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The aim of this research is 10 study.the factors thal contribute to non-performing morigage loans, to
analyze the relationships of these factors at varlous LTV levels, ant10.suggest solutions 1o reduce the number of
non-performing I'I‘ID!WS 1;_1,31"9#'&#%!5 involved in the study are bank cuslomers who were granted a
mortgage from 2000 10 2009 with thair puynmbem one day or more overdue.

The wﬁmmmusumm@aulm
1. The factors found'to coRtribife fo the non-parfurmhg mofigeges are: gender, age, stalus, educational
background, ogetipation, Income, assel value, installment paymenis, debl burden and ihe number of borrowers.
2. All of the factors mdmdtnnuﬂ:-uﬁ 10 m—pm:ng merigages except asse! value and gender. Income is
the primary factor that mmhuﬁs the most to non-periorming marigages at all LTV levels. This is in line with the
6C's credit assessment in temms of caplelh_.r which focuses on the ability to repay the morigage. Factors that
contribute 10 loan payment sbilty are the job security and. income of the customers. It s the normal practce of
banks lo consider their éumrrm incomes as one of the upmmm before granting loans. The lesser factors
are: instaliment payments, age, debl burden, status, ——— background, the number of borrowers and
occupation. There is an inverse relationship between cusiomers' income and the number of days overdue at
avery wa.m means thal the higher the income, the MHMH payments being overdue. This
is o beupémndkhlmnnﬂﬁnhmﬂnhmmm time may be due to the
unreliability of Ihc source of income. Therefore, when evaluating mmm-clmnls for morgages, the bank
should scmﬂniziiﬁ sources of clients’ income and be strict about income verification proceduras,
3. In order 1o reduce the number of non-performing mom apart from the factors mentioned above, the bank
should also usa the housing project as an indicating factor. The banks' clients who chgosa 1o buy a house from a
high quaiihr project, namely a project that has a good location, good infrastructure and high liquidity, are more
likely 1o be able 1o repay their debls.

As this study has some limitations in terms of infermation, it is recommended that other relevant factors
sugh ag economic conditions or interest rates ba studied and analyzed for more effective rasearch in the fulure.
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amsEaUs ANt janAefesaa ld1a1/sz1ans (House Price / Income Ratio = HPE)
4 Jde o 4 d Y e 4. N A
ULATNTNAN Ayilsznismils Tsuansliiviudnsanfagedelunaiainislaauulas
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dszaraulasialiianuaiunmlunisdndenegandtdunesnuieclige uazuindasle
sanlfusageunnifuliauinliidnsndou HPE gaiuliluda Aazinliitihuaneanuazfies
UFuansAnaan
2.3.1 mslumdinmuuzineumstatiuluanigaaisn
v

A lANUTNHuUZIIARUNTTa 1IN (Pre“purchase homeownership Counseling)
o e R e - .
duiludaunilslunszusunistdes dugeines oA LeIanigoINTN1NIUIUNGN 3 ARITIH

a

v
NNU
a

=b_

1% 2 o o Yo a s ' ' o o A
LA ﬂ’]?ﬁlﬁﬂ’ﬁlﬁﬂ‘]ﬂqLLuﬁu’ﬂﬂﬁ‘Uﬂ’]ﬁﬂ{]UDﬂ@ﬂ’NLLW?‘MZ\]’]EIL‘Wi‘quﬂqﬂﬂﬁ@ﬂﬂ’]?%’m

e3¢

155un sl AN Bneautztarannsdating ay cianuiAEinlanardauFulinta
Lﬁmﬁumﬂﬁ”uuﬁuﬂ Lw'ﬂmﬁm:r’miiuam“ﬁ‘lumﬂﬂ'mﬁmﬂfiwmiﬂm%umxﬁnmuusﬁﬁ

mmmmummmﬁmmmwmemwumwmmmuum@Lqumluﬂ (reducing default risk

al

to lenders) Sariudaiust lamigenadeviou IE Az AnN RN 17NN
o o 1 ¥ & Vo A o = Yy 1
wann1sAInandingsin 1aFunistiuduudns aangazsann1sAnEEfinda 40,000 st

484 Freddie Mac #9AUNLI9N

'
[ % | o

v
1. mﬂﬁmﬂ?‘ﬂmLLuzmri@uﬂ’n‘%faﬁm unamsnigdn AT ARSATIN1TAN
N

o

12 |
1

o = ¥ YN ¥ a
dnseutiaesifliet1e@ Inawud

gfinlasuAasn U Ndns NPL Ainndntaeialy

19%
2 o T = . ' o = a = Qx'
2. TA79n19 AU SN BBE I AAUNTTAUI LN LANFANTY azi1szdnTa1ng
wansinefiu Insenazatineanislinnfsneuuesinilusiayans (individual program) 49t
M lann1siluntaaelandadnfing 34% luamennasiadsneiuus L uieaiEe
(classroom) WAZULILBEUGIENTINY  (home study) draaanilAnglé 26% waz21%
ANaaL luaaenisldandsnEnuuz i1 nsAngt (telephone counseling) lailfaaly

