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Abstract

The purpose of this research was to develop the instructional leadership
indicators for the Basic Education school principals. The study consisted of 3 stages.
The first stage was the studying of factors and indicators about the instructional
leadership through the literature reviews, the related researches and the specialists’
focus group discussion. The second stage was the field research mainly testing the
theoretical model of the instructional leadership indicators with the empirical data. The
samples were comprised of 441 persons whom were derived by the multi-stage random
sampling. The instrument used was a 5 point scale questionnaire. The collected data
was analyzed by the Second - Order Confirmatory factor analysis by LISREL (version
8.72.. The last one was to have a criterion-related validation of the instructional
leadership indicators by using such questionnaire to evaluate the secondary school
principals in the 5 secondary schools by 50 samples, as a purposive sample .

The findings were ; 1. Fifty five instructional leadership indicators were
obtained: 9 indicators of Setting vision and learner development strategies, 13 indicators
of Development of the school curriculum and instruction, 9 indicators of Academic
Climate Promotion, 8 indicators of Research, Innovation and Technology Promotion, 8
indicators of Development of transformation teacher leadership, and 8 indicators of
Supervision, monitoring, and assessment. 2. The results of the structural validity testing
showed the significantly correlated with the empirical data. ( Chi-square = 2646.65, df =
1405, P-value = 0.081, GFI = 0.96, AGFI = 0.92, RMSEA = 0.064) The results of the
second-order confirmatory factor analysis showed that the six factors : (1. Setting vision
and learner development strategies, (2. Development of the school curriculum and
instruction, (3. Academic Climate Promotion, (4. Research, Innovation and Technology
Promotion, (5. Development of transformation teacher leadership and (6. Supervision,
monitoring, and assessment were the important instructional leadership factors for the
Basic Education school principals. The factor that had the highest value of factor loading
was Academic Climate Promotion. 3. The result of the study on criterion-related
validity of the instructional leadership indicators for the Basic Education school principals
showed that 55 indicators had high criterion — related validity value.

Keywords: indicators, instructional leadership, principals
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3. dufiog1uuUlanIy 191294 tielden
ARG

2. 3alun1939y Fn1saniu
Ml 3 duseude 1. Anvienans At
Suladiiien Festuamediimeinnisilu
Uszinanaglusinasema dunduasiey
o uasfmuniesdUsEnauwagiU
AmEiimannsvesiuivsanuAnuty
fugiludesiu uazdiiunsdnaunnngs
fifoamny FunisuimsnsAnuduiugiu
U 20 AW LIHAINNTAUNUING U

o

mm@lmqaﬁwLsquwgmm%ma AN
fjsmmwamUimsamummwwumu
2. MA@ UANNEADAAR BIVDILULAALATIAS
frusdnnedimdnsvesuimsaniu
Anwituiugrufudoyaiieuszdnylag
ATz iesRUsENoURB U U U uanselUs
uwnsuAaLsa (LISREL Version 8.72) wn3esilofi
14 (Junvugevatuauamdiu dadu
WUUEDUULUUNATIEIUUTZINAIAT 5 S2AU
AULLIAAYDIALATY (Likert) Naa1nnISaLTU
s liila ﬁaﬁa%ﬂﬂsﬁﬁmwﬁmmwm
;EU‘%mﬁamuﬁﬂm%uﬁugm 3. ATIVEBUAIL
\Wisansadanaaiduius (Criterion-related
Validity) maqG'faiin%uﬂnzéjﬁwww%']ﬂﬂwaa
fusmsanununduiiugiu Taenisthias
Filganduneuit 2 wadradusuuyssidiu
WOANTIUNIZHUIMIIYINTVOI UINIS
amuﬁﬂm%uﬁugm wagilugeuaiuann
Fregnslmiflisfudiogamnluanudn
%uﬁugmssé’uﬂﬁwﬁﬂm 5 Wie 913U 50
au Ansgiaadonazdudsiuuinasgu
Y8INaN13U T HUNIEHUIN9TIYIN1TVRS
fuivnsanunuduiiugiu wesiidnads
YasmamsUselliunseuiisuiunausinisida



NaLioosUEALITIBRsaBanasidiusUes
é’aﬂq?gﬂmQ’ﬂwma‘immiﬁuaaéﬂ%miamu
Anwtuiiug nefiohisdifeadean
nsUssdiugs Wusuediidauiiomsads
BIVUEINGEN

djUuazafiuTenansIvg
wan533e fided

1. wan1sadedausdnnegdinma
%ﬂmimaﬂ;ﬂi’u%miamuﬁﬂm%uﬁugm
$uunidu 6 psdUszneuuaiUaILIL 55
fausd fo 1. dunsimueidermiua
NAYNSNITAAUIAMAMESEY 11U 9 AU
3 2 Fumsimumdngasuazmsdanistou
nsapu $1uau 13 FUed 3. fumsdaaiy

UFFYINIANIIBINAG T1UIUY 9 AU I

4. AMUNISEUESUNTSITY WInNITULAY
welulad $1uau 8 FUsd 5. funnsiaLn
ﬂg@ﬁﬂmimﬁauwaamﬂmiaau U 8
U uae 6. funisime miu Aamunisaeu
$1uu 8 Fued

2. wan1snaaaulunalATIas 196
*u'q*??quQ’ﬂwmﬁ‘mmsmaa@‘u%miamu
Anwtuiug wuh  Serwdenadosiy
YoyaBsuszindosreiifoddnmaadan 05
IngfansanlaainA Chi-square = 2646.65
A1 Df=1405 A1 P-value=0.081 A1 GFI=0.96
A1 AGFI=0.92 wazA1 RMSEA=0.064 Laniin
ImLmaiﬂiaa%’wé’aﬂa%mazpliﬂwmﬁmmisuaﬂ
fuimsanuinuduiiuguiinnuaenndes
fudeyalieUsedng nanmsimeiliaaesd
Uszneu@adudususiuans wuin A
ENﬂU’iuﬂaUﬂJ'lG]‘i’i’]uﬁlJENENﬂﬂiuﬂE]‘Uﬂ']’JuNu']
mmﬁﬂmJaqwusmsamumﬂmmuwu%mm
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6 Fufialumauan edmiinunsgIunnan
fifodfyveadniisedu .05 wanaIneen
Usznaums 6 mudussdusznaudAyves
maz@’ﬁwmﬁﬁmmsﬁuaﬂﬁu‘%miamuﬁﬂm%u
fiugnu sdUsznavifianimiinesduszney
84980 AD AUNTANESNUTTOINANIIVING
NANTIATIZATIBUTUS UA VAR IETUTWAT
Aaisa (LISREL version 8.72) §aen197991 1 wae
A 1
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A15197 1 NANNIATIEIRIRUSENDURSE U

T . N’ AUARTA
. WUINUNDIA dudseans P
29AUsZNaU . 1ARDY
UJsenau NNIWEINTAL o . X
YDIAIUIY
Laumsmvusiderirdiasnagnsnsiannannng Sy 0.86 0.73 0.27
(VS)
2. mumsianvangnswasn15Ian1seunisasy (CDI) 0.96 0.92 0.08
3.AMUMSAUASHUTIEINIANIEININTT (ACP) 0.98 0.96 0.04
4./uUN1TARESHNISIVY wInnssuLaznalulad (ITP) 0.90 0.81 0.19
Sﬁmmsﬁ@umﬂg@ﬁwmsmﬁauLLUaamamsaau(TL) 0.92 0.85 0.15
6.51uM5TWA AU Annunisaau (SMA) 0.93 0.87 0.13
Chi-Square =2646.65 Df=1405 P-value=0.081
GFI =0.96 AGFI=0.92 RMSEA=0.064

*P<0.05  * AtdedrAgynsedian .05
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3. NANIIAIIVADUAIULTIBING
L%aLﬂmﬁé’mﬁuﬁmaaé”mﬁﬂmﬁﬂwmﬁﬁmﬂﬁ
Gums’iu'%miamuﬁﬂmsﬁzuﬁuﬁm WU AIUY
sum'g mmmwmmwammmaamuﬂﬂm

v
[

GU‘L!‘WL!%’]U 97U 55 G]’.]'U\TGU lIﬂT]lIL‘V]‘ENG]’N
TN UNAUNUS

anuTeNa
Tum3denasell fidpedusenalu 2
Uszihin anunaniside fail

1. nan193ds nud asdUszneuit 6
AU AD AuNSITUAIdeTAlLaeNagNSNNT
HAIAMUAMESEU MuNsHRUInENansWaY
N139ANITITEUNITARUY AUNITE LAY
UFTHINIANIIYING AIUNITARATUNTINY
winnssuuazmalulad Arunsiauiaggn
MsAsuuUamanisiFoumsasy wagiu
n1stne A1du Aantunisasu Wuesd

