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ABSTRACT

Nowadays, Thailand’s software industry encounters the problem of an
insufficient number of high quality software developers. One of the reasons is that only
a few graduates who studied software development related courses are interested in
software developer professionals. Although many universities in Thailand have launched
software development programs, new graduates could not break into a competitive
software industry. Researchers and educational practitioners have been adopting more
software engineering practices in software development courses. For example, the Test-
Driven Development (TDD) approach has been taught at the software development class
to improve software quality. Many studies indicate the advantages and impacts of TDD
on teaching in an academic environment. However, none of them explore students’
attitudes on using TDD.

With the shortage of Thai software developers and lacking empirical
evidence, the author has seen the essence of how TDD can encourage students to be
more interested in software development. The author conducted the research project
with the professor to provide TDD knowledge to students who later employed TDD on
their assigned class projects. Then, the author empirically evaluated the outcome of
applying TDD to software development projects.

The results of this study show that the students’ interest in software
development was enhanced, TDD would be an alternative approach to improve the

study of software development existed in universities. Subsequently, the academies
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would also produce high quality software developers for the software industry.
Additionally, the empirical evidence of this research would be beneficial for software
engineering researchers to invent an approach to enhance students’ attention to

software development.

Keywords: Software Engineering, Empirical Software Engineering, Test-Driven Development
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1) tongm3ulusunsuile (Extreme Programming or XP)

2) Test-Driven Development (TDD)

3) ATUIUNSIRLITENAWISUUUSIaasinn (Waterfall Model)
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2.1.1 wngnsulusunsuile (Extreme Programming or XP)
nMsiaUITerALsLUULndgnIulUswAsHEls (Abrahamsson, et al., 2009) 1Ju
aa = o I s ¢ = Y] I3 s ¢ a &
Wnsuildumatangendwissiuuuelad Fansiaugenduisuuuendsiulusunsudaiy
Y ¢ calv v o aa A o § Yy v Y o ¢ ¢ o ] Y] =
n3zUIUNMINRUIReNdwIsNlanvuaIEnN s agy v [uasimunvensduisiianusauiuluiy
W enslminn1sdoastuneluiuundstu vilinnsisusmduaunsanndeynianuiu
INTLAATUTENTNWATHSINITAHAUITONALIS Taenurfandnaziduluiinisyinsusiuiu
(Collaboration) n15&®@15 (Communication) wagn138nsulusziisuite (Discipline) #9013
WangonAwsiuuendnIulusunsudiadiuumauon 12 9e faunsathanlddunuinislunis
WaugonaLSall
(1) AMsnAgey (Test-Driven Development) 1unsilsulannisnageu
' = a Y = o a o & = o A & v
nouUNITEUlUTLNTNASY LA2T9VNISsUlUTLATY ds1ntudilusunsuiitadandun
NAADUAUNITIANLUNITNAFDUIUNINIZHIUNITVAADU LAIVIINTILNANDTS
] < ] & a
(2) n1vasuBUIUTUIALAN (Small Release) NTEINBUINUVIUIALENNAIU
rglidulalaingimuisasgldnuauisavinuiuduld vilvdlenmalunisuanaeuniy
a < 1 | ~
Aniueg1emaLiles
(3) SunlAness (Refactoring) \Uun1sildsuntasiassasranisyiiauniely
voslusunsy uililgvimauasundasilendunisviinuvedusunsy welilusunsuiinanines
I = o v & I ) a N a X
wazduniswdsuwdadassaialviianugangusesiunisivisunlasnervasiindulusuian
A9E19aIN1TIwANe Y LU n1sidsuiedudsivdeainuvuneg nsuiingUwesaana (Add
Super-class) (Wu and Lin, 2001)
(@) fnseenuuuidiladneg (Simple Design) tunisanmnududou Fll
ANUAIAYUINADATHAIUTONALIS
(5) M3aupu (Planning Game) Wunsdunwalfldausenduas uagli