AN9LIAAUTI AN AL ITALAL

Taeuaanisuio nisliiAoaniuazpiS s wRETiNRa I UN 1IN N TTHE VT lunag)

a

a1Ae (Homeownership Education and Counseling — HEC) feLlunnasnasniielunisdae

idiuginaniafifiegenduresssmawuazinazyaiiulfinngHannagun Eﬁﬂ TungaRIn

1
a o

(first  time" _homebuyers) Nan3sd HEC BamAduasNIlsgd1nd 30 Wuudn dudy

dl Ql”S/ @ o O dl =
Lummmﬂﬁmmuumq LAZNNTINALA LA g9 luans

Elf

Tuilaqiiuil HEC Tuanigaiiini Taintsandiunislunainuanegluuy iy nsli

Ardaneuazinillusiayana (individual  program) NMsussenavsaduNun luiaszey
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(classroom) N19F8UGLRINTINY  (home study) nasliiANUEnsuuztiamiaTngdnwd

(telephone counseling) 41uf 1luRENF9NRA97 $H980111NNTRY 89AN TN b LANUIHA
Anls uazutiaeanueing o 10955uaANARdeuatiunsluisesfianssn HEC 3
AvFuitiannaes HEC ARAINUANFNIN gaudausnteuinasdasazitiumin

11111910 wazdasnataadnasliifn e n e Asiumiinaaeiuly 2 999 1dun naudatinulay

7
o

NAma1iNY (Pre and post purchase)

N5 lANUSAEINIL TR WA TTATINY (Pre-purchase homeownership Counseling)

WanazrauANNEaNa R satA 39 un saeti uiTluasuies Inanisliaauginaa iy
dy £ a dl 1 v a dgj 2

nsgafinu uarnszuaNnITaRuEe n1sgqaliinaraaununas Iulunisaatinunaznig
1 ° dsl
AU

Tudauraenis A E N uus N nasnisae s (Post - purchase homeownership
Counseling) aziiiuliiradfingniulsziiunasannstetinuuazidinagendaudo wukes
NEiuNI9TINg9iNEIaIANT MNITANIENEIATS

= =3 zﬁl Adl a 2 i 1 { ¥ Yy,

anisziAunily NAgsNAITINA THLA AFUENAAN ARG N9TENI1S “NNgliiAanwg
(Education) uaz “nsliiA1EnEuuEsin” (counseling) aziilunsliinansguazAifsnm

v

WU NAURIAB LAY N ABINATANITIATEAIAALAARTANANAL LT NgNE131TN9 NN

= P A 1 %4 d” 2 d. &S| 4
Helédies naugsiesnistetinaen a1aede s
dou “nosliiAeINg” (Education) aziflunisliinaang aaandinlainifunannisiald

Tlianzamngulanguuiisinaanie

o

wiidn AadeNae9nIsliaINg uaznisliinnlEnEM LAz LINANLANENNTY

Y o I a o dl a o % A o db dl o v Y
I RIE wsilunastfiminennsdds sinagld 2 Al wnuniulél (interchangeably) sz

v
A ar A

Y o 4 4 dl ng o o
‘ﬂ’]“ﬂﬂ?‘]_lﬂ"J’]NgﬂQWNLTﬂ’QWN’W’mVI\? 2 NN ﬂﬂ%QﬂQWN?LLﬂtﬂW?LﬁﬂHWLLuZ:u’]N’&Nﬂul‘]J

u
v v

AMm3unasAnE U89 Freddie Mac a5al iiwanngluizaannalia15neiuuziin
neupdsretit TelnadsenusiannIwAuTe ientsan NPL (Waan nomenwda, 2544:

58-60)
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= aaa a 1% a o
2.4 NOHHNNADANN LD UNI5IAE
N15ALATIEMANNANNUFTZUINAILLsTAEAENIsannaeL T A (Linear
Regression)

AN

luvadanauladnwd@enanlagaflumautlsndn Ayl suiledu Tuiudauls
-dl A 1 % dy (% % d‘ % zﬁy 1 o 3/’ [~ o ¥ 1 =
au ) vise il uaziiniuiusaulsue uda nsuseiudimiull lussAunnnileawinle uasll

|
=

A HNANNUS LU TuAAniaearuiize ld 18 M3 8N3NINAD RN FEN91 N19ILATIZIINNT
0ANAE WAMNANNITLAATLULTTAIANANNUE FANTIZALUALTANITDIANANALS
2.4.1 nNM9IATIENNNSaNnaE (Linear Regression Analysis)(fiaan andiaehinyn, 2549)
NN9ILAZAZTN12AADAY KW ARAITIADANAT ANDASLN1ANHITLATIZI LAY
21899 UUL A NANAUT NN TIatimp anTsendaesoutlsaasngy soutlsngunils
= e o . Ao s . A =2 o
38N “All9mN” (dependent variable) 1178 AaLsnA (response variable) N1UIR7
wils lusaudsndnanfavradnnansnisulanazAneadnenizuaznisidasunlagiise
e A = L = L o3 o = ! P
wennsdANvizantLAN Ina@neaAgasinagtuutANNANALS UL sRNNgNUTS Ban
fautlslunguiian “Auilsdas:” (independent variables) %30 “ siauilsliipnensafisann