UsenauidAnueIn1igiimaivInIsvesy

ﬁmiamuﬁﬂm%uﬁugm LagHANITITuT
wuin Tuealassasadaduiusiniedn
ydAmmsvesfuimsaniufinwsuiiug i
ANUABNAR oI UTaYAIUTEINY WaNIS
Anyaopatesiunafinyives lnfiug waiun
(2552) BsléFnuidos mi‘wwmmm‘umav
Fuimadmmsdmiuguimsaniufnundu

Do

WUz wudn L ﬁaﬂﬂ%ﬂnxﬁﬁﬂmﬁmmi
dusugusmsanufnuduiiugiu Swau
60 U Usznaudae fhusdinisriuuaide
i iWhvaneuasiusAamaGeud fdsdinng
UiMsiamandngnsuaznisaon Fauedns

Wanninizey Mu@nsimung uagiued

N5A3MUTILINANSITEUS 2. HANTNAFBY
ANUERnARBIvRIllnalATIET I IERTIMNg

TmsdmiuuTmsanuAnyTuugIL Wy
7 Hanuaenadesiutoyadaussinyg

osanamuangioududiia
TeSeuiidanundude TsaSoufidanudu
Aadufuimsasdanediimalrinisegig
wiuda fusmsiiinngiiimadnnmsezdie
Ils9B8UaINTaUIUITINNT AL A5 19855A
wadsraunisal i iSeuleiSeus (An
Uszauniseluaziaunegsdaiiios (Boyd,
2002: 15) Han9IFeRAAUI fuimeid
AT AN IAUTORAN NG ANTTUAY
aeAUsENeULATfU el

1. nsfmusidedirdlaznagnsily
MINAWIAMANESEY 2. NIHRIUIMENEAS
LAYNITINNITIIIUNITADY 3. A1TEETY
UITHINIANNIVINIT 4. NITALETUNITIY
winnssuwazinalulad 5. MsiaAgEng
Wasuwlaanenisaey wagz 6. n15ina
mMAUARAINAITADU Ima@u‘%mi%éfmﬁau
Toansraumuesiusznoumainsilinay
aoandeduriusiuienswannsFousy
Bou nunamsised definnsanluusied
Usznou Sdoeiiusieddey il

29AUsENaY 1 A1uMsivuadde
iAduaznagnsnIsHALIAMA NG S

osmnmideimiteliioanmeuan
vosfFoufimanddladany ilugnmsufiRnu
fifussdlsoindiimmaazasiiunmsussiuna
aSemnuiesiuuiunasosinGeunavifiauls
Ge fudmsiitiamegihmdnnsasimueide
Fiavedlsadeuuuiiuguvesnslsiauddy
geanrienaBens msem A Sigdlunnm
535814 (Hallinger, Bickman,& Davis, 1996;



Halverson et al., 2007) s3iadoyaansauie
LLax‘U‘%Umaammﬂ%uuﬂaw’w6‘] fidana
nsEMUABAMAMEEEY UnUMTdARyAe)
eawasidunssuauiidesdiunismdsan
NSMnUAIFeYIALLAaENSHELNSIdeviAY
W Ao Msfmuenagns Wy wiwiu
uazlasensiiaenadosiuidedial Feife
s idesiriasgnisuftRtues nnsimua
nagnsnsimugieutieliguimsaiunse
MUUATANIMAE 2157 NITANTUIIUNT

uiaun mn1sseunsaeulutussuli
Foau thludnisujuRnidugusssu fauad

fifidnimiinesdusEnousnsgugearlusy
nsAMuUaIdeviaduaznagns nIs el
ANAMEISEY ARENTEAUAINNAIANTIATUNE
dugninensFeulilussfugauagiimun
nagns e ﬁa%ﬁ”@ﬁaﬁwm@mmwmi
FeoudvesiiFoulivay Fiidudn Ay
Laﬂmﬁmmiﬁa'jwL?;Jw,wwﬂaﬁﬁﬁmmﬁlu
159i58u (Hoy&Hoy, 2003) N‘Uimi‘mumav
fimneirnsagsearuenandlusadugu
man1sseuvestinFeuluseduas (Supovitz
& Pogllnco 2001) mimwummmmmmm
faoguuiugiunnudedn Wnmnaududd
mmmmsﬂummaugLLavmmsawwm
auodld TseousosjaiumereniiinGe
nnaudleniaussauanudnseasgannay 1
I @ msununIsgaudsauninSeu
98 149ALaY (Sammons, Hillman &
Mortimore, 1995) &iun13inuanagns
e dad¥e eiaunaanwnisidous
vosiseulidaan aenndesiu Gonuavias
ug1l (Locke & Latham, 1990) w131 N36ta
WvsnenduiBnsiiissavsualunisifiuuss

anguUs Ay
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yelauaziiiunanisUuReu Faeiiuady
aulanazllaa ilvinnuneneuvenglug
nanssunidmngdnuug iy

peAUszNaUNl 2 drun1saun
NaNgATUATNITIANITIIEUNTERY

HANTTIAE wansliiiudl nsimw
wingnsuazn1sinnsSeunisaewduunum
fiddryuosfuimsaniufinun aenndesiu
wudndnwuzvedlsaSouiiiuszaniua
finuin fusvnsagiinnedihiiduuds (Strong
Leadership) lusnumdngns Aunsaeu uag
nyinuazUsEiiiunasie (Beare et al., 1995)
dwsuludunisimuivdngns ledauay
Aua (Sybouts and Wendel, 1994: 19) ¢4
31 fuImsidnzimiaivinisazsslil
aruanlalunsUszegng USuiUAsunas i
ngRI MRSz anSra daufunis
faunszurunisdnnisieunisasuiiy
iflesannnszurunisdanisizeudidunaln
drAglunmaiaungiSeulrussqganuming
TunsdanmsAnwimunszs sy gRnIsfne
AR .. 2562 uaziiudludiudy (i
2) W.A.2545 FanszuaunsfananBavdniy
HEeunnauiianuddy awnsafasGousle
nsvuIuMsSeuiResduasuviSeuaunse
M ldausssuvduazifudnenn fai
81103 (Hoover, 1998) nanaiiladfyves
amgiimeirnshe nssuIUMEYRTURDL
#ouilugnisBounisasuiiugSouduy
dndiy shusnisemiminesdusenousas I
FUEAVDIPUNTARIMENGATULAZNITIANTT

Y
a

SUNMTADUAD ANMIUAIIUAMIVLN NS U
WadbuazidnguassalunisBeuivesyiseu
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agiaiilo flosin msfnnuaaudnveh
ostinFeuiinudonlosiunaduguimanis
Feuvestinisuu (Sheppard, 1996) Hu3mIas
FOINITANANL MTIFDU AIIUANINTIVD
tiniFeustsasiaueifiowauuiuy e
159U ( Lunenberg & Ornstien, 1996: 348) T
ganndnaiu Asd (King, 2002) TAnuiiudn
Frhmn3vnng aiimgAinssuiigatiunisida
Wa15u1v oyanan1Isiseus v
ABounaglvirrualaduegrannludeya
Hugndoures3ouuanidoyaiismiulss
nsdan1sissunsaeu undyviseurserdn
U1 1un153ANISIS8UNITABUVDIAS
Tiauaulesioguassavenisiseu; $an
TnBeuiisududoadunsnusaiioutluwasld
NIUNINUeE9TUsE AVcHa

a9AUsEnaufi 3 dunisduasy
UTFYINIANIEIBING

99AUsENOUT 3 AIunIsdaLESY
Us3E1MAnI3nng dadussduszneuiil
ﬂ'ﬂfmﬁfﬂmmg’lugmqm \es91nn1s8
vssenaiifvedlsiSeuiaduiedeiifinase
UszAnswaveslsaseu (Hoy & Hoy, 2001)
US581N1AN193917150 UUSTEINAVD S
TsafouiiduasunisfouvesiniFounas
anunsagshalidnisuanlalunisiSouy
(Goodenow, & Crady, 1997; Krug, 1992) &4
fnanafian eusseiniaveslsadewduy
UiimmﬂﬁuamdwLﬁu@mﬁwmmﬂ%‘auiuaz
uvsseiniaiideaiulvussauadisald
iuﬂumimﬂﬁﬁwlmﬁwﬁ (Krug, 1992)
donnnoInuNanIsAne1vedlelaluauaz v
(0’Donnell & White, 2005) Ainuin Az3U33

