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§«“¡·°√àß¢Õß ∂‘μ‘∑¥ Õ∫‰§ ·§«√å

Robustness of the Chi-square Test

∫∑§—¥¬àÕ

ß“π«‘®—¬π’È¡’«—μ∂ÿª√– ß§å‡æ◊ËÕμ√«® Õ∫§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 ¢Õß ∂‘μ‘∑¥ Õ∫

‰§ ·§«√å·∫∫‡æ’¬√å —π º≈°“√«‘®—¬π”‡ πÕ«à“¿“¬„μâ ∂“π°“√≥å„¥∫â“ß∑’Ë‡æ’¬√å —π‰§ ·§«√å¡’§«“¡

·°√àß ”À√—∫°“√∑¥ Õ∫§«“¡‡ªìπÕ‘ √–¢Õßμ—«·ª√ 2 μ—« ß“π«‘®—¬π’È„™â°“√®”≈Õß¢âÕ¡Ÿ≈·∫∫¬Ÿπ‘øÕ√å¡∑’Ë

¡’§à“√–À«à“ß 0 ·≈– 1 ®“°‚ª√·°√¡ SAS „π·μà≈–‡ß◊ËÕπ‰¢„™âπ—¬ ”§—≠ 3 √–¥—∫§◊Õ .01, .05, .10

μ—«Õ¬à“ß 4 ¢π“¥§◊Õ 20, 50, 100, 300  ”À√—∫μ“√“ß¢π“¥ 2 Ó 2, 2 Ó 4, 2 Ó 5, 4 Ó 5 (‡©æ“–¢π“¥

μ—«Õ¬à“ß 100 ·≈– 300) ¢âÕ¡Ÿ≈¡’°“√·®°·®ß·∫∫¬Ÿπ‘øÕ√å¡®π∂÷ß‡∫â¡“° ·μà≈–‡ß◊ËÕπ‰¢«‘‡§√“–Àǻ È” 10,000

μ—«Õ¬à“ß

º≈°“√«‘®—¬ √ÿª‰¥â¥—ßπ’È 1) ‡æ’¬√å —π‰§ ·§«√å¡’§«“¡·°√àß‡¡◊ËÕ¢âÕ¡Ÿ≈¡’§à“ eij < 5 ‰¡à‡°‘π 60%

·≈–‰¡à¡’§à“„¥μË”°«à“ 1  2) ‡æ’¬√å —π‰§ ·§«√å¡’·π«‚πâ¡ ¬“°μàÕ°“√ªØ‘‡ ∏ ¡¡μ‘∞“πÀ≈—° (conservative)

‡¡◊ËÕ¢âÕ¡Ÿ≈¡’§à“ eij < 5 ‡°‘π°«à“ 60% ·≈–‰¡à¡’§à“„¥μË”°«à“ 1  3) ‡æ’¬√å —π‰§ ·§«√å¡’·π«‚πâ¡‰¡à§ß‡ âπ

§ß«“ (inconsistent) ‡¡◊ËÕ¢âÕ¡Ÿ≈¡’§à“ eij < 5 ‡°‘π°«à“ 60% ·≈–¡’∫“ß§à“μË”°«à“ 1  à«π„À≠à®–¡’·π«‚πâ¡

ßà“¬μàÕ°“√ªØ‘‡ ∏ ¡¡μ‘∞“πÀ≈—° (liberal) ·μà¡’∫“ß°√≥’∑’Ë¬“°μàÕ°“√ªØ‘‡ ∏ ¡¡μ‘∞“πÀ≈—° (conservative)

„π°√≥’π’È ‰¡à·π–π”„Àâ„™â ∂‘μ‘∑¥ Õ∫‡æ’¬√å —π‰§ ·§«√å

§” ”§—≠:  ∂‘μ‘∑¥ Õ∫‰§ ·§«√å / §«“¡·°√àß / Õ—μ√“§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1

«“√ “√§√ÿ»“ μ√å

ªï∑’Ë 44 ©∫—∫∑’Ë 3 (°√°Æ“§¡-°—π¬“¬π) Àπâ“ 212-220
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Abstract

The purpose of the current study is to investigate the Type I error rates of the

Pearson Chi-square statistic. Results of the study provide recommendations regarding under

what conditions the Pearson Chi-square test of independence is robust. For this Monte Carlo

study, the data were created using SAS UNIFORM to generate uniform random numbers on

the interval from zero to one. For the true null hypotheses, each condition, three significance

levels (.01, .05, .10), four sample sizes (20, 50, 100, 300) for 2 Ó 2, 2 Ó 4, and 2 Ó 5 and two

sample sizes (100, 300) for 4 Ó 5 contingency tables were investigated. Three marginal

probability distributions ranging from uniform to highly skewed on both rows and columns for

each 2 Ó 2, 2 Ó 4, and 2 Ó 5 table and five marginal probability distributions for each 4 Ó 5

table were examined. For each condition, 10,000 samples were repeated.