Vinune” (predictor variables)  fiautlslunguuanainiaisaninnauilesiounls uazrgiuu

1
a

ANNANNUSITIAIAANANSUTAENADAN LA L28N91 © Follenisnanay”  iga “aunig
DANAY”  AINANNIINITNANAL A1NITNATUNLANEHLENITIL A UL a9ra9FLsANN viga
6 1 o = P o v 1 %
nwensnlipnapsaLlsnNze 19 lunsmauaNFaulsnIN Taeldalutivannisuazenuessn
wilgaage
nsmannisnnnas axdmautlsn Wi Y uazddoutlsdaszngunialiniu x,
) o 1 dl o a al 1 o
Ky oo Xy (K 1) AMFUATANTI] 209U TBATE X, , X, ..., X, ATHNITWANUAIAGA
wilgman Yo Bume Y inEomlsgu AU mIuAY x = X, S =K e K= X, Al
UsgNIVTANTUANUATRG Y =V,
Taevinldida Y Antsuanuadiznaslddaainnsiwiizana ngaiaaea Y fosaliaas

EOVAX,, X xg) veilenduE(Y) aewY @vlnuni E(Y) aziluileidug(x)aes x;,

... - . k.1 .2l

ECY) = B+ B,x, ¥R, %+ ... + B, X,
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EY) = a+ B
ANNG E(Y) WD E(Y | X, 3%t X ) S Q0C) = R+ B X, + By X+ oo + B, X,
AYTU BINTL X, = X, , Xy = Xogyer e 1 X, = Xy, W ECY) = E(Y) =g(Y,) = B+ B, x,, + R,
Xyt o, + B, X, TIDINREANAIN AT AIETLNE- Y UNUNAFITAE &
o
IR
& =Y, -EY)
dsj P
ANTLEI
v =SBV ) + ¢
= JIS g oS, X T A FRx, &g 1=12 N

)
HARN & (1= 1,2 .0 n) HNAIARIALAR D UHTOAI N ANAIATITINATRANAIAFINN]
MRaTU A aunng (1) SeaasanlsadssNinafaaI18d Y a1zastiu & AzIIuNANIZNL

siaAn Y ansaulsBasyaur Mlald x;, . Xe uaza1alARANanTARnTRlAD 94N

(Taelilissla) lunnsdhapisatiuinAd1mes Y, A9tiudasun g dudoulsgu A3e

BEN3n “ ARANAIAGN” (random error)

n1sdwed B (F 0) Aednsuufeuuladiaeedely Y adaesiouls x, (| #
) Muaaisuneldnlasulasdniu B, Ae ARAR99 Y HefaLlsBaszndaRAy

4
6 1 o/

2
Al wabi 9t Ry az ldlimanunne damansauuu (1) llesevagunsiifoulsdaszynsia

WinruAue

|
¥ &

Weasunadauuy (1) MHanysnl azscyapantiaaes & (1 = 12, ... ,n) uay

k7
1 o 2 8

AANLTAN U HIEN & ApdlA@ABwinALARE A NLUSLITWnAL o damFunnan |

uagANNUaLIIUINIBN (5 L&, )| £ Mngbindugudviae llandiiidiil uas &

nsuanuasaaniazifiung e ¢ SeaunAndl
E(g) =0l =1.2;...n @
E(s)=E(g’) =61 =12,....n (3)
COV(8|,8J-)=E(€| *51)=0,| = J:1,j42,...,n (4)
& ~N(0,6%):1 =1,2,...,n (5)
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FENFAIMLLNIRANNNT (1) 91 Aauuunisaanesidadu” (linear regression
model)
Falun19a8UeANNANAUS Y Lungueanlstasy x,, x, ..., x,  N9AAaTTaAIAH
1 | ddll A I & = Qr ” . T
Tadnaui By, &, ..., B, HHaEands “duilsz@nsnisnanas” (regression coefficients)
N139LAINTUNITOANRLATNITOLLNAANAINA1WIRF LI AN 1 lun53 AT Tl
2 iszinvka nnsnaneuatiaig (Simple Regression). Mazn1snanasniiAns (Multiple
Regression)
2.4.1.1n150nn28LBduagNede (Simple Linear Regression)
& = = o i o B ~ = o
N1 A=A N AN KTIZ13196 9 w3 2 A0 vigeanszNdrlaAnen 2 aneol

P

TnaNfaanauaruasdanlsfonivirzadiasninumneaadsanL seanila 1A a0euin luniay

v
o A

ﬂﬂmmmmLmﬁvummammﬂmL@uﬂmwwmmmﬂmﬂaumﬂ piail
Y, =, +P. ¥ 6 Wisk 24 N
Tnem Y= autlsmny (Dependent Variable) [H84a1n@naes Y uatiupnang X
X = Aule84d92 (Independent Variable)
: 4 i Sy py T -
Bo= AOURALNLY ¥FBRAATEN Y Lia X HAniTugud
B.= g (slope) 2a4tdunss B uANuaastednsnisiaauulas
299 Y 1la X waauld 1 vidae wagazan B, d9€uilszdnsrarunnnat (Regression
Coefficient) e = ANNAAIALAABUAINAN (random error) LHAIANINANLRAE
[~1 rnI/ v 1 a =® My ] v = o o 1 QII
2199 y 1IN uAunsenes x Arazees v aglildetuudunseipaoiuiuaaagaed y
IUAYANNAIN ANA39T8Y Y NIAN X AN U lAanAeat Ity LaniuATARNALARSL
WULgH e
2.4.1.2 MsItAsIERinlNannasadan (Multiple'Regression)

