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Abstract

The purpose of this research is to propose the interval estimation for the mean of a
log-normal  distribution based on an asymptotic normal distribution of “maximum
likelihood estimator, and to compare the coverage probability and average length with
four methods: the naive method, large-sample approach, Angus’s conservative method
and Cox’s method. The criteria to evaluate an error and reliability of each estimation
method is determined by the coverage probability and average length of the confidence
interval, using data simulation with statistical software (Minitab 14.0) and the experiment
repeats 1,000 times for each situation. The simulation study shows that when the
standard deviation is small (o=0.1), the naive method, large-sample approach, Cox’s
method, and asymptotic normal  distribution of -MLE method gives the coverage
probability close to the nominal confidence of the interval and short average length for
all sample sizes. When the standard deviation increase to 0.5 (g =0.5), the large-sample
approach, Cox’s method, and asymptotic normal distribution of MLE method gives the
coverage probability close to the nominal confidence of the interval when the sample
size is 30 or more, and the asymptotic normal distribution of MLE method has the best
performance because of = the shortest average length. When the standard deviation
increase to 1.0 (o =1.0), only the Cox’s method and asymptotic normal distribution of
MLE method gives the coverage probability close to the nominal confidence of the
interval, and the asymptotic normal distribution of MLE method still ‘has better

performance than the Cox’s method because of the shorter average length.

Keyword: asymptotic normal distribution, maximum likelihood estimator, coverage probability, average

length

1. umin

nsuanuasden-uedifa (Log-Normal Distribution) iunisuanuamilsiignihluussendldiu
alufusegegneniiemane diesdunumeiuingimansnisunmduazaisisngy $u
meduAsEgansuarUISEIRY vieaumsduimnssumnand Wusu Taslannzededa a
figrtestudoyatidin (Lifetime Data) w3oo1anisldeu (Failure  Time) fetaitu Tumis
nsunnduaransisngy mswanuasden-usitalilunisedurssseriaildlunisiidanuld
szevnamsiulavenTaduzi srerianITuNIszUIReslsa stagnafisendinvetasan
mslasunissnumanisunmg 1a lumaAsegenanitazuinsgsia mswanuasion-uesdaly
o3unemsnsvaeeld esutesuautunansuunuiuisndseiufofesialiiugndluusasd

14



NsaTIemansaianseds I 24 adun 2 Weunsngau-Suaay 2558

1 videlumaimnssumans nisuanuasion-uedifaldelunesvesinafitudiuguniaiay
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fusznaisnviiesdugege LaslSeuiisuussansamaein1 susznuA LU TE AW
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Wedudsavuuasgudlvwaindudu 050 (o = 0.50) nMsUszuuAMuLYIIsenAe
fegrsvualug 35Aend uaridnsussanarenisuanasUnivesinuszanaisnneinaidy
gegn sgliAanuiisziluresnisaseunguamisfines y Indidssiuseduannudedui
° A o oA o i & A a v = '
e ledediivnaiud 30 Fuly (72 30) uazlleNasaAUNIILafeveItIeAY
Foriu wudh BnsUszinadionisuanuasnfvesinussanaisansiney Lﬂumam Dudsms
Uszanuaiiiussavinmian iWesnlrivasnnudesiuiidesiign

i ! aau:f
dedaudenvunasgudvuafisdudu 1.00 (o =1.00) HifiesnsUszinruuuTies
ond uarisnsussnumisniskanuasUnivesiilsznaitnie maumumamﬂwmmmmm
LUusuaqmsmaUﬂaumWﬁmLmasz//iﬂamamm Fupudetiuiisiuun Wasegnafivundaud
30 $ulU (n>30) wewidlefinsanenunsedsvestismdotiu wuih BnsUssuiudens
wanuasUnBivesiussanaitanzuiaziugean fnaduisnisussunarnivssdnsnmingn
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] i &, ' a s | el 1% a |
M990 1. mmuﬁ?\]”L“tJu‘lJa\‘imiﬂiaUﬂaiJmWﬁmL(ﬂ@i W (Coverage PI’ObabILIty) LAZANUNINRAYVDIYIY