Simulation results show that the Pearson Chi-square is robust with respect to Type

I error rates, the recommendations on the use of Pearson Chi-square are:(a) the Pearson

Chi-square is robust in a sparse table (a table with less than 60% of the eij less than five and

none of them less than one). The empirical Type I error rates of the Pearson Chi-square lie

within the two standard error range, (b) the Pearson Chi-square tends to be conservative in

a moderately sparse table (a table with more than 60% of the eij less than five and none of

them less than one), and (c) the Pearson Chi-square tends to be too liberal and is not

recommended in an extremely sparse table (a table with a large variation in the eij and more

than 60% of the eij less than five and some of them less than one). Therefore, Pearson

Chi-square is robust and recommended for a table with less than 60% of eij < 5 and none of

them less than one.

KEYWORDS: CHI-SQUARE TEST STATISTIC / ROBUSTNESS / TYPE I ERROR RATE
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∫∑π”

·¡â«à“°“√∑¥ Õ∫‰§ ·§«√å®–∂Ÿ°„™â¡“

π“ππ—∫»μ«√√… ·μà°Á¬—ß¡’¢âÕ¢—¥·¬âß„π°“√„™â

°≈à“«§◊Õ‡¡◊ËÕ§«“¡∂’Ë∑’Ë§“¥À«—ß„π·μà≈–™—Èπ (°√≥’

∑¥ Õ∫¿“«– “√Ÿª π‘∑¥’: goodness of fit test)

