B AIANTIMENANERFYIN TN 30 (211U7 3) uenan — SuAN W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

2
o o

N9 AT UINARNNAUT T NN RIUIAILTEHIUA NI FIULLLLALTNNRY
melatfymnislidnauduas lunisdrsianiasing
Utilizing Auxiliary Information to Develop an Exponential Ratio-type Estimator

under the Problem of Non-Response in Sample Surveys
aufnalfuns suadan  waz lenam nRaNysnl
Napattchan Dansawad and Ekkaphop Ketsombun
AnEIngnAans umangnaemalulaiinszanuinarsuys Ussnalne
Faculty of Science, King Mongkut’s University of Technology, Thailand

Received : 1 September 2025, Received in revised form : 25 October 2025, Accepted : 28 October 2025

Available online : 4 November 2025

UNAAED
TnguUszasAuazyian : lun1999uiEidn99an19aiia (Survey Sampling) N1sdszunmuA s Hines i Aaas

o

(Mean) AN&adau (Proportion) A1Af N 31993 (Variance) Wranasan (Total) 189tsza1ns Imﬁmﬁﬂf‘i%mizﬁu

¥ o

Fadinudnydaarinsiuanuidugnaasatlszanas InslenizatsBaulasunnsagreiidaarinainsads lusu
1 1 A o dl =3 7 d‘ o 1 -21’91 o d' ° o a: z:i
A9 ) WU qudszann el visenineanshldlunisiudeya dedfadumaiidaududadundrAnyndanalnansed

M lArdsznnunldainnisfinen Haonwdsdsaugeuazdsliainissnasiauainuiaiaaesdszainsliadned

Usz@ninn waziieandasaiinsanaia dnadadoulnnaswmuniuaniesnisdsauiadas (Auxiliary Variable) un’ld

Tunisainevisesiesansialszann (Estimators) Nauladnmn deiaulstos Redesyavisenmdnmuzaesioulsfionii o

' '
A v av A o

Minddamanudn azdianuduiusiudoulsnauladnm (Study Variable) uazatunsndnieladavze dsuyunis

didedautlsfananasn danisysannisdautsdasdiiunistszanasiniaimes wanainazduanAIA N AR

v aa

a dl =< tﬂl = :: a v dy =2 o 1 o o
HANMGIUULNBENEIL TN s UL LULASLAN mQﬂLME‘!uﬂW?ﬁﬂH’]U‘WUWM‘H@Q[ﬂflLLﬂ?ﬂ]'JEIFLuﬂW?WWLL’WMQﬂ?&N’Wm

XK A o

° o a a a a md’ =2 v dl 2 o ° 'y Y o
AINAIMNRAATY ﬂuquwgLL@:mﬂg‘uWmmumm?ﬂimnm% L%'E]\‘i@’mE‘J]Q"m@WNW?ﬂuﬁﬂiféIﬂ“ﬁu@’mﬂ’]ﬂﬂ][FI'JLLTJ?

(7

dogTuntsainesiatszannuiauladnen il 4 lumanuaneanen lidrandunisdrsadszansmans insegenans

¥ o v

INHATANERT HAAIUNTIN AABAAUINUINUNNAIANAIARFTIFANR T RA UNSNEINsLazANaN YT ADTaYA

a’lj a v o & ! o ] o o Py =2 o 1 Y ¥ o ¥
u@ﬂ@’]ﬂuﬂqi‘wq’]ﬁ‘mqﬂ'lqll@llwuﬁﬁ‘zﬂ’ﬂ\wmLL‘]J‘Q‘“]]’]EIT]'LIﬁ]QLLﬂﬁ‘W@uI@ﬂﬂE”] FJ\?“ﬁQFJlML?I’]eL"Q@m@ﬂﬂmzﬂ]ﬂﬂﬂﬁ‘z‘ﬁ’]ﬂi‘iﬁ

Yy 1y v
R K

aeaANT9ENIW warannsnin lliulseanismisununisdismauaznisdnasminanslded eldss&nsninanna

a o o

HsaenpdaniulsviiunidangeAnenisldasaunaanulsteainawmudatszan adn s douuuuaa i A

malfifymnisldaauauas lunnsdisasaedne TellanugAnsanisiinANLLUE LAz A NULTa D aTRINA

884



B AIANTIMENANERFYIN TN 30 (211U7 3) uenan — SuAN W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

!
o = a & A o o

n1312e N1 luN12471 9991 T D 5 ANaNI1ANLEIANINaaTUFaL st staa NN Taa N U LLLLAN T4 §9H AN

' v
o o

mmmuLmzmmmmmmmmﬂmmLmﬁﬂum@ﬁmﬂ@luwﬂmummmm:mum?mifm

ada o a a o qwdyo =2 maio«v o aio d?j |dlmv 4
ABANUUNITINE D ITUILUNINITANTIADUANLANATA quﬂi:mﬂmmﬂi:ﬁmmmmmumumim NI ole

