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ABSTRACT

Industrial Design is the creation and development of concepts concerning
creating differences in external appearance of products by optimizing its function,
value and appearance. This can be done through design communication process, the
interaction between brain and hand to create a new and unique sketch on paper or
on a computer. Practice sketching is an important aspect for communicating design
ideas and presenting the ideas in the design communication process. Thus, an
effective design process and an appropriate teaching-learning process are necessary,
in order to be successful in industrial design program. This research studies the
differences between the characteristics of students toward their aptitude in
communicating a design by using hand or computer aided design, and compare the
differences between the teaching and learmning patterns influence, motive and inspire
the students to create a sketch design. The sample groups in this research are the
4th years’ undergraduate students of the Industrial Design program from Rajamangala
University of Technology Phra Nakhon. The students are divided into groups
according to their GPA (Grade Point Average) and their aptitude in sketching process.
Then the students were asked to create a design follow different design
communication processes: hand sketch and computer aided design; and teaching-
learning techniques, and submit their designs for evaluation.

The result found that not only hand sketching can increase the creation of
ideas and the process of imagination of conceptual ideas, it also yields more
sketches and variety designs compared to computer aided design process. Though,
the quality of design between the two methods is similar. The students who have
extensive cumulative grade point average in theoretical subject would prefer design
communication process with given procedures and scoring criteria, since this type of
students have systematical planning skills and prefer to work in sequenced order. In
contrast, students with high cumulative grade point average in practical study

subjects would have aptitude in design communication process that does not

II



indicate exact detailed procedures and scoring criteria, because this group prefers
freedom of thinking. The result of this research will be use as a guideline for the
teaching and learning of industrial design that will suit students with different

characteristics and will increase their academic achievement.
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funoudl 3 $r9uvueuAnlosdu (dea Sketch) Tngld33n1500nuuuts 2
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Identification and Solving Ideas) A1SI3NAUANWIAUANTaLAIUDINTIATIEiToNaLUoIAY

Y Y

¢ al
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oghaniteldundesuuuuiiovnngan uidmiunsiesesivesUssdiunisesnuuuiudy
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Problem identification and

Y

solving ideas Preliminary Design

Design Analysis and Evaluation

A

y

Final Design Conclusion

Prototype to Production

A 4

AT 2.1 ANWLEAINTEUIUNITODNLUY

AowldngnIsuIuNTAIENAMINANILNITORNLUUAIGUUUITINIUUNTEANY
Yeeiln NMIBENLUULATIAILNAR TS eanwUUse iy suludeddnsyuiunmsuas
Sunsulunsesnuuuiiiidnvasunnseiussnuuuld Sedulsudundng ddaluemuide
GuifAseldduussifiuresnssvaunisdronenanudalunisesnuuuninfus lu
nsEUINNTeRNLULSeMeile wagnsEuINTeanULTeieReNilmef Jeulenseuiunis
dreveanuAnlumsoanuuunms iy 2 nszuiunisie nsswuumAnilosdy
(Idea Sketch) LLa N1IRDALUUNININARN U (Sketch Design) Imamlﬂumuﬂaammu
oiauAnssuadvassAteuEn N LAsTUILMRINA UG Y

tneenuuuliniigafesiunisesnuuugunse deuftnesnuuuazld
99AUTENOUVBIN1T8DNLUU (Element of Design) kag nann1508nLuUU (Principle of
Design) F.dutlifudfyuisulstuTaguasnssudsilddnwanlunisesnuuufiniy tn
sonuuuiiduadildnagnsuasiinue ildinsusndainannis jausiussenineanes e
wazgUTeTiRaUuNTEAIY (Laseau. 1980) 3annszuiuntsdindunszuiunisnuuy
Graphic Thinking fiaonndaafudy Design development spiral U84 (Zeisel. 1981)
N2UIUNISVBS Graphic Thinking ISuguainandnueifiisluauesldsunsaenendiuile
Ugnszne aupsiuundndowiuiiAauunszarwhuniidauenfiohnsssiuasusuudla
Tsmsfanuruiiognisans nssvaunsifstuaaudasauaauniisuuuuiifeiuandu
finoladnuny Design Development Spiral #io ndtandlldsuuuuibosiu Feanuuusini
TAnnswWaAsuLladluvesiuidndain wazneliAnnisiauimsuuufimans audian
(uwAa. 2547 ; Zeisel. 1981) Fsnniiausmeadutuduiinseduuasuszarunudslu
wiyudneq s fuduluniseenuuvazduisnisdearsdeyalagldsunin (Graphic
communication) #iléAsansiuauAnvesmuLes adefuNMsyAReiuaues unsyuIuNIS
Adntunglusnievesausegasnd wausaesuenisiauliluedied (owns
AAFITIR. 2550)  FsinszuauitldluntsiGounisaeusiunisesnuuundniae Tullagiu
fA8nnsnszurunisaenenauAntuniseenuuuifenld 2 35lngjq Tunistiiaueningis
ARSI Toun
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A 2.2 Graphic thinking process ¥84 Paul Laseau 910 Laseau, Paul. Graphic Thinking
for Architects and Designers. New York : John Wiley & Sons. 2001.

2.1.3. N3TUIUNITBNUUUIAEAB (Manual Sketching)

TUN59NLUUNARATIAI8NITZUIUNITEDALUUIIIAIBHD (Manual Sketching)
nslgunmdeieiiewanduisniseenuuudnizndsdunisareneniuauinisves
foonuuuasgnszmwseRuaensoiaiosiloniaq muaunlRvesfesnuUy N15IIUUY
meilelimnugarguluniseaneuy anusaastedunuinisles

N1590NLUUAINARNATNATIANSTIER 90 W TnlglunisTulinaiufneeis
maduagdrsamadeniuniseeniuy Usslewiiiddnaessraninluaivsingg wu n1s
genuUUKAASe warniseenwuunantinenssy Wudivglitnesnuuuimuinne
Tumseenwuulnidnuaesieg Wugusiuazgunss egesinsuazdinnudeaneu (Schon &
Wiggins, 1992) npfian1sananmdninduinuenisesnwuyu visfinmsisenadudedfyi
grisnlfifudiuidvuaiiennavesnszuiunisesnuuy LLazmsmqﬁugmLﬁa@ﬁwazLSEJ@
AN VdmvionuaAalutiaiuiureaniseanuuy Tutlhgdudiniuazaimaiei
Igsunsldiuegnaunsvanewiioaluisfanssuvestinesnuuunaz@aly (Yusoff. 2007)

walAluA19IRAINIIBUDNIINATITAUADNITDUINNITWAIUUNTEATBILAD B33
nsldgunsaidun Wemnuaiiousswieifiuaimidilelunisdearssunuuve awdn fusi
ity 1w UinniMarkers Fun 2l Aldawmod udegunsaidug Juegfuainuaiaes

Heonuuy  usdiadldasauseneuresn1seaniuusamilouiy
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AN 2.4 N139RNRUUIe ANl

2.1.4. NSTUIUNITNITOBALUUAINII9ABADUNNDS

nszUILMIRNLUUTTIEANfiumes dldnsyuiunsly cAD iustielums
8anuwuy, CAD Tug1ug 3D Modeling kazn1siiaul 3D Modeling Aauiiaumasyigoaniuy
Jugduwuu 3 Thaiiouasavesniseenwuunanine lneilugenduisnidaly Aoufiames
Frgeanuuuinunngs, fweua, wuudaes 3 IaNgndes Aeufivmestrvesnuuy Judu
Assndulunisndn Sunuosfunuuiigndesnaznisoonuuutugninediniunisman Tu
Funouiinnudiypmesnisesnuuuazldfunisianauasfausuidudiuvesguuuy uas

Audululalunisuds uwin13euneuinosiigeonRUUTINAIZIESYaNYsaluasd
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anuduldldluntswdndandauAnEusiu (Duku. 2014) roufinmestageanuuuidu
iwdesileflisunisigaindussans amgedmivaues nuuuilatuayuamnszua Wy A3
Ansgividenisndn wazideindiaansafuusslenidmiumadennisesniuy 91aazns
ponuuuLLIMslunsoonuuUlnl (Woodbury. 2006) #991995a11NINALNUANTEBNLUY
sumeileld nseenuuunwIssaeuRiames unisesnuuusandnduginienisly
ﬂauﬂamaﬂumsﬂﬁugmwu %Qﬂﬂ@ﬁ’uﬁflé’aLﬁuﬁﬁauaéflamﬂﬁgﬂumjuﬁﬂﬁﬂm Uneonuuy
7y iesnanunsadeulfindteusiefian sruumimindlfusiud viudsuudlvlalng
dasr Gensdeunmieiiidultmnzaudniudilddunglunisienindede Tne
ADUNIADTILVILAILNINTUANINITIINANUANGA NG9 D198 N1TOBAKUY
Sendndusimeasuinesingniiunldlunisesniuuitefiiamiainuuusie (Sketch
Design) flosananinsndnesduszneuliite uazuansdduiiviieussalddoiou lnse1aas
wanen Sl vedsne nanuanes lunszuiunisdounnieneufinnesiiu
oENINMaTsunmlasssdnfusiuazanudsddiia videeadeulasssendnfusise
flonouwadmnusanniieaeuiueesild auauadauazanunela Uudev Sunses.
2556) Msldmeufiamesnsfinaiufia ileniseenuuuansannusITeaziBeauazimu
fpdanliiianugndes Sndadsanansoudludsundassuuuuldiedy aeufinmoiss
anunsouannanisuilavurenwléiui wavannsauansnmaudnlunisesnuuyly
sULuUaEnudnla vilvidesnuuuaunsansisdeumnNgnieswatueaniuuldnaunsluh
yudraes Tudlagtulusunsuildlunisesnuvuuazideunvuiioguinuenanssgns e
Snwagnisldonunndety uilinafioonunifnuuzaiieg fuluegiuauntadly lu
vnndoesududeddunnnimiliuunstuludenislunmsesnuutuasBounuy el
ArnadwiAATan

ul @2 @E T
fedr&axs

‘E I’l"‘m‘ %\’E‘\ﬁl\|\1g\l\ aU\I?él\|l*\l\l£i\l b\\\I&\l(\ﬁl\ll%\#\14'\~|\*|\ Iﬁllz *\II'S\III\IEHI\J' HI%IIH* |
[ | Hore Seeced Lz - - Wﬂm [oeiei <] W [E e m QL
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= . TOP VIEW
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AINN 2.6 NTLUYULLUUAIYADUNIFD S

Master

Adept

Intermediate

Novice

Autodesk Alias -

Never used

Modo

Autodesk MudBox -

ZBrush

Cinema 4D -

Solidworks

U]

on
O
w
ke
Q
2]

ProEngineer

Rhinoceros 3D -
Google SketchUp -
Autodesk Softimage -

Autodesk 3DS Max
Autodesk Inventor
Newtek Lightwave 3D
Autodesk Maya

d' U d‘ Y v 1 a a Ca 1 1
MWN 2.7 sERuanudetnaueginslunsdlusunsuludensivdoaunsvane
dun vaneds ldfinnsldeu Avnuduuananisldeunasiy (Orbav, 2013)
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Orbav (2013) l¢vihnis@nwuitensldsmlsuunsunisesnuuu 3 i@ Taeiden
firsudutnosnuuuiifivsraunsaiuasiin@nuvdudaaine msfnwiidgnosnuuuaiiie
Uszlilunaresn1sIgulusunTuNITeDnNLUU 3 16 AUA199 LU ANEZAINIUNITODNLUY
msadre/mnussiiuiy firsuynauiifianudenglunisaduuuhassmasiadaids
wdlvdogatieenidusunsy laun TUsunsureuinnostagluniseanuuy (SolidWorks,
ProENGINEER, Catia, “1a% ) lUsunsun1588nkuuanaInnssy (Rhinoceros 3D, Alias “1a*)
TUsunsueanuuy 3 37 wavediudu (Maya, 3dsMax, Lightwave 3D, ZBrush wag Mudbox)
puANd2.7 uanslifiudinisnsyaiefivesnnudsimavesitnianlunisiusuunsy
$IN99)

2.1.5 Us2levivadnszulun1IsanenannlauAn lun15aan5kuy

NITUVIUNITEENDAAUARIUNITEBNLUY L?;JuLmewmmiaamwmﬁaﬁﬂﬂﬁ
Whnnnegegradussuu wsetlunsevluaviunisesnwuy Iﬂamﬁﬂsﬁauﬂaﬁﬂugmmaa
LWIMNARYI AN SYIUENLNIAUS IR INgUsTAIARSInINaLannels SnwaziuIAUAn
YodneonuuUIsdseiua1aiy Jeen9asiudnuasuiusssy Wy wuanuAnlunis

DONLUUTDNAUAMTULAN A MUA AT AIIUDATE TILUIAIUANS N YL UINTTIUAZ AT

o 1 a

Wawduuinnuantugusssuld Wy Bewenauiilianudasy semvuawAuAnida

$ =

Juluvenaungangu Usuzusne wuie wagdsnisauls 3eslunseunuifniiionts
gonuuusall FAIukUIAMUAANITERNKULYBITNeBNWUY Fsamnsanvuanidneg Ju
[ ! a do < = o a 4«
WINETTULAE LG IANARTTRLLITNUSTTY iSeivuakwIAuAnTdugUsssuly

TuaUle (@ANdnA @13uns. 2545)

2.2 N3ZUIUNNTE1BNDAAINAATUNITODNLUUATNS 19NARNA N

2.2.1 NM5919UUANNAALUBIAY (Idea Sketch)

A15319UUAINNARALUDIAU(Idea Sketch) A NISLTBUNINT 19T UAUVD A

NARAMN  LUSHULEL A UNITONENDALUIAINUAALU IR UN AN UIAINUAALUNITIDARUU

% L3

NI MKEAS T 0g19AT PRI AN US 190 09fINERS Y1 N15919WUUATTYIINTTI

wainuareguwuuiluduuuinfgaiieunfndeniuuifiign dlunounisinsigidiud

q
daude Jag nsldauieinlignssuiunsiauililiwuuningn auingussasdvenis

q

panuuuiitnesnwuuitmuall nssawuulagnisiideyaiineidewnusenaun1ssauy
WiallawuUus i o IR lALUUS 9N EILSORBUANDINT b UBATAS 1AL Ranalali U

nauithwinefdesnislinandadilasgaiulszansamunniign Tnannsnsieonuifaziing

! I~ ! a | LY S 2 a aa L a (Y ¢ o '
AAUALLATAIULAYULNNRNINNU mﬂuumaaﬂgﬂwammmmmzamuwammwwauﬂﬂq
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[
v

TUADUNITWNAIUILUIAILAR (Idea development) ialUunfied 19AILLUIAIINAALIUAIT
PanuuUl1eiu nseenkuunsAnidIn Jeonuuudesmdafisainuasnndedsening
wAAASURARSNE Wy Ieuuanudaluniseenwuulnsininnanuafistu esenn
unfisullunisdeansisusatvefinnia Gsaeandestulnsdmiiildlunsdoanslutiogiu

likdnsiaeiinnwdnualiatesednuiy

2.2.2 N592ALUUNNSKANAMA (Sketch Design)

Tudurestunouresnsauuuiifunsteuuuning fguazeruuuuiudn
dnlanedaay vieisiensstevidulunuvasiBuniliudiuinufen1svedyindnamse
L%’waﬂLLUU%Qﬂﬁ%NLLUUﬂi’nw‘%aazL%ﬂﬂé’@ﬁ%@%ﬂﬁﬁ%ﬁ%LLUUi'Nﬁma]éTaqmiﬁq
arwaulaluuuusnu Samsiwuuisiinsldfaduiuuiiheieliquiaiaulanieassns
azidudiuae UinaAdewrild nsssuuuiedsldfesdilsiedadiuiiniuouvesdn
wAnFueilun13919LUUITLARIEN BT FUNTINIBUBNWINTY udfeenuuUlzFediaug
Aeafundniasifiiidsoonuuutne Sensiuvanunsasauuuldis 2 fhuay 3 37 ievin
Thdlaguuuureswdnsusidudlédietu msdsunin 3 57 tedenenarmdalindunin
I¢egugndasuazsiaiy duiufoanisdndusesdirnuzdesfulunienmngudu 3 if
uazLAL Woaunsacienenligndes nsseuvulianmsadmuaifiunginasiang sgiu
memadluldmiounuidsutuy esnammainvatgvesnunansusiuasiitonnudy
dasvlumnudn Aouflazaniauniimngaufunsnandandnde (qund neagalsed.