À√◊Õ·μà≈–‡´≈ (°√≥’∑¥ Õ∫§«“¡‡ªìπÕ‘ √–À√◊Õ

§«“¡‡ªìπ‡Õ°æ—π∏å: independence or homoge-

neity test) ¡’§à“μË”°«à“ 5 °“√∑¥ Õ∫‰§ ·§«√å¬—ß

„Àâº≈∑’Ëπà“‡™◊ËÕ∂◊ÕÀ√◊Õ‰¡à

Karl Pearson ‡ªìπ§π·√°∑’Ë§âπæ∫·≈–

‡ πÕ°“√∑¥ Õ∫‰§ ·§«√å„π §.». 1900 ‡æ◊ËÕ

∑’Ë®–‡ª√’¬∫‡∑’¬∫§«“¡∂’Ë∑’Ë§“¥À«—ß°—∫§«“¡∂’Ë∑’Ë

 —ß‡°μ‰¥â®“°¢âÕ¡Ÿ≈ ‚¥¬‡¢“‡πâπ°“√ª√–¬ÿ°μå„™â

‰§ ·§«√å„π√–¬–·√°ª√–°Õ∫¥â«¬ 3 «—μ∂ÿª√– ß§å

§◊Õ (1) °“√„™â ‰§ ·§«√å‡æ◊ËÕ∑¥ Õ∫¿“«– “√Ÿª

 π‘∑¥’ (Goodness of Fit Test) ‡ªìπ°“√∑¥ Õ∫

‡æ◊ËÕ¥Ÿ«à“¢âÕ¡Ÿ≈™ÿ¥Àπ÷Ëß¡’°“√·®°·®ß§«“¡∂’Ë‡ªìπ

·∫∫°“√·®°·®ß∑’ËμâÕß°“√∑¥ Õ∫À√◊Õ‰¡à (2) °“√

„™â ‰§ ·§«√å‡æ◊ËÕ∑¥ Õ∫§«“¡‡ªìπ‡Õ°æ—π∏å¢Õß

¢âÕ¡Ÿ≈ (Homogeneity Test) ‡ªìπ°“√∑¥ Õ∫

‡æ◊ËÕ¥Ÿ«à“ª√–™“°√μ—Èß·μà 2 °≈ÿà¡¢÷Èπ‰ª ¡’°“√

·®°·®ß¢Õß —¥ à«π¢âÕ¡Ÿ≈‡ªìπ·∫∫‡¥’¬«°—πÀ√◊Õ‰¡à

(3) °“√„™â ‰§ ·§«√å‡æ◊ËÕ∑¥ Õ∫§«“¡‡ªìπÕ‘ √–

(Independence Test) ‡ªìπ°“√∑¥ Õ∫‡æ◊ËÕ¥Ÿ«à“

μ—«·ª√‡™‘ß§ÿ≥¿“æ 2 μ—« ‚¥¬∑’Ë·μà≈–μ—«∂Ÿ°

®”·π°‡ªìπÀ≈“¬√–¥—∫ ¡’§«“¡‡ªìπÕ‘ √–°—π

À√◊Õ‰¡à

μàÕ¡“„π√–¬–À≈—ß°“√∑¥ Õ∫‰§ ·§«√å‰¥â

∂Ÿ°ª√–¬ÿ°μå„™â°«â“ß¢«“ß¢÷Èπ ‡™àπ¡’°“√„™â

‰§ ·§«√å„π°“√∑¥ Õ∫μ—«·∫∫‚¡‡¥≈ ¡°“√

‚§√ß √â“ß ‡æ◊ËÕ∑¥ Õ∫«à“μ—«·∫∫∑’Ë —ß‡§√“–Àå‰¥â

®“°∑ƒ…Æ’¡’§«“¡ Õ¥§≈âÕß°—∫¢âÕ¡Ÿ≈ ‡™‘ ß

ª√–®—°…åÀ√◊Õ‰¡à πÕ°®“°π’È¬—ß‰¥â¡’°“√ª√–¬ÿ°μå

„™â ‰§ ·§«√å„π ∂‘μ‘∑’Ë‰¡à„™âæ“√“¡‘‡μÕ√å‡æ‘Ë¡¡“°¢÷Èπ

ß“π«‘®—¬π’È»÷°…“‡©æ“–°√≥’°“√∑¥ Õ∫

§«“¡‡ªìπÕ‘ √–¢Õßμ—«·ª√ 2 μ—« (independence

test) Àπ—ß ◊Õ ∂‘μ‘ à«π„À≠à®–°≈à“««à“‡æ’¬√å —π

‰§ ·§«√å„™â ‰¥â¥’‡©æ“–„π°√≥’∑’Ë§à“§“¥À«—ß„π

·μà≈–‡´≈¢Õßμ“√“ß¡’§à“‡°‘π°«à“ 5 ∫∑§«“¡π’È

μ—Èß„®®–π”‡ πÕ¢âÕ‡∑Á®®√‘ß„π°√≥’π’È

«—μ∂ÿª√– ß§å

‡æ◊ËÕμ√«® Õ∫§«“¡·°√àß¢Õß ∂‘μ‘∑¥ Õ∫

‰§ ·§«√å·∫∫‡æ’¬√å —π¿“¬„μâ ∂“π°“√≥å¢âÕ¡Ÿ≈

¡’°“√·®°·®ß¬Ÿπ‘øÕ√å¡®π∂÷ß¢âÕ¡Ÿ≈¡’§«“¡‡∫â¡“°

«‘∏’°“√«‘®—¬

1. ®”≈Õß¢âÕ¡Ÿ≈„Àâ¡’°“√·®°·®ß·∫∫

¬Ÿπ‘øÕ√å¡∑’Ë¡’§à“Õ¬Ÿà√–À«à“ß 0 ·≈– 1 ®“°‚ª√·°√¡

SAS ‡æ◊ËÕ°“√∑¥ Õ∫§«“¡‡ªìπÕ‘ √–¢Õßμ—«·ª√

2 μ—« „™â√–¥—∫π—¬ ”§—≠ 3 √–¥—∫§◊Õ .01, .05, ·≈–

.10 ¢π“¥μ—«Õ¬à“ß 4 ¢π“¥§◊Õ 20, 50, 100, 300

 ”À√—∫μ“√“ß 4 ¢π“¥§◊Õ 2 Ó 2, 2 Ó 4, 2 Ó 5

·≈– 4 Ó 5 (‡©æ“–¢π“¥μ—«Õ¬à“ß¢π“¥„À≠à§◊Õ

100 ·≈– 300) ·μà≈–°√≥’μ—Èß·μà‰¡à¡’§«“¡‡∫â

®π∂÷ß¡’§«“¡‡∫â¡“° °“√ ∑¥ Õ∫·μà≈–‡ß◊ËÕπ‰¢

∑”´È” 10,000 √Õ∫

2. °“√®”≈Õß¢âÕ¡Ÿ≈ ”À√—∫μ“√“ß°“√≥å

®√¢π“¥ rc  ”À√—∫°“√∑¥ Õ∫§«“¡‡ªìπÕ‘ √–

¢Õßμ—«·ª√ 2 μ—« ®–¡’§ÿ≥ ¡∫—μ‘«à“ marginal

probabilities p(RCij) = p(Ri) p(Cj). ∑”„Àâ

‡≈¢ ÿà¡·μà≈–μ—«®–∂Ÿ°°”Àπ¥„ÀâÕ¬Ÿà„π·μà≈–‡´≈

¥â«¬°“√‡∑’¬∫°—∫§à“§«“¡πà“®–‡ªìπ – ¡¥—ßπ’È

[0, p1), [p1, p1 + p2), ..., [1-prc, 1) μ“¡≈”¥—∫
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®”≈Õß¢âÕ¡Ÿ≈„π≈—°…≥–‡¥’¬«°—π ”À√—∫¢âÕ¡Ÿ≈„π