ﬁwmmmﬂﬁqﬂ?:mmﬁgﬂﬁﬂmu@‘lmﬂ Rao (1986) wax Singh et al. (2009) K11 AMAITNARIALAAEUNIAIABILDAE!
(Mean Squared Error: MSE) WaZAIANAAIAAABUNAIABLRALTNFANTI4A (Minimum Mean Squared Error: MMSE)

o - = = a o A o v o = S o 5 = =
LL@%@Z?VI’]T]’]?L‘]J?‘EILILVIEI‘LI‘]J?S@VIﬁﬂ’]W“lI@\?G]Qﬂﬁ':ill’]m‘l/]u’]L@u@ﬂum’)ﬂﬁ“f&ﬂ’]m@u°'| mnﬂwmluquwg

v = °

nadszgnaldiudeyaase uazuaznisataesdeys assaziaansia i 1) nnauFaumeulss@nsninszndneso

a

k3

Uszanmuiinauerufazanna 1 Tifeadasludomge] fsuazuansdelasng 4 i ldideznniviaued
UsgAnanmaAndndadszan by y fiiuates 2) Maufenfeussananinegwdnsiszuniivnauaiusa
ﬂi:maﬁluj fiAgadasannistlszgnaldiudesaais fiduazlddayaaiefifusualag Knare & Sinha (2010)
ua Yadav et al. (2019) il lunisuBeunfleutszananmazadnsinyssunniiiniaueiusdszanniu 7 Taoacld
ANFeEazLIANBNINENNNS (Percentage Relative Efficiencies: PRE) iuinauailuninidfeuifaudss@nsninaessa
Uszannupng < uaz 3) mm.l“i'ﬁuLﬁﬂuﬂizﬁw'ﬁmmwdwﬁqﬂixmmﬁﬁﬂLzﬁu@ﬁuﬁqﬂ@xmmﬁlu"] fiAadasainnis

Anaesdaya faduazyinnisanaesdeyatlsyanns (X, Y) ndnisuanuasuuuinfasssiowls Tnaldlusunsu R Tnaiisa

a

wisnauladne Y JAweaswingy 150 HAauwlslsqauvingu 5 wazsauilsdas X HAnedeinty 180 HAana

wistlsauwindy 10 (He Y =114.10+0.2X) Tnaiiuunlidayadiuau 25% andayansnunaiiedudayanls
ADLALEY NNUUATUNALTZTINTANAL 1,000 WAZNIUUAAENLT2ENTANANAUS (Correlation Coefficient: Pyx) A9
0.2, 0.5 Uz 0.8 AMNAIAL ANtuAzIINNIguAtet 19ttty X uazdaulsauladnen Y andseainsi

251971 1P8ATNIN1ABNFAIDENLLLUADUNE A8 TUIAFIDENINNAL 20 WAL 120 ANNATGL hazaziFaiie

Use@ninnesiatlszunnping o NANE aannisiansanainerfesazss@vsnndnring daaannisananidaya
d” 1 Y 2 o ¥ =X a o % 1 1 a 1 v a o A
HazdaglvigadaidnlatangAnssuaesdatszunaunialianiunisnising o edvasieauavdqalinan1siqadnoiu
oA A r4

UTenaNINIy

a o P a a o a o o o = A o H =
nan19Iae : AnnsiBeuiiautlssansnineesiadssinuniiaseiusiadszningn o Mnesdes vilunamged)
nsdszgnaldivdeyaase uaznisanassdasys azwuda daszunaniuanedilsz@nsnmaandnsalszannau 7

¥ a o

Wadanlasing ) aqn Table 1 1ua3e @nvianaannnisdszensldiudeyaass uaneda Table 2 wudn Aadszunn

a

inaueiA MSE Ntfaendn A1 MSE 1eesiatlszannibu o anviailaiansantlss@nininaesdiotszunnsig < anen

PRE aznudn satlszanniiinauaiia PRE 1anndiAn PRE 2essatsznnnidu o iianisAnennalianiunisnd

= o a a K d’l Y & 1 ! o dl o o d‘
LAEINU N@@Wﬂﬂ’]i‘qLﬂﬁ"]ﬁ)ﬂu“ﬁﬂ@ﬂﬁiﬂLﬁu')’]ﬂ’ﬁNLLMﬂﬁl’W\‘ﬂJﬂ\‘I PRE semingmrtssunnininiauauazsinlszannbu ]

a

= o o X A o o & P e A = o \ & o o =
NLLLLQIHNV]@]Q%U Luﬂﬂ']’lsdzwwuﬁizumﬂmLLﬂ?W@usLﬂﬂﬂH’lLL@:mLLﬂimﬂNﬁ"}@jwu LL@:;'&'WM?UN@H']TLLG‘EUW]EU

-
a v o & o '

UsrAnsnnaessiadszanusing | aannsanaesdaya aznudn leddulsz@nsanduiisuazannasaetnedlAminiu

885



B AIANTIMENANERFYIN TN 30 (211U7 3) uenan — SuAN W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

v
X

Wi m HeTANTY avdanaliiAn PRE 10959 szuusng o HA1annnas usdalszunamiiauedeaaiugg
dszanniniAn PRE Nigangaidums asEudulddmlszanmiiianedaasiitsr@nininmiiandnfaszanusonu o