2556)

aﬁuaﬂL'%méw’usuaqmsaaﬂLL‘UUWwﬁmﬁmsﬁﬁadwLﬁumsﬁmmxmn%aumw WIS

9

3

sypathnnmaiuninsagUuazasialuiunusuwuuiu Tudiuvensinwaznisdeu

o o A

amnsnandasiiluiivsdunisveuiudurinnuresdnesnwuy uilduyaidAyiigalu
NTLUIUNITVINUMRNUALNTIFHANUNITEONKUUEY zhosuansaduiUanlvafaigay

=

Viuadeuazinldoanun wazdnluioinmsanimszndumdunainisfiauiigndesazilu

Y

IS 1

= Yy a & oo w L A A a 1Y sa A
WUININETIResl LazUsznunddgylunindfedlelinuiAnaineassnn dnisaieven il
iz auua T duseslinsiiaus ulinsIUTEIAULAL ALY AN LARNIR NN NY DY

<, 9 A o a v = 2 a v o a
sanunlunmlamuininesnuuudaliliuinfgauazsilunauladndls (Sgln weadey.
2558) Tumauludduusniigneveaswianudnvesiosniuusenutluguiuuiiossiusgng

1 = a a [ sl o Y a o < 3
A319 lUaudanisuansswezidunvenand g ivinliinanadusa  IngesAusznounw
N1998NLUUTINUTENDUMIY
1. wuAuAnlun1seenwuUU (Concept) Wundniiugiuiddy wazsiluiilaves

a o

mseanuuuneliinnisadeassd fanwaelml wasluniseduwasuvenisesniuusng
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a o ¢ A O o & o o a ay vy a a ¢ @ o a v
NARINEUN E)ﬂ‘VNEJQL‘Uuﬁnﬂq‘wu@LLU?@@WI@%@H@WNWUﬂWiQLﬂi']g‘w LUTUNDULINNAD Y

o =

ANT9D9lUN1TINBUU F9TU NMSRaNkuUMNnluTveuslun1seanwuUYDITUIIL TRTn LU

'
=

orarhilfniseanuuuliinsamudosnisiitnosnuuimualifausdu Semnumueves
Concept Svanamnedalunnuwwianudaifdesuluniseenuuundndod doufisiasd
Conceptuasautiu Liﬂé}’aﬁdaud'muﬁwwzaaﬂLLUUﬁfuﬁaaﬂi warsuJuspsidenimvun
oglslunseenuuuniolsl flunusenuuuiidedlismaian msmieyaifeaiunsuan
roufiarnaConcept widudunuidosinaglunandifmun wWu 1u Idea Sketch iaay
Sketch Design (8118 29341391, 2556) endregragu n1seankuulnsdnidiu lae
unawAslunsesnuuulnsfmithusnanunfisw. Jaduunildlunisieansdsdonna
vosauluadforou Tnsdwituduiisldesnuuugunseiifdnvueadeunfisdibuun
doans Tnednguithmnevdn fe nquieguiidesnisanuazanaus sginsdwigud
dwildlunnsaunuldeenuuulmdussuulimednduyle wmanzdunginssunisaeves
Foguildnauu Ssanmnsafeziavideusuaunuild Tnglidesdulnsdmilifummioudu
WUULA

2. M3s1nvuAIN AT a9f Y (Idea Sketch) Ao nisidsuninitsdusiuves
wandfas  Wsualounsmenenuuimiudadesiuildaniuannufalunisesniuy
Tngnmsafieanuifasiifediuiuagdiudounnsnstu andufifonsuuuudidany
wangaufundnSueifiotlugduneunisvuuiuuaniuda (idea development) siold
gNAIBEIMINRUIANLAALUNITEONRUUT AL N1TeaNLUUINIANYIUY KoBniuudes
AlsfspuaenndesseninsuiauAeiundndue 1wy lauwinnudnluniseeneuy
nsdwvisnannunfisny esnnunisiuldlunisfeasiudatoefinnia dsaonndasiy
Tnsdnildlunisdeanslutiogiiu shlvindnsasiinnwinuaifiesiewutiiy

3. N13WMAUIMUIAIIUAA (Idea Development) WU UNITABEBANIIINNITIN
WANNAR (Idea Sketch) gamil 2.8 Uszney yiEefmuIaIngULuvTe WanusiAngnwd

2.9 UsznoU  Wa13endunseInsaskuuvsonauwuuiielilaundundn Sl
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=] v ¢ a
AINN 2.8 ﬂ’ﬁa@ﬂLLUUIV]?WWVH]’]ﬂ“LJﬂWi’]‘U

.‘ ;_ 2 _&:\‘%}\\\FH %'4f
A Wy =

1 ‘ =

e

AWA 2.9 MsmuINIERnnfouIINFURUUYD NGNS LAY

a

4. Mimtlonn (Perspective #38 Rendering) N1t uninliusingesnuitudnyae
willoun1sueaiuaie lunminandudnuasyutes 3 I7 dnswansdimvidn was wn Jdu

Tinnuduandulumusssuninuesiiu gnimi 2.10 Yszneu

A 2.10 mseenwuunIsldgnativ
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5. nMnLenaIUUTENBU (Assembly) NNLEAIN1TUTENDUVOITUAIUVDINANS U

Ingeasiluwuulviegludumisinseuazysenau gaand 2.11 Useneu

RSPERT Y Qs

o rd

'-u-zmuanr L o wemetdan Z,;.]"

. ._.,...,;!

[ e

AN 2.11 A mwenalulsenauniseanwuulauly

6. MNLAAIFAFIUNRA (Dimension) ATNLAAINANIUAIIVOINAN AT UTZNOUAIY
AMAIUNIY (Front View) A WAIUU19821 (Right Side View) Awaud19491y (Left
Side View) nwéuUY (Top View) wieuninsietasndusesuansnimdiuais (Bottom
View) n3ouuanivuindadiunieg 11ms1dau (Scale) niae (Unit dslusiusenuuy
wandfausiteuldmisefafumstusmsviidy JusgiuauwanzaureuInTeIHANSuT g

Y

At 2.12 Useneu

AN 2.12 ANLEASFAAIUNRNISHAIUINTEANUNSDUY
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7. MnLanes1eazden (Detail) WunmaSuieideifusieazidundiugasnninalu

duuanalidaau welinsukazidnlaundd@u gaand 2.13 Yseneu

AN 2.13 A MNUAAITIEaELREANTITRRIVIMPS
8. andnanuywdiunisldaundnsios (Ergonomic) LuAMALERIT 1SN BUIZNI3
Tgnunandan waganuwasauiudndiugldludieorvadieg vinlvliaudnlangedue

WNBTU gamd 2.14 Usznau

AN 2.14 mMsiaugunsalgaun
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2.3 ASLUIUNITEIUNIUNLAUBNINI1NANN N

2.3.1 NAYNSNTHDULATHATUINENNNISISEY

NQuAn1an1sAne (Steiner. 1988) na11i1 mMsanwuduszuuiivszneuluse
asrUsEnaudtyey 4 Usenis fie fasu (Teacher) fiSeu (Student) ningns (Content 138
Curriculum) wazn15t38un 580U (Position for Learning) @vasAusznouinant Wudau
ddiifinnanfadesdstuuasiu vildnsdansfnvisduiululdly d1vnesdusznevls
aafUsznaunile endnfis nisaeu (Teaching) wie n1siSeunisaeu (Instruction) Jadu
drudftyegneBvasnisfing

2.3.2 AMUNUIYVBINTTEDU

Misianuiieidosfunisasy viearumuisvesnisasuiidudiuiuiin 3
namisdunant Wensadernudilaludowiu dusumnmneveimsaeu e

1. Msaeu vIneie fiieufiazysraunudiiane {Eoudeadunsunuming
meawet Mgsawdmiddiusnlunsdnnsseunisdou fiseusaaiunuaI1eIn1sisey
feu Hiseuseensieueylsaousiomnliiae (Child center Education) (Dewey. 2008)

2. nsaeuiBumsuenndm & edute Fuas vieuanslify maseudunisnieven
Mg vinve wazianadina nefifaeunazdiu fujduiusderulunszuiumaseus lne
Haouduifunund ey WufdanisFouslfifatumunufaiiuuazaaauninve
Asewludiunisaienaanuuwanieuesiaeu (Airwn wvuugl. 2545)

[

3. lvad (Wiles. 1963) ldliinumneesnisaould 4 arummnedsi
3.1 Nsdeu #e N1skuzuLINTg wardaaSuliAnvindssnag AfiSeusein
ISU3VT0RYINNTIU
3.2 nsaeu Ao MslimuiiAeaduidessnaneg igaoudesnisde laeiigaou

=

2 va ¢ = Y Y] v o ) I3 a v |
Wy NﬂigaUﬂqimLLaSNﬂquﬂJz LLag"ﬂ@Iﬂ’J’]NELﬂEJ'JﬂULﬂmsﬂ@qllﬂ?qﬂﬂiﬂiﬂﬂqﬂLLaguqauSL"ﬂ
TRYZAN

B

guagloninlaladne

o

U =

3.3 N3 Ao NMsNKaeulUfduusTAuSeueliiinUsyansnalunis

Seunisaeu wazduasulvEioulianuiuinveu 33nAn SInVmenuLes

Y Y

3.4 n1sdou Ae MshuzkuImMalALNESeY Iagldisauluunieg uagfanssui

YV a ¥

wanzalviugifou e lrgieuidilonaziifmuinislunisiou assiugauszasdves
N3ANW
4. 0 (Good. 1973) lélanumnevesnsaeul’ 2 Snve il
4.1 nasaeu nueds n1snserirdwluniseusuliauifugideuniy

anuAnwvag U
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4.2 5@ nuee n1sdnaninnisal anunisaindefanssuiitedeld
thieuviedifedesiuinssuinnsisouslasie
5. Lefrancois (2000) nanafla msaeuin nsaeulduesiiisadeaiunagnsils
PoNIUULAYNUNY ladsmsliBoulugitimmnefidmunly Saderdosiunsieans ns
3313 M3IANsitsuNTHULAL I VRIS
Tunawiynsusvludinganiu (2542) linnunuievss nagns 1331 nagns Ag
Mssuiifiiavivasy 38nnsiidedddnaguisins q wimastlunisdeddnainuvanenisd

£
=

Wraula Falinununeieatasiun1sfine Ae nagns vunedis INITUTOUHUNITNART

9g1958URBY Hanvaziluduneu Saudandundnunaslaniuaniunisel daiuie

b

lvuzguiSoileviauvangUassasins suaunsaussatinefifeanis
MNUIARYDINSEUTINIT LT LT T ns iy Falipuddaiu

wuaAnkanasiy eludrunisiianudifyfunisinaninuandeunieionssy e

duasumsiteuiuazUszaunisal sadadumsiuddniusdeiuseninsfaeunugiseu oy

lgrnuiandaeumedoasneaigisoudila dIsnnsaeuluusiige

2.3.3 N5auUN1589u (Instructional Framework)

nsounsaeuiinudAgnnduiugiulunisiaunssdaiad Jaduuuimali
Tunvsaeu wazagvieudnagns 33ms wagdinueililunisaeu sufansifiunaisnig
dou ilevilimsaeuiiuseavinmainiy

1. finwzn1saewdesdu (Basic Instructional Skills) iunginssuilosuiendes
funsaeu vilrnisaeuiiuszAnBaIn S1AT0UARUNITILNLNSITIUNITADY N1TEBNLUY
nsSeunisaeu n1sdanisidsunisaen nsliitaou Fnwemedunisdeans sutensld
MO waEaNNISISEU3

2. Fn13e0u (Instructional Methods) wuamnafifasudniunislyigizouinnis
Goudmuinguszasdiincly HuismsfidaouldlunisadanmundoulunisdansGounis
aouuazfanssufifaeunardiSeuarismiluunBeu dslunagvdnisaeunsazsuuuuens
I5nsaeulinainraiedsuieiiienisifesnla wu aeulaegldnisussens Faeuuwuuy
a159 WUUUUR wuugudy wuueduTe Luulassy Ua

3. nagnénnsaeu (Instructional Strategies) Manefis Aausvioisnisasu My
WMsURTR AfaeusudunsligGeuinnsBeuinuinguszasdiiimunly feisnns
vsatupouseg lumseenuuukaznsasidundon Ussnauludedansveununisiian
Jupgrsouaoy fdnvazidudunou feudangundnunasldnuaniunisel Welvgiou
vssquilmnedideanis IfiFeunasivszaunisalivdsmndon uagiliAnnis@nw1isnng
Boud sasanistinuaitnisviewmainedraduduneu wasdinisnsunusgieazden

a

44' Yy a Ay v o = fu a av v oA
IBUABY LW@O‘LWQLiﬁJUUiiqL'{j']‘VilI']EJ'VlG]ENﬂ'ﬁ 1@LiﬁugLLa%ﬂJUi%a‘UﬂqimﬂUaﬂﬂﬂﬂa@umaﬂﬁ@
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nagmsnsaeudushimuaisidaeuldaey ieliusginguszasdnmsiSeuinagnsnisaou
lauwn N19aaun19m5e (Direct) N15@0UN1980Y (Indirect) N15aRULUUTUJEUNUS
(Interactive) N1sERULUULEUUSTEUNTSA! (Experiential) N15@0ULUUBATE (Independent)
nagmsnisaeuinanaani damdalasnsidudaeudugudnans aufiauduiiciugaeu
Hugusnans dauandlunmeielud

Y NFAOULULEL | MIARUMUULIY | NISERUNUY
NIFDUNNATY | NTEOUN DD Ny . -
Ufdunus Usgaunisal OGEE

a

I3 ¢ 5 -~ v I3 ¢
AFUUAUINAN (m— N = WLIEULTUAUENA

AN 2.15 NALNSNITAOUNINAIN (NS ansINA. 2557)

4. 3Uuuumsaeu (Models of Teaching) N15U5581813805UNBRINGANTINVRA
Haaulunisldsuuuunsaeutiug samdsanmuandermen1sBeud sULUUNMIAeUAINT
THlfaurnsununisaey vangns wazniseanuuudonisaeu lsunsudonausieg
(Joyce, Weil and Calhoun, 2009) saufiauny Wsenuuisranunsaldiiienisaeulnunssly
oudou Hunseufgafunisaeuiidnwugnanniigadunseviinaus Uiy
wmdlumsidenuagiimunnagnsnisaeu Bmsaou waziinwensaeudoiu Uk

1 1% [ g aa s a 6
ﬂ?iﬁ@uuﬁmgLLUUﬁ']@ﬂiﬂI“UﬂaqmﬁﬂqiﬁEJUIG}WaWEJ'Jﬁ (ﬂﬁmﬁ GYERLICR 2557)

2.3.4 HAFUONENINISITEY

Nadugnin1enisteu nueds sefupnudusailéuannisSeu deld
Ussifiumannuaneds dveluil (S9am quisual uazesiuns guu. 2530 : 3)