& = = M A S % N o4 = =
HnunnsdnwfemramNdnALSaa9FdudsnnnGn 2 59 viraane e ladne
11NNaN 2 Aney dmaulsaass ke (X, X, -, X) Plaeuduiusiusautlsanuy Tae
mmmz@wuﬁ@ﬂmﬂmmu @”1mumimmam@m°nwﬂu il
Y| i ﬂo +ﬂlxl +ﬁ2X2 + "'ﬁkxk +€
Te B, = dousnaunu Y ilanavua i X, X, ..., X, AA9a9
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Bis B B MUANUSEANTAINDADBEILTIRIY (Partial  Regression
Coefficient) Tne# g 1fluAfuanstanisilaaunilasnasiaudsang Y idadaulsaasy X,

waesull 1 wdae Tnaidauilsdasy X faaniAAsm

2.4.1.3 TUARUNITASINALULAISDADDLLTIL AU

v 1 v
[ %

N7 BNTA3NALLNATDAD AT LAY DT UABNT AYTANLLLNNTAI1
1. MuuagduuureNdNNuGsvdasaulsnaLassiulsaasy
o o = o v ddl dl v 1 = el o
natnuuagtuuuaeandiiusealdnguininaades unguEgiAseAtaniinisiimue
o o o‘d‘d 1 o rdJ o Y o dl dld
sUnUDANNANRUEAEINIY AAULILLATEAIART dIa1aazHaNa sy s LA UiEasn AN

o &

d-dl 1 a % o g a o
1ummw1ummmquwglmmﬂixqﬂmﬂlm uﬂwmmm%wma?mqgﬂ LUUAIMNANNUEG

TneenAudeyafiegaesdaudsauuazsionlsdassisaanisonansuniaeline vy

a

v
o

4
GESHGIN

1.1 Teeiallaz@faguunsidn dauleman ¥ Anosuanuasannuiiaziiiuiuilng
W ATTUNINWUNUNNULILAA YRUMRN 1 WAALALNSH (histOgram diagram) e
ANBIUZNIINIZANEUFANIIHANLAITEY Y dadnglansnizsuuuanuasizalyd fawudnd
ansouellannnns Tnaflinisdaesenisananin Aasiiazuilasdayaaes Y tinaliidin
ANHUZNITUANUAILTLANNIAT FNTULAIANBT Y 21R9ENAABIAILULILIFNG)
] 1 1 I G| 4
du~Y ,——, = InY vida log,, Y {fusiu

WYY

= 1 o o o a =l o Al a o

1.2 Ar8unsnszndnsaulsnin Ausautlsdassnazsa liaiiansainivuagtuuy
A uANUBIElNe sEndnesaulsnnuasauLstasy

AoulsBaszuneAoninweansaiiananatsin analAoNdniudiutiaanin
A 1 o o [ o dtﬂl as! '
s laisngronnduiuslaiudoulsnin Tunsiinnsaaaulaedsnasan azwudinis

= ¥ a v = (% [

nszaagaedqe W il dadunswisadulfdaae

= 5 = =~ o & A = > | Y o

\Hewudnsiulseasylninnuduiuisednansgvutiasninsia v ldansisouls
aasziuLlang Tusmuuy

N13iMuARaRLILAAINEAN 7L N WU LR RS TR A MKAN AN R UL
WeangAnAeNAILULA AN HgnkiasaaeAnnennIniinnign &miunngiasaainun
fauuunisannes wanainazldasnisdanaiadrsuinnainsaianainenldianisaulé

= as AdJ Adla Y o 1 A s :// y . .
an uardsuianianlinudes Ae “AEn1T0anesLULTURAW (Stepwise Regression
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Method) Lu3sn1sAnnandoullsdassnias (Wsendeya) Wi lumuuunanesdaudu 354
azdliizanldlullsunsudFagiinlineans

o a = o y a = B a L Ay L

faudsdaszisangludauupiafinanndinileda doudsdassinaniisioelals

o v A & ! [ ! dl 1 1 o a :// [ { A

ponduusidady vseldilludndaunuinawsiedu JesiuazAiuinmnAlszuod

LU UUTNLIALNIa9N I RRas Az Ll 1A athelsAnaN AudNTUfITudNeFansaasy

anaazd el udagun vsalufudndouiuiuay lunsdinfandsddseduunuag

v o Y

o = Yo a ol ﬁgj A A
AMMNANNUTNUWLAN @zuN@'Lumﬂﬁzmmmﬂwm‘mmeummuﬂaﬁﬂsfmfggwu (MFaNAINN

wuauA)  wezezil damsage (Iasdslisun T vireuIpdNLs AN and NS I3
% A add‘ 1 % a = o v A 72 o acd a
duviseTnaw) wudasnulsfase la o NguiuE @ Euiuge aaantloyunTaedsnanson