μ“√“ß¢π“¥Õ◊ËπÊ

3. „π°“√ª√–‡¡‘π§«“¡§≈“¥‡§≈◊ËÕπ

ª√–‡¿∑∑’Ë 1 À“°§à“§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë

1 ∑’Ë§”π«≥‰¥â¡’§à“μ°„π™à«ß§«“¡‡™◊ËÕ¡—Ëπ Õß

‡∑à“¢Õß à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π (two standard

error) °≈à“«§◊Õ

alpha ± 2 {alpha(1- alpha) / number of replications}

®–∂◊Õ«à“°“√∑¥ Õ∫§√—Èßπ—Èπ “¡“√∂§«∫§ÿ¡§«“¡

§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 · ¥ß«à“¡’§«“¡·°√àß

º≈°“√«‘®—¬

º≈°“√®”≈Õß¢âÕ¡Ÿ≈æ∫«à“ ∂‘μ‘∑¥ Õ∫

‡æ’¬√å —π‰§ ·§«√å¡’§«“¡·°√àß (robust)  “¡“√∂

§«∫§ÿ¡§à“§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 ‰¥â„π

‡°◊Õ∫∑ÿ°°√≥’  √ÿª‰¥â¥—ßπ’È

1. °√≥’¬Ÿπ‘øÕ√å¡§◊Õ∑ÿ°‡´≈¡’§à“§“¥À«—ß

‡∑à“°—π ‡æ’¬√å —π‰§ ·§«√å®–¡’§«“¡·°√àß‡¡◊ËÕ eij
∑ÿ°μ—«¡’§à“¡“°°«à“ 5

2. °√≥’¬Ÿπ‘øÕ√å¡ „π°√≥’∑’Ë eij ∑ÿ°μ—«¡’§à“
μË”°«à“ 5 ‡™àπ¡’§à“‡ªìπ 2.5 ∑ÿ°μ—«„πμ“√“ß¢π“¥
2 Ó 4 ·≈–¡’§à“‡ªìπ 2 ∑ÿ°μ—«„πμ“√“ß¢π“¥ 2 Ó 5
(√“¬≈–‡Õ’¬¥· ¥ß„πμ“√“ß∑’Ë 1) ‡æ’¬√å —π
‰§ ·§«√å®–¡’·π«‚πâ¡‡ªìπ conservative „π∑ÿ°
°√≥’ °≈à“«§◊Õ§à“§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1
∑’Ë§”π«≥‰¥â®–μË”°«à“§à“ alpha ∑’Ë°”Àπ¥ ∑”„Àâ
 √ÿª‰¥â«à“‡æ’¬√å —π‰§ ·§«√å¢“¥§«“¡·°√àß‡¡◊ËÕ
§à“§“¥À«—ß∑ÿ°§à“μË”°«à“ 5

3. °√≥’∑’Ë¢âÕ¡Ÿ≈¡’§«“¡‡∫â√–¥—∫ª“π°≈“ß
(moderately skewed) ‡æ’¬√å —π‰§ ·§«√å¡’
·π«‚πâ¡ conservative ‡¡◊ËÕ¢âÕ¡Ÿ≈¡’§à“ eij < 5 ‡°‘π
°«à“ 60% ·≈–‰¡à¡’¢âÕ¡Ÿ≈„π‡´≈„¥¡’§à“μË”°«à“ 1
(√“¬≈–‡Õ’¬¥¥Ÿ®“°μ“√“ß∑’Ë 2) °≈à“«§◊Õ§à“§«“¡

μ—«Õ¬à“ß°“√®”≈Õß¢âÕ¡Ÿ≈ ”À√—∫μ“√“ß¢π“¥ 2 Ó 2 ∑’Ë¡’ marginal probability ‡∑à“°—π (°√≥’¢âÕ¡Ÿ≈‰¡à¡’

§«“¡‡∫â §à“§“¥À«—ß‡∑à“°—π∑ÿ°§à“)

.5 .5 ‡≈¢ ÿà¡∑’Ë¡’§à“√–À«à“ß .00 ·≈– .25 ®–μ°„π·∂«πÕπ∑’Ë 1 À≈—°∑’Ë 1

.25 .25 .5 ‡≈¢ ÿà¡∑’Ë¡’§à“√–À«à“ß .26 ·≈– .50 ®–μ°„π·∂«πÕπ∑’Ë 1 À≈—°∑’Ë 2

.25 .25 .5 ‡≈¢ ÿà¡∑’Ë¡’§à“√–À«à“ß .51 ·≈– .75 ®–μ°„π·∂«πÕπ∑’Ë 2 À≈—°∑’Ë 1

‡≈¢ ÿà¡∑’Ë¡’§à“√–À«à“ß .76 ·≈– 1.00 ®–μ°„π·∂«πÕπ∑’Ë 2 À≈—°∑’Ë 2

 ”À√—∫°“√®”≈Õß¢âÕ¡Ÿ≈ ”À√—∫μ“√“ß¢π“¥ 2 Ó 2 ∑’Ë¡’ marginal probability ‰¡à‡∑à“°—π (°√≥’¢âÕ¡Ÿ≈¡’