1. nsruunisfildanuuunageu Inglduuunageuiamadugninienisisey
Tagiild

2. nsrvInATRldnAzILLLIVE BN IARAIBIIM IMENEY FatendnsTuith
Fudouuaztnanaienum

wadunnEnsnsSeuidealitwihll Tneglusuveansaiiléanuminedy
desnlinaiiundefioninnin wsznsuseduranisifouvesindnw axdesiansan
MnaveesrUsEneunatsq iy SseuiniimsTaraiissndaien wiemudngamnenns
Seurnmsnadeutn@nudeuuyTaradugrimenmssewig WU ieseduien

nsuvsnTuanansalunsSsuvesinSsununadugrivnainisiieu lnefinnsan

PMNNSANLASU Fasaluil




26

TPAZLULAINTT 50 AZLUU

2
=
-
)

0 U89 WANISITYURINI NN

1 VU909 NANTSISYUNIULNTUANNAINUA  LaAZLUY 50-54 AzLUY

1.5 vnefy wansiseunely loAzuuL 55-59 AzLUU
2 MNEde Wan1sseulnela lopzuun 60-64 AZWUU
2.5 1809 HANISL3UUADUYIA loAzuul 65-69 AvUWUU
3 WUUDY WANISLIYUA loAguuy 70-74 AzLUY
3.5 MUNUD WANISLIYUANIN lAAzUuL 75-79 AU
4 wneds wan1sSouiiboy Ihpzuuudaus 80 azuuuauly

wadugvEn1anIsIFeu v AzuuadsarauyoninAny waruiiseduTeq
wadugsmemsSeul’ il

AzuuUlaApavaus mneds Idaguuuadeainin 2,50

AzuunRdsazanunany mneivldeziuuadediug 2,50 - 3.00

AruuuaBpazangs vnels  |desuuuiedenaus 3.00 Fuly

Mnenansiana”y  asuldin  waduguSmamsidousn mnefle wamsiSoueds
aganvostinGouildannisaeunagiBnisinsavesuming desindt 2.50

2.3.5 Aen15aauwaznNIsiNIUsEaNSnInnsaau

Wsdoullanudnduninlursnsnisdanisiseunisaey Tullagiuiisdeusieg
WA1835 Urariduraridasiidnuazanie Iyawunaztednfanieganisuanaeiuly wud
NFADUKUVUTIVNE NMIADULUUBTUTIY NTABURUUANLUI N1THULUUAY N1sdoulaenis
wansunuImaNud nsaeulagldinudnassaniunisal nsaeulaglinisseauaiuda n1s
ABULUUAUNUAINS N1sapukuuwAley v nasaauwuulimnig uagnsasulagld
TamvieyUnsainisaounuulifiBouauensnuludu uasmsaeulddnuluiitasnanins
AOUUNTT

2.3.6 N15L38UNTDINUUUNARAUN

N3 EUNIseRNwUUNAAfuYaNTaUTuAsulinuITauinsvesniseaniuy
HanSu9IN5895U Mswdetunigsiansludssmalneuasiisseina lagn1suanyaainsing
Y v a [ 3 [ £ =) k%4 = a va Y v <
Vinwen1anIunIseenkuuNaniue IndudesdianunieunazufiRauloiun wazidu
Tadaduguimiadginisiuniseenwuuluaiviizesnuuundnduslukoussingg lag
angnslel AmualidanauIvIeenwUUNEANMTYNALABIANYIITINUIUNNNITOBNLUY
a o ¢ & = =2 a = 2 = a v Yaas v
HAnuI AunTENsavlinisfinud 2 Falussesianfanuivilreusuliildniianuinugiu

mqéf’mmiaaﬂLLUUﬁﬁi’wL‘f]usiamiﬁﬂwﬂuﬁ?fuqqamﬂm WU AV WVYULUU FBINN5INAEE I
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ponuuy 3 TAadusu nswawmdngnsdsaiunisndadudiavsounainsvesrindesd

ANUSTINvEANITEIRINANGN1sU UReeeilnandn

2.3.7 N3EUIUMSI3YUNITODNUUUNARA N

NTZUIUNITTUNITOONLUUNBASUNATULLIAUANYDINTZUIUNITODNUUUVDY
Farle 35li3% qdad (2543 : 29) WunsguaunsiianyhnisesnLuUNan S aeignavnIsy
Faldesureneanduntunouiudiiuetvanden etieliinesnuuuuszaumudiie
ihlgthmnedndly Tnsuvstunounsiamdu 6 suneu fil

Funouil 1 n13Atayun (Problem Identification)

nsedmiutuneusuduiiellunisesnuuu Tnevhluulseendy 2 Jsuidiu
Ao nsAdymANgednis (dentification of a Needs) uazn1silleywnassilunisesniuy
(Identification of Design Criteria) ﬂfﬂaaﬂLLUU%@’T@&%miwxﬁmaﬂizmusﬁwzﬁwmﬁuaqﬂ
YDINIFOBNLUY

Supoumsadunmstunsatam Sl

1. gormunvesllynn (Problem Statement)
VataRureIlgyn (Problem Requirement)
voulnvastym (Problem Limitations)
AT (Sketches)

VTSNS B9

M35uTdeya (Data Collection)

Fupeud 2 arwansEudesdy (Preliminary Ideas)

nAuRes Buvesinesnuuuum L RnduTUS T usE I AR TS 9E TR
(Creativity) WaynN15az@NY0IUTZAUNITAIAINALDI91AN159AT1 (Accumulating
FaiAEnsvhendleousdneae dadl

<

Information
N19UAIEAUBILAZYINIUlaengy  (Individual Team)
AFNUAANTTU (Plan of Action)

N1395¢ANANDY (Brainstorming)
nsanagAniazantuiin (Sketching and Note)
/N33 (Research Methods)

AN A A

8n13d1999 (Survey Methods)

Fupeudl 3 n3NAUNTINITEBNLUY (Design Refinement)

Tnsnmsmmastumeunisndunsesnisoonuuy Wutumeufindunsesdadon
mnnsagUdeyadusneg Adnvananduiundsunmi fafuiuuuuunniudeiit
Tngonafinnsangusnegunsanss sUuuy Tudupeuiinesnuuuasldiedesiiolumaiden
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wuvlunisivunuinsidin TngeSutsseaziBenvuindadiuiigndosnundnnising
NANTUIEIUANE il

1. dadrunnenieniw (Physical Properties)

2. miﬂisqﬂﬁmmmmﬁm (Application of Geometry)

3. Goulun1sndunses (Refinement Considerations)

4. FugHuunsgu (Standard Parts)

ANA 2.16 NIINAUNTBINITODNLUY

Fupeudl 4 n5AATIEY (Analysis)
mssziniseenuuufiunssuiunisiiddydunounidunisesniuy
wizfunangaaeuiised Usslosildaessinag anuufouss anduneufiiumiio
WIEUNITRONLUY AnvnzilayingUIzaInveInufnlayn1sUszgnanIuinIamaiinnis
Ansgviazisoguuiugutesngranstoya laslinsedneldvatonney fod
1. myesziuszlovdldaes (Function Analysis)
. MTAATIZANINIAINTTU (Engineering Analysis)

. MIATIEARANUDINEANUIN (Market and Product Analysis)

2
3
4. MTIATITUTIEazLDYR (Specification Analysis)
5. MTIATIERANLTLST (Strength Analysis)

6. NIIATILYNILATHFAERS (Economic Analysis)
.

. MFIATIENUTIE (Model Analysis)

fupoudt 5 nsinaulansesniuy (Decision)

msdnaulalunssenuuudunsruiunisileguuiiugiuresarmaiannns
AnTziiiiun uardeyanasnaulazUsaunisaianedn dawanisdindula e19azmnas
Uszgniisniadievheaiflewioluniengaufias waarudntuuasAnuld nndiaue
nsdndulasgeglusunuuilunanisuazuuuliilumens ansdnauswuulilunianis
0al#35nsUszudeslaglideussian amdis amsn Yudiass LesdAusouudn
#199 dunisinauesgraduniimsdeduinis §ilsing wiefinsuiiAsateslunns
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ponuwuulnefiansandedislunisinausidu Chart, Paper, Lettering Materials, Color,
Assembly Photographic, Computer Presentation Hudu
lngAgnsindulavesgiisnunveglunaeinansanis
1. Uszlewilldaoy (Function)
2. NoFnsuvRILyusAlFIN (Human Factors)
. AMNABINNTURIMAIR  (Market Analysis)
. ANULTaRTIIUNIY (Strength)
. N3waR (Production)
.37A1 (Cost)
. Hal3n19g3na (Profitability)

0 N O U0 AW

. sUuulaesIN (Appearance)

Qe

upeudl 6 msvbiianadisa (Implementation)

2

Qe

¥ A

YUGEANIYVBINTEUIUNTTIDBALUY AD ﬂ’]ﬁﬁ?ﬂ?ﬂiﬁﬁﬂiﬁlﬁﬂjﬂ’ﬁﬁw‘H’N’Tu

q

sonuibiilusufianysaiaunasiunaiua’atuun (Reality) JunauvoanIsimulve

Aendestuisieluiife
1. MIATeATIAMGLENANWAUDIU (Identification)
2. nMsAnwuLagluululAgaay  (Final Study)
Bl ﬂ’]ﬁLﬂiﬂzﬁLLﬂ%ﬁﬂLﬂﬁ%ﬁ%ﬂﬁﬂﬁ’]EJ (Analysis and Synthesis)
4. mﬂﬁaﬂmmamaaqﬂ%uqmﬁw (Selection of Solution) (Qmuﬁﬂé a3

U3, 2545 : 16-27)

2.3.8 MSUMEUBANIIHNANN A

AUNUIENITUNAUBAINTNNANS U NITUNAUDNINTNNIONITODNUUUATNI
i wlngliiusgianelursnismssenuuuinly esmnBugaBuduresnsaneven
auAnlun1seenuuy Insanizniseenwuurandag avilianudidyfuduneuil
Aoudaunn waviiloasinisesnuuundndodilay 28NdAAINLABIIINITBBNULUUIIY
wAnfusinoulaNe iogguuuy dadiu Adusieg amdin nmstausniwimdenis

gonuwuuN NIty onaligndsliiileeging WesnniinsisenviuAnyiannAiniwdingy

Y
=3 4

AWAAANULALTY Ao d@ned abgld (Unudnyl Bunseg. 2556)
Funeumsdeunuesnuuunansasifionsihiauedsuisuneuithosnuuy
Foalnauawuudse fiinesnuuulzfesitauenisdonnunuieanudile suazidun
Uszneu (Detail) vo9uuy 81uluy agasidondiieasunsuuulunszuiuntsnan sy ns
g0nuuy (Design) Fadiunszuiunsianuseiiieaiuannadeunmssfidestiuuenudn
a%ﬂqaiiﬁiuﬁmamﬁm%ﬁﬁmﬁashwm‘uﬂmLLamﬂﬁtﬁugﬂiwﬁﬁmLau%{uuuﬁmzmmm

n3rAy lneuantgusne anvay wundadiudydnuel LanIT18azidennaonIUAIUTIENY
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A NdAgyanandudiielianunsainluasalususuuludnvazvuitasuuugediu
WIowUUVEEIU W3ovinluwednss (@und viegalsail. 2556)
nseankuusbiludnvuzusaluus uksnfdneenuuulaindunsosesnun
waaInladeyana lne i FULUUNEAAAITUATII WA AITLAAININNT 1 wuy ol
2 U a & d' d' o £ a ]
madenlumsindulaidenuuulvangauian (@Audna @13uns. 2549) N1508NLUUTIY
anwazreIn s 1NldTuinAuAn Inaldunsileusgrsdaszauniuntnvesineanuuy
LAazAURIEaN YUz FUNTI Yundadiunuunenue) Weliiugusiaediansigldlunis
VAaad USUUamseimuin1sesniuy wasliA1asuiglsznaunin Wodannninsiamant
@ a Ao Y = d' a o uzd'd'yddln'.l A
Judemineenuuuldduiinuasdeasanudniunuies daludenlideliegiinly W Auae
U1nn1 gnau @Uszanange 1a (wiadey yged. 2539 ; @1as Auslyf. 2546) N1s
penuuUUINiudnyazvssnsludelunsuansauAavesinesnuuuainunsssulmdudu
sUss9u Inelauwanlviiutu 2 dnwai Ao wuusndudiuwazNISEBNKUUTIN wasdslmiaue
WAL LUUTE9AY Ao NSIRBULUUNARAMTI8819A9129 Yae 9 wuutioldunisan
YuNnAMUANTOIUNEDALUU @IUNITODALUUIN ABLUUTNARMUIDINLUUI WU NAULAEE
QI a Y Q‘ dy L% s o
N3N LAz BuAvRUUTITRINEITY (ASenaius Wyslws). 2548)
NUUIAAYBIIYINITNIBFTLIVIYNNAIUNITOBNUUUNTAT U9 T LoLangAIY
Anwiunganunseenuuussbity  dwlugavuansanudaiiulusnwusiadeiy Aol
NMITEUNINABLEUNEIU AT aTuinAuAn AR ulug 1T 8gauu) (Uudni

AUNSA9. 2556)

2.3.9 Uselaviuaani15aontuulun1suausnIns19nans auat

MsoenuUUAMIN dadudiuuszneunidlunszuiuniseonuuunansiasin
iy lesnidumiivuanagiFuadnAnveainesnuuy wazdaunsaiaunguiuy
f1eq sudupuinisrtenuAaiiinduluuiazadld Tnenissenmagyiliinguasasd
v0s91uLduTtalun ndnfe aramisonansdnuazsUuuuiifuuiusssuduingin
Jununsvesnuda denendugunuusingg Aidususssldaauddu udni uns
PY. 2556)

uenINtuRaaTUgATETaNTauDUALdsALgARITin LA TULUY
auysaiiisinlddnin nmsdiausiy (Presentation) Fsvsnesiuda nsfinazgeenuuule
fuduniseenuuuauildsuneumneaudisaduiGsudosudlunausnunisesnuuy
LAI1919MTeaNAY Tun1slaueUlNeanNwUUABRIIANAINTALUAITHALAL BT U
onuuulsfinnuiiauls Meomeuarkauar ueenuuuithaulanaineoniuuazioauans
funouvestoyauarausenuuulfiuddudaaududizuaniinveauunufnaudaih
i vanysaiveanueenuUULa AT uTundng vesmsaussl fe
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(%
LYY o a

1. ouneiasedutunisaiiuay Buduandymuazisnslidneduaim
Yoy 1wu deyaifetesiuiuslnn dnvazidurestdniasiguas naenaunssisnIswanT
Usgndanazidufinsrodandey

2. mslddmaluniseduisnusenuuuiiiilade Tnameaunislaigiuaslsidl
auduliieliannsangulamiuléiamuansudau

3. Bnstnauslaonislisigadu neiinde Wiladne waglilontadnaiudadn
sonuuvdnduazdenitauesiuuilviasuiudaszneuluse

3.1. Gﬁagamﬁﬁuﬂ"iﬁ%’a (Research and Analysis)
3.2. WUUIN (Preliminary Sketch)

3.3, LUUNINLANDUDST (Rendering)

3.4. iuinaee (Model)

3.5. mSLG?JEJULLUU%ummaG] (Working Drawing)

Feusefuits 5 Ussidufindrandsutubudsudunouiiesuduiiindnwi
AnwduniseenuuuvBetineeniuuazdommuiasdimnudtlaluusdasfuneusdeasuiiu
deliannsafuiugiuresniseenuuuiituainuuanuAaiimiadisas sty waylio
ponuuuannInnavausuilnaldesuuiiads Suesdinatounssounndunouiiolid
ArandlafansEUIuNIoeNIUUNINGYTY (@S Ayl m guum, 2557)