o o

sasaulsunssaanlu viraldisnisnsnasuusdufy veasannndudanluEestiineanny

1 a 6

1 35N1970A088LLLEIAS (Ridge _ Regression) . a8inabafimIn n13nsaulsdasey

&

prNANRuE U TR AW SeFandn “n1avdandunsaneaiuEany” (Multicollinearity)

o o v

anaaz liiflutyuranany fnlfannisnnnatnaqnilszasdluntanensnl
1.n9udassquuunisannasladiflumanduld s unanas3adu FoluUENLINT
unwansaiiaanaialdeg ludnwazmdansowuyialil (1.1) st lugduuuidadunsly
wana9andlwes wazlumenseassauls Tunatiaessiaulssnanuisoulasliieg uuuy
1Ta&ulEane
2. U521 AN NN AR TIRIFLLLNITDAD AL
d‘ o 6 O o [~ o v % 09; 1 A
\Hawnweaansain vuadatuuniIsannagfluganuunaaadlfuin dusalilaa
T HIUAINITIRLA DT IR LI
3.30a8 8 AANNALNENURIFILLLD AN DS
NuinivdegisuLesiauuy wazsmtsgnuAwmdnasrasdanuiiuies
IUATIVTNIBINTINIBAINFLLNGINTDE FALULNENNT N IHaNndumand 1 uhay 2 a1
o . - , I 3 o AL s o
faladivunrauiialdifaananazl@nweansal WnwansnlaAsATIAgalLAZNINNT

o

1FUINLUAAARNFILLL AATIAADUNLINFALLLNNAINANTUIETIUTIAAI N NN ZA N

aa

avnauliinuludinaui 1 04 8 417 aundnaglifuuuiimnzanieane lisansnay

TEnensndrasialyl
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2414 auuﬁgmmmmﬁmmzﬁmwmn'azl
1. ANLDALIUBIANAAIALARDLLNNTL O
1 -dl al a
2. ANAAIALARRLENNTLANLASUNR
| o @) a o
3. AnAaaLAaauuBAsZAl
4. Al sauaeeAnAaInLAAf LAY
5. fiutlsdss X waz X inadszii
2.4.1.5 AanuunisaaaeeNiAtAaIntAaauluglilte AR (Regression Model with AR
Errors)
ansquuunsannegluglunusiall

. 7 FS etk AW W +3, X

U Fig) 1
K A 1

TneinliazfliagunRdonilsndn AnAann At ugy & LNSRanduius (no

autocorrelation) “UAHYY, dndayaaunsunansinagnign ¢ Jenandunug uas

q

slunudnanduiusgluguvilannulasiase Ae guuuu AR (1) ( first-order

=X 9 = o/ Ma gaee

autoregressive model) T9H" &, NARAMANAUS AR(1) az@ausauuLnanaadiesiu 15l

& = P61+ 8

2 Ay a ~ A e - - =
FINURRANNB € NﬂqL’ﬂﬂﬂLWqﬂﬂ@uﬂ NﬂquLLﬂ?ﬂﬁ‘Quﬂ\? UDLLATHNITELAN

=)
—
2=
iy}
=3
P2
=~
P

bagUna

4
o

o Ly dl 1 dl a o o o o = 1% =
mLLuuwmmmmfamﬂmmm@@uziu & HARANANNUD AR(1) L°1IE|‘H1£°‘I U

Yo = bytbx, + b,x, +...... T b Xt &
& =Cs, .
Tagifil,, b,, byye. .., b, ciluAIEIAEO B, B, B, e, B, UAY ¢ FNNAAL

2.4.2. NN5LASIZNNNISARIALARDY (Residuals Analysis)
NN99LATIZINITNANAY INAWIAINNANRUS Iz UIE0 L AN LazFaLlsadsy Tag
AN913EHIIAINITIN R AFUD IR U U LA LT ANge NN N T HLRe T LN 13NN 70iR0 wils
z £ 4 J | 1 [ sy .
AN SULLLANNTDANRENUNIZTAN AR mmmiwmmmwmmmmmLLﬂimMmgﬂmm
dl dl . dl a d” [ 1 dl a ] 1 1 1 o
N NNga InAuAaIAAReU (Residual) NiAnzulusniinandausnasendeadans

(Y) AuALlazano (Y)
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NM9ALAIZITAINAAIALAADY LTUNNTALAIIZITINNNTUANLAITEN & ANANNAFIY
a9 1UINITIATIINIIDAD AL LTI T AL Tmﬂmmmw"qmﬁnmmummﬁﬂmﬁmmq?ﬁm
AN91" Scatter Plot 321914 AWeNNsadaaNsnwilsnIN (Predicted Value) fUANAAINLAADL
N1rM337U (Standardized Residuals)

o dl a d’l a ¥R dl Aﬂl

ANHUZURY Scatter Plot NANAY mmm@ﬁmﬂimmgﬂ LULADIANHAAIALA AR LN
a & 4 & e = o & L
NATU TUTIUAIUTENANTUINANYNARY ULAZANIMNIZANTRIANNNTOANDLUY 7] 91T

o . = T I © & o o o P
mmmmmmmumgmmmmumﬂim patiuAaunarinedaannisnanasldldnenen]
= a :zll % o <] all ¥ = a ' dll
1308 UNENT U ALREL A9299A3 kTR 10 AT HNAZARIRNITAIATIZAAINNARIALARDL
NAULAND
= s > o L4
2.4.3 N5 NaUAI L UL ANNANNUS
N134319AL U LA NA NN LS TaenFAa WA UG S 1NARLLLININ NIV AT A W