Q

14
ol 2 =

4 9 o~
‘1/1mmmﬂﬂunﬂmmumimmﬂm:mu

¥ 1
a 0 o o

agluanisian : aannsiiauesadszinudnmdiuiunatiiidsdniuAeaedszains naldansaumaann
Foutlsdon naldnisaandaetguuuuaeada Wafailyminislineuauestesdasyalunisdisasetng lng
Wenwnunansdalszanamgniniaualag Rao (1986) uaz Singh et al. (2009) Wu31 HaanNIaFaLfgUlss&nEnn

e Ao o o = S 9 2 = = v o = °
ixmwmﬂixmmmmLmu@numﬂi:mmwj NINEIVAN WQINL‘HQVIQE{] miﬂaﬁ:qnm‘“lmﬂw@gmw BACNITAINAD

£
k7 o o O

fayalinanannndesiu fa Aatlszuiudnmdounuuinednidsdniulssunurieasdszansftniauadunnlus

Wudadsznnunfidsz@nsninandidadszuingu o MAaadewsnnda nnaldgadeyauaraniunisalifaaiuiy
{ P | o A o So o & 4 A Ax - 4 A yyo o
nAne lusuddaaiud lneag dadssunnniiauelwandduativiiduesesienidss lamiuazdena ladmiu
Unddeuretinana lunisdisadainam annsdssgnsfldldlunatsasn Tnaiannzlunsdiifiadyuinig
Timeuauas iasandqaiiuauuiug Tunslszanupnmfmesilszaing uarldiunisnsmaseulss@ninn

¥ a ¥ o

ﬁ\‘i@Wﬂﬂ@N@@i\TLL@Z“H@H@@W@@\‘I

al

[

AdnA: Aatszanusnadau ; dymnislineuauas ; nnadisasaedng ; Awaalsesing

o

Abstract
Background and Objectives: In survey sampling, the estimation of population parameters, such as the mean (Mean),
proportion (Proportion), variance (Variance), or total (Total), based on sampling methods often faces limitations in
the precision of estimators. This is especially true when the sample size is limited due to various factors, such as
budget, time, or the resources required for data collection. These factors directly affect the resulting estimators,
leading to high variance and an inability to accurately reflect the true values of the population parameters. To
mitigate these limitations, most researchers have developed approaches using auxiliary variables to construct or
extend the estimators of interest. An auxiliary variable is information or a characteristic of a variable that researchers
believe is correlated with the study variable and can be accessed easily or at a low cost. The integration of auxiliary
variables into parameter estimation not only reduces bias and variance of the estimators but also increases the
efficiency of the estimators under study compared to traditional estimation methods. Therefore, the study of the role
of auxiliary variables in the development of estimators is important both theoretically and practically, including
applications, as researchers can use the benefits of auxiliary variables in constructing estimators across various
fields, including demography, economics, agriculture, industry, and social sciences, all of which may face

limitations in resources and data completeness. Moreover, considering the relationship between auxiliary variables
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and the study variable helps to understand the characteristics of the population in greater depth and can be used
to improve survey planning and resource allocation efficiently. This aligns with research that aims to use information
from auxiliary variables to develop exponential ratio-type estimators under the presence of non-response in sample
surveys, which is important for increasing the accuracy and reliability of survey estimators. Additionally, an in-depth
study of auxiliary variables helps to ensure that survey design is appropriate and can reduce measurement errors
throughout all stages of the survey process.

Methodology: This research studies certain key properties of the newly proposed estimators, which were developed
from the estimators introduced by Rao (1986) and Singh et al. (2009), such as mean squared error (MSE) and
minimum mean squared error (MMSE). The efficiency of the proposed estimators will be compared with other
related estimators theoretically, through applications to real data, and via simulation studies. The study comprises
three components: 1) Theoretical comparison: The conditions under which the proposed estimators perform better
than other related estimators will be presented. 2) Comparison using real data: Real data collected by Khare &
Sinha (2010) and Yadav et al. (2019) will be used to compare the efficiency of the proposed estimators with other
estimators, using percentage relative efficiency (PRE) as the criterion. 3) Comparison using simulation: A bivariate
normal population ( X, Y') will be generated using the R program, where the study variable Y has a mean of 150
and variance of 5, and the auxiliary variable X has a mean of 180 and variance of 10 (when Y =114.10+0.2X)
while 25% of the total observations are considered as non-respondents. The population size is set to 1,000, and
correlation coefficients ( Pyx )aresetat0.2, 0.5, and 0.8, respectively. Samples of the study variable Y and auxiliary
variable X will be drawn from the simulated population using a two-phase sampling design, with sample sizes of
20 and 120, respectively. The efficiency of the studied estimators will be compared using percentage relative
efficiency (PRE). This simulation helps researchers to understand the behavior of the estimators under different
scenarios in detail and enhances the reliability of the study findings.

