π ¡’§«“¡ —¡æ—π∏å°—π§àÕπ¢â“ßµË”À√◊Õ®– √ÿª‰¥â«à“‰¡à¡’§«“¡
 —¡æ—π∏å°—π¿“¬„π yi ‚¥¬ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π  ”À√—∫¿“æ√«¡¢Õß
Àπà«¬‡ ’Ë¬ß¿—¬ ∑’Ë√–¥—∫π—¬ ”§—≠ 0.05 ¡’‡æ’¬ßªí®®—¬¢π“¥‡§√◊ËÕß¬πµå (cc_gr) ·≈– à«π≈¥À√◊Õ‡æ‘Ë¡®“°
ª√–«—µ‘°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π (NCB) ÷́Ëß∂â“„Àâ§à“ à«π≈¥®“°ª√–«—µ‘°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π·°à
Àπà«¬‡ ’Ë¬ß¿—¬‡æ‘Ë¡¢÷Èπ∑ÿ°Ê 5% ¢Õß‡∫’È¬ª√–°—π¿—¬ ®–¡’º≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬
≈¥≈ßª√–¡“≥ 1 §√—Èß ‡¡◊ËÕªí®®—¬Õ◊ËπÊ §ß∑’Ë ·≈–‡™àπ°—π°√≥’‡¡◊ËÕªí®®—¬Õ◊ËπÊ §ß∑’Ë Àπà«¬‡ ’Ë¬ß¿—¬∑’Ë¡’¢π“¥
‡§√◊ËÕß¬πµå CC ≤ 1500 (cc_gr1) ¢π“¥‡§√◊ËÕß¬πµå (1500, 2000] (cc_gr2) ·≈–¢π“¥‡§√◊ËÕß¬πµå (2000,
2500] (cc_gr3) ®–¡’®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬¡“°°«à“Àπà«¬‡ ’Ë¬ß¿—¬∑’Ë¡’¢π“¥‡§√◊ËÕß¬πµå
CC > 2500 (cc_gr4) ®”π«π 49.74%, 52.68% ·≈– 49.14% µ“¡≈”¥—∫ ‚¥¬¡’µ—«·∫∫ªí®®—¬∑’Ë¡’
Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’«—¥´È”  ”À√—∫¿“æ√«¡¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬ „π√Ÿª·∫∫
§à“∑”π“¬ (µi) §◊Õ

(A)

‡¡◊ËÕ * ªí®®—¬∑’Ë¡’π—¬ ”§—≠∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

>
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2. º≈®“°µ—«·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈§ß∑’Ë ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈ ÿà¡ µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡
∑¥·∑π∑’Ë¡’°“√«—¥´È” ”À√—∫Àπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬„π°“√ª√–°—π¿—¬√∂¬πµå ¥â«¬«‘∏’ GLMM ‡¡◊ËÕ¡’ªí®®—¬
Õ‘∑∏‘æ≈ ÿà¡§à“§ß∑’Ë„πµ—«·∫∫∑’Ë«‘‡§√“–Àå¥â«¬«‘∏’ GLMM ®–„Àâ§«“¡º—π·ª√¢Õß  ·µ°µà“ß®“°
«‘∏’ GEE ¡’º≈µàÕ°“√§—¥‡≈◊Õ°ªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë ®÷ß∑”„Àâ‰¥âº≈¢Õßµ—«·ª√ªí®®—¬Õ‘∑∏‘æ≈§ß∑’Ë„πµ—«·∫∫
®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬∑’Ë‡À¡“– ¡®“°«‘∏’ GLMM ‰¡à‡À¡◊Õπ
°—∫„πµ—«·∫∫®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π ”À√—∫¿“æ√«¡¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬∑’Ë‡À¡“– ¡®“°«‘∏’
GEE ‚¥¬ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈§ß∑’Ë¡’‡æ’¬ßªí®®—¬¢π“¥‡§√◊ËÕß¬πµå (cc_gr) ‡∑à“π—Èπ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√
‡√’¬°√âÕß ‘π‰À¡∑¥·∑π ∑’Ë√–¥—∫π—¬ ”§—≠ 0.05 ‡¡◊ËÕµ—«·ª√ªí®®—¬Õ‘∑∏‘æ≈§ß∑’ËÕ◊ËπÊ §ß∑’Ë ·≈â«Àπà«¬‡ ’Ë¬ß
¿—¬∑’Ë¡’¢π“¥‡§√◊ËÕß¬πµå CC ≤ 1500 (cc_gr1) ¢π“¥‡§√◊ËÕß¬πµå (1500, 2000] (cc_gr2) ·≈–¢π“¥
‡§√◊ËÕß¬πµå (2000, 2500] (cc_gr3) ®–¡’®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‡©≈’Ë¬¡“°°«à“Àπà«¬‡ ’Ë¬ß
¿—¬∑’Ë¡’¢π“¥‡§√◊ËÕß¬πµå CC > 2500 (cc_gr4) ®”π«π 65.95%, 58.33% ·≈– 50.01% µ“¡≈”¥—∫