2.4 BANNITLAZNEANINIVDS

TutlagsudnnsAnuldlfaudidyfusuuuunisideusndy Yssam Basuian
(2547) na17191 JUsvUNITSeuludnuaslunisiuteyalunisfinandt wazuidymn
Tneitiluuuunisdaniidudnumusvesnisiuideya nsdnssidoudoyauagnszuiunis
Uszmanadoya anmisilufduiusiudsnndensouda Jausazynnadviidnunzves
nszUNSTIANeY YilTinssuiidneiu danavinlingAnssunisBouduandneiulusng
du veeufidnwurreansiuiiasnouauniieduindouageriaii: yaratazaise
Fousléis) vieaufuiiaemeuaussiedunadoutnszaesq Aned1ilninses yanatiaxd
Fnns5suiifesedonalunisdnlninsesnoufiasasy demnidnvuraeanisiuii
uanssfudadudnmileiivinlviypeadizuuuunsBouiiuandaiusg

2.4.1 nefnsseudanuszaunmsalinilunugiuvesguuuumsizey

1. N ¥§31993015158U31NUsEaUN1Sal (Experiential Learning Cycle Theory)
Kolb (1984) leagunain QL%EJULLGiazﬂuﬁaui?ﬂmjﬂ sghadunszuiunsiisdusuludy
’N‘i]i"?iﬂLLGiaZ%uleaﬂﬂ’liL%EluiﬁﬂzﬁﬂLﬁ%@iﬂ’]iﬁ&lﬂi‘ﬂ@ﬂ%ﬂd@i@lﬂﬁ?&l nsdansseunisasuiild
29930133 8uFnUszaunsaliigegsnneias i ouldanuiildiseusas iy uaiug
anuausalunslévineenisesnuuy aglilenadiseuldsuussaunisalegnndugusssu



32

FAvMeFunseanuUUNaR fusignannssy IS saouLAnAenIvdu Sifunis
gousgIsn1seenwuulaenis (Design Projects) wagdndiuiun1sseudannnisussenenis
ngufvily wavesnaEeug@lngjgnidluesufdinisesnuuu wu madisuiuy vh
yudiaes ilenswansUiulgdlunsarlasanisiioonuuuvesudazgiSou iunisitous
wuuluinislagasiionseyi Tuwsarlasinisesnuuu gileuasiauenufnnineg nisy
voutneluseaziBendiivadosiveimsiudazaueenuuy fisuansofumngnasisig
nsaesiinaeagn tnesjmisfinasugavhevesnisiious nedenansdgaoududuuziii nns
Titoyadoundunaznuniuteasuiiiefiazléfinduinunsesniuuliegingesuadiain
AanssunsiSeuiidaasaisnisiiouniseenuuy aziuldinenansdgaeulsiiiosudiingi
wugthwazlinnug  widibiloniagiseudanisiulym susieriuflasuussaunisalnig
Boufosrausussan lumsiieunsesnuu M dami 217

Ui 1 Uszaumsaigsssy
(Concrete Experience %39 CE)

TN 4 N13519RBIUH TR U 2 n3leInges
Active Experimentation %38 AE Reflective Observation#3a RO

gj d' I~ [
YU 3 NMIETULTUNANAITUINEITY
Abstract Conceptualization %38 AC

] g = % a = [y ¢
AN 2.17 GUUWQUﬂqiLiﬂuEWWNWQU{JQQ'ﬂifﬂﬁLﬁaugﬂﬁlﬂﬂiga‘Uﬂﬁlimm@ﬂ Kolb

N9¥1995N1958U3NUsEAUNITIVRY Kolb (1984; §1afisluinmann. 2547)
3uni nsrurunndeuiuasnisuiusivosyana Usenaudie 4 du mouiiiuicas
sarfloattu fudlie

Fuil 1 Ysraunisaigusssy Wuduneuiififoudiluiidrusiuuasiug
Usvaunsaiine iumsldanuddn uazBefedeiiintuniemuiinuysvauluonei

fufl 2 n1sladnsondutunouiigifoudsfiagsiiaudilannununsves
Uszaumsalfilisulnemsdannognsseunauiiionsinsnsesiionsan

il 3 nsasuiundnnisuusssy uduigizou Minamouarldanudaluns
asUunIvgondunannIseng

&
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fuil 4 maneassufoiass Wutumeuiifdouinormudlafiaguldludui 3
lUnpansUfiifase iienaaouingniesietumeuiituiinyszegndld
Mnnqufil Kolb Flitudn fidsuudazauaziiulutusiie wandraiu vl
n1sldiusingg lun1sSeuslaivindy veeutuUszaunisaliusssy vaudunisinsnses
UAUITUMENNTNGTIY tazusauiunsnaesfiReie dulnnusdlunsiious
LIANUARIINVGETAINETY Kolb Tahunduundiewiu 4 wuu il Ao
1. Concrete Experience-ce
- Abstract Conceptualization + Active Experimentation
Thinking + Experience AnsiogananUszaunisel wilsvauntsaliuiu
1Fayen
2. Divergence (ro+ce) tinAn
ATIATIANNTN + Usvaunisal
Reflective Observation + Concrete Experience nasuideynalaogng
wanvany Lendsn1siieu wazunladaymlameaues uavdssnisiden
3. Assimilation (ac+ro) #nnaass
Abstract Conceptualization + Reflective Observation A9 ® ¢ 14 WJu
szuvilsulonitelunmsfn Anegradusma ezlsilumeawaveserls wouidsnsseuLuy
dua
4. Accommodation (ac+ce) HnARILATIEI
Active Experimentation + Concrete Experience WantinUda n1si3eu
Tngn1sasiloufiRanunsaussendlinnuiivaniunisaleneg 1o wanlvduiu

fegetanululuudiTIInuLLIAnTes Kolb (nsnua lnsiansaa. 2546)

A15199 2.1 F1929MUBUIAAVBY Kolb

WUUN3AN TRRL R LLPGH
1. Usgaun1salidegussau 1. fmdmieniiazpensuuszaunisallvalg Tuvaed
Sgu
2. M3lnsnged 2. wudiFeuldAfiaaannisdang
3. ayUilundnnisunusssy 3. drmdsindimaralituEessineg AfdaSou
4. MINeaeIlUuRITe 4. Srmiveamaassvindeingg Tidiuaie




34

2.4.2 NeMsEEUTIULUUNIIAAYEY Gregore

wpdlanluudsaudiied 2 19 Ae JULUULAZUINGTTH Jnvinteya 2 Anvay
dnwazLInLuuLds Ingunaeiniing SnuaisTidewuudase Wi lAnnsAUNUIURUY
N13AA 4 LUU AB
1. AnLTe3USIIULULBATY (Concrete Random)
- @59aTIAINUsEEUNISel
- YAUNAQDY
- MIEYUIANULUUVDINULDY
2. ARLTegUsTIUMLILUULAY (Concrete Sequential)
-5u3 egradusyuy
- GRAUNR N
- MIRYUTAUUUUUNY
3. ANLTNUINEITUANULUULKY (Abstract Sequential)
- AAATIEN BENHIMIANANVANNS
- 413AR AUAD
- MIRPUFNINNTTUTIEY
4. ARLTINUINSITULUUDATY (Abstract Random)
- AR AT 88190aTY
~gnefn waniUBsuanufniiu
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3.4.1.1 MIWUINGUMINAILATIR/TEAUATLUUAIUNTOBNKUY

Tudruiiuenainasldnadugninisnsisaeusisiviuds Jald
wuvasuaumLatalunsidenldnszurunseanuuudmsuindne Iievnanudenndes
funadugvinienisiBou wardanauindnwimuarmadnoonidu 2 nau léun nguiidaanm
anlun1INIEUINNNTERNLUUS1IAIBie (Manual Sketching) LLazﬂﬁmﬁﬁﬂawuaﬁmiuﬂW'i
nSYUINNNSeRNLUUIeFereuinnes (CAD) TndlidnAnwidenilomienssuusin &

AN 3.3

A15197 3.3 LansuuvasuauaUatnlunisiaenlinssuInnITeRNLUY

anuataluldnszuauniseaniuy
sw%a;ﬁmaau WA | ASTUUNISINUUY | NSTUIUNISDDNLUU
31908l 19AUABUNIADS
AUl 1 S
AUt 2 AN

3.4.1.2 WUUUSLEIUNITINLUUANUAALUBIAY (Idea Sketch)

lunsuuudsziiuunaslumsdsuuuanudndosiull dosnismagounis
devoauuamuAndesuiildainuuamufalunisesnuuy Tneninsrsfieaniniiaaiu
uansinsressUuuuivadiufuardrudeunndinatu Tnefidedufantufinluduszosinay
FruaugUuuy antiudin 8 9reqar 15 undl (Faenanadt 3.4) Tudrunisussifiuguuuuuassesu
AnuuAnAsvesgULUUlE I Bvgiunseonuuuidugussidy 1donduiuguuuuid
anumzauvselianudululdlunisiauindadusidely Inefussliuasuennisuseidiy
oonidu 2 dau 1iud msdspifiumsnauuuarwandosfureanssuiunsesnuuuiteie

T UNTEUIUNITIBNLUUINAEABURABS FIN1197 3.5
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A15199 3.4 WEAYWUUUTZLIUNITINLUUAINUARLUBIA Ul LA IBITNAN Y

52831281/37UUURUY

FYN1INASDU 15 30 45 60 75 90 105 120 39U
i | Wi | wf | wd | wd | wd | wd | wid

Juugluuy

o S a X
QWU?UE‘ULLUUVIL‘W&I‘U‘U

M131990 3.5 wanauuuUsEiiumMITsluuauAaiiesiuludiuve sy

sxama’l/ai’ﬁu'augﬂl,l,w @’ MS O CAD
4 v 15 30 45 60 75 90 105 120 1MUY MUY
FIYVDNNATDU - d A L, g o Y o o,
Y UIN UM UM UMN UIMN UIMN UIMN UIN ;a"ULL‘U‘U ;a"ULL‘U‘UVIN"Iu
593 nsUsEu
YNAIBEINAUT 1 2 1 1 2 * 2 2 1 14 8
AUN 2
NUBLAR) MS = Manual Sketching CAD = Computer Aided Design

3.4.1.3 WuUUTZIUN1T90NLUUNNIWHENA 9 (Sketch Design)

iwdosflefiiunuuysudiunisesnuuunndsnandas aununauAnves
NT¥UIUNITBBNUUUYBY Earle LTUNTzUIUAITANIIULABIAUAITEB ALY
wdnfneignainnssy nelidnd@nwdidanuadata 2 ngu nageun1TaanUUUAIMII
AR U I@UIﬁéL%SU‘U?@ﬁWUﬂWi@@ﬂLL"U“ULﬁuﬂﬂizLﬁUﬁ’]ﬂJ%‘Hﬁ@Uﬂ’]iﬂizLﬁu 1AYLUINIT
naaouLaznsUszduoondu 2 dau fdl

dIUNTTUIUNTTRBNUUUI gD HFUNUUUTEENTINY 9 SULUY WU9
poneuNguNadunnEnIesnsouvesindnu Idun ndunadugrimmanisiFeusefudiild
§dufl M1-M3  sedunansldddui Ma-M6 wazsedugs [awui M7-M9 Tnelduuy

UsziuAIng1en 3.6
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A15199 3.6 LEAALUUUTLLIUNNTODNLUUNINI MHARN TN IENTLUIUNITODNRUUIT A8

- o . fussiiiuaud
WUUUSEAUN5DDNUUUNARA N v
ASZUIUNTTOBNLUUSIR I8 Un@nundrsud]
Manual Sketching ML | M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9
sunaunsUsTdiy AZLUY

Fumoudl 1 nMsidaym 10
Fupoudl 2 AnuAnsBuTedy 10
Fupoud 3 N15NAUNTBINITEBNLUY 10
Fupeudl 4 niAsIen 10
Fupoud 5 nsdnaula 20
- FhumgAnssaesywdilinu 5
- AU I 5
- AnvazaInauelunslaau 5
- ANUasnny 5
Funoud 6 msvnliAanadse 40
- ANUANAS19EIALUAITBBALUY 10
- LNANYAIYBINANN ] 10
- ANUEIBNYDINANN U 10
- 93AUSENBUVBINITODNUUUAINT 10

571 100

d1M5UNTEUIUNITOBNLUUINAIEABUN MBS HFUkuuUTeifiud Ui 9

sUbUUUAY WUseenaIungunadugnsvnienisiseuvesdndne lauwd naunadugns

MaNsiseusEAUmMldaiun C1-C3 seaunandldaiun C4-C6 uagsesvgs Tdaaun C7-

C9 ToelduuuUseliuaanisnen 3.7
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A5199 3.7 LEASLUUUTZLEIUNITOBNLUUAINI NHANN UNAIYNTLUIUNITBBNLUUI19A2Y

ADUNIUMDS
- o Y . fuUszfiuaud
LUUUSZIEUN5DDNULUUNARA N v
NS2UIUNITIBNUUUINAILABUNILADS ndnedeud
Computer Aided Design cl|Cc2 |G| |G| |Cr|c8|C
FunaunsUsEiu AZLLUU

Fumoudl 1 Msadeym 10
Fupoudl 2 AnuAnsBuTedy 10
Suneudt 3 NMINAUNTBINITEBNLLY 10
Fupeudl 4 nspsn 10
Suneudt 5 nsdnaula 20
- fhumgAnssuvesywefliny 5
- AU ILT I 5
- anvazaInauelunislaau 5
- AuUannnY 5
Suneudt 6 msvhlAnnadsa 40
- ANUARES19EsIAlUNITEBAIUY 10
- LNANYYBINARSUI 10
- ANNENBINYDINANN U 10
- 99AUSENBUYBINITODNUUUAINGIS | 10

334U 100

3.2.6 WUUADUANUNISLABN N TZUIUNISAUIIEALLD A LLNNTOBNLUUNAN AN

duaavnevediaieadaililunisidevesnszuiunisaienenanudalung
oonuuURAnSsTidunuuasunuiindnuiis 2 nduuasfaou lunseenuuundndos Tne
‘LﬁﬁfﬂﬁﬂmLLazﬂaauLﬁaﬂmzmumiaaﬂquﬁiﬁiﬂummamwuémﬁm% wuvasunINl
anwuzidudadseuisuldsedunisTawuy Semantic Differential S¥#1319AN 2
NSLUIUNIS (NSTUIUNITRNLUUIINAIEHD LALNTYUIUNITOBNLUUS 1NAIEADUNILADS)
PUTYRALAUVNTANATEAUANUAAIUATLAY 5 SEAU LUUFBUNUAINUALTSEAUAINN
Aoy Tunsidenldnszuiuniseenuwuusismeiioagluiuay 1-5 dudredle wayszduay
Anrunisidenldnsyuiunmsesniuusiwnensuiiawes egluduay 1-5 durnie ligaeu
LuvaULdonsfuslavmuauAnivlulssifunniey  winfinudadiuldiaans

A5z UAIUNAULILAS I8 TUYRIRnTINANa LR 0 AIR1SI9N 3.8
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A15199 3.8 WAAYWUUABUDINNNSEDNIINTEUIUNITAUSIUALLDEALUNITODNLUUNANA U

N3ZUIUNITIDNLUUINN N3TUIUNITIDNUUINN
sngazdenlunis wwiia Aagnauiiunes WA
gonuuumAndmel | S5 | 4 |3 | 2] 1 [0 112 ]3]4]5 | wge

nn || U o ﬂ‘aa Wi ﬁpa dog | U | wn N
fgn nNANg fgn en naNg fn

1. Idea Sketch

2. |dea Development

3. Dimension

4. Perspective %39

Rendering

5. Assembly

6. Detail

7. Ergonomic

MQJWEJLMGJ* A = @gaan B = i’J(ﬂL%’J C = Uszndala D = @383

E = w@loudde F = danuatin G = duq (Usasey)