Main Results: From the comparison of the efficiency of the proposed estimators with other related estimators, in
theory, applications to real data, and simulation studies, it was found that the proposed estimators perform better
than other estimators when the conditions in Table 1 are satisfied. Moreover, the application to real data, as shown
in Table 2, indicates that the proposed estimators have lower MSE than other estimators. When considering the
efficiency of the estimators from PRE values, the proposed estimators have higher PRE than other studied estimators
under the same conditions. In-depth analysis shows that the difference in PRE between the proposed estimators
and other estimators tends to increase when the correlation between the study variable and the auxiliary variable is

higher. For the comparison of the efficiency of estimators from the simulation study, it was found that when the
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correlation coefficient and sample size are the same, an increase in the relevant parameter leads to a decrease in
PRE for all estimators. However, the proposed estimators remain the estimators with the highest PRE, confirming
that the proposed estimators continue to perform better than other related estimators in all scenarios studied.
Conclusions: The study proposed an exponential ratio-type estimator for the population mean using information
from auxiliary variables under two-phase sampling with non-response, developed from the estimators introduced
by Rao (1986) and Singh et al. (2009). Results from the efficiency comparison between the proposed estimators
and other related estimators, using theoretical analysis, real data applications, and simulation studies, consistently
show that the newly proposed exponential ratio-type estimator for the population mean outperforms all other related
estimators under the same datasets and scenarios. In conclusion, the estimators proposed in this study provide a
useful and reliable tool for researchers and statisticians in quantitative surveys. They can be applied across various
fields, particularly in situations involving non-response, as they enhance the accuracy of population parameter
estimation and have been validated using both real and simulated data.

Keywords : ratio estimator, problem of non-response, sample surveys, population mean

*Corresponding author. E-mail : napattchan.dan@kmutt.ac.th

Introduction

Tﬂﬂﬁ’ﬂﬂ@’nﬁ@ﬁﬁﬂﬂ@ﬂﬂ’]? 81999 LA UAN Y ] Vi NNFLNEAT N1TANSN 'E]E‘luEINQVIF_I’W Fan sunne

'
a 9 o

AANguAERT WusU SnRAaINNITNE AR VLN@’WN’W?OLﬂ‘].li".l‘].lﬁ")ll"ﬂ‘ﬂllﬂvmuslﬂiﬂﬂi‘].lﬂ')u'ﬂ’mLm@\‘i“ﬂ’ﬂll@ InEanIe

@Ei’]\‘ia\umz‘]'\‘i%lﬂﬂ@ﬁﬂuﬂu M’%“@Uﬂﬂ@ ﬁﬂﬁ‘ﬂ’]@Lﬁﬂ’ﬂ’mﬂ’]ﬁ“’ﬂ’]ﬂﬂ'}qﬁ\lﬁlﬁﬂﬁ\lﬂiuﬂ’]‘im@uLL‘].I'LI@@‘]_IG’WN‘V??@ LLULIA1999970

¥

uvasdaya weluudzesnislainey (Non-response) wragmaulilidayangnsies (Response Errors) Iaatfymnaei

al

¥

ﬂ@'mmm\amu‘luquwmmﬂﬂdﬁ aifyunislidmauauas (Nonresponse Problem) siadasy 18 Fannsliineuaued
fawflupauimendndnylunisdisasetrafe s e wazdmsnislineuauesaziiuun Mafasii niy mejm
o 1 A 1 v = ] 4 [ v aa ] QI 2 o dl % o

Avatngviraunastayailaninlun duiuauniednuads Ineanizesdsganngisuaulanazairesiadssunn
(Estimator) Watlszanauanads (u) Adndou (P) viadArAnulslson (o?) seslszansiawladnun faduayld

AaRaasiiedng (X) ANdadiuaadsaadng () wazAtAuulslsuaassiaadng (s?) Wudu ununisldann

\
v a

al o v U dl 4 v o 1 o dl 1 1 dl v v dl a ]
wiasanAuanlaainiseans TnaAfiausnlaainssadieasinanann wniudrnldanndayaninaifoyuinisl
paLaue azvinliaruudutnaassatlszinuanvalantdenas wazivednnisiuilyuinislineuaussaasdasys
duiutlszanuAedelszans (V) dnasedaulugjasianldinafiannaiaansaesinseas (Sub-sampling Technique)

o = o ' \ X ' 1% Y o ° o
nglinisipendaetneguuuuaadna (Two-phase Sampling) faufiunistsegnsldmadszui g miudszann

Aafaelsza1ns (Population mean: Y ) a8asqudsnauladnsn (Study Variable: Y) Aunauelng Hansen ua

888



B AIANTIMENANERFYIN TN 30 (211U7 3) uenan — SuAN W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

Hurwitz (1946) 1119 lun Nt sz@nsanueasaUszaunns (Estimator) 451931 Inadqdszunassanananyudn
HanuanTAdusoszanaiiiaoueudss (Unbiased)
/8l Hansen & Hurwitz (1946) a¥innisidandias1erunn n lagldnnsaaensaesttauuudrawuylidldan