v a v Ay a I3 ¢ Y o v °
@%QWULSUEJUF’YJWNWENﬂ']iiS‘U‘U‘VlTUNWSU@‘ULUUE‘ULL‘U‘U LVWJﬂ"Iim (User StOry) Lmeﬁuaa‘Jjammmi

asUueenidudiuges 9 uduszananaildlunmadeulisunsuvesuges



(6) NMssTeulusunsuidug (Pair Programming) msilsuldsunsulagld

TARaUITandLIs 2 AUlUNITYINIURAURILMBS 1 LAY LD MAIUISOTIUAUATITNIULAY
wNlaRANAA

(7) @ unvegnA (Onsite Customer) M3vharuluaniuniiselfiugnan
= a ) | A v ) Yo o o oA ~ vy | ° )
Junsiisanudulainlymn vedeasdaslasudmeuiiuil iewiniflideyasiuvihauiu
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(8) M55 UNBAINNNIBVDITEUU (System Metaphoniunisivuaiei
ANvINgYasidEnilanznaaiavagnA it lanseiuiiuiau
(9) msiludnveslansauiu (Collective Code Ownership) tHudzaelw
AN Y oA ° ] ) =~ =~ Aoy v A A Y
nnaunelufindedinisviusuiu iieanaudsdunisniigidlassuunigluiiuieaisien
(10) MsysuInNsegsaiiles (Continuous Integration) MudIuAviNNg

Y YV v
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(11) oA munlun1silisulan (Coding Conventions) N15t0uUlAR lHELUY
PN Y] vy ‘:4' ° v a & ~
wrunseiunegldtennasignimualiidunisiiunisdearsangluiiy
(12) MSYIULUUsEU (Sustainable Pace) Tunisiaungenaws aasly

o 1 IS a a v Ao w 1 1 o a 1Y) ! [ ¢ =
natvihuegalivsyansnnnielaaininne wu ldaissihauiu 40 alusedunni F9ay
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2.1.2 Test-Driven Development (TDD)

TDD L‘ﬁu’i%miﬂﬁﬁﬁ%ﬁﬂiﬂﬂﬂiﬁ@ﬂﬁ%@ﬂﬁm%LL‘U‘ULaﬂ“gm%iﬂﬂﬂmiuﬁl\‘i (Beck,
2003; Fraser, et al., 2003; Janzen and Saiedian, 2005; Madeyski, 2009) %ﬂﬁi’mqﬂizmﬁlﬁa
Pavanaugsenlunsiaun wazifinaanimsendnag ndnnsdrdnues DD Ao fiaun
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Refactoring Write a failing unit test

N
> g

Make the test pass

UM 2.1 uananszuIunsieules TDD

JUT 2.1 1Jumseduienszuaunsves TOD laeduneunsninimungensius
Ae9INNSNAILIFINAZaUEae (Unit Test) @unsuiandunisyinau luduwsninisnagsuiandu

¥

gauwmanszlanvesileidudildlasunisiaun ndntuiniaussdesinuilanves
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o o ! d' a Aa v v (3 s o a
YoaflanfuturtunmageuLitolnlalusunsulnunnie Ingtnimuigendulsasaniuns
mutumeuwuuilunnilanduauasy TDD §3935015919URdUNIINSHAILIZENALITLUUALAY
a [ 13 1 o H = i . a
MmunszuIunsimuIgendwIsuuuTaenngUsenaulumeniseanuuy (Design) N3ilsu
TUsunsu (Code) nMsnaaaulusunsy (Test) uagnisuilugaunnsesvedlusunsy (Debug) twsne
10D azgjaduluinsadedidndusagldviuiiiioantolanainianioty  Janisldnisiaun
NALISHUU TDD MSUAUNITAUUIZINALISIINFAIMAFR UL D8 IINUUTNARIUI TN TEY
1AnN933v0438uY aglunisiauidimegeukazn1silsulAnasetuasinliinimunaiunse
sanuuuszuulUlusimeld

ndreduninanuuansiiiui ToD dnsilldludiuresnisdeulédn u

awv &, v I v 14 & = a v

INNUITevee Fraser wazruzidunguiiivsvaunisallusueladuasiondnIulusunsuds 1a

o

wansbiitudn 70D awnsadildldlunanesuuuy Tuswideves Fraser wavaneliingUszasd
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ioifunsuanidsunudniiufsafuiuimiauazysslevivesnisld TOD dsldfinissey