waAnssuvesfuivslssFeuiiiunisann
ussenmansFeudvedsadouduiilidy
nadugnsvesinGey fudfiiidihminesd
USENBUNINTIIUGIAAVBIA LN THUATY
UTINANINING Aeswduazlunisaing
ussomalunsBeuiifanuimegaie
duaSulsiinGouussaunsgunmsGeudugs
Wesmnussemeaditlenuimegs sxduuss
nsedu anunsagalalidniouiininusjeiy
Anuneelun1sBeu; n1saiauTseInie
Afanuvimiege Wumsaieusseniad
v Beguimsazdiunumilunmstefmdsny
vosniFeuLarAg (Krug, 1992) UTI8INATY
uindedanasienisydlalidnGeuaulaluns
L%'Buifuﬁﬂ%u (Goodenow & Grady, 1997)
yiliianguazinigousiniuielalddonis
untnuazaaaudtianiaignnig
(Hoy&Hoy, 2003) Q’U%mﬁaﬁwﬁﬂﬁiumﬁ'w
flefungiasulunisaireusseiniaiiiagy
vhmelunisdansBeunisaeuiteiinGeu
lfuannnuanansnegfudnenmuas sy
nsduasulviileniadidiusiulunisdanis
SeuslagnisyaAeuazn1sTIndelunnsg
UfudsansaeuluieFouiidenananis
WAWINTAUYRIATILATAINaA NS U
Yaa5i38U (Marzano, 2007)

asAUsznaudl 4 drunisdaaiunis
2y wInnsTULazmalulad

Tudszinuresunumguimslusiu
msdaasun e newnzegradinniaely
FuBsuilaudifys on1simuInsAnY
el wepednd Jumsadund (2541 11) Idnan
31 nsimuIdlutuSsuuiouation



aumelafidnfuvesdindslugafinisiaun
miﬁﬂmlmasﬂuvimﬂaﬂaﬂuwuLﬂﬁauLLUaﬂ
a859n57 luwiuanuazudau Suilnaden
Tysnannusundenulan N15338asnilau
Prglrnsiaunsanwliaunsannaludig
wiildog1atunsuaraunsaus sufuuiu
Uszweldeehalldinaes  wonaniu Savily
nslguMsaRUAANSHAILAYAZENN TR
nadsululszneunisvesunsUszdiuiie
Lﬁauﬁumu'ﬂLLazimgmzﬁqaﬁu (g7ua
79990, 2550: 15) danAdednyu INIWsSh
28m(2550) indnyin nmsiaelutudeutely
Asiiausssunsyhnuegalussuy vty
AMnresURaeauUtinisindulaionnig
LHONDELWIANE WAZANUITONAIUINTYINA
Tuganudunsieardm (Professional Teacher)
mMsiidevesagitowmuinisFeuidanold
Lﬁmmﬁf,ﬁwaam‘mmiaEhwial,ﬁamam%au
losnaeanan dewalilsaseuladnisnmun
TANAFOL UV
TUuNUIATUAITHAUIUTRNTTY
esannluifagiulaniinisiadsuutadiunn
fuegesIndy  NsAnwdesududesiinng
Waasuulas Snvadlewdladymmnisdnu
msAnwn I ndudesdimsiauuinnssunis
Anwilasihunidieudlatgmmediunis
AnwiluunaBes Faguimsiiunuinlunng
Jonuavativayulviinisiiuinnssuuayis
n1svuienszulun1sUjdaifafige
(Best Practices) Tun1si3un1s@ouUnannauns
Famuazatuampdiiinmideyaadifunliiie
WRILINSEsuNsEau (Weber, 1996)
drusumeluladdedinudfse
nsiFeuivesiniSey ;Eu‘imiﬁﬁmmmmaa

anguUs Ay
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Tunsdunalulagunldlunisusmsuazng
ansiEeu; avdwmalilsasoudssauaiy
#1132 fafl amnunuuazafouis (Flanagan,
& Jacobsen, 2003) s¥Ufian11zE UL
walulad Indunginssuesiinifianu
wisfunsionsialunisinuszaunisainis
GeuslvifuinGeulaeinnsldinaluladi
wanzay AdodedAdivual Tnasld
walulagdwisunsfine stedalsdinsld
walulagluleniasiieg dnSeuynauauise
dhdausnslaviniendiu

fausi il dnitnesd Usenou
UNIFIUEARYDIAUALETUNTIVE WinnTTu
wazmalulad Ao dualunisdafanssud
WauinwenseuIunsAnwayinwen1sly
welulaglunaguaziniSousdssieiies
esaniinuznszuiunsAnuaginugnisly
wielulad Wuinweddaiduthmnglunis
fianungEunundngnanisfnety
flug1u wnsdng 2551 (nsensrsfneBns,
2551) @oAAaeIuLYINIINITUGIUNSANY
Tunenssuilaes (wa. 2552-2561) Terauslu
\BegmMarnansnuImsIansfinwealv lag
Useiiiuniafidnmnudfyvesssuunisdinm
waznsBouiifesnsufsulneiseiou Ae ms
WA naulnesalva WEddeldSeus
ANU1T0IEHUTAILAULDILAY LEIMIAUT
ogadaiilos fnvmanusalunisAsdiasigh
doansernaiiuszdvinm egsauludsauetng
1A1108Y TAUAIUITARAZANTTOULNI
finvgaruifisndudonisdsedn sl
TomalumsBouiivindisuuaziauenia
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9eAUsENOUR 5 Fun1siauag
nswasundamanisBeunisaey

neywagaudsavesinSeufonis
fingfiiusyaviua lsadouifudmsinneiin
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M35 uazagifidneawlunisianis
WFHUNTABUILAIHARN DAUAINE LT U
(Hallinger & Heck, 1996) Tsai3oudiiingdiil
UsednBSra a1unsauuuTsayNRuHaans
masAnmsvesthiFeulsn wasduimsni
Uszavuaazilugudnansuesnisansiay ns
atvatuayuagwazidug i liiAnnas
WasuwadlulsaBey (Murphy et al, 2006)
nsiguImslsadeudaaiunisiauingine
nsdwasuNITSouFveslniTeuly uiu
(Drago-Severson, 2004) AM3IA1IEHINNI4
Avn1sveefuins Jedldvinasgsdasie
NANSTUVRIATlWRISEY Avdanalvingiin
nsdsunlasiruad UsuiuBsunginssy
lun1sFgunisaou WawInuLILAE IV AN
thlugnisiduasifinnefinmadsuntag
N19N15deU (Blasé & Blase, 2001) IR
A miinesdUsznoULnTILgIanTeIA Y
miﬁwmﬂgrzziﬁ'wmsmﬁlaul,t,ﬂawwﬂﬁaau
Ao duaSuwazatuayudilauinuause
TuusagsimibidudisunsdanisGeuiuas
Walemalviuansanduginldogiadui 3
AudnvaziiuesnsiihAsrudetiouas
ANUFURUSIINNTIASINARS WUy
dioung asiiarldnudnuasilunisadie
Svidnia (Influence) wiednilloungunsa
fulugitimanedidosns neliiAnnisatis
ausaeszwinangieiu Faandungua
adnlunsiauadugninenisSouves
UniSeu d8nAa 09l UNANISITEUD

laud (Jones, 2007) ﬁaqﬂ’jﬂ AMzEives
ASLNAINHUIMISUATAINANTENUR DT
arudSvedlsadou waedliduiuivig
a1u1snadefneninsunegEuivesnsly
L5958 Inemslilemanazativayuniegi
Yo9A3lagasanululduunuIvueng

3 a ¥ a
29AUSZNBUN 6 UNUIMATUNNSUINA
ANNU ARAINNISEDU

a

HUSM1sdBnSnasen1siseuives
HiSeur1un1 58U Jduiusiudasy (Quinn,
2002: 447) fuimslsaFoudifinnggiims
Fnsiidvsnarenginssuvesasluieatey
iiAnkaegsnsengluduAuidnuay
woAnssu (Blasé & Blase, 2001) Famn
fuimsuansunumimantogadudn gou
daalvinglausuusnsSeunisaeuuazedna
AoAMNNEITEUMY HUIVNIISATEURfDN
nstima MU Annun1sdinnisseunisasu
0815lndBamUindaminesdUsznoy
WINTFIUAEAYRIIIUNTTWA AU Faniu
nsaeu Asliruaulalungfinssunisasu
vo3n3 Tnsmaideududou nsdanansaey
warUsziliunisauvasnsuaylvideyadeundu
iosnmsiiduuesSounasmsdannms
aounazn1sUszifiumsasuiieliiuladnnns
asuluviesisunsanuidmungvedlsausey
(Alig-Mielcarek & Hoy, 2005) wan13@An®N
donndesty Liufigaduaziiala (Gentilucd &
Muto, 2007) @sléAnuuasnuimmginssy
1921119391509 UIMTIsaS B
fi3viswalaonsauargenn noAnssudunis
Iunnsthdanansluiesou madides
fuidou wonandu Luavuazivae