(Simple Random Sampling Without Replacement: SRSWOR) anndszansaunn N Befinaunisiaansaatneas

o \
s oAy = '

uwanguiszansaaniiu 2 nquae nguiviieiawa N, azgnitvuslidunguidesyaiinisnauaues uaznguiiges

Q q

= A 1 -dl k4 1= o o o A o 1 v o
HUUNA N2 =N- Nl ﬁ@ﬂ@NV]‘H@H@iNNﬂ’]?WﬂU'&u’N ATNATIAL NMUURIRIINNITADNFATREUWNAUIA N BAIRSNINT

uengnat1srua n sanitluassngulaun saetanguiniladawia n, azgnituualiidunguinudidayaiing

AeaUAueY luaniehsatnangunassdslaun n, =n—n, azidunguilsznavsadeyanlidinisnauauas tne

q
P2

o 1 1 dl dl = = A o 1 ] 1 A A g// o o 1 dl A
AIDENNANNABITINTIUIA N, u@z@ﬂm@ﬂm@ﬂ%‘iLL‘]JU\?’]FJLLUULLNELZ‘iﬂu‘ﬂﬂﬂN Tmﬂm‘wummmm@mmqmmﬂ“lu

1
a

FURBUUHIUIA S, S=Nn, /M (Ha m>1) AluauIAfet1e1esdeyaNin1sReuaueaElAWYINGL N, +S uazsn

a

UszannuAneasaeslsyanng ¥ fuiaualag Hansen & Hurwitz (1946) ﬁgﬂl,muﬁaﬁ

y = WY+ WoYy (1)
TaeiAnuutlstlsuaes v ldun

vy =¥?[sc; +5Cl ) | (2)

A _ ny _ S * 2 2 2
Wa Wy=n,/n, W,=n,/n, y1=i§lyi/n1, y2(8)=i§lyi/s, 8=(N-n)/Nn, & :wz(m—l)/n,Cy:Sy/Y ,

2 2

2
y6) = Sy

¢ y(s)

) N 2 Nz o 12

y1Y7 s, = (N-1) El(yi -Y)" uar S, = (N, -1) El(yi -Y,)

uenaniiniseanvans 1 AU ﬁqﬁﬂmﬁui@g@%‘u y u@ﬂmﬁ@mnmalﬁuL@Wﬁzﬂﬂ’@gaﬁmu%ﬁm:m et
%’@Hammﬁmm%’ﬁuﬂuﬁmﬂﬂm (Auxiliary Variable: X) el unnstasiiny ssansnnaesiulsfiauladnmn
Y dvsunnstszunmuAniedatlszanns (Y) sainlaaine uddaeea Rao (1986) Singh et al. (2009) Yadav &
Adewara (2013) Yadav et al. (2014, 2015) Jerajuddin & Kishun (2016) Abid et al. (2016) Ganie et al. (2022) Singh
et al. (2023) uax Ahmadini et al. (2025) \uAU uIAaLszHIUsna 7] ﬁgﬂﬁﬂLmu@mﬁ@uwﬁﬁﬁﬂﬂﬁmmumﬂmn
Fautlaton wndaenfinsyansninlunisiszanadnedstszansneldnsdllineusues uslszAnsnngangnd
flaasgnaninansiadeuanatlsznig @19 miﬁ@ﬂlﬂﬁlmuﬂmﬁuﬁq@ﬂwLL@zmaLa@ﬂﬁQLLﬂ?ﬁfmﬁmmmu

o K

o ' o dl 1 Y v % a o o dyQA dl o o o
CTalalZE 1 EEA el T oK) ] ARNNATINILULAITNAL Tusuissatiuiiissasaulanaziiiaus sadssunananaau

a

Fo o o o A 3 o . 3 Ay e A o
wULRATNNasdusuANRALlszang Tagldarsaumaansaulsdas ﬂWEIeLE’m’W?L@‘ﬂﬂWQQHWQQNLLUU@EQLW@ LNRNA

Tynsldaavaussaastoyalunisdisasaedng Tnaewizlusoulsiauladnm Y Taadailszununiiauatiag

889



B AIANTIMENANERFYIN TN 30 (211U7 3) uenan — SuAN W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online;

o

W NnanFaLszunnidualng Rao (1986) way Singh et al. (2009) u@n@fmﬁqmmuumﬁﬁﬁﬁwmqﬂizmimm

[
a o

Fotlszanaminauatunn vl 1wy ANNARIALAAELNINAIABILEAT LAZAINAAIALARDLNNAIADIRRENATIGAAL)N
o v 1// ° = a a o o 1 o o o dll dl dl ¥ a a
wauanianiazinnalBeumeulssaninneesdadssunusinanaiudadssunusadu o) Mneadesludangw))

nisUsens ldiudagaass waznisanaesdeys

Methodology

o

nFaLlszunmRtnEuelng Rao (1986) Was Singh et al. (2009) AIENNITN (3) WAZdNNTTN (4) Aasiald