Hvsneves 0D Pindunsdeuldailifenududou venanidinimi ToD luuszendls

fusmilududu 9 venimdlennmadouldaifiesedaien wu msld TOD Augudeya (Databases)

n15M TDD Auntnaenisuandna wagn13ld TOD Ausyuuyssulakuunszany (Distributed

Computing Systems) 211914398904 Fraser LagAmzlansliiiuiin1sid TDD aunsauily
Uszgnaluauimuigenduiivates (Fraser, et al., 2003)

Tagviluidlendnia TDD agdmnuietesiunsmegey 2 dnway fe 1) M3

YIAABULUU Test-Last uaw 2) MIVAAOULUY Test-First SamamaseuluusavdnunedisoasBondal

(1) MInAFULUY Test-Last 1Hudiunilavasnsiaugoiuiflugy

wuusasstinn fe FuduanmsiidiesinnudoinisvessruuLaNNToENLUUTTUUTE NS

waNULIwihnseulusunsumunIseankuuiinell wardunauanyineg Ao N1IMAFEUTEUY

FIMNTTUULNATDRANANNDLHBIYIINITLALTZUU 19ENISNAZBUTEUUTNLIUNINILHIY LERIF

a

SUN 2.2 Bsmsvaaeusyuuluguluy Test-Last ginungeniiwiionnasyaduiisaiiolvigondngs

o

nuldlaglinTgymiluvaeyinnu widwungenduisensaglilavinmeaeussuulidiany

gnieeNNIalvaNIINAaeU Faonvasihlvigedwisiiatyvnulusuian

9

e )
Write code
- J
\
( ™
Write the test a
" J
v
{ N\
> Run the test
' J
Rework
Yes No

g'ﬂﬁ 2.2 LEAINTEUIUNITYINNUYDINITNAFDULUU Test-Last
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(2) MIsnedeuRuY Test-First un1simungendwissuLuunis uaz

WunilsluesrusznoudAgues TDD waziondnsulusunsuds 38 1smaaeunwuy Test-First i

Y &

N3EUIUNITYINNU kansiaguamd 2.3 Taesuduainnsligulaanisnaaeuvesilaidulidu

Unit Test @nsuflandunau wai39vinn1slieulanuesilanduassdaasinisnaaaudn 1iedn1s
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VAFOURUU Test-First wilagylnlaseuunsanunudents wigimungenduisenalalainnis
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UsulsalanianunsavinulamuileidunisvinusdiilAninuamndmedsnissunaness

widlauly TDD

Write a test case

A 4

Implementation

<
<

| |

v Y
Run all test cases —)[ Rework J
L »

n

P Refactoring I

N

No

All pass ?

E‘Uﬁ 2.3 LEAINTEUIUNITYINUYDINITNAGDULUU Test-First

2.1.3 ASTUAUNITHAIUITINAKITHUUIIaDInN (Waterfall Model)
ATLUIUNITHAUITDNALISHUUT1a01U AN T UNTEUIUNITHAIUIDINAWIS N

AnAuaulud p.e. 1987 laedl Winston W.Royce \JufAnAu (Royce, 1987)
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[ Requirement

[ Analysis

S

Maintenance ]
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fauvudnaesiiannsniludszgndldifionsiangondnaslinsueudomnisvesldl ue
onasndudeddnalunmsiiiunuiuuduneu Inswmzdunsunsinssitazesnuuu &