§«“¡‡∫â¡“°)

.9 .1 ‡≈¢ ÿà¡∑’Ë¡’§à“√–À«à“ß .00 ·≈– .72 ®–μ°„π·∂«πÕπ∑’Ë 1 À≈—°∑’Ë 1

.72 .08 .8 ‡≈¢ ÿà¡∑’Ë¡’§à“√–À«à“ß .73 ·≈– .80 ®–μ°„π·∂«πÕπ∑’Ë 1 À≈—°∑’Ë 2

.18 .02 .2 ‡≈¢ ÿà¡∑’Ë¡’§à“√–À«à“ß .81 ·≈– .98 ®–μ°„π·∂«πÕπ∑’Ë 2 À≈—°∑’Ë 1

‡≈¢ ÿà¡∑’Ë¡’§à“√–À«à“ß .99 ·≈– 1.00 ®–μ°„π·∂«πÕπ∑’Ë 2 À≈—°∑’Ë 2
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§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 ∑’Ë§”π«≥‰¥â¡’·π«‚πâ¡

μË”°«à“§à“ alpha ∑’Ë°”Àπ¥

4. °√≥’∑’Ë¢âÕ¡Ÿ≈¡’§«“¡‡∫â√–¥—∫¡“° (ex-

tremely skewed) §◊Õ¢âÕ¡Ÿ≈¡’§à“ eij < 5 ‡°‘π°«à“

60% ·≈–¡’∫“ßμ—«μË”°«à“ 1 ‡æ’¬√å —π‰§ ·§«√å

®– inconsistent °≈à“«§◊Õ∫“ß§√—Èß conservative

∫“ß§√—Èß liberal „π°√≥’π’È‡æ’¬√å —π‰§ ·§«√å®–

¢“¥§«“¡·°√àß·≈–‰¡à·π–π”„Àâ„™â (√“¬≈–‡Õ’¬¥

¥Ÿ®“°μ“√“ß∑’Ë 3 ·≈– 4)

®“°¢âÕ§âπæ∫∑”„Àâ “¡“√∂ √ÿª‰¥â«à“‡æ’¬√å

 —π‰§ ·§«√å¡’§«“¡·°√àß “¡“√∂„™â ‰¥â¥’„π∑ÿ°

°√≥’∑’Ë¡’§à“§“¥À«—ß (eij) μË”°«à“ 5 πâÕ¬°«à“√âÕ¬

≈– 60 ·≈–‰¡à¡’‡´≈„¥¡’§à“μË”°«à“ 1 „π°√≥’∑’Ë

§à“§“¥À«—ßμË”°«à“ 5 ∑ÿ°§à“ (√âÕ¬≈– 100) ‡æ’¬√å

 —π‰§ ·§«√å®–¡’·π«‚πâ¡¬“°μàÕ°“√ªØ‘‡ ∏

 ¡¡μ‘∞“πÀ≈—° (conservative)