=De

* X__
t,=y exp(_ X) ()
X+X

| o o

Rduianuaulanazimunsalseuuiiaualag Rao (1986) uaz Singh et al. (2009) tatiN191NLELAHY
dszanndnadanuuuaadnidsdmiuaedadszans naldnisaensed wguuuuaesna Wafiayuinisld
pavanasrasdeyalunisdisadede lnsanzluiudsanladnm Y fsaazidunstalili

. - . o o ST

FOUE tygy 5 IAAINNIEALsENI t AnannisT (3) unuadluen y aesdalszann t, Tu

aun19f (4) aglagiuunaesinlsssnng tyg,, ; AIENNIN (5)

(X X-%
tnew 1 =Y | = |&XP| o (6)
- X X+X

Tuanuefifalszunns tygy , MAaINNstsalszanm t, anaunisf (4) uwnuadludt ¥ aesitlszanns

t, Tuannsh (4) azlagduunaessadssinn tyg, , A@NNI99 (6)

. 2(X -X
tew 2 =Y €Xp ((—X)j (6)

X+X

WAZFILISTNN tygy 5 MAAMNNNTUIFRLTENNN tgy ; UAZFILITNINL tygy , HNFAdNAaeY el

sUunuressnsrinnifall

890



B AIANTIMENANERFYIN TN 30 (211U7 3) uenan — SuAN W.A. 2568

BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online;

I | XI

* X—% . 2(X —X)
tnew 3 =Y expl| —— [+(1-a)y exp| ——
- X+X X+X

(7)

A = ' ~ Ao o6 v a o o = o PP I A
N o AR ﬂ’]ﬂ\m"lm °'| V]V]’]elﬁﬂqﬂqf]llﬂﬂqﬁLﬂ@'ﬂuﬂ’]@qm'ﬂqL'ﬂ@ﬂ“ll’ﬂ\iﬁl')ﬂﬁzuf]m tNEW 3 Nﬂ'ﬁ/]ﬁ]'ﬁ/]ﬂ;ﬁ

ANTUATINIMAARUNNAIABdRANTBsAa sz T aue Ttz N9dpgLuuLTeFAn sz R uAN
aun197 (5) aaunns? (7) Ieejlumanmanunaiaiadaw (Error terms) Taaiuuald = Y(L+e,), X = X(1+e,)
= * = = . ] T = o A = o
e e, LAz e, AR ANNARIAMABUIEUINARALARt LA AL LsTTINsIessaulNawlafne Y uazFauls

gogl X AANa1eU Aasisazle

-1
thew 1 =Y(A-¢ +e12 +8y —Eye;) EXP 21(1+ le (8)
e -1
tnew 2 = Y(+e,)exp| e (1+21j (9)
S| oe 3(1612 ocel2 oce:;e1 2 x x
tuew 3 =Y | ——+ +—————=+1-¢ +€ +e,—€4,8 (10)

2 8 2 2

AINaNN57 (8) eanni9h (10) §Rdeazldmauunyduin (Binomial Theorem) uazeunsumnginas (Taylor's

. rdld d’jo v a o Z’/ v
Series) 1umim:mﬂ‘w'wwuL@Wmmmmu mum:"l,m

2
— * * e
tNEW_l:Y(l—el+ef+eo—e0e1)exp ——1+Z1 (11)
e2
tyew 2 = Y(L+e)exp —el+?l (12)
e, e e’
tNEW_3=aY(1—el+e12+e0—e0el)exp —?1+I1 +(L-a)Y(L+e,)exp —e1+?l (13)

891



B AIANTIMENANERFYIN TN 30 (211U7 3) uenan — SuAN W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online;

o

2 c o‘d‘ o o v o % U dl
wazgRdpaznszangananail exp(x) lnswaifannnga 3 Wusull azgnivualiidusiaaawaeuainnig

v
o

fintans (Truncation Error) fasiuas ey

2 2 *

- e, 3e e « €8 .
tyew 1= Y 1—El+?1—e1+?1+e12+e0—%—e0e1 (14)
tnew 2 =\7(l—el+ef+e;—e;el) (15)

2 2 *
¢ oY o, 3ae, o€, aeye
NEw_3 = QY| ==+ T
- 2 8 2 2

2 * *
+1-e +e +e;—eqe (16)

A1MFUNIIATUIUAIAINNARIALARDUNNANADILATTBIANLTTHIY gy 5 » tnew 2 B8 thew 3

anansnAansldann MSE(tyn, ;) = Eltyay | — Y1 ; i =1,2,3 1iufe

12
MSE(tNEW_l) = E[tNEW_l -Y]

2

2| €& 2 % 2 = *
E Z+e1+e0 +€; —€ye, —2e,e, (17)

<

2
y(s)

wazdngilannisudanass azlaranAa AR UNNAIADIRREIDIALTZNN gy, | A

unuAn E(e;) = E(e,) =0, E(ey) = 8C§ +8C2 . E(€7)=5C2, E(ee,) = 3pC,Cy adlugunisf (17)