(Blase & Blase, 1999) Flifiuin et
FIMsMiuianuuazazeunanszuIy
n1sisgunsasy vhlinsagiounaanag
wnu BrelvasiineliunanuAalmiinniy
finagmsnsdeuvarnvatsunty In1smeu
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u agndndsnnniusadldlatunszuiuns
aousnniuuazaslinaefideetsiioondmile
WasuuasmsufuRluvieaGeu agduansli
Wiuwansenunisuaniid uusegela
anufisnela Audesiu wazauddn
Uaeniy
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nausTduius oAuTenadall

MnuaniTefiwuiiausdniediin

eXp @

mﬁmmﬁsuaﬂsfju'%miamuﬁﬂm%uﬁugmﬁ
AAdulAautuiinu s nsudainael
duiud Feanunsathluiduedesiletasdu
AEHUINIIYINTVOIUTM TARTUAN Y
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Abstract

The objectives of this study are to compare the expectation and satisfaction
toward tourists in the tourism products of Songkhla Province by collecting data from 400
tourists using tourism products and services in the province. The data were analyzed for
descriptive statistics: percentiles and means. This study analyzed the data collected by
comparing the tourists’ expectation and satisfaction with the Importance Performance
Analysis technique and tested the research hypothesis with t-test value. The results of
the research show that expectation and satisfaction of tourists in all six categories of
tourism products were at the highest level, but the levels of satisfaction of overall and
individual products were lower than those of the expectation. The means of expectation
were in a range of 3.83-4.01 while the satisfaction means were in a range of 3.71-3.80.
When comparing the satisfaction and the expectation by employing the IPA technique,
the means of both were in Quadrant 2, showing that there is a balance between the
tourists” expectation and the ability of the tourism products in creating the satisfaction.
There is a significant difference between the expectation and the satisfaction of the
tourists toward overall and individual products at the significant level of 0.05. Foreign
tourists had lower expectation for both overall and individual products than Thai tourists
at the significant level of 0.05. Regarding the satisfaction, there is no difference between

Thai and foreign tourists for overall and individual products.

Keywords: Expectation, Satisfaction, Tourism Products, Songkhla Province
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2. N5IATITRAMUAIARIIUAZAIY
Nenalalpenisldmaiin Importance-Per-
formance Analysis (IPA)
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B
Keep up with good work
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Low priority
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37U (AL) fouas
Uadwdauyana
: ne  devd s9u ng  dev@ 7w
LA
¥y 135 72 207 33.8 180 51.8
N 145 48 193 36.2 12.0 48.2
593 280 120 400 70.0 30.0  100.0
218
foenin 20 U 32 3 35 8 0.8 8.8
21-30 U 137 85 222 34.3 21.2 55.5
31-40 1 78 16 94 19.4 q 23.4
41-50 U 24 7 31 6 1.7 7.7
51-60 U 9 8 17 2.3 2 4.3
1710071 60 U 0 1 1 0 0.3 0.3
394 280 120 400 70.0 30.0  100.0
GRRPH RN GERT!
1an 91 64 155 22.3 16.0 38.3
WH991Y 184 47 231 46.0 12.0 58.0
e/ e 5 7 12 1.4 1.7 3.1
laiszy 0 2 2 0.0 0.6 0.6
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M15199 1(M)

U (AL) fouay
Uadedruunna
! ne @A 7w ne v 59w
1IN
PRGN 80 60 140 20.0 15.0 35.0
§379dA 80 60 140 20.0 150 350
LAWATNT 29 11 40 7.2 2.8 10.0
NINNUSTIANND 10 10 20 2.5 2.5 5.0
$UT19M13 38 20 58 9.5 5.0 14.5
NSy 1 11 12 0.3 2.7 3.0
winuUITIONTU 64 3 67 16.0 0.7 16.7
Juq 58 5 63 145 13 158
593 280 120 400 70.0  30.0 100.0
alian
ﬂEQLVIW“’ILLamElIm%a q 0 q 14 0.0 1.4
MAwmile 6 0 6 2.2 0.0 2.2
AANANS 11 0 11 3.9 0.0 3.9
MARLTUDDNIRLLNLE 3 0 3 1.1 0.0 1.1
AARZIUBEN 2 0 2 0.7 0.0 0.7
aala 252 0 252 90.0 0.0 90.0
NIARZTUAN 2 0 2 0.7 0.0 0.7
393 280 0 280 100 0.0 100.0
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20,001 - 30,000 VW 56 0 56 14.0 0.0 14.0
30,001 - 40,000 U 19 0 19 48 0.0 4.8
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111N71 50,000 UM 2 0 2 0.5 0.0 0.5
laiszy 0 115 115 0.0 28.7 28.7
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uHuiu/Tutas 12 4 16 3.0 1.0 4.0
Insvia 79 2 81 19.8 0.5 20.3
Yy 7 2 9 18 0.5 2.3
lonans/gilevieaiiien 5 0 5 1.2 0.0 1.2
NNN.
Sngansvieadien 20 0 20 5.0 0.0 5.0
Buq 14 0 14 3.5 0.0 3.5

33U 280 120 400 70.0 30.0 100.0
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AUAINNIG AMUNINala
auade | dw | nsuda | Awmde | dau | n1swda

U2y (X) | Weauu | a3y (X) | Weauy | A1y
WINTFI | YUY WINTFIU | MUY

(sb) (SD)
AUALALVBINTLAN 3.92 659 3170 3.79 643 110
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USENUILNED 3.83 733 3170 3.71 700 110
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Abstract

Currently the city is expanding rapidly to meet the economic growth.
Additionally, population growth brings about migration to urban areas. Having these, the
need to use land for construction has increased which result in declining in green space
in the city. Action to manage green space is important because it will create positive
impact on the urban scenery, especially on the environment of the city. Most
importantly the action helps urban residents acquire recreational areas which they can
use for exercising, meeting and chatting and the quality of urban life can be enhanced
as well.

Sustainable management of green spaces in urban areas depends on the
persons involved in the local, national and international levels, including politicians,
public servants, and community. The action should be implemented into three levels:
operation, strategic and policy levels. The successful planning and management of green
areas are dependent on various factors, including the use of green spaces
together, the use of space over times, serious involvement of the city administration,
participation of the community, connection between the responsible parties for
legislative support, good relationship between locals and planners, maintenance, public

policy and organizational structure.

Keywords: sustainable, urban green space, management , compact city
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Abstract

The objectives of this article are to present the analysis of causes of Three
Southern Border Provinces problem and to explain the phenomenon by applying the
theory of Talcott Parsons “the structure, institutionalization and action for the analysis”.
The result of analysis reveals that 1. causes of problem of violence in Three Southern
Border Provinces resulting from different and not understand to history, political and
administration, culture, language and a religion, economy and education 2. From the
theory of Talcott Parsons can conclusion that the agencies are government official and
muslim people, they are different social structure affect to status and role are interaction
resulting from norm, value and socialization and occur Institutionalization of government

official and muslim people.

Keywords: Three Southern Border Provinces, Structural Functionalism Theory
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Abstract

The purposes of this research were to analyze the factors of companionate love
and levels of student companionate love. The population were 50,373 students who
studying of secondary education area in Bangkok of academic year 2011. The samples
were 1400 students who studying in grade 2 of,sampling by multistage random sampling
method. The research instruments was 60 items of companionate love test with .95
reliability coefficient (alpha). Statistics method with mean and Standard Deviation. were
used to analyze the data.

The results of the study were as follows : 1. Both exploratory factor analysis and
confirmatory factor analysis supported and confirmed that companionate love consisted
of the three structural factors with thirteen componential indexes: the first the factor of
sensory perceptions of cognition; remind, value, positive thinking and acceptance. the
second was the factor of sensory perceptions of feeling; attachment, care, trust,
empathy and happiness. the third was the factor of sensory perceptions of behavior;
sacrifice, helping, consultant and intimate communication. These three factors were
suitable to the empirical data of high loading at the .05 statistic significant level and
could be used as the instrument to measure the companionate love functioning factors.
2. The companionate love were considering that the scores of sensory perceptions of
cognition factor and behavior factor were in hight level but sensory perceptions of

feeling factor score was in medium level.

Keywords: Companionate love, A factor analysis of student companionate love
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Abstract

The development of the multimedia information is continually growing
especially in an e-health technology. The specific Magnetic Resonance (MR) brain image
classification using fuzzy c-means clustering algorithm and the self-information in this
paper is proposed. Retained and with the optimum number of pixels, the classified MR
has been histogram equalized by the obligated linear function. As a result, the
benefit of fuzzy c-means clustering algorithm and the constrained self-information on
the corresponding histogram equalization-obligated linear function-structural pixel
position scheme image shows that the proposed method can give more delicate image
information. In addition, the information entropy of the corresponding
histogram-based image shows that the proposed method can also give the lower

information entropy-based data compression ratio.