3.4.2 A998 LY IUN1SIYVBINTLUIUNSADUNDUNAUDNINI1INANN U

TudruaseeliaNltlun15398U09N TLUIUNITABULN DU LAUD NINT1IHAN T U9

azldinToslonazsuazdunn1sUssiium1eg  Wwuheduduesesllenldlunisideves

NILUIUNITONYNBAAITUAATUAITODNLUUNERANT  TUdIUIATEINaE LU UL UUUSZIEUY

N150NLUUNINI1NANA Y (Sketch Design) ¥89NTEUIUNITABULNDUILAUBAINIS

NARAUN 9IUAIUNITEDNLUUAINS WNAn ST uNndaulaslvsieazden wazludiunis

panuUUNNS1NanSndeulnglafinnsmruasazden

3.5 nsnudayalunisive

maiudeyalun1sifensail

a

3.5.1 Yayaugugdl

v

VA o

(%
a

Vo

W398

Y

lovinsinudeyasenidu 2 Ussiam leiun

ML AYINNTHIATIENTLUIUNITONENDAAMUAAIUNITIDAKUY  LNULEUD

Y

ANSNNANS TV INANYIENIIVINTORNLUUNARA N TEAUUS QY Im3  ienUsELAY

] [ [ = a 2/ a = al 1%
dsuilumainlunisuseidiu  wazasruasesdnlunisnaaeulunisissunisaauaiunig

sonuuUKAnSeianavnssuinanlindiiu Ineuuaiinismageulunisiivdeyalunsife

pondu 2 dwvan town
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3.5.1.1 n1sAuteyalun1s3denssuiun1saienennIuAnlun1seenwuy
a [ 3 1 [ g [ dy
nanAu lnguuady 5 Junou A9l

1. \iususandeyananinideu (Transcript) vestinAnwdulgavinediiu
freens Tasutsszdumudusaildsunnmadeu Faudat 2 dw dnwsnaadugrdanan
MSNAAEUAUNNTEDNLUUATNI NHARA T aNnTTa 2 ﬂsvmuﬂdmﬁﬁmmaﬁm‘luﬂsvmumi
aamwmwmaua (Manual Sketching) ua gnguidamnuaalunszuiuniseaniuuesie
ADUNAADS a:]mnaaamaaqumﬂﬁmaa&mawﬂﬁﬂm wuseanidu 3 nau lawn nguin@nwn
AnsaedsannsBouluseiugs Uiunans wage

2. MsNAdEULIARIUNST L UUANEANL D acdy (dea sketch) AIAelTIENg
dungulalldanuunaziliu(Non-probability Sampling) Lwaiﬁlﬂmwmaﬂwmvsanﬂammaasmm
fOIN1T I@ﬁiwuﬂﬂﬂmmlmmﬂammamauuimamaaanuwm 2 NSEUIU AB NTEUIUNIT
PONLUUSIAIEED (Manual Sketching) WALNI¥UIUNITOBNALUUSAIBADNALADS (CAD)
Tangidmunaylallandndusiodaforty uislszduaiuendielndidesfiumieu waua
msedinAnuiivszaunisainsosnuuunandasisiaiisatuvieriamug §19 0199zvh
TiAnLwIANAATUNISAMUINERAMN (Idea Development) 11ANLUIAATUNITI LU
auAnS eIl (Idea sketch) Snislunsivuslanddnssimunidennansausiiaiunse
frenoauuInuRnd st uitldannuwanuanlunses nuuuiiaansoadedununisle
wannwans Inenszuiunisesnuuuineiaeiie tvuslandifuniseenuuuiniectevuuis
FanAnwanunsauwansldvainnans 1wy wiewuaiidldnelutiuineids wisdds
yunthidmsudiinisiuaning vieintesthouniidmiviunuivielsusudineg osnd
arauannsuisnslinu vsslenildass nquild auavdorhmin Hudu nssuiuns
pnuuuIFeneNinged fvuslandiuniseenuuunonsdnlni Falauendte
aududeulndifsaiulandniseonuuuiaiostundls adunszany 100 Yausdmsu
NIZUIUNITDDNLUUTNAELD LazlUTLATUNINNITOBNLUUE NS UNTZUIUNITODNLUUTN
pgAsuiaed Tuauia A2 (420x594 dadiuns) mﬂiwéﬁﬁmu@ﬁwlﬂgi%umauﬂﬂiaaﬂLLUU
ANIIRARTET (Sketch Desien) ludumausialy

Al 3.4 n1siiusiusindeyalunismegeunwifalunissanuuaL Aoy

PIUNTLUIUNITIBNWUUIAIELD
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Mnil 3.6 nsiiusvTdeyalunismegeunwifalunissakuuaL Aoy
AIENTTUIUNTOBNUUUTMUABUNINDS
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IDEA SKETCH Wi 52

AN 3.7 FIENNITTNBUUANLAAUDIAUAIENTEUIUNITOBNLUUS 1PUADUNILADS

3. NSNAADUANTODALUVAINIINKNENA U (Sketch Design) 21nn15UTELTU
waAnlumsissuuaundesduluduneuiiudady IWinAnvnisuuuuuauie
wandeioonLuuMenszuunsoenuIeieiiold denun 1 sUnuy dnsian
wandnsiserduniseonuuua wsananfug Lazidenuidn 1 sUuuv floenuuudae
NTUIUNITODALUUIIMIEABNAIABS drunWaunandureiduni1soanwuUAINg 19
NARAMTLTUNY LaullnsAUsznoUMI99 L9U Concept, Dimension, Perspective %39
Rendering, Assembly, Detail iagErgonomic adlunsza1y 100 UoUAGIMSUNTEUIUNS
2ONULUUT19MI8ED kaglUTLATUNIINITORNUUUAINTUATEUIUNITOONLUUS IR
AONNAADT TUUWIA A2 (420x594 daduns) wionasansenmuadliseuioy lagldisnis
9ONLUUI 2 NSEUIUNTS AD NSTUIUNITDENRUUIIReile (Manual Sketching) waz
NITUIUNITOONLUUINAILADNNLADST (CAD) mulangiAuguLAeIAUAUAITNAGDULLIAR
Tun1ssnanuumuAndesdy (dea sketch)

Al 3.8 N1sLAUTIUTINdaYAlUNINARO ULLIRATINITEDNUUUNNI NGRS

MUNTLUIUNITIDABUUIIAIEID
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L DEA SKETCH SKETCH DESIGN

Ml 3.10 NM5AUTIUTINToYEIUNITNAAB ULLIAALUNTOBNLUUNNI KGR T
AUNTLUIUNITODNBUUITNAEADUNILADS
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, DE/IGH

skelh degiemy [1c ryrarion |

ax IAA T e
£
© UNIT OF .M.
TR
[
B
S ik

)

[ RENDERING

i

FRONT VIEW

Concept

=T

|—- Unit Of C

e e | =

WA DUADSSU WANGNONA UDH. 5741

125750901042-2

AN 3.11 FR9E19NTBBNLUUNINI NNAAN UNAIBNTEUIUNITOONLUUINMILADUNIADS

4. ¥RINITNAGBUNITEBNKVUA NI NNARSNTLase FavnsaeunIualIy
AnviutnAnvinariaeu eaiunadenldnsyuiunisivieazdenlunisesnwuundngdom

2NN 3.12 miaaumum’mﬁmLﬁuﬁfﬂﬁﬂmLLaw:JaauLﬁmﬁ’umiL?ﬂaﬂii’fﬂizmumiﬁ’u

SNYALLIYALUNITOBNWLUUNANS N

5. daugavinevaanisiivdeyalunisidunseuiunisatevenainudalunis
penuuuNAASng Taen1siwasunisoeniuutesindnuiiliannisnaaeuiis 2
nszvIuNsLag 2 Msnaaey TWigormasunisesnuuuduguszifiuauinusinig
Ussidiurzuuniinanliluedosdofldlunisise vndulshnanisussdiusasnanisaeunny
AldluAnsevinanisedia Weagunanisidesely
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A 3.13 i ussdiunisnaaaululAnlunsTwuuaLAnUesiu(ldea sketch)
W4 2 NSTUIUNS

a o -
o N

/. Y8

AW 3.14 e UTEEIUNNSNAFEUNITORNRUUNINT NGNS U9 (Sketch Design)

N 2 NTEUIUNT
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3.5.1.2 naifivdeyalunsidenszuiunisasuiiodiauen nsawdndoe lng
! < g o &
wuseanilu 3 Juneu fail

1. fAveldvinAusiusandeyananisiseu (Transcript) vosin@nyu3gyayng
MUMIINToNUUUNARS LigMaIMnTTL S 1A 4 fu dnAnwiflaunisdnwluuda 3 Ju
$1u7u 124 AU uaziinAnufiddsdnududantie 1 u S 65 au ethlumanduusy
avsavduiug uaznisdanguiadedinduaruataesindnu wetluldlumafvloya
Tun1INAABUNNTRRNLUUATNSWNARU (Sketch Design) sial

2. MINAABUNITOBNWUUNNTINAATU (Sketch Design) Wunsnageuli
UnAnwraslieufuRvinwuusiaudnsiast (Sketch Design) lnauusnisnaaeusanilu 2 ﬂ%”’m
az 5 %alus loud nismadeundadl 1 (Sketch Designt) aziinsudessasideniunounay
nansliazuuueg1iazidon daunisnadeundadt 2 (Sketch Design2) @eazlaldl
188 eATURDULATIN AT UL ATLUUALYE 2 33n150819a 100 Azwuy 1ned

19828 AlANglUNITNAABUANNNNA I TUNBUNITIVENTLUIUAITAD U UL NINT
NARNNUNIUIUNDUN 5

| W ™ ”' ."
'TETCH DES@ey

ik

.

DIMcaN2?

AN 3.15 ﬂ’1'3Lﬁmm'smﬁ’aga‘iumzmumiaauLﬁaﬁwLauamwiwwamﬁmsﬁ
TUN159BNRUUNINI AT 09N

AT 3.16 AI9YNNTODNUUUA NI WRAANUNN1TNAFDUATIN 1 (Sketch Designl)
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e 4

T DEPEEIPHINT
AeTEErY

AT 3.17 A1981NTOBNUUUATNS WRARATINITNARDUATIN 2 (Sketch Design2)

3. gavnevesnistivdeyalunisidenssviunisaouiiotiaus nmsng
wansfel Tnonsimasiunisesnuuuvestn@nwifildanmanadouis 2 nduuay 2 3
gy TUlRdeanaiumsesnuuuiluussifiumannasinisysyiluas uu wuifety
funafiuteyalunmsifonszuiunsdrevenaufslunisesniuunandos Tntusina
mMyUseiiunagnanisaeunailalUinsgsinansada oagunanisidesioly

3.5.2 Jayayigil

Y

ARdelavinsfnyideyaain vilvde lNaswdde unANININT wasdaiun
Aee dodiannseda wazidled Waniesient  duesied  etunlddnwinssuauns
018919AAINAATUINITEDNLUL INOUILEUDNININNENF U

3.6 MIAATILNTDYA

e esiteyaiitethdeyaildanmsiiudeyaanuuuasua uazuuudszidiy
udfunsegiaduszuy efazlilunisnoudnumidouazgaussasdueanisidels
ogeliusedniam  mydeneideyaillilunisifeedsiinisuvauasdnduadaly 1oud
annAuTIEIY (Descriptive statistics) Lazanife1994 (Inferential statistic) wazn1siaenlaiana
lun1simsevideya lneAiesfednuuy/Useinnvesdoya,ingusyasAveaniside uas
fonnaudosfuvesadfudazUssianinunuszaanadislusunsudinsgiada Taod
swaziBadil
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3.6.1 d0AU33818 (Descriptive statistics)

THussenefsdnuazvestoya Tnelfiadosdielunsidelnoagudnuvasiddny
YaavaUAUTENOUMY
3.6.1.1 NMIHANLIIAIIUE (Frequency Distribution) waz$oeas (Percentage)

T¥fudeyanegluminsuiutaed (Nominal Scale) vo9s1uidy 1ty
AundalunsEUIUNITERNLULTY wagnguradunyivanaiFeuresindn

3.6.1.2 Mmyiauwwiliandngdiunans (Measure of Central Tendency)

Hunismananey A duiunuvesdeyaimuafiiusausumm
Aiade (Mean) vosiuuUszdiunissauuuarmindoiu léun IUIUFULUY wazIwIUY
sUnuUianunsnluiaude  dhuuuuyssiiunnsesnuuunwsanandast 1iua nsuszidy
N1500NWUUNANANI  UazgavineluvaaunIunsiaanldnseuiunsiusasidenlunis
sonwuuNARSuILTuAAzUALARLTY

3.6.1.3 M3IANTSN5¥A8 (Measure of Variation)

\Wuadauansliifum uunnssiursenisiuuusvesdoyalungy il
nsududosuuinasgIunInIzevesteyaiiofinsuiazuuuusdayfazunnsaly
nAnasntesiiissla 1fuA drudesiuuuinsgiu (Standard Deviation) ¥94LUY
UsgaiunsssuuuaruAndesiu dus Suausdiuy uagsiuuguiuuiianansaluiam
o duuuyseidiuniseeniuunmsnaaduet laud nsussiiuniseankuunang e
wazgavneluUaoUaIunIsiientdnszuiunisivsgazidenluniseanuuunansdmeidue
ATLUUA U AR

3.6.2 @0#019949 (Inferential Statistic)

£
av Ava v

mAdeiidedenliionzmmageunnaunnsisszineiadsvesuszeng
2 nqu Liludaseradu n1stasizianundsusiuiuuniafies anduius nsiesied
9dUszney waynsdanduiiuls ilenoudniuniside TnefiseazBendsd

3.6.2.1 MIVAABUANUUANANTEIINARAEYRIUTENS 2 ngu (Tudasesio
U (t-test for Independent)

WioTins1zianiadazuuuyssiunseenuuuNansus wazanuAnfiuves

'
1A

PnANwINALNTANLAERTUNIINTLUIUNITIINLUUT NI  WIsuieuTuANLAALIUYD

q
'
oA

UnANYINGUNNAMUOUALENITNITZUIUNITOBNUUUI WML ABUNIADT imﬁgqﬂa;mﬁ@mwﬁ
waznguatauufiniseanwuunmsndndue  lagsuddeivuaseautdediAylunis
VeEoUTt 0.05 Ao maudesiufl 95% wismsieszdeeniu 2 du fe

d1ud 1 irsgiuuulseiiunissrsuuanuAniie iy wuuUseifiunig
OALUUNININKNANA Y waguuvudauaiun1siaenlynszuiIun1siusIsasdenluns

DONLUUNANAUN
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drufl 2 Sinsziuuvasuaunisidenldiniesielunssuiunisnsesnuuy
WAnSwe waswuvdeununsdenldinsesiiolunisesnwuundnsag Taufunuinsia
WUU Semantic Differential Scale nszsumiudnLiuvetin@nyl Tuusswiu Idea Sketch,
Idea Development, Dimension, Perspective #3® Rendering, Assembly, Detail wa g
Ergonomic (1nfign 110 Urunana tey weedign) Tasunuaseiulunszuiuniseoniuusns
sesle 7 0-5 wazemuAniuesTnAnwfinenssuiunisesnuuuTsERoLImes T 6-
11 uazsyiUAUAMLAUT NN iAo M A IE8INTEUIUNNT WNUASERUT 5-6 (9
A15199 3.9)
1) seduanuAndiuiifdenisldnssuiunisesnuuuseieile
5e1319 0-1 loun anudawiulunisidnszuiunisesnuuusienleiionn

e
syvine 1-2 1w annuAaiulunisldnsyuiunisesnuuusameiiain
senIe 2-3 laun anudnmiulunsldnssuiuniseanwuus1emeilaunu
nang
se1ine 3-4 loun anudawiulunisignssuiunseanuuusemeilotas
semine 4-5 lawn anudnsinlunisldnszuviuniseanwuusemeietas
i