„π°√≥’∑’Ë¢âÕ¡Ÿ≈‡∫â¡“°§◊Õ¡’§à“§“¥À«—ßμË”°«à“

5 ‡°‘π°«à“√âÕ¬≈– 60 ·≈–¡’∫“ß§à“μË”°«à“ 1 ‡æ’¬√å

 —π ‰§ ·§«√å®–¢“¥§«“¡·°√àß °≈à“«§◊Õ∫“ß

§√—ÈßÕ“®®– conservative ∫“ß§√—ÈßÕ“®®– liberal

¢âÕ¡Ÿ≈„π≈—°…≥–‡™àππ’È®÷ß‰¡à·π–π”„Àâ„™â‡æ’¬√å —π

‰§ ·§«√å„π°“√∑¥ Õ∫ ¡¡μ‘∞“π μ—«Õ¬à“ß‡™àπ

¢âÕ¡Ÿ≈„πμ“√“ß∑’Ë 4  ”À√—∫μ“√“ß°“√≥å®√¢π“¥

4 Ó 5 °√≥’∑’Ë 5 ‡¡◊ËÕ¢π“¥μ—«Õ¬à“ß‡∑à“°—∫ 100

¢âÕ¡Ÿ≈¡’§à“§“¥À«—ßμË”°«à“ 5 √âÕ¬≈– 80 §«“¡

§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 §”π«≥‰¥â .032 („π

¢≥–∑’Ë alpha = .01) .084 („π¢≥–∑’Ë alpha =

.05) .133 („π¢≥–∑’Ë alpha = .10) ‡æ’¬√å —π

‰§ ·§«√å¢“¥§«“¡·°√àß§◊Õ‰¡à “¡“√∂§«∫§ÿ¡

§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 „Àâ¡’§à“Õ¬Ÿà„π™à«ß

§«“¡‡™◊ËÕ¡—Ëπ Õß‡∑à“§«“¡§≈“¥‡§≈◊ËÕπ¡“μ√∞“π

(two standard error confident interval) ‰¥â∑—Èß

3 √–¥—∫π—¬ ”§—≠ π—Ëπ§◊Õ§à“§«“¡§≈“¥‡§≈◊ËÕπ‰¡à

μ°„π™à«ß§«“¡‡™◊ËÕ¡—Ëπ¥—ß°≈à“« „π°√≥’π’È∑”„Àâ

‡æ’¬√å —π‰§ ·§«√å¢“¥§«“¡·°√àß ‡√’¬°«à“ too

liberal §◊Õ¡’·π«‚πâ¡ßà“¬μàÕ°“√ªØ‘‡ ∏§◊Õ°“√

∑¥ Õ∫ ¡¡μ‘∞“π¡’‚Õ°“ ªØ‘‡ ∏ ¡¡μ‘∞“πÀ≈—°

 Ÿß°«à“§à“ alpha ∑’Ë√–∫ÿ‰«â

„π¢≥–‡¥’¬«°—π μ—«Õ¬à“ß¢âÕ¡Ÿ≈„πμ“√“ß∑’Ë 4

 ”À√—∫μ“√“ß°“√≥å®√¢π“¥ 4 Ó 5 °√≥’∑’Ë 3 ‡¡◊ËÕ

¢π“¥μ—«Õ¬à“ß‡∑à“°—∫ 100 ¢âÕ¡Ÿ≈¡’§à“§“¥À«—ßμË”

°«à“ 5 √âÕ¬≈– 65 §«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1

§”π«≥‰¥â .093 („π¢≥–∑’Ë alpha = .10) ‡æ’¬√å

 —π‰§ ·§«√å¢“¥§«“¡·°√àß§◊Õ‰¡à “¡“√∂§«∫§ÿ¡

§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 „Àâ¡’§à“Õ¬Ÿà„π™à«ß

§«“¡‡™◊ËÕ¡—Ëπ Õß‡∑à“§«“¡§≈“¥‡§≈◊ËÕπ¡“μ√∞“π

(two standard error confident interval) „π

°√≥’π’È∑”„Àâ‡æ’¬√å —π‰§ ·§«√å¢“¥§«“¡·°√àß

‡√’¬°«à“ conservative §◊Õ¡’·π«‚πâ¡¬“°μàÕ°“√

ªØ‘‡ ∏§◊Õ°“√∑¥ Õ∫ ¡¡μ‘∞“π¡’‚Õ°“ ªØ‘‡ ∏

 ¡¡μ‘∞“πÀ≈—°πâÕ¬°«à“§à“ alpha ∑’Ë√–∫ÿ‰«â

 √ÿª«à“„π°√≥’¢âÕ¡Ÿ≈‡∫â¡“°§◊Õ¡’§à“§“¥

À«—ßμË”°«à“ 5 ‡°‘π°«à“√âÕ¬≈– 60 ·≈–¡’§à“§“¥

À«—ß∫“ßμ—«μË”°«à“ 1  ∂‘μ‘∑¥ Õ∫‡æ’¬√å —π‰§ ·§«√å

®–¢“¥§ÿ≥ ¡∫—μ‘§«“¡§ß‡ âπ§ß«“ (inconsistent)

°≈à“«§◊Õº≈°“√∑¥ Õ∫∫“ß°√≥’Õ“®®– liberal

∫“ß°√≥’Õ“®®– conservative ·≈–„π∫“ß°√≥’

Õ“®®– robust °Á‰¥â „π°√≥’π’È®÷ß‰¡à·π–π”„Àâ„™â

Õ¿‘ª√“¬º≈

º≈°“√«‘®—¬¡’§«“¡¢—¥·¬âß°—∫ß“π«‘®—¬¢Õß

Slakter (1966) ∑’Ë°≈à“««à“‡æ’¬√å —π‰§ ·§«√å¬—ß

§ß “¡“√∂„™â ‰¥â¥’‡¡◊ËÕ§à“§“¥À«—ß∑ÿ°μ—«¡’§à“‡∑à“

°—π·≈–μË”°«à“ 5 º≈°“√»÷°…“§√—Èßπ’È√–∫ÿ™—¥‡®π

«à“‡æ’¬√å —π‰§ ·§«√å®–¢“¥§«“¡·°√àß·≈–¡’·π«
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‚πâ¡ conservative ‡¡◊ËÕ§à“§“¥À«—ß∑ÿ°μ—«¡’§à“