Keywords: Classification, histogram, equalization, fuzzy, image, information.
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1. Introduction

The aim of this paper is to reveal the
positions of the important tissues in the
specific Magnetic Resonance Image (MRI). The
Fuzzy C-Means Clustering Algorithm (FCMCA) or
the Soft K-Means Clustering Algorithm (SKMCA)
developed from the K-Means Clustering
Algorithm (KMCA) is introduced to be applied.
The FCMCA of an image, based on the alpha-
trimmed  average of the corresponding
histogram extracted from the image keyframe,
is suitable for the clustering. Besides the
improvement of computation time of FCMCA,
the FCMCA of the constraint self-information
curve is applied in this paper to emphasize on
the image information. The specific MRI based
on the Structural Pixel Position Scheme (SPPS)
image gives the corresponding Histogram
Equalization (HE) obligated by the linear
function, called the Histogram Equalization-
Obligated Linear Function-Spatial Pixel Position
Scheme (HE-OLF-SPPS: HOS) image. Compared
with the HOS image, the specific MRI based on
the SPPS image giving the corresponding HE,
called the corresponding histogram-based

image is introduced.

This paper sections include SPPS image
information, FCMCA of the SPPS image, FCMCA
of the self-information curve, Results and

analysis, and Conclusions and future work.

2. SPPS image information

In an information theory, a self-information
is a measure of the information content
associated with the outcome of a random

variable. The self-information I(i) is as

1) = —log(p(0)),i€e{1,23,..,.L} (1)

where the function and the parameter can be
denoted below:

p(i) the probability of I and

L the maximum Light

Intensity Level (LIL).

2.1 Corresponding histogram-based image
information

In a gray-scale image, an I(i) is as (1)
and L can be obtained from the number of
bits, My, of a pixel. Normally, Ny, is 8 bits and
L is 256 levels. Thus, the corresponding
histogram of a gray-scale image can illustrate
image information by each self-information of
the LIL. The decreased significant number of
pixels, np, retrieved from I(i), is as

LIL
np = X, M (2)

where the parameters can be denoted below:

LIL 1, the lower LIL and
LIL y; the higher LIL.

2.2 HOS image information

Due to the optimum consume of 7,
of an HOS image, an information in the HOS
image will be investigated. In this paper, the
significance ofI(i) as (1) of the initial gray-
scale image will be the constraint to retrieve
the HOS image self-information. Thus, only the
Ny retrieved from two constraints: the
obligated linear function of the HOS image and

I(i), are concerned as

LIL .
ny = Zi=LI;ILL at 3)



where the parameter can be denoted below:

a, the 1% order coefficient.

3. FCMCA of the SPPS image

The FCMCA starts with the initial cluster
centers of the SPPS image, placed as the
center location of each cluster in an image. In
addition, the FCMCA assigns each pixel value a
membership grade, W, for each cluster.
lteratively, the cluster centers update a U for
each pixel value, the FCMCA moves the cluster
centers to the proper location within an image.
This iteration is based on minimizing an
objective function that represents the distance
from each pixel to own cluster center

weighted by a U of a pixel value.

The FCMCA can partition a finite collection
of M pixels X = X1, vy Xpp into a collection
of C fuzzy clusters with respect to given
criterion. Given a finite set of the M pixels, the
FCMCA returns a list of C cluster centers C =
Cq,---,Cc and a partion matrix U =
u; j(x)el0,1],i=1,..,n; j =
1, ..., C, where U; j (x) informs the degree
to which X; belongs to cluster Cj. Like the
KMCA, the FCMCA aims to minimize an
objective function U; ; (x) as

1
c d(cix
j=1 d(cj,x)

where the function and the parameters can be

Wi, j (x) =

e (4
>/( )

denoted below:

d(Ci, x) the Euclidean distance
between C, and X,
& the fuzzifier, and

ansusvwau
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T
X the [pxrpy] pixel
coordinate vector

The fuzzifier € determines the level of
cluster fuzziness. A larger € results in a smaller
U j- Generally, an € equal to 2.0 can get the
common W; ;. It can be noted that at € equal
to 1.0, the ,ul-J- converges to 0.0 or 1.0, which

implies a crisp partitioning.

Any point X has a set of coefficients
giving the degree of being in the Wy, (X) With
the FCMCA, the center of a cluster is the mean
of all points, weighted by their degree of
belonging to the cluster.

3.1 FCMCA of the corresponding histogram-
based image

The FCMCA starts with the initial
cluster centers of the corresponding histogram-
based image, placing the center location of
each cluster in the image of 7, pixels as
expressed in (2). Given a finite set of the 1y,
pixels, the FCMCA also returns a list of C
cluster centers C = €q,...,C. and a
partition matrix U= ui,j(x)e[O,l],i =
1,...,np; j=1,..,c.

3.2 FCMCA of the HOS image

The FCMCA starts with the initial cluster
centers of the HOS image, placing the center
location of each cluster in the image of My,
pixels as expressed in (3). Given a finite set of
the np pixels, the FCMCA also retumns a list of
C cluster centers C = Cq,...,C, and a
partition matrix U= ui,j(x)e[O,l],i =
1,...,np; j=1,..,c
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4. FCMCA of the self-information curve
Generally, the domain of LILL and
LILy is wide enough Ny to retrieve an image
information. Fortunately, a probability p(l) in
(1) can be computed by ni/n. In the same
way as the FCMCA of the SPPS image, the
FCMCA of the self-information curve can be
applied for the self-information curve of Ch
clusters. The FCMCA assigns each value of
I(i) on the self-information curve a U for
each cluster. [teratively, the cluster centers
update a U for each value, the FCMCA moves
the cluster centers to the proper location
along the self-information curve. This iteration
is also based on minimizing an objective
function that represents the distance from
each value of M; to its own cluster center
weighted by a U of a value of ;. Thus, the
LIL; can be found from the domain of the
corresponding histogram function, LIL, of the
cluster center giving the maximum of the
function range, I(i). On the opposite side,
the LILy can be normally found from LIL
of the adjacent cluster center giving the sub-

maximum of I(i).

The FCMCA also can partition a finite
collection of L LiLs, X7, = X1, «.., X[, into
a collection of Cppj, fuzzy clusters with respect
to given criterion. Given a finite set of the L
LILs, the FCMCA returns a list of cluster centers
Ci = Ciyypr -2 Ccpyy, and a  partition
matrix Uqu = ui,j(xL,L)e[O,l],i =
1, ...,L; ] = 1,...,CLIL, where
U; j (xLIL) informs the degree to which
Xp L belongs to cluster Cj, . Effectively, an
objective function of FCMCA of the self-

information curve consisting of Xy is the
same as (4) and the fuzzifier € is set to the
same value of 2.

Refer to (2) and (3), the LILy and LIL;
from the FCMCA of the self-information curve

can be expressed, respectively, as

LIL, = |17 (max(1(LIL)))| (5)

and

LiLy = |17 (submax(1(LIL)) ) (6)

where the function can be denoted below:
I(LIL) the element in Cp ;.
5. Results and analysis

In this section, there are two subsections
including the experiment results and the

information entropy analysis.

5.1 Experimental results

There are the input parameters
including €, a4, C, Ch’ L and N in Table 1.
The original image with L of 89 and M of
16384 including the corresponding histogram
can be illustrated in Fig. 1 a) and Fig. 1 b),
respectively. In this experiment, there are the
number of necessary holes and links of 6 in
the original image. And the number of 3-points
of those holes and links is equal to 18. Then,
C was computed by adding 2 cluster centers
to 18 cluster centers, the top of the MR brain
image at the sufficient link and the reference
point, to become 20 cluster centers. In
addition, Ch was computed from IOgZ (89)
= 6.476 for the 89 LIL image. The integer of 6
was reduced to 4 positions of cluster centers

by neglecting 2 bound positions.



Table 1 The input parameters.

parameters assigned values
& 2
(Jang, J. S. R, & Sun, C.
T.(1997))
a 0.4839
(Homnan, B., &
Benjapolakul, W.
(2013))
C 20
Ch a4
L 89
n 16384
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Fig. 1 a) The original image and b) the
corresponding histogram.