=De

2

MSE(tyew 1) = Y [(scy +8°C2

1
)+ZSC§ (9—12K)} (18)
e K =p,C, /C,

o

TumuaafeniuarliA1ATINARIALARDUNNAIABILRARTBIATZNINS gy o WA tygy 3 AN

MSE(tyey 5) = Y7 [ (8C +8°C2 ;) +8C (1-2K) | (19)

892



B AIANTIMENANERFYIN TN 30 (211U7 3) uenan — SuAN W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online)

2

MSE(tyew 5) = Y7 | (8C5 +8°Clp) ) +3CE || = +1+a |-K(a+2) (20)

o
4

1% 1 '
o A o

X o = Ao ai o o=y ° ' o g v
Vaililesandadssannd tygy 5 Hwidszinounaafifdiasile o (o) fuiEsdesinnismmen o il
: 4 e o o . oAb d e e ee o o d
ATAINARIALARAUNIAIABLRALTBANLITHI tygy 5 HANTIAINGA Tnan1sina iU auA LN N9
MSE(tyew 5) ¥ iauiuan a uwazlivindu o azld
OMSE (tyey )

2 2 2 2
=—adC +3C, —K3C, =0 21)
oo 4

WAANNIIUNAT o ANENNTA (21) Azl

2(Ksc -5c%)

oy = = 2(K-1) (22)
X
uazazMauTLEE UL Tidasag MSE (tygy 5) Wauiud a azld
2
O0"MSE|(t
(ZNEW—:“):Q(K_1)>0 (23)

oo

FanudrlArannnd 0 i lile MSE(tyey, 5) HAENTI40 WATUNUAT oG, adluannisil (20) azldpnaau

' '
a o

= o o a Ao 1
ﬂmmﬂ@’aumammL@@ﬂmmmﬁmmmﬂi:m’]m tNEW 3 ANU
MMSE (tyey, _s) = ¥°[ (5C2 +8°C2,,) ) - 8KC? | (24)

Results

[
o

1. TunsuFaumeutlsr@ninansendneindszunamiiauaiudayssunudu o Mineadesludmnu]

ariasananndanlaanegunisly Table salild

893



B AIANTIMENANERFYIN TN 30 (211U7 3) uenan — SuAN W.A. 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRE

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online;

Table 1 Presents the conditions under which the proposed ratio estimator outperforms other related estimators

in terms of theoretical efficiency

Conditions for Higher Efficiency of the Proposed Ratio Estimator

Related estimators

tNEW_l tNEW_2 tNEW_3
0!2
N 3C, C, C, +1+aj
y Py Pyx 4
4Cy 2C, Py > W
y
2
2 a
( -5C,C, +12C; 0 C, 4+aj
1 pyx < 2 pyx >
C,C, +8C P >
X7y y yX (ch
a® 3
t 5C,C, +12C; P 3C, C, a+4+4J
2 pyx <- 2 yX
C,C, +4C, 4C, Py >
(a+1)C,

v v
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Matlaannigsing < el Table 1 Az e liReNIY MSE(tyy ;| MMSE(tyay ) < MSE(Y 1, 1,) ; i=12

2. lunaBeudeulszdnsnmseudnatszunndnsdousa ludiudadssannbu - Angedesainnis

dszgnaldivdeyaass fidaazlddayaassaruu 2 4m Gafiusausaniag Khare & Sinha (2010) uaz Yadav et al.

al

o

(2019) Tneanwnszlszansuesdayana 2 40 wanaaall

desageil 1: N=95, n=70, w,=025 Y=19.497, X=57.217, C,=0036, C; =0.005,
2

Cl) =0034, p, =0.834
feyaqefl 2: N =150, n=40, w,=025 ¥ =3297, X =394, C,=0562, C% = 0532,
Cl) =0518, p,, =0.860

y(s)
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Nelaalseua tyey ; Avtiudadsenuiunidecdninangandadodssunn vyt t, fdelile

MSE(tyew i) <MSE(Y . t,. t,) uFaaranaialidnsadszurmuindeAn PRE Nigeaziodnduddssunundl

Usz@nsnngs Inanan1sA1uIniA1 MSE WazAN PRE 28959Us0104pine ) Wandsa Table 2

Table 2 PRE Values of the Estimators Based on Data Sets 1 and 2

Data 1: Khare & Sinha (2010) Data 2: Yadav et al. (2019)