UnAnaslasuniseantuuszuuliiasaranunnou warerasasiiowauiluswnsy lagilang

[

<

Tupeulaudiazlilinnsdounduuittuneuneuntidn wu Weidrdtunaunislioulusunsun
znsauNazlusunsulunaasutazlvauase ldanunsanduluudlale feanuasanallunng
TR dnimugenduaserasndudesdounduluvituneunouni wu dninsziszuuens
=3 A Y a d' a é’ [ = = ] ) [~4 ¥ Yo
veunudguivionudeianainfitintuntevas ielleglsurvegrsdnduasslasunis
d' ] | 1 o [~ ¥ [y q’.J/ 1 g
WasuwUasegnasaniu 3ndudssnauliwdlvlutuneunaunin
TUNTLUIUNSHAILGENALITLUUINADIUINN UYL NBUNTEUUILIATUNISHAILN

Judusesimsesnuuuszuuliiasaauysalimuanou udrdsrosdiliunmsdeulusunsy 301

Wawgendwasiulagiudululdenfivzeenuuulaesuiomualidanuauysalluasufes 8n



14

[V}
LY

dunaunmagevegluddurelunsruumsianganduag dwumnssuulasunismagey
wanudernnaIndelinsmiuaudeIn1svedly deuindymuasdwmansenudelasanisly
nswauredwds adilenadeniunduludivunsuneunii Ae Tumsunisdeulusunsy N3

2anLuUlUSHNTL Y3991 g UNdU U 1TUMRULINNIRDIAUTIUTINAINNADINITINL ViSaLile

=

dounduluwnlutunaunauntiiataltiarlunisuilvuiuuinnniney 9vinldaudonaiway

Alg91Y Wesanumileununsisuauyilntdnasa
2.1.4 n153991B9Us2ANERA1UIAINTIUYONAWIS  (Empirical Software
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Tnevhlufl 2 Snvae fe 1) Posttest-Only Design Wag 2) Pretest-Posttest Design laguaaz
wuuiseandensil

(1.2.1) Posttest-Only Design

N151AABILUY Posttest-Only Design Hngun1svaass 2 nau
N15nAaeY Ao NauAIuAN (Control Group) kaENENNARBY (Experimental Group) #a431NLATU
nmsvaassmudeulnmvaaeudiiinsianavdinisaass doyaiilddaiifisrvosiindsnu
1nufNWULIBINITNAABILUY Posttest-Only Design %QLLamﬁqgﬂﬁ 2.6 \levhnstanandanis

NaasaINanlaanNIT AUt uanIindaifoIn1sinliiing

Independent Variable Dependent Variable

Experimental
Measure
R Group
R
Control Group Measure

JUN 2.6 LaAINIINARDINUFIULUUNTNAFBUNSINTNARRAYINTIY

[ Participants

(1.2.2) Pretest-Posttest Design

NINAFBILUY Pretest-Posttest Design ajﬂl,ﬁumiﬁ%ﬁuﬂﬁ
NARRITUNGUNARBY 2 NG AB NEUAIUAN (Control Group) WavngunAaes (Experimental
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(2) N1581593 (Survey)
° [ < % gy a =
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(Abramson and Abramson, 2008)
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A a [

Ju189d1539 (Mukherji and Albon, 2014) uddudunaunail

¥ =
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wuuaeuagITeldTavingu vdsanduisenhnmsnszaeuuuasuaaliineunuuasuaia
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(3) n1sdanm (Observation)

msdunaduisnisuilanigagliinidednlangfinssuvesidnsinidely

JUABUNITNABOILUUAIVANLAREITY FTn1stillunsdunanginssy Usingnisaliiiadulu
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(4.3) nsaiAnwLiieaAUs1e (Descriptive Case Study)

a o = d‘ a I3 Y & q' d‘ a é’
M8 UTENNNSAANY LN AU 1w TUNT WaR LA AUEI T AR YUY
1 a ::1' ) = (B ¥ d' v & < < LY} 1
agvazduntuauiviinsfine ngligudunazuanddiiuanudumeduravosdiuysmiig o
Tuauide