Conformed to (5), (6), and the input
parameters in Table 1 with Ch = 4, the FCMCA
of the self-information curve gives the integer
of LIL; and LILy as 10 and 33,
respectively, as illustrated in Fig. 2 and Table 1

n

The self-infornation (hit(s))

LiL(s)

Fig. 2 The self-information of 4 cluster centers.
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Table 2 The output parameters of the images.

parameters values
LIL, 10
LILy 33
Ny, (The corresponding 620
histogram-based image)
Tlp (The HOS image) 233

Conformed to (4) with Ch =d4and C =
20 in Table 1, the FCMCA of the self-
information curve gives the obvious 19 clusters
of the corresponding histogram-based image,
as illustrated in Fig. 3. In addition, the FCMCA
of the self-information curve gives the 20
cluster centers on the corresponding
histogram-based image in the domain of
LIL; —LILy, as illustrated in Fig. 4.

120

L L L L L L
20 40 B0 80 100 120

Fig. 3 The 20 cluster centers of the

corresponding histogram-based image in the

domain of LILL —LILH.

20 40 60

Fig. 4 The 20 cluster centers on the

corresponding histogram-based image in the

domain of LIL; —LILy.

Conformed to (4) with a given Qg =
0.4839 of the obligated linear function, Cy, =
4, and C = 20, illustrated in Table 1, the
FCMCA of the corresponding histogram-based
image gives the 20 clusters of the HOS image
as illustrated in Fig. 5. In addition, the FCMCA
of the self-information curve gives the 20
cluster centers on the HOS image, as
illustrated in Fig. 6.

1oor

| I
I AN, N S

20r

L L L L L L
20 40 &0 a0 100 120

Fig. 5 The 20 cluster centers of the HOS image.



20 40 60 &0 100 120

Fig. 6 The 20 cluster centers on the HOS

image.

Due to the more My, of 620 pixels, the
20 clusters can be distributed on the
corresponding  histogram-based image as
illustrated in Fig. 3. In addition, the higher to
the highest gradient portions of the
corresponding histogram-based image are close
to the centers of the 20 clusters. Furthermore,
due to the more np of 233 pixels, the 20
clusters are emphasized on the upper part of
the HOS image as illustrated in Fig. 5. Thus, the
more important tissues of the HOS image, the
specific MRl of the compressed image,
especially in the upper part of the original
image can be illustrated as the centers of the

clusters in Fig. 5.

The My, of the Fig. 4 and Fig. 6 can
express the compression ratio, P, a p =
ny / N = 620/16384 = 0.0378 and 233/16384
= 0.0142, respectively. In the comparative
analysis between the corresponding histogram-
based image and the HOS image, the ratio of p
of the HOS image in the Fig. 4 to that of the
corresponding histogram-based image in Fig. 6
can be reduced to 233/620 = 0.3758 in order

to obtain the important tissues of the original

ansusvwau
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image. Notably, neglecting the computation
times of the FCMA of the 89 point self-
information curve, the FCMA of the HOS image
improves the computation time to at least
37.58% compared with that of the
corresponding histogram-based image,

conformed to np.

5.2 Information entropy analysis

Inan information theory, the
information entropy is a measure of the
amount of information in a transmitted
information  symbol(s) and is sometimes
referred to as the Shannon entropy. The
information entropy of the corresponding
histogram-based image in the domain of 1-
L, H{‘, can be expressed in terms of a set of
probabilities p(i) as

Hf ==Y p@logp® (7)

Thus, the information entropy of the

corresponding histogram-based image in the

LIL
domain of LILL - LILH, HLILZI’ can be

expressed as

Hpy M = =X p()logp(i) (8)

The HlL in bit(s), related to the power
in the bit(s) signal in HlL, can be used to
determine the content of information
symbol(s). Thus, the minimum amount of an
image information in the overall domain of
LiL(s) is L X H{‘, in addition, the information
entropy-based data compression ratio in the

domain of 1 — L, 191L , can be expressed as
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L
9k = LHy (9)

n

Thus, the information entropy-based
data compression ratio in the domain
of 1 — L can be reduced to

LILy
gl _ (L+LILy=LIL)H;;, 10
LIL, — n (10)

In the FCMA of the corresponding
histogram-based image (except the infinite
I(i) at LIL = 11), the H{“ in (7) equals

LIL
08514 bit and the Hj; 7" in (8) equals 0.1044

bit. Thus, the ¥ in (9) equals 0.8514 bit x 88

LILs/16384 pixels = 0.0046 bit/pixel and the

LIL
9,7 % in (10 significantly equals 0.1044 bit x
LILy, g

23 LILs/16384 pixels = 1.4656 x 10 bit/pixel in
the image keyframe. In the FCMA of the HOS
image (except the infinite I(i) at LIL = 2
and the infinite I(l) at LIL = 11), the HlL
equals 0.3630 bit and the Hflllff equals

0.0453 bit. Thus, the 19{' equals 0.3630 bit x
87 LILs/16384 pixels = 0.0019 bit/pixel and the

LIL
ﬁLILlI:I significantly equals 0.0453 bit x 22
LILs/16384 pixels = 6.0828 x 10™ bit/pixel in

the image keyframe.

6. Conclusions and future work

Applying the FCMCA and the constraint
I(i) to the image classification, the
corresponding histogram-based image
information and the HOS image information
have been investigated and the positions of
important tissues in the specific MRl can be
revealed. By the inverse self-information

function, the LIL; and LILy can be

LIL
obtained. Thus, the lower 191L and ﬁLILH
L

LILy
LIL;,

respectively, in the information transmission

conformed to  the H{“ and U

can be performed. In future work, the more
detail ing OXTFH i the SPPS |
etails concerning Uy = in the image

will be investigated.
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Abstract

The objective of this study is to introduce the estimation of a joined point in
Tobit-piecewise regression model (Mekbunditkul, 2010). There are two interested
methods, in this paper, introduced to estimate unknown joined point in Tobit-piecewise
regression in the case of observed data containing outliers. Those are based on Quandt’s
method which is one of the maximum likelihood method and on Levenberg-Marquardt
method which is one of nonlinear least square based. Simulation study is provided to
compare the potential applicability of each estimator which is considered in terms of
the average sum of squares of residuals (ASSR) (Mekbunditkul, 2010). It is found that
Tobit-piecewise regression model when the unknown joined point is estimated by LS
method yields non-significant smaller ASSR than by ML method in every situation
according to the simulation study.

Keywords: Tobit-piecewise regression, LS, MLE, Outliers
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Introduction

In the present, an important
problem usually found in regression
analysis is that observed data consist of
outliers. Outliers are data points not
typically located close to the usual data.
Rousseeuw and Leroy (1987: 3-59)
indicated that outliers in y—direction
the
heteroscedasticity problem. The outliers

and x-—direction affects
in this research are considered in the sense
of regression outliers. They are the
observed data that are distinct from the
linear relationship representing most of the
data and they can draw a regression line
away from the usual data. However, they
exclude unusual incidents. To cope with
the occurring problem of outliers, some
may fix the model by deleting (weighted
by zero) the outliers but this method can
be dangerous as it can give the user a false
sense of precision in estimation and
prediction. This research will apply
Tobit-piecewise (abbreviation of Tobit-
piecewise) regression model. Mekbunditkul
(2010) constructed the Tobit-piecewise
regression model by the combination of
the Tobit and piecewise regression models.
Moreover, there was found that a two-
limit Tobit model (Tobin, 1958, Rosett, 1975
and Joreskog, 2002), limited by some
desired variables can reduce the effect of
outliers in some situatons. In addition,

according to the piecewise regression

model (Quandt, 1958: 874, Hudson, 1966:
1097-1129, Goldfeld, Kelejian and Quandt,
1971, Suits, Mason and Chan 1978:
132-133), for instance, fits one data set with
two regression regimes when a single
regression is inadequate so that the
structural change is taken into account as
they should be. The structural change in
the meaning of regression analysis is a
change in one or more of the parameters
in a regression model (Poon, et.al. 2008).

The different benefit of two ideas
considered in Mekbunditkul’s research can
be concluded as following: First, Tobit
regression is a tool used for investigate the
linear relationship when the dependent
variable in a regression model is limited.
This concept is taken into account for this
study in sense that the putting limited
value at some desired variable can reduce
effect value of outliers in y- and xy-
directions. However, the existing of other
types of outliers has been not
manipulated. Second, piecewise regression
is a regression analysis properly applied
when the structural change in regression
occurs. Hence, in this regression analysis,
outliers in x- and xy-directions are taken
into account however piecewise is rather
not suitable for data consist of outliers in
y-directions. Moreover, according to the
evident in simulation results, we found
that: Tobit-piecewise regression model can

more reduce the effect value of outliers



and reduce the effect of the structural
change than piecewise, Tobit and LS.
However, there was not studied the
estimation of joined point. In this paper,

therefore, this point has been studied.