AMFUN19ITATITRA I HANTUE FRIUN ) WRAR anso LU LA1UFUN19TAT e

1 v
A

puANT LS AAd A I ANensniNmNAR 1A LARALANTIA A AL luNsARLAB N LLIL
A1ALAANANUILAITAAIINARTALARDUABINFAAL A AL LA N AN AU LazsinA N lFun

al [ % A o o o rdl EZN [ % dl ol
Wheumeuiu InsnansauuuaRdNRnsn eI A apanaLpaauage
Tunsadsaistiiaenldrndnaraugnsiasnisweansnifiosisn1siansni duilsc@niananig
sindula (Coefficient of Determination: RY) AtAannnnsiiasziusazsdauuy Tnefluanis

= P = = . = -
vannadefidusrespnnudsdsiwizaniuaaiaeaeuliuel - v Auiannisnanesvive
anune AR g aNnIsaRRatLRR LA NN I NIsaas LA AN dunITn Anas
azlFan
i -y = 2 -y’ (v, =9,)?
2 == 2V =9+ 2y =Y,

199 SSY:= SSR + SSE

Tmen

SSY HlunaTINATRIde91aIAINNAAIALAAE TR y (SUM of Square of y residuals)

SSR {UANANNAAIALAAAIEANIANNNFDADAS

SSE AN eas e N84 8818 AR INARN ALARAL (sum of square of error )

G5 1 dl b ¥
iurnliandoys

<

¥ flupdlFanannisnnnas

o s
y dluAeasued y
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AMn  SSY = SSR + SSE

. SSR . SSE . >,  SSR
aelfdn 1 = 3 iy | R = ——
SSY SSY SSY
. 2 SSE
Aa1i1d R¥»= 1"
SSY
Taei 0<RZ%<1
H1 R?2 = 1 vmnemnadiandudsls e annainaunisanney waliiiannny

wilsdsaunnnainiiaduanael (I error 398 SSE = 0)

2 . 4 ; |
1 R* = 0 nuagimudnanaidsdsauiananaiaann error Lageaes y Mdasuidadly

TldRamnuangn x iulagumlacli aranaialian il @uassonneaszudne xiu y
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What is Occam's Razor?Occam's (or Ockham's) (Thorburn, 1915: 18-21)razor is
a principle attributed to the 14th century logician and Franciscan friar William of
Ockham. . Ockham was the village in the English. county of Surrey. where he was
born.The - principle = states' . that . "Entities should not be multiplied
unnecessarily." Sometimes it is quoted in one of its original Latin forms to give it an air of

authenticity:
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"Pluralitas non est ponenda sine neccesitate""Frustra fit per plura quod potest fieri per
pauciora"

"Entia non sunt multiplicanda praeter necessitatem"

In fact, only the first two of these forms appear in his surviving works and the
third was written by a later scholar. Williamused the principle to justify many
conclusions, including the statement that "God's existence cannot be deduced by
reason alone." That one didn't make him very popular with the Pope.Many scientists
have adopted orreinvented Occam's Razor, as in Leibniz's "identity of observables" and
Isaac Newton stated the rule: "We are to admit no more causes of natural things than

such as are both true and sufficient to explain their appearances."

The most useful statement of the principle for scientists is
"when you have two competing theories that make exactly the same predictions, the

simpler one is the better."

In physics we use the razor to shave away metaphysical concepts. The
canonical example is Einstein's theory of special relativity compared with Lorentz's
theory that ruler's contract and clocks slow down when in._motion through the
ether. Einstein's equations for transforming spacetime are the same as Lorentz's
equations for-transforming rulers and clocks, but Einstein and' Peincar recognised that
the ether could not be detected according to the equations of Lorentz and Maxwell. By
Occam's razor it had to be eliminated.The principle has also been used to justify
uncertainty in quantum mechanics. Heisenberg deduced his uncertainty principle from
the quantum nature of light and the effect of measurement.But uncertainty and the non-
existence of the ether cannot be deduced from Occam's Razor alone. It can separate
two theories that make the same predictions, but dees not rule out other-theories that
might make a different prediction. Empirical evidence is also required, and Occam
himself argued for empiricism, not against it.Ernst Mach advocated a version of
Occam's razor which he called the Principle of Economy, stating that "Scientists must

use the simplest means of arriving at their results and exclude everything not perceived
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by the senses." Taken to its logical conclusion, this philosophy becomes positivism; the
belief that there is no difference between something that exists but is not observable
and something that doesn't exist at all. Mach influenced Einstein when he argued that
space and time are not absolute but he also applied positivism to molecules. Mach and
his followers claimed that molecules were metaphysical because they were too small to
detect directly. This was despite the success the molecular theory had in explaining
chemical reactions and thermodynamics. It is ironic that while applying the principle of
economy to throw out the concept of the ether and an absolute rest frame, Einstein
published almost simultaneously a paper on. brownian motion which confirmed the
reality of molecules and thus dealt a blow against the use of positivism. The moral of
this story is that @ccam's razor should not.be wielded blindly. As Einstein put it in his
Autobiographicalnotes:

"This is an interesting example of the fact that even scholars of audacious spirit and
fine instinct can be obsiructed in the interpretation of facts by philosophical
prejudices."Occam's razor is often cited in stronger forms than Occam intended, as in

the following statements. . .