YBNAINUUNISITULRINTAANWITID1MUIbARIUTEazIalunNIs

'
A 2

AnuidouarinseiduioTuisisosy q feil
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waneng nsdiAnwsULuLilndlAssiun1sideanizdiniatlunguiegis (Cross-sectional

Research)



20

=
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AN51997 2.1 MsANwIReusuANNEUla (519)
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Dwyer (1993)
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f528aUA1 KMO (KMO > 0.5)

71519 KMO and Bartlett’s Test Tagan KMO A2541AN37
0.5 d1diAntiasninlinq5ld38n153AsziesAUsENaY

= o '
LUBI1 nwaga‘lm 57U EY

asadaumtedaAgy (Significant) (Sig<0.05)

A1319 KMO and Bartlett’s Test lneanilsd1fgaasiiAitios
11 0.05 g difgingud

n32988UA" Eigenvalue (Eigenvalue>1)

71914 Total Variance Explained w3aluniw Scree Plot
= 2 = - q . & o
FIAZNIANSNAT15UIAT Eigenvalue 11nN31 1 LWIUUN

]

funsaluasdusznauld

M5238aUA1 Cumulative (Cumulative Total>60%)

71519 Total Variance Explained TagA1nasIuvas
Cumulative #fit1un1sNa15LduasAUsEnouAasTAn

1NN 60%

JUN 4.2 Fupeulumsfiarsandrainnsiasigiesduseney
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PI9VUA 8 UD NLAAIAINNTIN 4.2 UIVNN1TIATILVBIAUTENBULTITUTY tneagkuuNuiu byl

N15IATIZI09AUTE N URNE UL T UALLUULRAE A D ULALVEINITNABDIVBILINAN A

M13197 4.2 uansAnnuluguwuu Likert Scale uaysiiavastony

Anuluguuuy Likert Scale Sd

AMNY 1 UnAnwiauaulalun S eulus eI TIRIUNTHN LN YOS Question 1

Aaude 2 UnAnwlienuaulalunistniunswamenAksankuURnEe | Question 2

(MsEnNuMITRmandsidunsE nlusunseulusn )

Amuda 3 dndnwilvirwaulalumsiinlunisianngenstiiinnnnsfinwn | Question 3
v v =% v [ ¢ =2 ¥ IS
VoYANIBAULDY (NTHNHUNITHAUITINALITLTUNITHANUATUNITLE Y

TUsHN51)

o v v = 4 = N v a 6 & a a .
Aaue 4 UnAnwlanuaulalunisAnwiientulminssusendwisiiudy | Question 4
ABAULEY (NSANYUNUAUAIUIAINTTULBNALIS LU NISANWIWNLLANE

nsvuIuMITmenAwI T UkuUlml wlums@ieulusunsy Judu)

Amute 5undAnwlienuaulalunislanatlunsyinkuuiina Question 5

ANDNNTD 6 UNANETANLAUIAIUNSHALUAINSUAAINANWUUENTANLASU | Question 6

UBUNNNY

Amuta 7 undnelranuaulalunislananlunis@nuaienuies Question 7

AU 8 undAnwliauaulalunsausdlunsau-neuneluiaasey | Question 8
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91NN15IATITeAUsTNoULTEusulaNalun1TIATIE RN 4 d1u A 1)
Descriptive Statistics 2) KMO and Bartlett’s Test 3) Total Variance Explained uag 4)

v

. a IS a a [ 4 dy
Component Matrix IﬂEJiJi’]EJﬁBL@EJ@‘U’]ﬂﬂWﬁ’JLﬂi’]BWGU@Ha JU

4.1.1 Descriptive Statistics

AN Descriptive Statistics Lun1sesuteandnuvazvesdsiinsinulag
yhmsuansdnnudeya Anads werAndeauunmsgiuvesiUsiviinsAnwilusuuaeuasLuy
Likert Scale §9p151971 4.3 Gauansdoyariads (Mean) Andosuusnnsgu (Std. Deviation) uay