Lo

b
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Otl + lei + BzXT +&
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Tobit-Piecewise Regression Model

The combination of the two-limits
Tobit regression model and piecewise
regression model to be the Tobit-piecewise
model (Mekbunditkul, 2010) is shown in
the model (1):

*
oy +Pix; +Pox; +& <L
*
L0< OLI +B1Xi +Bin +8i < UO (1)

*
(¢9] +lei +B2Xi +8i > Uo,
O is an unknown joined point of two regression

if x, <98

. . The locally lower and upper limits are
if x,>9

Yi :LOi , i=l,...,111

Yk = UOk’ k:1,...,n3.

Note n = Z nj. The Tobit-piecewise estimator of 8 can be can be achieved by the ML method when

j=1
the log-likelihood function of = (al,Bl,Bz;LO,U

Ly,Up, 6=9¢, and 62 known can be written as

’
0,80,0) given Y for some fixed values of
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We can get the Tobit-piecewise estimator by solving the solution of normal equations (3a) to (3c)

oinL(ey) Qo _M RS A LY W -0 (32)
ooy i=1 qu’(xi) =% k=t Gk(l_q)(xk))
omL(@y) _Xid>(ij) LRI qu’(?“k) =0 G
By o ci(I)(ki) j=1| Oj k=1 Gk(l_q)(kk))
alnL((j;y):nl _XT¢(}) +n2 Xk i fi Xkd)(xk) =0, (30
B G we(l)) Fl o ) Gfo(1-o(h))
where A is an estimator of A. Now we let le(Ylla--lenl ), where  Yq; = Loj

Yz =(Y21,...,Y2n2) where LO_] <Y2j<U0j , Y3 =(Y31,...,Y3n3) where Y3k =U0k' The

regressor matrices are Xy, Xy and X3 correspondingto Y; , Y, and Y3.And X;, Xy , X3 are
denoted the covariance matrices of Yj, Y, and Yj, respectively. We can obtain the vector of

Tobit-piecewise estimator by

-1 -1
R -1 15—l 15—l r5—1/2 &
O1p =(X222 Xz) (Xzzz Yz)—(xzzz Xz) [Xlzl {Hl(x)}]

(4)
H(emah,) s 2 s ()]

where
A Lo, —Xqp. 0
0 Lo1 —%1197p o —Om =Im=TP
c 1
Hl(i)z 11 ny
Q(Lm_)SHQTPJ o Lon, —X1n, O1p
O11 c
1n1

1><n1
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, @ and ¢ are the cumulative density function (c.d.f

and the probability density function (p.d.f) of the standard normal distribution, respectively.

An Unknown Joined Point Estimation

In 1958, Quandt firstly introduced
the piecewise regression model and he
estimated the parameters for a regression
system obeying two separate regimes when
the change-point was assumed be
unknown parameter need to be estimated.
In order to find the value of the change-
point, represented by t in Quandt’s paper,
which maximizes the logarithm of the

maximum likelihood,
L(t) :—Tlog\/Z_n—tlogél —(T—t)10g62 _%y

for a given value of T and is a function of
t alone. The differentiation of L(t) with
respect to t setting equal to zero is
inappropriate because t is not
continuously variable. Quandt, therefore,
suggested a procedure for calculating the
value of t by selecting t which gives the
maximum likelihood function as follows:
Order the observations according to time
period and divide the data into a left hand
group and a right hand group. Estimate
separate regression lines for the two
groups, and then move the point of division
between the two groups by one unit at a
time to the right and one unit at a time to
the left. Calculate for each of these new

divisions separate regression lines for the
left hand group and the right hand group.
Move the dividing line again and proceed
in an analog fashion. For each division, an
expression of L(t) that reaches the
maximum likelihood can be found and
evaluated (Mekbunditkul, 2010: 14).
Nevertheless, Quandt discussed the
estimation problem in which the two
regression lines are not required to join.
D.E. Robison (quoted in Hudson, 1966)
found maximum likelihood estimates for
the joined points of two polynomial
regressions. In addition, Hudson (1966)
introduced a parameter estimate based on
the LS method and the model was
assumed to be joined at § = x, » for some
i. So that we have utilized the combination
of Quandt and Hudson’s way to estimate
the unknown joined point by the following

steps:

1. Determining the initial value
of t.

2. Putting §=x, in the Tobit-
piecewise model as shown in equation (1)
and in the piecewise model (Mekbunditkul,
2010: 19).
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3. Estimating remaining parameters
in the Tobit-piecewise model and
piecewise model by ML based.

4. Substituting all parameters in
step 3 back to each log-likelihood function
of Tobit-piecewise and piecewise models
and calculating each log-likelihood value.

5. Repeat for t=2,...,n-1

6. Choosing the t value such that
maximizes each log-likelihood function.

Another way to solve the
curve-fitting problems is a standard tech-
nique used to solve nonlinear least squares
problems such as the gradient descent
method, Gauss-Newton method and
Levenberg-Marquardt method, etc.
Nevertheless, in this research, we have
used the method of Levenberg-Marquardt
(Marquardt, 1963). This is the method
compromising between the Gauss-Newton
and steepest descent methods. The
Levenberg-Marquardt updating formula is

as followed:

A=(ZZ+\diag(Z'Z)) Ze. (5)

The compromiseis as A, — 0, the direction
approaches Gauss-Newton and as A — oo
,the direction approaches steepest
descent.

Marquardt’s method is equivalent
to performing a series of ridge regressions
and is useful when the parameter

estimates are highly correlated or the

objective function is not well

approximated by a quadratic.

Results of Simulations Studies
The

Tobit-piecewise regression model is

performance of

investigated in term of the average sum of
squares of residuals (ASSR) (Mekbunditkul,
2010) investigated by simulation studies.
SAS program was used to simulate all of
situations in this study. There are two
situations is considered such as the
y-direction, and xy-direction. Nevertheless,
other two situations are not taken into
account. Since, in case of, no outlier
existing it was found that the ASSR1 of
Tobit to be equal to the LS regression
model while the ASSR for piecewise and
Tobit-piecewise are the same. However,
both the Tobit and LS results are
significantly different from the piecewise
and Tobit-piecewise methods. The data
fitted by the piecewise and Tobit-piecewise
regression models yield the value of ASSR
that are smaller than the Tobit and LS
methods by about relative efficiency(RE)
equal to 0.35 (Mekbunditkul, 2010). These
mean that the piecewise and
Tobit-piecewise regressions are suitable
than LS and Tobit models. In addition, the
numerical examples and simulation results
in case of the x-direction outliers existing
as studied in Mekbunditkul’s dissertation

are evidenced that Tobit and LS are



identical meanwhile the piecewise and

Tobit-piecewise are the same.

1. Outliers in the y-direction

For y-direction outliers, the average
values of ASSR for 1,000 samples, with
certain percentage of outliers and different
estimates of the regression coefficients, i.e.
LS, Tobit, piecewise and Tobit-piecewise,

are presented in Tables 1 and 2 and Figures
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1 and 2. The value of ASSR of
Tobit-piecewise and of piecewise
regression models which each joined point
estimated by Levenberg-Marquardt
method, nonlinear LS based, is shown in
Table 1 corresponding to Figure 1. In
addition, the value of ASSR for joined point
in Tobit-piecewise and piecewise estimated
by Quandt’s method, ML based, are
presented in Table 2 corresponding to

Figure 2.

Table 1 ASSR of four different regression models for Levenberg-Marquardt method in

cases of y-direction outliers

Sample % of Y- ASSR
Size Outliers LS Tobit piecewise Tobit-
piecewise
10 5 - - - -
10 7,691 5,657 6,685 3,253
15 - - - -
20 12,041 6,005 10,953 4,454
20 5 4,519 2,280 4,116 1,463
10 7,841 5,233 7,237 3,027
15 10,286 5,546 9,655 3,825
20 11,954 5,903 10,874 4,247
40 5 157 157 56 56
10 4,569 2,251 4,243 1,599
15 7,968 5,147 7,641 3,132
20 10,436 5,525 10,097 3,651
60 5 162 162 54 54
10 4,588 2,184 4,280 1,521
15 7,998 4,869 7,620 3,108
20 10,490 5,463 10,149 3,200
100 5 165 165 55 56
10 4,594 2,116 4,259 1,440
15 8,009 4,873 7,426 2,849
20 10,550 5,435 9,779 2,993
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Figure 1 ASSR of four different regression models for Levenberg-Marquardt method

varied by percentage of outliers when n=10, 20,..., 100 where y-direction outliers exist



From Table 1 and Figure 1, for all
percentages of outliers we found that the
significantly smallest ASSR is of
Tobit-piecewise regression model,
followed by of Tobit, piecewise and LS
regression models, in that order.