2) sedumuRniuitinonistdfs 2 nszurunis
581119749 5-6 bouA audasiulunistdnssuiuniseanuwuus1enlsianay
NSYUIUNNTOBNLUUIIIEABUNILABSINAY
3) szduauAnmusisenisldnssuiunseenuUUT eI AL MY
521319 67 lawn anudaiulunistdnssuiuniseaniuuInesay
AoufiaLnes YouTign
581119 7-8 lown anudsiulunisldnssuiuniseenwuusanie
ADUNILADS UBE
s¢1319 89 launa AnuAaiulunisldnszuiuniseanuuusienie
ABUNILMBIUIUNAT
5¢1319 9-10 laun anuAsfiulunisldnszulrunisesnuuusnanie
ADUNILADIUIN
5¢1319 10-11 lawn adudaiulunisldnszuliunisesniuusiesay
AoufaLmoINNTian

AN5199 3.9 ANasEAUIRTEIUAILANITIUYBINSITIATagtlnlun1TeRNLUUNEA U

Usziiu Manual Sketching CAD WWSIE
5 q 3 2 1 0 1 2 3 q 5
L 1A | wn | U | Ue | Uew | Wiy | dew | Wew | U1y | WA | 11N
2 fian nang fiam fiam nans fiam
3,
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3.6.2.2 N15LATIENAMULUTUTIUNILAYY (One-Way analysis of variance
ANOVA)
dieiSeuiisuaiaderesiulsBass iidaudansaviainnninansdn
fusuusmamisiufielifuiiinduanadefiunnsstusgreiifoddyviel asTasen
nauNadugVENI9NTsEsuTesinAnvanuuulssdiunishauueuAndewy waziuy
UsziiuneaniuunIns NxEn e
3.6.2.3 My IATIwBIAUsENaU (Factor Analysis)
iiedunguniesiungy viesiudiuusifinnuduiiusiulilungy
WAy s?fammé’uﬁuﬁ’ﬁﬁmmﬂﬁqm%uﬁuluﬁamamﬂLLasmaa‘u fUsnelussduszney
ey azflanuduitustuiomndurestadot induauain
3.6.2.4 MyBATIVINGUTaYA (Cluster Analysis)
nsudanguiindnufionnduiladedtadunnuaiin Ineldnadugvi
yamadsuresinAnwdudanthe Tnefnudnsasnsunaueaniu 2 dm dauusnliud
nguiifinnuadalunisnszurunisesnuuuIfieile uagnszUIUNITEBNLUUTIY
Aeumed wardufiesdoruaiavguiuazadaufiRnnseenuuunmsesansdosi
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HANSANYILAZNTIATIEYRYA

sAnwINsEUILASIENEnmLARluMsENIUY It iauen WS aNER o]
i amneiiinwinagiiaszinuuanasveInadnvazveaindnyidun1sesn LUy
winAmusignaivnssy Toun anuadalunisiiaueninins uagnaduguinienisiieu
Wisuifisumnuuansinsvesnudnuazvesin@nwiiinssuiunisanevennuAnniunse
UIuMsoRNLUUTINNETe LagnszUIUMIeBNLUUI e ReNTme fTideUsyAnEnwly
nsdLauenmINEani e uagiUToulsuauuanaavesnadnyuy v snAn il
sUBUUNISEUILMSSBuNIsaeu deUssansamlunisdnauaninsiadndue diluglade
stausLUz e AN suNABUMUNTEBNLUUNANA D gRE N ST TIde ARy
nguiinAnwifidauatafiunszuiunisesnuuundndusiiuandeiy wagiiloifia
wadugrisnuninieuvesinAnuligedu Tnsudanisiinseiiienaudioinniside
Saiolui

4.1 N15IATILANTZUIUNITAILNDAAIIUAR

4.1.1 Ainnesinszuaunissienanaudalumsisvuaudndosdy anadnu
atln
INNINAFDUNTEUIUNTIEIBNEAALARTLN 15T IUAIAR TR (Idea
Sketch) a1nA3UaNA ﬂgjuéhasmLﬁuﬂfﬂﬁﬂmﬂ‘%mﬁgm‘ﬁ%ﬂqmﬁw INAIVNIVINTT
DONUUUKANsTgmamnTsn $1uu 56 AU usesnidutihdnwindanuadamenszuauns
penuUUeile Swau 37 au waztinfnwiifinnuatiafmenszurunisldneufianes
$1uau 19 au (Fsnseit 4.1) TnefimsimusnagFunamiendufinuaidurasmn 15 uni
JUATU 120 WA AINNIINAADU  WANITILATIFYNUTIINTEUIUNITOBNUUUI A8 0]
AedguuULUURET 16.43 SULUL Jannndinszuiunsesnuuussneneuines i
AededuiugUuuUegi 6.93 sUuu luszeznanvingiu
MIMAFDUANLUANANNTEMINSANAAB T ILIUTULUUM TENEMERALARTUANTINS
wuueuAn Do sErinensEUIuNIeINkULTIiIETe way nTrUIUMIERNLULTY
Aoufiumes Jaudaznszuiunisldifudassuniy  wan1slATIgsinuin nsnAdeUYn
YIWIAALTEYLLIANTIN(L20 UI9) AUNTEUIUNITOBNKUUIINAILED LAZNTEUIUNNT

o w a

! ' a 3 ! U ! a o ad (% v d'
DONLUUTNAIYABUNIADT LANANNUBSINNUF YN NADANTLAU 0.05 (MR35 4.2)
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[

M13197 4.1 LAAINITIATIRRAMENYENAUAIDE19

UoyaseazidunnmManyMengufiiagg U Jouaz

1. e

1.1 %8 32 57.10

1.2 %4 24 42.90
2. ANUAUALUNIZUIUNITOBALUUI

2.1 NT98ALUUT ML 37 66.07

2.2 ANI98NLUUTINMYABURIADS 19 33.93
3. ngunadunEINsSsuTasindny

3.1 sufush 15 26.79

3.2 5$AUNANY 22 39.28

3.3 5¥9AUGH 19 33.93

994 56 100

A1519% 4.2 N15LUSEULNBUNTEUAUNISONENDAAINUAALUNITINTUUANUAALUDIAU
SENINNTTUIUNITODNLUUTINAEID LAY NTEUIUNITODNLUUI190AIY

ADURIADS
I2YLLIAV/ATUIU NITUIUNIT NITUAUNIT Independent
sULUY 2DNUUUTINAILUD | BBNUUUIINNIEY Samples Test
ADNNAADS

X S.D. b S.D. t p
0-15 w9l 2.36 1.66 0.82 0.77 6.62 0.00*
16-30 w9l 2.54 1.39 1.02 0.77 6.83 0.00*
31-45 Wi 2.09 0.82 0.96 0.79 8.49 0.00*
46-60 WY 2.48 0.93 0.89 0.76 11.06 0.00*
61-75 U7 2.02 0.86 0.84 0.76 8.88 0.00*
76-90 U1l 1.79 0.93 0.84 0.78 6.52 0.00*
91-105 W17 1.79 1.64 0.86 0.75 4.00 0.00*
106-120 w1l 1.37 1.32 0.70 0.74 4.15 0.00*
32821301994 16.43 6.07 6.93 4.60 11.51 0.00*

* P<0.05 wanaeAueg1siitedAyneana

INAINAABUHANITIATIENNUTTY AIUATAVDITNANYING 2 NTEUIUNIT
411130319ANUAAUBIAUMIENTFUIUNITORNWUUT MMl aliAnafs T1uIuTULUUET
16.78 sUwUU Faunnndinszuaunsidaeuiiomes danafednuiugliuuedil 6.63 Uiy
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a

satadaugUuuuiiawnselusiaundeluningau Inenssurunisesnuuustedieiied
ARABIIUIULUURYT 6.3¢ UL FsnnniinszuiunsesnLuUTiieRsLialnesl]
AededugUuuuegi 2.37 uuuu lussesnanving iy
NsNARBUAILUANANISEIIA AT LAugULUU A AN DR ue NN
SULUURARA MM AIAUaTAYetnAnyl  SENINNTEUIUNNTEBNLUUI NN WAy
nszvsunsldnenfiomes Fsusaznszuiumsifudassuntu  wanisiesizvinuin ns
yadoumLnTAveNinAnyIfY / nTrUauns waznmmiifinadensruaunIseeniuug

MEULD LAZNIEUIUNITODNLUUINAILADUNILADS WANANNNUDENITIUEAUNINED AN AU

0.05 (415797 4.3)

A19199 4.3 NSTeuigUUTEANTAINLUUI1INANAALTBIAY  LBNITAMEIFULUY
NARAUNANUAINUAUATDIUNANYY SEUINNTLUIUNITOBNLUUTAYLD LAy

NITUIUNITOOALUUTNMEABUNIADS

AR LUUTeALARL e dus e LUUTIANL AR e LR e Independent
294 NITVIUNITOOALUUI WML NITUVIUNITOBNLUUT NG Samples Test
UnAnw/ AOURIADT
NTLUIUNNT U U % U U % U
POAWUUIN UL gULLUUVi pURLY EULL‘U‘Uﬁ gﬂLLUUﬁ
#73798 #1315 #3190
Tunause TUnaume Turiaiuse
X |sD.| ¥ |sbD. ¥ |sD.| ¥ |SpD. t | p
ANUDUA 16.77 | 488 | 6.41 | 244 | 38.08 | 595 | 361 | 1.82 | 091 | 33.05 | 11.9 | 0.00*
NS0ONLUY
5198l
ANATIR 16.84 | 6.85 | 6.22 | 3.44 | 34.23 | 7.95 | 4.54 | 3.46 | 2.30 | 41.92 | 5.06 | 0.00*
OALUUIN
Ae
ADUNUMDS
573 16.78 | 4.87 | 6.34 | 279 | 36.78 | 6.63 | 4.03 | 237 | 1.70 | 36.06 | 11.9 | 0.00
* P<0.05 WanANAUeg1lTud AN San

]

4.1.2 AATITRNTLUIUNTTAIENDAANNAATUNITIIUUUANNAALUDIAY 31nNGY

NAFNNENIINSISIUVRMUNAN®WN

nsuansmananttlunsnageunsIATIzANLUSUTIU(Analysis of variance)

JAYAIULANANNTLUINVIITLYLLIATY 8 T8y ‘ﬁa'qma&iaﬁ?ﬂmugﬂwaaaﬂigmuma

! a ! a 491 2V £ %4 L% Q‘{ -dl v =
ANENDAANUAALUNITINUUUANUAALUDIAY I@EJSL“UNaﬁNQWﬁLﬂiﬂLQaﬁl(GPA) VBIUNANYN
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waeanilu 3 ngu léun nguin@nwififiinsadsainmsieuluszfud $1uau 15 au
sEiuUILnaNs $1u 22 AU WarsEAUgY Su 19 AU (Famsieil 4.1) Teenguiindnwid
insaedsnMsBeulussfuaddededniusuuuutesiian $1ui 3.14 JULUU 599831
Ifunszduunans fidedsdiuguuy $1udu 4.38 5ULuU wagseiugedaadoduiu
suluvLAdige §1u9u 4.92 Uy danluszeznaisumuildfiujduiussmsenitangy
vostinfnw uansiiszduinsaRasanmsBeumstuliidssadonszuaunsaenonauin
Tunsirsuvuaudadosiu uiludisszeriaa 0-15 wift F(2, 109) = 1540, p = .00
12958881987 16-30 Ul F(2, 109) = 3.38, p = .04 wazlut9szeziial 106-120 Wi F(2,

o w a

109) = -3.87, p = .02 wansafuegnedifudfameada.os (Fan1snad 4.0)

M19199 4.4 N1sWSEUTBUNSEUIUNTANENERANUAN LTI NMUUANARLUBAY 910
NAUNAFUAVENIINITTEUYVBILNFANY

Y93YLLIAY/ nauKadugUBYNINsEuTastindne ANOVA
SRR ITRTINY syium szAUUIUNA1e FTAUFS
N AL50, -~ | &\ SD, /3% PO F p

0-15 W Q.BI \WO:S2 1.48 0.72 1.94 1.24 | 15.40* | 0.00
16-30 w1 147 | 1.00 1.43 W\ PPy 24083 3.38* 0.04
31-45 U 142 1.45 R 0.90 2.00 1.69 1.03 0.36
46-60 U9 1.31 | 0.95 1.45 1.01 Ly A 0.97 1.68 0.19
61-75 u 1.67 0N 1.63 1.01 1.69 ol 0.03 0.97
76-90 UM 128 | 1.11 1.55 0.99 1.44 0.94 0.69 0.50
91-105 ¥ 1.19 1.04 138 0.80 1.44 1.05 0.61 0.55
106-120 w1 094 | 0.86 1.05 0.99 1.75 1.95 ') o 0.02
ITYLLIAIU 314 | 279 | 438 | 476 | 492 | 5.08 1.59 0.21

* P<0.05 wanAsAueg1sitdAyneana

dummegoull fRdelduansradAnldlunisiiasieiauuususiu(Analysis of
variance) UadaauunnsinasenitanguradugnsnienIsiseuveinfiny) Ndwmasednuiu
JURUULAEIUINFURUUTANL 50 NI ARURIN S8 UIUNTENENEAAUAATLENTIIMUY
pudndesu LagldnadugnsinsawadsGPAwesindnyn uueendu 3 nqu laun nau
v = Qlld d‘ a U LI) a0 QAI o v d‘ o
UnAnwniiinsaadeainnisiseuluseiui daadeduiugiuuudesiign 311U 9.57
sULUU wagunsadnluiauisield 9auiu 2.58 gUkUY sesasulakiseduUiunans &
ARRETIIUIULUY 910U 11.55 JUuU ansnsadiluimusield 91uiu 3.94 sUkuu uae

U a0 ‘NI o ‘NI o o U 1 v o

seAugs TARReTIIUIULULNINTER F1uu 13.58 Uuy anansaihluiawsels $1uau

6.25 gUuuy dulunmnsiunuifduniusiuseninngunadug nsnnisiseuvesinfn
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WAAIINTLAULNIALRALINNNITEI HUANNUAINARNBDNTEUIUNITANENDAAINUAA LUNITI U

AMNALUDIAY F(2, 109) = 16.55, p = .00 TUEIUNTEUIUAIIATZUIUNITODNLUUIINAY

9 F(2, 109) = 40.72, p = .00 LAZATEUIUNITODNUUUIWAILABUNUADS F(2, 109) =

o o a

7.10, p = .00 wpneniuegalited1Ayneats.os wazasulainlingunadugnsnieanisisey

veetnAnwiagratoy 1 sUkUU Nln1sinafenszuIuNTaIeNenAINAnluN1TIIaLUY

ANUAnLUBIAULANAATY (A10191991 4.5) Fedeeinn1siUSeuiieusean1enasiingies

ANMULUSUSTUAIERS I UA1S 190 ALY

o a = a a ] a & 1 = Y
M1914N 4.5 ﬂ']iLUiEJ‘ULV]EJ‘U‘Uigﬁ‘VIﬁﬂWWLL‘U‘UTNﬂ']']llﬂ@LU@QWULW@ﬂWiWWUWE‘ULL‘UU

HARST MNNFUHAFUGVEVINITIT B VRN AN

NILUIUNIS NANRaEnYEININTSeuvesinAn ANOVA
DALY SEAUM s¥auUIUNa JYAUGN
/NG S ORAP 11w 11w SRMRN 311U F p
Nag“{mm‘é sUlUY JUWUU JUKUY JULUUM sULUY JUWUU
— amnsaby ansoly ansnly
2o Wouuse Wounele Waee
X |sD.| x |SD.| x |SD.| x |SD.| x |SD.| x |S.D.