m Estimators MSE PRE Estimators MSE PRE
y* 0.097606 100.00 y* 14.731851 100.00
. 0.072770 134.13 t, 6.584991 223.72
t, 0.083402 117.03 t, 8.003418 184.07
1 tnew 1 0.065712 148.54 — 10.476572 140.62
thew 2 0.072770 134.13 thew 2 6.584991 223.72
thew s 0.061822 157.88 thew._ s 6.441006 228.72
y* 0.143765 100.00 y* 18.253798 100.00
. 0.118929 120.88 t, 10.106939 180.61
t, 0.129561 110.96 t, 11.525366 158.38
’ tNEw 1 0.111871 128.51 tnew 1 13.998519 130.40
tnew 2 0.118929 120.88 tnew 2 10.106939 180.61
thew. 5 0.107981 133.14 thew. 5 9.962954 183.22
y* 0.189924 100.00 y* 21.775746 100.00
. 0.165088 115.04 t, 13.628887 159.78
t, 0.175720 108.08 t, 15.047313 144.72
’ taew 1 0.158030 120.18 thew 1 17.520467 124.29
tnew 2 0.165088 115.04 tnew 2 13.628887 159.78
N 0.154140 123.22 Ty 13.484902 161.48
y* 0.236083 100.00 y* 25.297694 100.00
. 0.211247 111.76 t, 17.150835 147 50
t, 0.221879 106.40 t, 18.569261 136.23
! tew 1 0.204189 115.62 — 21.042415 120.22
thew 2 0.211247 111.76 thew 2 17.150835 147.50
N 0.200299 117.87 N 17.006850 148.75
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Data 1: Khare & Sinha (2010) Data 2: Yadav et al. (2019)

m Estimators MSE PRE Estimators MSE PRE
y* 0.282242 100.00 y* 28.819642 100.00

. 0.257406 109.65 t, 20.672782 139.41
t, 0.268038 105.30 t, 22.091209 130.46
° tNew 1 0.250348 112.74 — 24.564362 117.32
thew 2 0.257406 109.65 thew 2 20.672782 139.41
thew 3 0.246458 114.52 thew._ s 20.528797 140.39

3. Malsumsulss@nsnmaasdalszunnlagnisnisanassdaya

gAdzazvinnisanaesdayatszains (X, Y) adnisuanuasuuunfasssouds Tnaldllsunan R Tnah
soudsiawladnen Y HAedawindy 150 Haanaudlstsusiniy 5 wazdoudsdon X HaAtedarintiy 180 HAax
wistleauvindy 10 (He Y =114.10+0.2X) Tnafnuualidayadanuau 25% andeyaisunaiaidudayan
Tinauaued MUUATUIALIZTINIWINAL 1,000 BaznNnuaANENUs2AnTanduiug (Correlation Coefficient: Pyx ) An
0.2, 0.5 Ua¥ 0.8 AMNAIAL ANUuAzIINsgusietvtesdanlsdon X uazdudsiauladnm Y aindszansy

% dg/ o A o 1 % o 1 J o 4 o a

a$193u Ingazvinisnensedauuuaesna faaauafaeenawint 20 uaz 120 ArNa AU InananisifseuLsy

1svANanInaasFntsrinns wanass Table 3 pail

Table 3 Results of Efficiency Comparison Between the Proposed Estimator and Related Estimators Through Data

Simulation Based on PRE Values

m Estimators Py = 02 Py = 0.5 Pyx = 0.8
n=20 n=120 n=20 n=120 n=20 n=120

y* 100.000 100.000 100.000 100.000 100.000 100.000
tl 193.587 136.932 124.322 131.196 115.573 118.037
t 103.477 111.703 116.060 109.393 110.064 102.771

1 tNEW 1 150.289 145.840 141.058 137.887 134.238 126.781
tuew 2 193.587 136.932 124.322 131.196 115.573 118.037
tNEW 3 227.154 162.563 223.969 157.380 178.522 129.360
y* 100.000 100.000 100.000 100.000 100.000 100.000

2 t, 135.616 146.906 133.796 135.990 124.429 116.550
t 102.709 115.814 101.741 112.314 101.674 101.465
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m Estimators Pyx = 02 Pyx = 05 Pyx = 08
n= 20 n= 120 n= 20 n=120 n= 20 n=120

tNEW_1 161.141 169.390 140.218 141.255 139.242 128.638
tNEW_2 135.616 146.906 133.796 135.990 124.429 116.550
tNEW_3 178.360 183.770 158.553 155.360 154.501 127.454
y* 100.000 100.000 100.000 100.000 100.000 100.000
tl 135.483 140.426 126.715 132.258 111.053 121.944
t 108.523 105.375 107.892 116.009 104.691 121.095

’ tNEW71 154.418 155.051 144.134 135.478 120.798 130.579
tNEW72 135.483 140.426 126.715 132.258 111.053 121.944
tNEW_3 166.262 163.772 157.038 144.126 151.213 134.475
y* 100.000 100.000 100.000 100.000 100.000 100.000
t, 113.875 147.855 119.009 130.482 113.660 115.824
t 107.244 128.797 103.496 118.130 103.048 115.241

¢ tNEW_l 143.313 159.525 122.155 132.839 121.686 121.624
tNEW_2 128.935 147.855 119.009 130.482 113.660 115.824
tNEW_S 151.919 166.234 130.466 138.934 123.486 123.213
y* 100.000 100.000 100.000 100.000 100.000 100.000
t, 112.080 121.114 111.680 114.149 103.560 112.373
t 101.117 108.056 105.788 105.413 103.060 111.930

° tNEW_l 127.879 128.810 121.361 115.787 117.002 116.725
tNEW72 117.080 121.114 111.680 114.149 103.560 112.373
tNEW73 134.229 133.136 128.064 120.032 125.836 117.902

Discussion
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