"If you have two theories that both explain the observed facts, then you should use the

simplest until more evidence comes along"

"The simplest explanation for some phenomenon is more likely to be accurate than

more complicated explanations."

"If you have two equally likely solutions to a problem, choose the simplest."

"The explanation requiring the fewest assumptions is most likely to be correct."

. . .or in the only form that takes its own advice. . .

"Keep things simple!"

Notice how the principle has strengthened in these forms which should be more

correctly called the law of parsimony, or the rule of simplicity. To begin with, we used
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Occam's razor to separate theories that would predict the same result for all
experiments. Now we are trying to choose between theories that make different
predictions. This is not what Occam intended. Should we not test those predictions
instead? Obviously we should eventually, but suppose we are at an early stage and are
not yet ready to do the experiments. We are just looking for guidance in developing a
theory.This principle goes back at least as far as Aristotle, who wrote "Nature operates in
the shortest way possible." Aristotle went too far in believing that experiment and
observation were unnecessary. The principle of simplicity works as a heuristic rule of
thumb, but some people quote it as if it were an axiom of physics, which it is not. It can
work well in philosophy or particle physics, but less often so in cosmology or
psychology, where things usually turn out to be more complicated than you ever
expected. Perhaps a quote from Shakespeare would be more appropriate than
Occam's razor: "There are more things in heaven and earth, Horatio, than are dreamt
of in your philosophy.".Simplicity is subjective and the universe does not always have
the same ideas about simplicity as we do. Successful theorists often speak of symmetry
and beauty as well as simplicity. In 1939 Paul Dirac wrote "The research worker, in his
effort to express the fundamental laws of Nature in mathematical form, should strive
mainly for mathematical beauty. It often happens that the requirements of simplicity
and beauty are the same, but where they clash the latter must take precedence."The
law of parsimony is no substitute for insight, logic and the scientific method. It should
never be relied upon to make or defend a conclusion. As arbiters of correctness, only
logical consistency and empirical evidence are absolute. Dirac was very successful
with his method. He constructed the relativistic field equation for the electron and used
it to predict the positron. But he was not suggesting that physics should be based on
mathematical beauty alone. He fully appreciated the need for experimental
verification.The final word is of unknown origin, although it's often attributed to'Einstein,
himself a master of the quotable one liner:"Everything should be made as simple as
possible, but not simpler."The pithiness of this quote disguises the fact that no one

knows whether Einstein actually said it, It may well be a precis of the last few pages of
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his "The Meaning of Relativity" (5th edition), in which he writes of his unified field theory:
"In my opinion the theory here is the logically simplest relativistic field theory that is at
all possible. But this does not mean that Nature might not obey a more complex
theory. More complex theories have frequently been proposed. . . In my view, such
more complicated systems and their combinations should be considered only if there
exist physical-empirical reasons to do so."
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AN51NN 4.2 ALULAMNANNUAIIUIUIUNATN5E L U952 ALLTVA 51%-60%

Coefficients™
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 debt 944 1.188 104 1.795 .009]
Income per thousand -1.466 .392 757 3.738 .000
Bath
Installment per 3.140 i . 246 -.521 -2.589 012
thousand Bath

a. Dependent Variable: date per due

b. Linear Regression through the Origin
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DPD .5, 600s= —1.466* Income + 0.944* Debt + 3.140* Installment
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AINNITATIRADUTARUANNUTVBIANLAEANAI RAN10U1AINNTIN ACF WUID¢E]
Tugaapnnuimadu aglléidn Arpaandeuguaasmuuulidanauduiusinad
3. AI9IAABLNITUANUASULLLNBTBIAIINAAIALARUANT DAL
lunns3seilinsnaseuuiiy Kolmogorov-Smirnov (Taaldllsinsu SPSS) tnanis
o ¥
UNAANAN € NMAasL
WLIINANINAABUEBNTLANNFFIUINITUANUAIIBIA N AATALAR D UM T UL

o o © o

UnF N9eALtid1Aa0.05 LasiANRALIaIAINARIALARDMETIALET

AUN 3 NISARLADNAIWLLIALATIZIRANNANNUE
Tun13An1ATeT] AT aANANL s LB NBANANNUEET a1 T1n19T AN LK LN
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109ANANNNANNUS TennsapLaanlEisilEaumeuaA1dNlss AN I ANd N uS 1390 1a9s0
dl v a dl v a s 1 1
wuuliannwmeaiia Enter taganm1319 Model Summary 71 LA8ann153tANZiaz LI AN

FulszAndanduiudimatan (R ) NeAwinAL 0.867
AN519% 4.3 NSARLAANALULALASIZTRANMNANNUE

Model Summary

Adjusted R Std. Error of

Model R R Squareb Square the Estimate

a

1 .867 .753 Bl 216.72118

a. Predictors: Income per thousand Bath, debt, Installment

per thousand Bath

b. For regressionthrough the origin.(the no-intereept-model),
R Square measures the proportion of the variability in the
dependent variable about the origin explained by regression.
This CANNOT be compared to R Square for models which

include an intercept.