° Y ° v @ o val 24 Ao .
"\]’]U'JuGUaiglJa I@EJf\]']u’Jule@%aLﬂu‘inu’]uQV]@aULLUUﬁ@UQ’]M%QNWQV@J@ 42 AU (AnaLyS|s N)

a ° v ! = oA .
f19190 4.3 LLa@ﬂﬁ]qujum@%a ALY LL'ﬁgf’nLUENL‘Uum’]@5EWUﬂqﬁlfLULLU‘Ua@UQqM Likert Scale

Variable Mean Std. Deviation Analysis N
Question 1 3.738 0.7262 42
Question 2 3.500 0.7490 42
Question 3 3.429 0.8379 42
Question 4 3.238 0.8642 42
Question 5 3.548 0.7309 42
Question 6 3.500 0.8625 42
Question 7 3.405 0.7670 42
Question 8 3.179 0.8251 42

4.1.2 KMO and Bartlett’s Test
KMO and Bartlett’s Test 1Junsuanaal KMO (Kaiser-Mayer-Olkin) wag Barlett’s

i

ee

test Ing KMO Lﬂumﬁﬁﬁ“@mmmmzamaqsﬁaggaéf’sasmﬁ%ﬂmﬁLﬂmzﬁimﬂ%’l,wﬂﬁﬂmﬁmw

6

aarUsEnay Bdlaemillindl KMO < 0.5 avfieinteyalimunzaunazldmalinnsinsei
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93AUsTNOU wag Barlett’s test \uAnad@limagouauufgiuianeiu lnedidulafauufgu

[

Barlett’s test fatl

[y

Ho : suadnlglunisasmanulidanudunusiu

H, : suadnlglunisasmanuiinudunusiuy

ms’mﬁ 4.4 wa@nIA1 KMO and Bartlett’s Test Aeluwuuaauany Likert Scale

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.858
Bartlett's Test of Sphericity | Approx. Chi-Square 276.882
Df 28
Sig. 0.000

NNMTIATWATOLANUUUFDUAIUU Likert Scale #u31A1 KMO Tuwuuaeuny
WU Likert Scale Aiuansianasdl 4.4 e KMO wihifu 0.858 daunnh 0.5 feduFeanansnagy
16 doyadnarumnzauiioslginadanisiinsieiesntszna

lwihueuRedfuen Barlett’s test dApeNd 0.05 FNSUJLES H, wae

gousu H, dsludsanansaaguladn davednlylunisaainiudniuduivsid fvaiursalends

asreviavAlsenaulunisaiasizviaasaluls

4.1.3 Total Variance Explained
Total Variance Explained (Junsuansmmisadfdnnsuusazesnusznouma

feuwagvaanTsainladeniedans Principal Component Analysis Fauwanadoyanansni 4.5
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A15197 4.5 waneen Total Variance Explained Tuuuaauny Likert Scale

Extraction Sums of Squared
Initial Eigenvalues Loadings
Component
% of Cumulative % of Cumulative
Total Variance % Total Variance %

1 5.446 68.079 68.079 5.446 68.079 68.079
2 0.903 11.283 79.362
3 0.507 6.336 85.698
4 0.454 5.673 91.371
5 0.312 3.895 95.266
6 0.177 2.216 97.482
7 0.115 1.435 98.916
8 0.087 1.084 100

NYoyalunsned 4.5 uanid1 Component 114vida 8 Components @4

| v A 3 = o a o [ (9] I . Id |
Component Wsiazia Ao a9AUsznaunIatadeniuanatads wazaA Eigenvalue tuA1ANm
wUsUTunualusnlsiauiaiunsassuiela lngagiin1siiarsa Component 71dA1
Figenvalue > 1 171U 910015799 4.5 & Componentﬁﬁﬂ'ﬁ Figenvalue > 1t#ig 1 Component