When considering the information
in Table 1, we can see that when the
percentage of outliers increases, the
Tobit-piecewise regression model with
unknown joined point estimated by
Levenberg-Marquardt method is preferable
to LS model. Furthermore, it was found
that both of Tobit and piecewise regression
models are more fit than LS model for all
values of percentage of outliers. Thus, in
this particular case, it can be concluded
that the Tobit-piecewise regression model
yields the best results followed by the
Tobit, piecewise and LS regression models,
in that order. Moreover, in the case where
outliers exist in the y-direction not only
Tobit-piecewise but also the Tobit
regression model are preferable to both
piecewise and LS. These results correspond
to the finding in Mekbunditkul’s research.

In Figure 1, it was found that the
value of ASSR of four different regression
models increases when the percentage of
outliers increases for all sample sizes
considered.

Next, the results of simulation
studies for the y-direction outliers, when

unknown joined points in Tobit-piecewise
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and in piecewise regression models are
estimated by Quandt’s method, ML based,
are exhibited in Table 2 and Figure 2.
From the Table 2, there is the
evident that Tobit-piecewise regression
with the unknown joined point estimated
by Quandt’s method vyields the smallest
ASSR among all of different estimations,
followed by Tobit, piecewise with the
unknown joined point estimated by
Quandt’s method and LS, in that order. In
addition, from the Figure 2, it is found that
the value of ASSR for all type estimations
increases when the percentage of outliers
increases for all sample sizes considered.
In particular case, the comparison
of ML based and LS based by the ASSR is
is found that

Tobit-piecewise regression with the

considered. There

unknown joined point estimated by LS
based yields non-significant smaller ASSR
than by ML based for all values of

percentage of outliers considered.
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Table 2 ASSR of four different regression models for Quandt’s method in cases of

y-direction outliers

Sample Size % of Y- ASSR
Outliers LS Tobit piecewise Tobit-
piecewise
10 5 - - - -
10 7,691 5,657 6,690 3,256
15 - - - -
20 12,041 6,005 10,965 4,458
20 5 4,519 2,280 4,120 1,465
10 7,841 5,233 7,239 3,029
15 10,286 5,546 9,659 3,827
20 11,954 5,903 10,875 4,247
40 5 4,569 2,251 4,243 1,599
10 7,968 5,147 7,643 3,133
15 10,436 5,525 10,101 3,652
20 12,009 5,633 11,618 4,011
60 5 4,588 2,184 4,280 1,521
10 7,998 4,869 7,621 3,109
15 10,490 5,463 10,152 3,201
20 12,067 5,636 11,642 3,240
100 5 4,594 2,116 4,263 1,441
10 8,009 4,873 7,429 2,850
15 10,550 5,435 9,788 2,995

20 12,202 5,738 11,350 3,053
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2. Outliers in the xy-direction

For samples with xy-direction
outliers, Tables 3 and 4 give the average
values of ASSR from 1,000 generated
samples of various sizes and various
percentages of outliers considered. The
corresponding graphs of ASSR of each
different estimation method against
percentage of outliers are shown in Figures
3 and 4.

Table 3 ASSR of four different regression

cases of xy-direction outliers

The different of Tables 3 and 4 is
that ASSR value being on the Table 3 is
from Tobit-piecewise and piecewise with
each joined point estimated by Levenberg-
Marquardt method. Meanwhile, the ASSR
as shown in Table 4 obtains from those
fitting lines with each joined point
estimated by Quandt’s method.

models for Levenberg-Marquardt method in

Sample Size % of Y- ASSR
Outliers LS Tobit piecewise Tobit-

piecewise

10 5 - - - -
10 4,157 1,416 2,027 896

15 - - - -

20 5,070 4,837 2,591 1,107

20 5 3,069 581 1,573 440
10 4,270 1,337 2,044 947

15 5,204 4,769 2,551 1,015

20 5,286 4,733 2,550 1,385

40 5 3,077 495 1,561 389
10 4,636 1,044 2,267 384

15 5,245 2,221 2,412 612

20 5,497 4,442 2,499 1,112

60 5 3,154 551 1,676 256
10 4,473 741 1,962 520

15 5,102 1,559 2,153 665

20 5,354 3,900 2,226 862

100 5 3,118 493 1,576 204
10 4,552 838 1,998 376

15 5,196 1,615 2,133 542

20 5,459 3,641 2,219 685
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From Tables 3 and 4, where the
percentages of outliers are 5%, 10% and
15%, it was found that the significantly
smallest ASSR is of the Tobit-piecewise
regression model, followed by that of
Tobit, piecewise and LS regression models,
in that order. Meanwhile, at 20% outliers,
the smallest ASSR is from the Tobit-
piecewise regression model, followed
sequentially by that of piecewise, Tobit,
and LS. These results indicate that, in the
case where xy-direction outliers exist, the
potential applicability Tobit regression
decreases when the percentage of outliers
increases. It can be seen that the piecewise
regression model slightly changes when
the percentage of outliers increases, as
evident in Figures 3 and 4. Moreover, in the
case of outliers existing in the xy-direction
between 5% to 15%, it was found that not

only the Tobit-piecewise regression model
but also Tobit is preferable to both
piecewise and LS. Meanwhile at 20%
outliers, the piecewise regression is
preferable to both Tobit and LS since,
when the percentage of outliers is high, it
indicates that data are more likely to be
from two structures. These results are the
same of Mekbunditkul’s dissertation which
each joined point in both of Tobit-
piecewise and piecewise regression models
are assumed to be known.

When looking at Figures 3 and 4, it
was found that the ASSR of the four
different regression models increases when
the percentage of outliers increases, for all
sample sizes. Furthermore, it was found
that when the percentage of outliers
increases, the ASSR of Tobit-piecewise and

piecewise slightly increases.
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Table 4 ASSR of four different regression models for Quandt’s method in cases of

xy-direction outliers

Sample Size % of Y- ASSR
Outliers LS Tobit piecewise Tobit-
piecewise
10 5 - - - -
10 4,157 1,416 2,031 897
15 - - - -
20 5,070 4,837 2,594 1,108
20 5 3,069 581 1,577 441
10 4,270 1,337 2,053 951
15 5,204 4,769 2,569 1,022
20 5,286 4,733 2,573 1,398
40 5 3,077 495 1,561 389
10 4,636 1,044 2,267 384
15 5,245 2,221 2,413 612
20 5,497 4,442 2,499 1,112
60 5 3,154 551 1,677 256
10 4,473 741 1,963 521
15 5,102 1,559 2,154 666
20 5,354 3,900 2,228 862
100 5 3,118 493 1,577 204
10 4,552 838 1,999 376
15 5,196 1,615 2,135 542

20 5,459 3,641 2,220 685
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Conclusion

The important point of research
finding is that the ASSR of Tobit-piecewise
model with joined point estimated by
Quandt’s method does not significantly
differ from the Levenberg-Marquardt
method. The comparison of four different
estimators such as LS, Tobit, piecewise and
Tobit-piecewise, is described below.

Tobit-piecewise regression model,
first introduced in Mekbunditkul’s research,
have been used to cope with the important
problem in regression analysis such that
data contain outliers. The Tobit-piecewise
estimator is one of MLE although it is a
biased estimator of a regression coefficient
it is a consistent estimator and keeps all
properties of MLE. The potential
applicability of estimator was studied in
sense of ASSR’s and RE’s, and was shown
in the simulation results. From simulation
studies, there were found that
Tobit-piecewise regression model is the
best. Nevertheless, the joined point in
Tobit-piecewise regression model was not
found in literatures. So that this paper,
estimations of the unknown joined point
in Tobit-piecewise are introduced. These
are based on ML method introduced by
Quandt and on nonlinear LS method sug-
gested by Marquardt, called the Leven-
berg-Marquardt. When considering the
simulation results shown in this paper, in

case where y-direction outliers for all
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percentages of outliers considered and
where xy-direction outliers for small
percentage, by about 5% - 15%, of outliers
is found that
Tobit-piecewise regression model yields
the smallest ASSR and sequentially by that

of Tobit, piecewise and LS. Meanwhile, in

considered, there

situation of data containing xy-direction
outliers with large percentage of outliers,
by about 20%, Tobit-piecewise model gives
the smallest ASSR and followed by

piecewise, Tobit and LS, respectively.

Recommendation

There are two recommendations
for further study arising from this study.
First, estimators of the desired limited
value in the TP regression model has not
been included in the scope of this study
but it could be attained in the future
because they rather affect the fit of the
regression line and the verification of ASSR.
Second, a measure of error other than ASSR
could be developed to investigate the
potential applicability of the TP regression
estimator. ASSR, as
Mekbunditkul’s (2010) research, might not
be suitable for the reason that ASSR is

rather affected by limit values.

shown in
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