AMNOLA 14.0 | 552 | 3.68 | 1.77 | 16.05 | 359 | 576 | 1.61 | 19.84 | 4.09 | 9.11 | 1.98 | 40.7* | 0.00
ASEUIUNTS
DANUUUIN
Mgl
ALALIR 513 | 226 | 1.47 | 0.52 | 7.05 429 | 211 | 1.14 | 7.32 4.63 | 339 | 229 | 7.1* 0.00
ASTUIUNTS
DANUUUIN
e
ABUNILAIDS

374 9.57 | 6.13 | 2.58 | 1.71 | 11.55 | 6.00 | 3.94 | 2.31 | 13.58 | 7.67 | 6.25 | 2.29 | 16.6* | 0.00

* P<0.05 wanaAusg1slitedAyneana

MNMTIeTiaNuLUsUTIUIUIuuesladeanuuandesse ninangunadug s

N13N15L5uveinAnyr NdwmadaduiuguuuuiaintsolunauImeaueInssuIuNIg

a1eM8AAINAALUAITINMUUAINAALTUDIAY HAunanasdusgslidudAyn1sads 39

nsiUSeuiisusied Wnedudiuiivansaradfdmiun1smadeunuuanAIuuUTUg

WA (Multiple comparisons) lagidanldnisnaaauuwuy LSD ludiunssuiunis

nsrUIUNITERNLUUTIIele Fliiuideisaziuurainguindnwndinsaadsainnis
Seuluseaum (M = 3.68, SD = 1.77) sgauuunans (M = 5.76, SD = 1.61) sesiuge (M =

U I

9.11, SD = 1.98) karseAUUIUNANNNUTEAUEN ANARBDATLUIUNISONENDAAINUAA LA

Y

o v a

SBUUANUAALUDIAULANANNUDE1NTUYAIAUNI9EDR .05 FIUNTEUIUNITDINBUUIY

o




67

pigABUTIWeT nulAeduAzkUNYINgulnANwINTinTamdsInn1Tseuluseaul (M
= 1.47, SD = 0.52) fuseaugs (M = 3.39, SD = 2.29) uagsgauliunans (M = 2.11, SD =
1.14) fluseaugs AkadenszuIuN1IaNenenAUAntuNITIILUUALARL UBIAULANGnaiY

1 a v o L2 aa 1 U d‘ ! U = d‘d d‘ a U (I)
agaildeddnyneadia .05 wuiu luvaeinquidnfnwiniiinsadennisseuluseaum
LdupnsineiussAuUunans(@nnsen 4.6)

M13197 4.6 MIVAFBUANULANALUUTUANAN InMsiUTeuigulsEAvSamuuusg
AUARLUBIRUEN IR FURUUNERS M INNFUNaFUnNESNIaNITITEU

YosnAne

NITUIUNTOBALUUTIIMELD e i Uunang a9
i 3.68 - 001* .000*
Yunang 5.76 - .000*
o 9.11 .
NILUIUNITOONLUUIIAIEABNNIADS

i 1.47 J 218 001
U1unag 2.11 - .010*
o 3.39 .

o o

* P<0.05 LANANAUDYINLTLAAUNIADH

o

4.1.3 JATITANTTUIUNITAINBAAIUAATUNITOBNUUUNINGIN AINAIUATIALAL
NEUNATNNINIINTITEUYaNANEN

AsuansAEdRTdlun Mg UASTUILAISENENERAINARTUNISBEN LU
(Sketch Design) 21nA11A1IR TngmsianzidademuuansessnintuneunsUssidiy
W 6 TUNDY NAINARDNTOBNLUUIINARASIT HANITIASIZHNUINNTEUIUNTEBNLUY
éwqﬁaaﬁaﬁﬁ%a?{mmuuagﬁ 72.22 AZWUL F9UINAINTEUIUNITOBALUUIIIHIY
AOUNLADS ﬁﬁWLaﬁaﬂzLLuuagﬁ 70.60 Azuuy TuszuzlIaliIgiu NTNAGBUAIIULANATS
SR LAY ENANNARLLNITEDNLUUIN  SEMINNTZUIUNTIONLUUTIEEe way
aszurunsldneufinmes deusaznssuaunishiidudassuntu  man1sinsIzsinudn A
VlﬂﬁaUIUQWW333JLL@S?’]EJ%UG]E)UVJ?]%UG]@U oniudunoud 1 miﬁﬂmmuaz%umauﬁ 6 N3
PAAANAE IS VINTLUIUNTODARUUINMILID WaNTLUIUNISIIRDLAISDS wAnFNeY

o w

pYNLtpdAYN1eedANTEay 0.05 (Fam15199 4.7)
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A1519% 4.7 N15.USEULNEUNTEUIUNITONENDAAINAA I UNITEBNBLUUNINTIE T8N
ASLUIUNNTODNLUUTINMIELD LAZNTEUIUNITDDNLUUINAIEADUNIADS

Sﬂ”uﬁaumiﬂsmﬁu(ﬂmuu) N3ZUIUNIT | NITUUNIT | Independent
INLUUINY | DALUUIIY | Samples Test
Ao fe
ABNNILNDS
X |sD.| X |sD.| t p
Fumoudl 1 n1sAdayu (10) 7.05 | 061 | 690 |[0.75| 1.04 | 0.31
Fupeud 2 mAn3Budedu (10) 785 |0.72| 684 |0.79 | 554 | 0.00%
éﬁy’umauﬁ 3 ﬂﬁﬂé"uﬂiaqmiaam,l,w(lo) 747 1086 | 6.79 |0.72| 3.23 | 0.00%
Gﬁzumauﬁ 4 MSIAIITH (10) 6.74 | 0.68 | 7.03 |0.61 | -2.04 | 0.05*
Sumouil 5 madnauls (20) 1511 | 1.24 | 1559 | 0.90 | 2.03 | 0.05%
Funauil 6 mailFAnuadsa (40) 2785 | 1.49 | 27.17 | 2.25| 1.89 | 0.07
334(100) 7222 | 194 | 70.60 | 3.92 | 2.05 | 0.05*

o o aa

* P<0.05 LANANNAUBENNINYANALIN9ED

<

daunisnedeutl Idulauansaadantdlunisitasigvianuwdsusiu (Analysis

of variance) Ua38ANULANANTENINNGURAFUVTNNTISEUVRIINANY Tidiwasanis
1 a £ I's v U Q‘ d‘ v = 1 I~ 1
2ONLUUN NS NHENTMe Ineldnadugsinsaaie (GPA) vesindne) witeeniu 3 ngu
WULAEANUAUNTLUIUNISANINDAAILAALUNITINILUUAINUAALUBIAY NANITILATIEH

nud luamsiunguin@nwniinsaaigannisseuluseduin danisasuuutiosfign

pd)}

65.81 AzLUY FosasnliLAsEauUIUNane SAelsAzuuY 71.31 AZLUY IEEEETMEE
Andenzuuy 77.21 Azuuu dnlunmeamui fauiususeninguaadunvinnanis
3ouTeITNANEY LEANIIITERUNIAWLABIINNISIS BURI T UdIHARBNTEUIUNITENENEN
ANAALUODNLUUSWRARS A9 TUNNTIN F(2, 177) = 131.71, p = .00 Tudusetuneu
Fumoud 1 n1sAleywa F(2, 177) = 13.65, p = .00 Funeuit 2 mudassudedu F,
177) = 6.23, p = .00 Funeuil 3 N1INAUNTBINITEDAUUY F(2,177) = 15.61, p = .00
Funouit 4 nsIATIE F2, 177) = 34.64. p = .00 funouit 5 nsdndula F2, 177) =
82.39, p = .00 LLazqmﬁw%’jumauﬁ 6 nsvinliiianadnia F(2, 177) = 78.60, p = .00
uannsfuogeiideddynieadian. o5 warasuliindndunadugvdnisnisiFouvestindny
ag ey 1 JULUY ffinsiinasenszuIunTEeTenANLARLLATSEDNRUUATNINSHERS 09}
uANANaAL (Famsnadl 4.8) FTafesimaiisufisunogaovndeiiasgsia sy susiud

wandlunnsedaly
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M13197 4.8 NSWSHUTIBUNTEUINNITAENBAAIILAA IUINITRBNWUUNINTIE 2INNEY
HAFUA NIV NS uYRINAnY)

TunaunsUsudiu nauHadNgNENINTsGEuasiindnu
(AZUUL) sziug szAuUIY TTAUEA ANOVA
nana
¥ |spD.| ¥ |sD.| ¥ |sD| F p

Fumoudl 1 mseidam(10) | 6.65 | 0.83 | 694 | 0.76 | 7.38 |0.74 | 13.65% | 0.00
Tupoudt 2 anwAe3iEn | 743 | 091 | 7.33 | 099 | 7.73 096 | 6.23* | 0.00
Bowiu(10)
%umauﬁ?)ﬂ’ﬁﬂguﬂi@ﬂ 6.62 | 0.86 | 7.17 | 0.96 | 7.56 | 0.96 | 15.61* | 0.00
N1599NLUU(10)
%gumuﬁﬁlmﬁmmzﬁ 6.31 | 0.65 | 696 | 0.69 | 7.41 |0.84 | 34.64* | 0.00
(10)
%u&]@uﬁSﬂ’ﬁﬁﬂauiﬂ 1382 | 1.13 | 1534 | 1.21 | 16.86 | 1.52 | 82.39* | 0.00
(20)
%’umauﬁ6msﬁ'ﬂﬁlﬁmwa 2517 | 213 | 27.68 | 2.27 | 2995 | 1.85 | 78.60* | 0.00
d59(40)

331(100) ox-BY G hor L AL oL 2987(11721 4 B.9e 1LY * | 0.00

v o

* P<0.05 uanansiuegsiitedAgynean

=3)

1NNITIATIENAMUUUTUTIUFULULTITITHANURANAN ST NNAUNAFU VT
PNNNISLIYUVDIUNANET NAINARDNITODNLUUNIWINARN N UNTAINULANFHNINUD 193]

=< o

HedAgvneadd Fuihnisseuiisuses lnailuduisansaradidmsunisnaaauniny

wAnsinsluUIvENAn (Multiple comparisons) Ingidanldnisnaasunuy LSD ludiu
AsvUInNstenenmAaluntseenwuunwitslunnsan iiduiiAedsasuuures
ngutin@nwinfinsaiadsannisFeulusefum (M = 6581, SD = 3.61) szdutunans (M
= 71.31, SD = 3.98) szfiugs (M = 77.21, SD = 3.96) uazszauliunaeiuseauas fna
AONTZUIUNITANNDAAIUANLUNITOONLUUINNANA ITLANASA LRI LTy E Ay n19ania
05 dwlumedunounnduneuiinasonszurunsteneanudalunisooniuuniniig
nanSaaiuanenstuegivedfynieadn 05 wWuiu snduluduneuil 2 mnudndcy
Jowu wuinguindnwiifinsnadeannisGeulussius liuandsiusesuiunana(s

M597 4.9)
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M13197 4.9 NMTNAFBUANHLANANKULTUANYAM 91NNSTeULTguUsEANSATweanNULUY
ANSNNEAHUN INNFUNAFUNTNINSISEUYRIINAN Y

Funouit 1 msadaym e i U1unang a
i 6.65 - 040 000
Uunag 6.94 - .002*
a9 7.38 .
Fupeud 2 muAe3Budeaduy
i 7.13 - 239 001
Uunag 7.33 - .023*
2 7.73 .
Fupeud 3 MsnaUNIBINSERNLUY
i 6.62 ; 001* 000
U1uUnang 7.17 - .022%
a 7.56 .
Fupeud 4 msIATIE
i 6.31 : 000* 000
Uunang 6.96 - .001*
o 7.41 !
Fupeud 5 mssaaule
i 13.82 - 000* 000
Yunang 15.34 - .000*
a 16.86 .
Fupaudl 6 msvliAnnadnse
i 25.17 : 000 000
U1unag 27.68 - .000*
a9 29.95 .
57U
# 65.81 - 000 000
U1unag 71.31 - .000*
a9 77.21 .

Y

* P<0.05 wanaeAueg st Ayneana

4.1.4 AAT1HEN5AN1TNITUIUNSAUTIaLLI LA TUNITEBNLUUNANN gl

ANSWAAIANADATIIIUNITNAEBY tAENISILATILISI8ALLDYAIUNITODNLUU
nAndasinaNAniuYesinAnyiuasaeu  NdINanen150enkUUS ARSI 2

NILUIUMST HANITIATIZINUT AuAniurestindnyuasiaeulunnsinvessvaziden
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TUN1500NLUUNAR AN IUN T2 UIUNITORNLUUT AL UAZNTZUIUNITEDNLUUTINAIY
Aoufamesuanafusedidodfynisadffisesu 0.05 TnetnAnwandtuindenld
NILUIUNITOBNHUUITNAILLDUINNTINTFUIUNTBONWUUIIMEABNTINDS dmTudasy
Anuiuinnisdenldve 2 nszuiuntsuingiu dndusivazidensedenuin nstuauely
JULUU Assembly, Detail kagErgonomic Y84NTEUIUNITOBNKUUT ML BUAZNTEUIUATT
ganuuUIsieReNfiumesuanastueglived My nsadivisesu 0.05 wufy uiau
Anviiuvestn@nwinazfaouludiunisurluguuuy Idea Sketch, Idea Development,

Dimension Way Perspective & Rendering finudanlulunuimaiedu ((emisned 4.10)

AN 4.10 N15LEBALENSEUIUNNSHUIIYaLLBUALUNITBBNLUUNARN SN

[ a <
’ TEAUAUAALYAY indepen
ws| Twandualy o dent
) ALRAY samples
&|  N1TPINLUY = Z = s &
o oy G Gl <[ G G Test
© a o 4 = g 5 U% = ﬂ% iy g =
HAANUN Sl &l el ale <@ e £l =
S| PP AR B 2R 2 3 p
1. | Idea Sketch - 207 1.01
D
[ )
2. | ldea =
A
e @
Development . s
@ & el
: : s ) 2 =
3. | Dimension 2 =
> " - 4 €
o | & &
E o g
4. | Perspective & [BES i
% c LO® =)
Rendering - ! 2
e c
5. | Assembly = s .,%
e °
2 ‘el -
s . : &
6. | Detail p o
e 'l
. :
J i 507 | 3.42
7. | Ergonomic - 380 295
4.64 | 3.16
PIPEY

o W

* P<0.05 LANANNAUDYNLTYAAUNIADA

o

®)  Auefvanufadiuvenindny e, ALadEANAnTuTeFeU
o AwdeAnuAndiuresinny wazauAn e



72
4.2 AMSANEIUSHUMBUNSLUIUNTITEDU WNAUNLEUBATNI19NANN N

4.2.1 mMsuwusnguiulsnedvlagldmaiianisitaseitaly

nMsulsnguiulsednlagltinadanisilasziiade (Factor Analysis) Lite
nquaesilafedinduauntdn  lnsldnadugrinisnisiouresindnwdiuau 4 qu
dnfnwfiaunisdnuluuds 3 u S1un 124 ey wasiin@nudutaavine 1 u S1uam 65
AU INNTIATIEINUIIAY Factor loading HAnans hildanansadaduusiiniseg
Tu Factor lalédu 358391 Equamax Rotation mavsngildnguiladendn 2 ndalg
fu nauAnazuuuazaumgul Alsoivlungudiuin 10 19991 1dun 3 History of
Design, Composition of Art, Drawing Techniques, Principles of Design, Principles of
Drafting, Ergonomics, Seminar in Industrial Product Desien, Industrial Product Research
and Development, Materials and Production and Cost and Price Analysis Faunas
L'%‘smt,quwﬁLLaxﬁugmmiaammU waznguinAskuaranUiln dsedrlunguinuiy
14 51873%1 lown 391 Industrial Drafting, Painting Techniques, Industrial Product Design
1-5, Model Making, Workshop, Computer Technology, Computer Aided Design and
Manufacturing 1-2, Ceramic Design and Graphic Design i Lﬁum'il,%'EJmL‘UUiJﬁﬁau’mﬂ’j’l
vl (Fansedl 4.11)