A Component 1 1 ansauansluguiuunsiv Scree plot faguin 4.3
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Scree Plot

Eigenvalue
9

T T T
1 2 3 4 a

o=
i
@

Component Number

5U# 4.3 n919 Scree plot vae Eigenvalue Meluluugaun1uuuy Likert Scale

4.1.4 Component Matrix’
Component Matrix” Junisuansandulszans (factor loading) Mduruans

ANMUAUNUSYDIFILUTANIUNITAIITUINITTUDIAUTENDU WARIAIATITIN 4.6 TaeiSeadnsy

{v o

NFUsEAmFuUsEanSungaludaiudsnirmdulUssansieeiign

9

A19199 4.6 LAAINAN Component Matrix” neluluuaauanuuuy Likert Scale

Variable Component
1
Question 7 0.909
Question 4 0.898
Question 2 0.894
Question 3 0.863
Question 1 0.837
Question 5 0.784
Question 6 0.726
Question 8 0.653
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NNTYINTIATIERAAIBS Cronbach’s Alpha Wiy 0.929
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AANUIN A

ad a ¢ a v a 4 3
’Jﬁﬂ'l'i’JLﬂ’i’w‘ViNaLLﬁZ‘UiSL&I‘UNﬁIﬂ81%ﬂ"|’i’JLﬂ§’1$VIENﬂ‘U’i$ﬂE]U

° 1Y a & I3 ¥ d a & v q
dAmsunsimsizvesrusenaulaeldiasoslinlunsimsngsinaglusensy SPSS

18354 22.0 (Denzin and Lincoln, 1994) {ulusunsuildlunisinssideyanisadd laenis

v
aAav Ao v dd

Linszviesdusznaudsiudulumiuddedduneulunisviinisinsedt desuniauung 1 Sl

Y

‘VI U 2 suumawaﬂ k)

LFI?FJSJ‘UQ&IH L‘WE]‘LI’]WI’] SPSS

‘ E ; fda Analyze
‘E; @#1ds Dimension Reduction

‘E ; FT’]ﬁI’Q Factor
< 5 ; AeAly Descriptive

Honnsuansia 2 diu

* Initial solution
* Coefficients
* KMO and Bartlett’s test Of sphericity

<6; faAnlu Extraction

\dennsudnsralagld PCA

* Analyze: Correlation matrix
* Display: Unrotated factor solution,

Scree plot

‘ 7 ; aasnlu Rotation

{HDANSUANSNALUU Varimax

* Rotated solution
*Loading plot

<8; wadnly Option

\@ann1suanina Coefficient Display

Format Tnsudne
* Sorted by size

* Suppress small coefficients

sUmanuani 1 Tuneulun1sinseiesdusenausiglusunsy SPSS

* Tusunsu IBM SPSS Statistics Base (SPSS) lueSasiialunsiiasizvideyanisadi
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Tupaudl 1 wssudayativerindlusunsy SPSS

o '
(9 =

Fupoudi 2 ¥in1siasziesduszneulaeldiids Analyze wadenmds
Dimension Reduction wazidend1da Factor Tngluda Factor ¥nslidernnisuananadns
Wanum 4 @ Ao

(1) g'ﬂﬁi’flu Descriptive Tdenuanana 3 @ Av Initial solution, Coefficient
ey KMO and Bartlett’s test of sphericity

(2) Sl Extraction Widenmsuameralagld3ams PCA (Principle Component
Analysis) waldenliuaniwann Correlation matrix, Unrotated factor solution &y Scree
olot  Fenssernludiuiigondonmsmruaiansinsishesuszneuiia 2 sUKUY fio v1n
FoansiianziosAlsznoudsdisialismunld Based on Eigenvalue 1%dern Eigenvalue >
1 mndeshnsinziesdussnaududulismunlngld Fixed number of factors Tngsa
fin Factors to extract Wusunuesduszneumuiidonis