53

4.2 AALLUANMNAINNUEAINUIUIUNANT152 I UTITEAULTVA 61%-70%
AUN 1 NTASI9AILLL
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ANS19N 4.4 A2LULAMNANNUFINUIUIUNANITN5E LU T2952ALLTVA 61%-70%

Coefficients®”
Unstandardized Standardized
Coefficients Coefficients

Model B Std. Error Beta t Sig.

1 Numbers of borrower -53.015 62.565 -.189 1.847 .040
Installment per 3.232 3118 -.142 1.038 .003
thousand Bath
age 6.144 2.626 .596 2.340 .021
Income per thousand =149 .286 .055 1.520 .006
Bath

a. Dependent Variable: date per due

b. Linear Regression through the Origin
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AN519N 4.5 NISARLADNAALLLALATIZTRANNANNUS

Model Summary

Adjusted R | Std. Error of
Model R R Squareb Square the Estimate
1 836" .700 .690 424.85338

a. Predictors: Income per thousand Bath, Numbers of

borrower, Installment per thousand Bath, age

b. Forregression through the origin (the no-intercept model),

R Square measures the proportion of the variability in the

dependent variable about the origin explained by regression.

This CANNOT be compared to R Square for models which

include an intercept.
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A5 4.6 AALULAMNNANAUEINUIUTUNA9T152 T UTITEAULTVR 71%-80%

Coefficients™”

Unstandardized Standardized
Coefficients Coefficients

Model B Std. Error Beta t Sig.

1 debt .868 ==l -.054 1.312 .008
age -1.948 2.634 A79 1.740 .046
marital_status 127.625 46.374 236 2.752 .006
Square Root of income - 437 88/ .240 2.101 .003
Installment per 37310 4.744 -.106 1.698 .049
thousand Bath

a. Dependent Variable: date per due

b. Linear Regression through the Origin
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Model Summary

Adjusted R | Std. Error of
Model R R Squareb Square the Estimate
1 847" 717 701 408.71651

a. Predictors: Installment per thousand Bath, marital_status,

debt, Square Root of income, age

b. For regression through the origin (the no-intercept model),

R Square measures the proportion of the variability in the

dependent variable about the origin explained by regression.

This CANNOT be compared to R Square for models which

include an intercept.
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AN519N 4.8 AALULIAMNANNUAIIUIUIUNAT52 U295 2ALL TV 81%-90%

Coefficients™”

Unstandardized

Coefficients

Standardized

Coefficients

Model B Std. Error Beta t Sig.

1 Numbers of borrower -82.784 32.937 -.305 -2.513 012
age 7.764 1.848 .55 4.202 .000
marital_status 11.664 32.495 .024 .359 .007
education 14.587 23.102 -.083 -.631 .001
Installment per 1.790 i 026 -.084 -.930 .004
thousand Bath
Square Root of income -2.068 154 .046 403 .007

a. Dependent Variable: date per due

b. Linear Regression through the Origin
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dl b % a dl % a 8 1 1
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Aulsr@nsandniusieden (R ) AA1winfyu 0.908

AN5197 4.9 NISAALABNAILULIAILATIZTRAMNANNUE

Model Summary

Adjusted R| - Std. Error of]

Model R RSquareb Square|  the Estimate

a

1 .908 825 .807 379.34202

a. Predictors: Square Root of income, marital_status,
Numbers of borrower, Installment per thousand Bath, age,

education

b. For regression through the origin (the no-intercept model),
R Square measures the proportion of the variability in the
dependent variable about the origin explained by regression.
This CANNOT be compared to R Square for models which

include an intercept.
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AN5197 4.10 ALULALATIZTANNANNUS A1UUIUNANNT15E I UTITEAULTV

7191%-100%

Coefficients™”

Unstandardized

Coefficients

Standardized

Coefficients

Model B Std. Error Beta t Sig.

1 debt 4.142 1.680 -.323 -2.465 .014
type of job 22.255 45.303 103 1.595 .011
age 219 1.881 731 3.837 .000
education 10.900 22.048 -197 -1.493 .001
Installment per 1.056 2.058 277 2.414 .016
thousand Bath
Square Root of income -.523 .206 -179 2112 .027

a. Dependent Variable: date per due

b. Linear Regression through the Origin
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Model Summary

Adjusted R|  Std. Error of

Model R RSquareb Square| the Estimate

1 .907° .823 .805 2.10942

a. Predictors: Square Root of income, debt, type-of job,

Installment per thousand Bath, age, education

b. For regression through the origin (the no-intercept model),
R Square measures the proportion of the variability in the
dependent variable about the origin explained by regression.
This CANNOT be compared to R Square for models which

include an intercept.
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