‡∑à“°—π·≈–μË”°«à“ 5 º≈°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

· ¥ß√“¬≈–‡Õ’¬¥„πμ“√“ß∑’Ë 1„π°√≥’∑’Ë eij ∑ÿ°

μ—«¡’§à“‡ªìπ 2.5  ”À√—∫μ“√“ß¢π“¥ 2 Ó 4 ·≈–

¡’§à“‡ªìπ 2 ∑ÿ°μ—«„πμ“√“ß¢π“¥ 2 Ó 5 ‡æ’¬√å

 —π‰§ ·§«√å®–¡’·π«‚πâ¡‡ªìπ conservative

πÕ°®“°π’È¬—ßæ∫Õ’°«à“‡æ’¬√å —π‰§ ·§«√å®–¡’

§«“¡·°√àß‡¡◊ËÕ¢âÕ¡Ÿ≈¡’§à“§“¥À«—ßμË”°«à“ 5 πâÕ¬

°«à“√âÕ¬≈– 60 ‰¡à«à“§à“§“¥À«—ß®–‡∑à“À√◊Õμà“ß°—π

®–Õ¬à“ß‰√°Áμ“¡º≈°“√«‘®—¬π’È π—∫ πÿπ¢âÕ

§âπæ∫¢Õß Lewontin and Felsentein (1965);

Camilli and Hopkins (1978) ·≈– Bradley,

Bradley, McGrath, and Cutcomb (1979)

∑’Ë°≈à“««à“‡¡◊ËÕ¢âÕ¡Ÿ≈¡’§à“§“¥À«—ßμË”°«à“ 5 ‡°‘π«à“

√âÕ¬≈– 60 ‡æ’¬√å —π‰§ ·§«√å¡’·π«‚πâ¡¬“°μàÕ

°“√ªØ‘‡ ∏ ¡¡μ‘∞“πÀ≈—° (conservative) ·μàº≈

°“√«‘®—¬§√—Èßπ’È ‰¡à ‰¥â π—∫ πÿπ§«“¡§‘¥¥—ß°≈à“«

∑—ÈßÀ¡¥°≈à“«§◊Õ π—∫ πÿπ‡©æ“–„π°√≥’∑’Ë¢âÕ¡Ÿ≈

¡’§à“§“¥À«—ßμË”°«à“ 5 ‡°‘π°«à“√âÕ¬≈– 60 ·μà

μâÕß‡æ‘Ë¡‡ß◊ËÕπ‰¢«à“‰¡à¡’§à“§“¥À«—ß„π‡´≈„¥¡’§à“

μË”°«à“ 1 ‡π◊ËÕß®“°À“°¡’∫“ß‡´≈¡’§à“§“¥À«—ß

μË”°«à“ 1 ‡æ’¬√å —π‰§ ·§«√å®– inconsistent ·≈–

¡’·π«‚πâ¡ too liberal (ßà“¬μàÕ°“√ªØ‘‡ ∏ ¡¡μ‘

∞“πÀ≈—°) ‰¡à„™à¡’·π«‚πâ¡ conservative Õ¬à“ß

∑’Ë‡¢“∑—Èß “¡°≈à“«‰«â

 √ÿª«à“‡æ’¬√å —π‰§ ·§«√å “¡“√∂„™â ‰¥â¥’¡’

§«“¡·°√àß„πÀ≈“¬°√≥’ „™â ‰¥â°«â“ß°«à“∑’Ë§π

∑—Ë«‰ª‡¢â“„®°—π°≈à“«§◊Õ§π∑—Ë«‰ª‡¢â“„®°—π«à“

μ“√“ß 1 §à“§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 ‡¡◊ËÕ¢âÕ¡Ÿ≈¡’°“√·®°·®ß¬Ÿπ‘øÕ√å¡

μ“√“ß N eij Alpha

.01 .05 .10

2 Ó 2 20 5 .010 .050 .121

50 12.5 .009 .057 .108

100 25 .012 .056 .101

300 75 .010 .051 .097

2 Ó 4 20 2.5 .004 .042 .096

50 6.25 .009 .048 .104

100 12.5 .008 .051 .100

300 37.5 .011 .051 .105

2 Ó 5 20 2 .004 .034 .093

50 5 .008 .050 .104

100 10 .009 .048 .099

300 30 .010 .051 .100

4 Ó 5 100 5 .008 .045 .094

300 15 .009 .050 .096
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μ“√“ß 2 §à“§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 ‡¡◊ËÕ¢âÕ¡Ÿ≈¡’°“√·®°·®ß·∫∫‡∫âª“π°≈“ß