(3) sy Rotation IMdennsuanwwalagldisns Varimax uaalidenuanna
A1 Rotated solution Wag Loading plot

(8) fapnlu Option Whdennisuansualngliriiediiuiuy Sorted by size
e Suppress small coefficients

Slofirnisuansnaudaagldnadwsoonun uddshnisinnsandriandeya

sal i a

A o a ¢y ad a ¢ I3 v ) = ! | Ay °
AUNUTIATIEIAIBITNNTILATIZBIAUTENBU WKNAENSTINIUATTHANSUSI Bl TngA19Aaeyn
nsia1sandviavian 5 @ (Yong and Pearce, 2013) fsgunAnwing 2 Ao

(1) M529@8UAN Extraction Tum15149 Correlation Matrix ImgAn Extraction A25
11NN731 0.3 a1AUsIadlAN Extraction Uaenin 0.3 AITARFILUSULDBNIINNNTILATIZALA IV

a 'S I3 1

AT TeInUsEnauluy

(2) asy9dauAl KMO Tum1519 KMO and Bartlett’s Test lag@n KMO A25
1NN 0.5 913A1 KMO Weenn 0.5 liimsldisnisinsgviesadsenauiiiasnindeyalyivungay

(3) aadauAipdAey (Significant) Tum1519 KMO and Bartlett’s Test lagan
Weddgyadsietioandn 0.05 fe dAgLn 0

(4) ps19d0UAT Eigenvalue Tum1379 Total Variance Explained %3alunsw

Scree Plot Tngagsinsiiansanan Eigenvalue 11nnan 1 winiufianunsadmduesausenauls
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(5) n19aeUA1 Cumulative Tum13519 Total Variance Explained laganasiu

299 Cumulative 913iA1 Eigenvalue 11nn31 1 AISHAININATT 60%

f9928dauUA1 Correlation Matrix (Extraction > 0.3)

M1514 Correlation Matrix Inaif1 Extraction A25110N41
0.3 87diAn Correlation Matrix f29n31Aun ATARMILUS

2

7 ¥ o = ¢ ¢ '
Uusannamnmsazvesausenoulual

fn393dauA1 KMO (KMO > 0.5)

M1519 KMO and Bartlett’s Test lagfn1 KMO a23u1nn4n
0.5 d1diA1teandlin251d35n1591A5129i09AUsZNBU

- o '
Luaamn%uualummzau

n3IRdRUATBENAsY (Significant) (Sig<0.05)

fN519 KMO and Bartlett’s Test Tnaaniiaddgyarsiiarday
n31 0.05 A diAngidraud

nsavgdaurn Eigenvalue (Eigenvalue>1)

M13514 Total Variance Explained w3alunsin Scree Plot

= ° a ' . o ) i
F992911N1TW1TUIAN Eigenvalue uIMN91 1 1NUUN
aunsaduasdusznould

]

M9928daUA1 Cumulative (Cumulative Total>60%)

A1919 Total Variance Explained TAuATHATANY DY
Cumulative #ir1un1sAarsadussddsznauaisiian

UINNIN 60%

sUMARLINT 2 TunaulunsRTA1ININTIATIETRIAUTENaY



117

v Y
UseIRgldey
Yo-dna WNEIFVINT WIANTY
shaUsERIMIUNANYY 5830223013
a =
AN1TANE
el Yoy Wdnsamsdnen
ANYIEENTU UG UUINYYAVATUATUNS 2558
AAINTSUTONAWIS)

NSANUNLNEUNTHAITY
5 a ) s ) a £ « Y
AYINT WIANTY, DY UUNONTWIA, LAz I0UT LINUTEENS. (2559). “n1InIznu
AnuaulavestnAnwlunisiaungensduwisiag Test-Driven Development”, 91uUse13wIns
sEAUAGUABNIBsHazAlulaasauma ASIN 12, 15ausuedll vauwnu: 7-8 n3ngIAu

2559.