„π à«π¢Õßªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈ ÿà¡„πÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬ (b0i)  √ÿª‰¥â«à“ªí®®—¬Õ‘∑∏‘æ≈ ÿà¡§à“
§ß∑’Ë®–¡’Õ‘∑∏‘æ≈µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬„π®”π«π‰¡à¡“°
§◊Õ¡’‡æ’¬ß 16 √“¬ ®“°Àπà«¬‡ ’Ë¬ß¿—¬∑—Èß ‘Èπ 331 √“¬ ∑’Ë¡’π—¬ ”§—≠ ≥ √–¥—∫π—¬ ”§—≠ 0.05 ‚¥¬¡’µ—«
·∫∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈§ß∑’Ë ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈ ÿà¡ µàÕ®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π∑’Ë¡’°“√«—¥´È”¢Õß
Àπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬„π√Ÿª·∫∫§à“∑”π“¬ (E(Yib0i)) §◊Õ

π”‰ª„™âª√–‚¬™πå„π¥â“π «“ß·ºπ°“√≈ß∑ÿπ  ª√—∫ª√ÿß§à“‡∫’È¬ª√–°—π¿—¬„ÀâæÕ‡æ’¬ß
°“√«“ß·ºπ„π°“√ª√–°—π¿—¬µàÕ ·≈–°”Àπ¥‡ß‘π ”√Õß ‘π‰À¡∑¥·∑π  ‡ªìπµâπ

¢âÕ¡Ÿ≈·µà≈–√“¬„πÀπà«¬‡ ’Ë¬ß¿—¬‡¥‘¡∑’Ë¬—ß§ßµàÕÕ“¬ÿ —≠≠“°—∫∫√‘…—∑·≈–‰¥â√—∫æ‘®“√≥“µàÕ —≠≠“

§”π«≥§à“§“¥À«—ß®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π‚¥¬„™âµ—«·∫∫µ“¡ ¡°“√ (A)

§à“∑’Ë‰¥â®“°∑ÿ°Àπà«¬‡ ’Ë¬ß¿—¬

 “√ π‡∑»„π¿“æ√«¡¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬

æ‘®“√≥“»÷°…“√Ÿª≈—°…≥–°“√·®°·®ß¢Õß®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π

°“√ª√–¬ÿ°µå„™âß“π„π°≈ÿà¡∞“π≈Ÿ°§â“
Àπà«¬‡ ’Ë¬ß¿—¬‡¥‘¡ ”À√—∫ªï°√¡∏√√¡å∂—¥‰ª

√Ÿª∑’Ë 2 °“√ª√–¬ÿ°µå„™âß“π®“°µ—«·∫∫µ“¡ ¡°“√ (A)

>
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(B)

‡¡◊ËÕ * ªí®®—¬∑’Ë¡’π—¬ ”§—≠∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

√Ÿª∑’Ë 3 °“√ª√–¬ÿ°µå„™âß“π®“°µ—«·∫∫µ“¡ ¡°“√ (B)

‡Õ° “√Õâ“ßÕ‘ß
1. Renshaw, A. E. 1994. Modelling the Claims Process in the Presence of Covariates. ASTIN

Bulletin 24(2): 265-285.
2. Nelder, J. A., and Verrall, R. J. 1997. Credibility Theory and Genaralized Linear Models.

ASTIN Bulletin 27(1): 71-82.
3. Ohlsson, E., and Johansson, B. 2004. Combining Credibility and GLM for Rating of

Multi-Level Factors. Available from URL: http://www.casact.org/pubs/dpp/dpp04/
04dpp315.pdf. 5 March 2004.

°“√ª√–¬ÿ°µå„™âß“π„π°≈ÿà¡∞“π≈Ÿ°§â“
Àπà«¬‡ ’Ë¬ß¿—¬‡¥‘¡ ”À√—∫ªï°√¡∏√√¡å∂—¥‰ª

¢âÕ¡Ÿ≈·µà≈–√“¬„πÀπà«¬‡ ’Ë¬ß¿—¬‡¥‘¡ ‡™àπ µ—«Õ¬à“ß„π∑’Ëπ’ÈÀπà«¬‡ ’Ë¬ß¿—¬√“¬∑’Ë 16 ∂÷ß√“¬∑’Ë 20
¬◊Ëπ§”¢ÕµàÕ —≠≠“°—∫∫√‘…—∑

æ‘®“√≥“§”π«≥§à“§“¥À«—ß®”π«π§√—Èß°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬
‚¥¬„™âµ—«·∫∫µ“¡ ¡°“√ (B) ·≈– §à“ b0i ®“°§à“„πµ“√“ß∑’Ë 7

 “√ π‡∑»¢ÕßÀπà«¬‡ ’Ë¬ß¿—¬‡©æ“–√“¬

π”‰ª„™âª√–‚¬™πå„π¥â“π°“√æ‘®“√≥“√—∫ª√–°—π¿—¬ ª√—∫°≈¬ÿ∑∏å°“√µ≈“¥‡æ◊ËÕ¬—ß§ß∞“π≈Ÿ°§â“‡¥‘¡
æ‘®“√≥“„Àâ§à“ à«π≈¥-‡æ‘Ë¡®“°ª√–«—µ‘°“√‡√’¬°√âÕß ‘π‰À¡∑¥·∑π ª√—∫§à“‡∫’È¬ª√–°—π¿—¬„Àâ¬ÿµ‘∏√√¡
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