μ“√“ß N %eij < 5 Alpha
.01 .05 .10

2 Ó 2 20 75 .011 .044 .097
50 25 .009 .046 .100
100 0 .009 .049 .100
300 0 .010 .051 .106

2 Ó 4 20 87.5 .006 .044 .095
50 37.5 .007 .046 .099
100 0 .008 .052 .100
300 0 .009 .048 .098

2 Ó 5 20 100 .004 .037 .095
50 60 .007 .044 .093
100 10 .007 .047 .096
300 0 .010 .049 .098

4 Ó 5 100 65 .008 .047 .097
300 0 .009 .046 .096

μ“√“ß 3 §à“§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 ‡¡◊ËÕ¢âÕ¡Ÿ≈¡’°“√·®°·®ß·∫∫‡∫â¡“°

μ“√“ß N %eij < 5 Alpha
.01 .05 .10

2 Ó 2 20 75 .020 .057 .076
50 50 .012 .041 .075
100 25 .010 .040 .090
300 0 .009 .048 .101

2 Ó 4 20 87.5 .012 .055 .102
50 50 .010 .044 .087
100 37.5 .010 .047 .098
300 0 .009 .052 .103

2 Ó 5 20 90 .012 .051 .105
50 70 .011 .048 .094
100 40 .010 .049 .100
300 0 .010 .050 .097
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μ“√“ß 4 §à“§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1 ‡¡◊ËÕ¢âÕ¡Ÿ≈¡’°“√·®°·®ß·∫∫‡∫â¡“° (μ“√“ß 4 Ó 5)

°√≥ N %eij < 5 Alpha

.01 .05 .10

3 100 65 .010 .045 .093

300 10 .009 .044 .095

4 100 60 .012 .051 0.97

300 40 .011 .046 .092

5 100 80 .032 .084 .133

300 55 .019 .059 .103

‡¡◊ËÕ‰√°Áμ“¡∑’Ë¡’§à“§“¥À«—ßμË”°«à“ 5 ª√“°Ø„π

μ“√“ß¢âÕ¡Ÿ≈·¡â‡æ’¬ß 1 §à“‡∑à“π—Èπ®–∂◊Õ«à“º≈

°“√∑¥ Õ∫Õ“®¢“¥§«“¡πà“‡™◊ËÕ∂◊Õ º≈°“√«‘®—¬

π’È √ÿª«à“ ”À√—∫μ“√“ß°“√≥å®√∑ÿ°¢π“¥∑’Ë¡’§à“

§“¥À«—ßμË”°«à“ 5 √«¡Õ¬Ÿà„πª√‘¡“≥∑’ËπâÕ¬°«à“

√âÕ¬≈– 60 ·≈–‰¡à¡’§à“§“¥À«—ß„¥¡’§à“πâÕ¬°«à“ 1

‡æ’¬√å —π‰§ ·§«√å¬—ß¡’§«“¡·°√àß “¡“√∂„™â ‰¥â¥’

¥—ßπ—Èπ„π°√≥’‡ªìπμ“√“ß°“√≥å®√¢π“¥ 2 Ó 2 ®–

¡’§«“¡∂’Ë®”π«π 4 ‡´≈∂â“¡’ 2 ‡´≈∑’Ë¡’§à“§“¥À«—ß

μË”°«à“ 5 ·≈–‰¡à¡’‡´≈„¥¡’§à“§“¥À«—ßμË”°«à“ 1 º≈

°“√«‘®—¬π’È√–∫ÿ«à“‡æ’¬√å —π‰§ ·§«√å¬—ß§ß¡’§«“¡

·°√àß  “¡“√∂„™â ‰¥â „π°“√∑¥ Õ∫ ¡¡μ‘∞“π

‡π◊ËÕß®“°¬—ß¡’§à“§«“¡§≈“¥‡§≈◊ËÕπª√–‡¿∑∑’Ë 1

μ°„π™à«ß§«“¡‡™◊ËÕ¡—Ëπ Õß‡∑à“¢Õß§«“¡§≈“¥

‡§≈◊ËÕπ¡“μ√∞“π (two standard error confident

interval) ‡ªìπμâπ

√“¬°“√Õâ“ßÕ‘ß

Bradley, D. R., Bradley, T. D., McGrath, S. G., & Cutcomb, S. D. (1979). Type I error rate of the

chi-square test of independence in r Ó c tables that have small expected frequencies.

Psychological Bulletin, 86, 1290-1297.

Camilli, G., & Hopkins, K. D. (1978). Aplicability of chi-square to 2 Ó 2 contingency tables

with small expected cell frequencies. Psychological Bulletin, 85, 163-167.

Lewontin, R. C., & Felsenstein, J. (1965). The robustness of homogeneity tests in 2 Ó N tables.

Biometrics, 21, 19-33.

Slakter, M. J. (1966). Comparative validity of the chi-square and two modified chi-square

goodness-of-fit tests for small but equal expected frequencies. Biometrika, 53, 619-622.
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