ety (Average Length ) Pldmniansyszanasta 5 38 Suunnuuwaiiods nid e = 0.01

n Coverage Probability I Average Length

31 | B2 | 3873 | A4 | A5 | A1 | BBz | 383 | B4 | s
10 0.9150 | 0.9140 | 0.9640 | 0.9150 | 0.9150 | 0.0119 | 0.0120 | 0.0175 | 0.0120 | 0.0120
20 0.9360 | 0.9360 | 0.9760 | 0.9360 | 0.9360 | 0.0088 | 0.0087 | 0.0121 | 0.0087 | 0.0087
30 0.9220 | 0.9230 | 0.9730 | 0.9250 | 0.9250 | 0.0071 | 0.0072 | 0.0101 | 0.0071 | 0.0071
40 0.9350 | 0.9330 | 0.9610 | 0.9300 | 0.9300 | 0.0061 | 0.0062 | 0.0087 | 0.0061 | 0.0061
50 0.9470 | 0.9420 | 0.9680 | 0.9410 | 0.9410 | 0.0056 | 0.0055 | 0.0079 | 0.0055 | 0.0055
60 0.9410 | 0.9320 | 0.9630 | 0.9320 | 0.9320 | 0.0050 | 0.0050 | 0.0075 | 0.0051 | 0.0051
70 0.9490 | 0.9480 | 0.9730 | 0.9480 | 0.9480 | 0.0047 | 0.0047 | 0.0070 | 0.0046 | 0.0046
80 0.9450 | 0.9430 | 0.9720 | 0.9460 | 0.9460 | 0.0043 | 0.0044 | 0.0066 | 0.0043 | 0.0043
90 0.9350 | 0.9460 | 0.9680 | 0.9460 | 0.9460 | 0.0041 | 0.0042 | 0.0064 | 0.0041 | 0.0041
100 | 0.9430 | 0.9490 | 0.9700 | 0.9510 | 0.9510 | 0.0039 | 0.0039 | 0.0061 | 0.0039 | 0.0039
500 | 0.9460 | 0.9520 | 0.9760 | 0.9530 | 0.9530 | 0.0016 | 0.0018 | 0.0035 | 0.0017 | 0.0017
1000 | 0.9450 | 0.9450 | 0.9670 | 0.9380 | 0.9380 | 0.0013 | 0.0012 | 0.0028 | 0.0013 | 0.0012
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= ' < ' a s . o a |
A15799 2. awezilureanisaseunquAINsiiees w (Coverage Probability) LagAINAIIGREURILIS

AT (Average Length) 71lin1nion1susznnediia 5 35 Skunauawngedns nidl o = 0.50

n Coverage Probability Average Length
AW 1 | 2872 | "W 3 | A4 | 385 | AR | A2 | /i3 | B4 | AFis
10 | 0.8870 | 0.8530 | 0.9770 | 0.9240 | 0.9220 | 0.6970 | 0.6297 | 1.2827 | 0.7847 | 0.6481
20 | 0.9220 | 0.7710 | 0.9820 | 0.9350 | 0.9350 | 0.5085 | 0.4359 | 0.8045 | 0.5315 | 0.4571
30 | 0.9280 | 0.7150 | 0.9830 | 0.9410 | 0.9410 | 0.4216 | 0.3566 | 0.6580 | 0.4321 | 0.3753
40 | 0.9380 | 0.6350 | 0.9810 | 0.9400 | 0.9400 | 0.3658 | 0.3106 | 0.5741 | 0.3766 | 0.3285
50 | 0.9360 | 0.5600 | 0.9810 | 0.9500 | 0.9500 | 0.3279 | 0.2768 | 0.5187 | 0.3346 | 0.2926
60 0.9350 | 0.5180 | 0.9850 | 0.9530 | 0.9530 | 0.3015 | 0.2546 | 0.4851 | 0.3076 | 0.2687
70 | 0.9280 | 0.4560 | 0.9710 | 0.9330 | 0.9330 | 0.2793 | 0.2334 | 0.4504 | 0.2810 | 0.2463
80 | 0.9420 | 0.3910 | 0.9790 | 0.9520 | 0.9520 | 0.2626 | 0.2188 | 0.4282 | 0.2635 | 0.2309
90 | 0.9460 | 0.3530 | 0.9770 | 0.9510 | 0.9510 | 0.2468 | 0.2068 | 0.4099 | 0.2491 | 0.2183
100 | 0.9530 | 0.3070 | 0.9780 | 0.9420 | 0.9420 | 0.2372 | 0.1965 | 0.3946 | 0.2371 | 0.2080
500 | 0.9480 | 0.0000 | 0.9870 | 0.9660 | 0.9660 | 0.1058 | 0.0876 | 0.2206 | 0.1053 | 0.0929
1000 | 0.9510 | 0.0000 | 0.9790 | 0.9560 | 0.9560 | 0.0747 | 0.0620 | 0.1750 | 0.0745 | 0.0657

a15190 3. muhazluvesmsaseurgueAIwITIlines p (Coverage Probability) uazAIuN1RAEYDIYN

AMLLTITY (Average Length) 71lARNN35n1TUsERIMIG 5 38 Suunaiuvnafiede nsdl o =1.0

n 'C0verége Probability. A Average Length

aaa aaa aca aca ada aaa nann"zj' - aad acd aca

WN1 | WN2 | BN3 | W¥Ng | W5 | /AL | WD /N3 | W04 | W5
10 0.7910 | 0.6270 | 0.9780 | 0.9170 | 0.9130 | 2.1021 | 1.3592 | 7.4921 | 3.4290 | 1.4901
20 0.8560 | 0.3950 | 0.9840 | 0.9190 | 0.9190 | 1.6476 | 0.9168 | 3.5147 | 2.0033 | 1.0510
30 0.8760 | 0.2120 | 0.9940 | 0.9450 | 0.9450 | 1.4086 | 0.7388 | 2.7528 | 1.5920 | 0.8774
40 0.8840 | 0.1050 | 0.9860 | 0.9360 | 0.9360 | 1.2075 | 0.6310 | 2.2685 | 1.3288 | 0.7561
50 0.9000 | 0.0490 | 0.9910 | 0.9570 | 0.9570 | 1.0852 | 0.5622 | 2.0085 | 1.1664 | 0.6730
60 0.9110 | 0.0220 | 0.9860 | 0.9430 | 0.9430 | 1.0135 | 0.5104 | 1.8510 | 1.0612 | 0.6192
70 0.9030 | 0.0120 | 0.9870 | 0.9520 | 0.9520 | 0.9312 | 0.4746 | 1.7321 | 0.9804 | 0.5739
80 0.9240 | 0.0070 | 0.9850 | 0.9480 | 0.9480 | 0.8992 | 0.4411 | 1.6086 | 0.9021 | 0.5322
90 0.9060 | 0.0020 | 0.9860 | 0.9470 | 0.9470 | 0.8487 | 0.4149 | 1.5247 | 0.8466 | 0.5023
100 | 0.9260 | 0.0010 | 0.9850 | 0.9400 | 0.9400 | 0.8102 | 0.3935 | 1.4697 | 0.8077 | 0.4796
500 | 0.9280 | 0.0000 | 0.9750 | 0.9440 | 0.9440 | 0.3731 | 0.1755 | 0.7943 | 0.3552 | 0.2145
1000 | 0.9430 | 0.0000 | 0.9820 | 0.9540 | 0.9540 | 0.2670 | 0.1242 | 0.6243 | 0.2510 | 0.1518
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5. aAUT18NAN15IY

nsUszanaALuuEsdniuauadsion-uediaisendudietwuinlugnuuuiAnes
Aitchison @ Brown Hu lunisa¥tasmuidesiuneldnsldvsinumyuiivssanugens
LanuasUnAunsgIunamguundadindngdiunans dadethuimnamyusanaignliluns
a¥esmnuderiu mmﬂmwmmﬁlﬁwﬁu%qLﬁﬂmﬂ‘ﬂﬁ)é‘f%mﬂﬁzjLsﬁngmuwmmﬂnﬁmmgm
punguiundadrindigaiunats lasdmsgiindanaruduatemungul drsmnudesiuiiadis
Juarlieanuiasduresnsaseunquamnaiines p Indidestussiuamudeduiifun
uignsguinliifuaimungud dunnuideiufiadduarlimamninsiueniseseungy
Amnsiees v Aldasaiussiumnuideshditmunnieiiadieuly FwmasnnisAnwuandiidu
11 nsdifighegvnEn (n < 30) Faaadeiunuiives Aitchison way Brown dulugliien
mmhezduresnsaseunquAtns e’ v hinssiusziuenandesiuiiimun dudeuudns
1 wwefegnsdinanan1sgidngn1suINUATUUUN AR IUA N UAUNTAT A ddunans
Fefodudedesvesizordiufegrevuelng uonanid namsidedmuin dnsufaegnuuauiu
nans (30 < 7 < 100) FumnudesiuniaiSues Aitchison tag Brown liAiauthazliuresnis
AseuRUANNTTIABS y Tiknitegnasnian snfiegiat n3dl o = 0.01 evuiniodie
n =80 AenuinauiuvesnmsaseunauAmiwes v Aldliawiiu 0. 9450 Tuvaiziivunn
freghe n=90 mmmnzduresmsaseuraudmiives y Alsamanasndy 09350 uas
levuinfesna n =100 Aarhandusesiaseunquamiioed y Aldddnfududy
0.9430 (Jusiu

nsUszInaAL U Hugaumansaudletedossudesnanuadegsiianyanves
nsgdngnis  wenussnAumsmunamauiundedrinddaunanld ilesen msaiatas
AU dosfumuuulIAneaq Patterson Hu 1AgUSu Y Z:(?—E()—’))/\/Var(?) e
Y=InX, EF)=py uag Var¥)=oc>/n Fnuin USHraunyuaangd1 3 An15uanuasuni
ATFIUBENUTTAI (Exact Distribution) mnagufivesnisuanuasunfi ety aruiawanadiie
mntladevesnisgiingnmsuanuasuouinianesguaanguiundnsafadigaiunansddlafngy
usiogslsAnu msa%mimmmLs?iaﬁuimﬂ%’ﬂ‘%mmmgu (17~E(I7))/1/Var(17) Wuieanisadna
Frpnudetiudmsunsnines u whilu Wevhmsulastisanudetudmiumsifines u
nduludutsanudetudmsunisfivnes v lagldilaidunouRani3iiunuuuifnves
Patterson Wud1 ¥rsauideduiilaannisutasndusendtn Wuraeanudesiudmdu exp(u)
allddmiu exp(u+ o 72) Fauduradedon-uedifa fuiu drmudesiiildannnsulanduds

| '
o

lanunsafiezlidianuinnnduveanisaseuaquamisiitnes v assiusziuauded
vun Beuanliaenndaaiunuideres Zhou wag Gao [9] uaz Olsson [10]
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FmsunsUssinamuuutirituesianeweesinfin  nan1sAnwinuin Premnudediis
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