M19199 4.11 Mswdanguiulssginlagldinaianisinszidady

Haserindruannuaiia
518391 NFUAVIATUUY NGNITIAZUUU
ATHUNg Y dranufun

History of Design 142 252
Composition of Art 757 .096
Drawing Techniques 603 417
Principles of Design 706 130
Principles of Drafting 572 338
Ergonomics 572 303
Seminar in Industrial Product Design 592 012
Industrial Product Research and Development 606 165
Materials and Production 517 225
Cost and Price Analysis 582 .180
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M13799 4.11(s8) NMswuanguilsneivlagldinalinnisiinsgridady

S187%1

&/

Uaed

o

ANAIUAUNUN

Industrial Drafting

Painting Techniques

Industrial Product Design 1

Industrial Product Design 2

Industrial Product Design 3

Industrial Product Design 4

Industrial Product Design 5

Model Making

Workshop

Computer Technology

Computer Aided Design and Manufacturing 1
Computer Aided Design and Manufacturing 2

Ceramic Design

Graphic Design

.143
.388
.158
071
.052
.200
270
296
136
266
331
124
.053
| e

4.2.2 MpTeingudayadqeinaiia Cluster Analysis

n1suansr1adfnldluniswuanguidn@nyilaeld Cluster Analysis wionngs

Uadedamuanuaddn lagldnadugronienisiseuvestdindnumdulgaing 91uiu 65 au

wagliaenndeaiun1sinsendady (Factor Analysis) NN1saATIeinuinngudnfnwin

vad o

TAvegkuugzaungulidnui 30 au - dunguinfnwniineswuuasan jUaiTu

35 Ay (Famseit 4.12)
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Jadedinmunnunin

7

Jadedinmunnunin

1 0248671 30
2 0205925 35 0.128578

3 0836422 36 0.08967

q 0.008269 37
5 033013 38 0.822663

6 0.208207 39 0.025847

7 0259478 40 20085

8 0857075 a1 184759

9 0.167104 a2 0.897067

10 0380872 43 0635235

11 0157809 aq 015434
12 0325474 45 0.772339
13 0.116256 46

14 0249676 a7 213405
15 18 0513377
16 49 076911
17 50 0.27865

18 027819 51 000273

19 114112 52 0.660642
20 0473976 53 0918156
21 046795 54 061672
22 040358 55 063871
23 56 0205021
24 57 0.164044
25 0493202 58 065842
26 0343656 59

27 1.095256 60 0.74303
28 03077 61 0728852
29 0257146 62 0212006

30 021077 63 0.177405

31 0565304 64 0.784662

32 65 1.048526

33 0.776685 520 30 Ay 35 Ay
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4.2.3 n15:USeUiguN1ISNAFaUNG 2 NSTUIUNIS

9nMsnadeU Sketch Design 1 wuuiisavideatuneunazinasinislfpzuuuegng
azdun uaz Sketch Desion 2 @slifisneasiBoauavinaminzuuy Avuuwfiais 2 380150819
a¥ 100 AziuY TNNVedeutinAnwdulanine 65 au T 233 mamslesginuTieasden
et

NSVARDUAINNLANANITEVI AL RLUALRAE109 2 35 FaudariBnislidudaseun
fu wan1shasizdnuIdlngs L 59 Au fineaeuwuy Sketch Design 1 wae Sketch
Design 2 Januuansnstuegefideddynisadifisesu 0.05 endutndnumsimau 6 au laun
TnAnwendudl 7, 17, 27, 41, 49 uaw 59 FiedeUwUU Sketch Design 1 Wag Sketch Design
2 liiflpuuansnaniu

nsvaaeUNUINANTNANY AT TAzLuLazaungu] agTaunia Sketch Design
1 wuuiingazdeatuneulazinasinisliay uuuetsazidon 1nnd1 WU Sketch Design 2
FelaifiswasiBeauazinamipsiuy. $1uaU 25 AU nsawTavan 30 Ay Anidudesay 83.33

daunsnageunduinAnufifiviazuuuazanujiAanudn azflanuaide Sketch
Design2 alsifiswaziBenuazinaueinguuy 11031 wUU Sketch Design 1 wuulseazLden
Funeunaznarnmsivaziuuessanen $1ua 30 AY nsuautmue 35 au Andudes
Ay 85.71

Tunmsunguindnwnifinaziuuazameu] xfienuoidn Sketch Design 1 Wy
fiswavidonduneuuasinurinislinsuuuegsazidon uagnguin@nwidivas uuuava
UfTAnuIn azflaanuaiia Sketch Design 2 #aliifisngaziBunuazinusinziu 1inis 55 Au
MNSIRILR 65 Au Andudesa 84.62 (aensed 4.13)

e T T

(Uff(fﬁ'

‘.ﬁf"’ DETAIL
A-r-l
: "-q.-&-n

[

R
nmus f

4‘ U 1 1 a L2 L3 gj dl :.II tﬂl
AN 4.1 AMWAIDYINLUUITNNARANUNATIN 1 LLAZAIIN 2
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Unfnw Sketch Sketch Independent nAnw Sketch Sketch Independent
aeudi Design 1 Design 2 Samples Test aeudi Design 1 Design 2 Samples Test
X (SD) X (SD) t p X (SD) X (SD) t p

a4 75.33(5.16) 67.00(6.51) 290 0.034* 1 68.33(3.93) 60.00(4.34) 4.18  0.009*
73.50(7.71) 64.50(5.89) 5.14  0.004* 2 64.67(1.51) 74.67(6.86) -4.33 0.007*
6 73.33(2.07) 66.50(5.99) 352 0.017* 3 62.33(6.74)  70.67(5.20) -4.21  0.008*

13 77.17(4.53) 72.17(2.48) 373 0.014*% 7 69.00(8.99) 66.33(12.7) 1.13  0.310
14 69.67(8.57) 66.33(8.09) 4.15  0.009* 8 70.50(6.38)  78.83(4.36) -5.93  0.002*
16 72.00(5.25)  64.33(6.50) 7.75 0.001* 9 65.33(5.81) 72.17(4.31) -6.01 0.002*
18 73.83(4.26) 66.50(6.53) 550  0.003* 10 62.00(5.37) 70.83(8.11) -5.32  0.003*
19 68.00(4.43)  60.84(6.37) 8.22  0.000* 11 63.83(7.83) 73.00(6.13) -4.95  0.004*
20 68.33(2.42)  73.17(3.55) 8.04- 0.000* 12 66.83(5.27) 74.17(5.63) -531 0.003*
21 75.33(3.44) = 69.67(4.84) 6.17  0.002* 15 68.00(3.35)  75.33(6.98) -3.68 0.014*

22 73.00(2.83) 68.17(3.55) 6.45 0.001* p Tl 74.33(8.96) 71.50(8.78) 094  0.392
24 74.17(3.25)  78.50(3.27) 7.7-7 0.001* 25) 68.67(4.03)  73.67(2.94) -7.32  0.001*
28 86.17(4.07)  81.33(3.39) 5.80 0.002* 25 62.50(3.02) @ 66.83(3.06) -6.06 0.002*
32 74.50(4.14) 69.67(2.88) 531  0.003* 26 62.83(3.66)  70.50(3.73) -4.90  0.004*

34 69.33)3.20( 66.67(4.22) 4.34  0.007* 2 64.17(4.26) 66.50(5.17) -1.14 0.305
B 70.00(2.76) 64.83(3.66) 5.68  0.002* 29 64.17(4.62) 68.83(2.04) -4.08 0.010*
a4 71.17(4.54) 65.17(1.72) 372 0.014* 30 68.33(3.72) 71.33(3.45) -291 0.034*
5 75.17(4.07) 70.17(252) 4.44  0.007* 31 68.00(3.95) 73.00(3.52) -4.84 0.005*
a7 71.50(3.33) 66.50(2.59) 395 0.011* 33 71.17(4.26) ~ 76.33(3.01) -4.23  0.008*
48 70.50(2.67)  65.83(3.06) 5.53  0.003* 85 67.00(3.58) 72.83(4.31) -5.41  0.003*
49 79.33(1.63) 76.33(2.33) 2.05 0.095 36 71.83(4.75) 68.33(3.98) 817  0.000*
52 73.17(3.97)  66.50(5.86) 4.15  0.009* 38 66.83(3.65) = 71.00(2.37) -4.41 0.007*
53 73.33(3.45) « 78.50(3.45) 5.6-8 0.002* 39 74.002.53)  77.67(2.88) -11.0 0.000*
54 75.83(4.26) 70.00(4.47) 526  0.003* 40 65.00(32.29) 68.83(2.64) -8.03 0.000*
55 69.00(5.55)  73.50(5.09) 6.7-1 0.001* a1 66.00(3.57) 68.00(2.28) 15-5 0.182
56 75.83(6.24)  67.50(4.14) 453  0.006* 42 58.00(2.97) 62.50(3.39) 20.1- 0.000*
57 75.17(3.43) 71.00(2.19) 5.26  0.003* 43 75.17(3.97) 80.67(4.27) 29-1 0.034*
58 67.67(4.08) 72.67(3.33) 58-4 0.002* 46 67.00(2.83) 74.00(4.34) 4.6-5 0.006*
60 80.50(2.88) 76.33(2.42) 3.03 0.029* 50 68.67(2.07) 65.00(3.22) 286  0.035*
61 79.00(3.74) 73.83(2.92) 3.27 0.022* 51 58.33(1.97) 60.17(1.17) 2.80- 0.038*

* P<0.05 uansngiueelitudAgymnieaia 59 72.67(3.88) 78.17(4.17) 2.4-2 0.060
62 69.83(3.73)  75.17(4.45) 4.54- 0.006*
0  nauindnuiifinezuuuasaumou] 63 | 6817(232) 7433(484) 4.07- 0.010*
0 nquin@nuniidivesuuuasaud foR 64 69.33(2.34)  72.50(1.87) 2.53-  0.050*
] ﬂzLLuuﬁmﬂﬁqmﬁumﬂy’q 2 NTLUIUNT 65 72.50(4.32)  77.83(3.66) 5.06- 0.004*
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N1SNAFBUANNLANGNTENINALILUUALRALLas NS s UBUNquEinfny ngu fu 2
2n32UUNS BeusaznguinAnududassuniy nan1FIATIZINUI NINAFOURUL Sketch
. . ) | o e Aaa a ) aa
Design 1 e Sketch Design 2 NUNGUUNANYINNIVIATHLUUASTUNG WS HAZNHUUNANYINI
IrgwuuazanuuR danuuananeiuegrelidedAynieatansedu 0.05 (Han5199 4.14)

=] i A = ~ o = v
M99 4.14 LLE‘WNF’Y]LQ@EJﬂgLLuuLLagﬂqiLﬂjﬁl‘ULWBUﬂ@NUﬂﬁﬂUq 2 ﬂfjll AU 2 NTLUIUNIT

1 v =2 A aa 1 v = Aaa
NANUNANYIVIAIY] — NQUUAAN®INNIYT  Independent Samples

AzMUUATAUNg Y]]  AvluudzaNUud Test
X (SD) X (SD) t P
Sketch Design 1 73.69(4.10) 67.30(4.17) 6.215 0.000%
Sketch Design 2 68.92(5.12) 71.47(5.01) -2.029 0.047*

* P<0.05 wananAueg sl fgnisana



unii 5
d3Unan1sILLaranUs1ena

5.1 d3Uunan1sAvELazaiUsena

(% (3

1NNSANMINTEVIUNMSIIENEAAMARlUNNTEBNLUY Liletauan W 9HER e
vesiin@nwannnininisoonuusedudiygied ensruiunisoenkuuieeiio way
NIEUILMIIRNLUUTIAIERoNfiuaed TasnisiFeunisaeudiunisoonuuunansusing 2
nszuaumst dwanefindeudu e dosnisadauumAauazatuayuaufnaiiaassd
Tunseenuuundnfusinieudu witinssuiunsuaznisldindesiiofiunnsnaiu Tagld
A sUfFuiusseninsaues flo wazguiniiAnuunszatuniouuneniiames au
rlugnisandulalugduuuaniing widsnistasslinssuiunisaienanainudnlunis
PaNUUY Lileiauesnminnanfusisnunsesnuuundndusiliinnniifunioazidu
Ui TRINausaIY uenndyuesnssuiunisidsunisaouund enafidymilues
Y9IANLANINTaveinnY filauuandnaiudazyana uazALnAT 2 nsrUIuns
fisnaftu suislusfndiiunmedanisaouasunvudaoudugudnars Saduitasudiag

—

Tuddnuazaiufanssuniaiseunisaeuiudilng wu fasuatdnedislsiaoustiiy

v = IS

PnAnuiiunumdeslunissiunanssunisiseunisaey 3ildnwazidunisdeaisnianen

=

Feldlvmnudifgiuauuansuegissusu Fuduuszduiiaulaimnsudiled
ngAnssuvesn@nwiluwsingu azvinliisidanisdunisiseunisasuldaanndaiu
anuanansnvesinAnyluusasngy wogdwmarenadugrissunisdeuesindnuld Sady
UspifufiunaulagenndasfumaiFeusvesnmsgiunanisiiougunasauiiatulauansis
msussaradnsalunInsgIuransteuswAara LAz Nty nsaeuadedlunagvsnIsaeu
ﬁLﬂMWzﬁNﬁUgULLUU@’N"] suaamiﬁaugimﬁgaﬁmiﬂszLzﬁuﬂizﬁw%mamaaﬂaqmmiaauﬁu61
ag9meLlns

mﬂ{]zgmé’fqﬂa'fn"L‘Uéﬁm’mmﬁ%’aslumﬁ%’m%’jﬂﬁ Falgdunualuasaaeuilioudiou
Us2anSnmilin e nNadnsveInssuIunIseenenanuin  warnszuIuNIsSEuNISdou
Wetauanmsendasa deldundirneuresfioiuniside fe nszuIunITENEven
ATUANTZNINATEUIUNITEDNLUUITNABLD AUATEUIUNITOBNLUUITNAIYADNNILADS
nszuIunIstastiinysyandamniseevenainuda et nauenmsndndug  was
NEUIUNSISBUNNTARY e iauenmsmAnsueifiunnae dawadeussaniamlunis

o

PausnIns1ednsunaeiuedials  nfaun1sIdesenalauiinanisEnwiaznig

£%
v A

AaseiteyanineAuTEraLaraIUNTITeAal
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5.1.1 MUSeuiguUseaNSANINNAINNAAWSVBINTLUIUNITANENBAAINNAR

1NAUsTasAYeINTITodeN iiedinsnzianuuaAndUeInNEn YU DS
Unfinwisunisesnkuundnfuaianainnssy lawn anuatalun1sdiauaningig wag
adugnENIINNTEeu Lagauszasdveinisidededi2 iloiTeuiisuanuuanineves
andnuazvesindnuiiinssuiunstienenauARMINTEUILATERNLUUTeLTTD LAt
NTPUIUNNTERNLULT IR SATdeUsr AnE Alunstiiauen s enan S
WonauAnmunsideluded 1 nszurunsdtenenaNAnTENINeNTEUIUNTEENLUTINS
feile funszuiunseenuUUIIsfenoufinmes nsrulunislaaziinyszdnsainnisg
deveamuAn Wietiauenmiwaniel nanTIdelunmammuiinszuIumMIeaniUY
$esneile aiiuuszavsamnnsFoudnisiienennufn wevauenwinandnfusile
AninszuaumsesenuuuIfereuianed Jaduluauanufsiuessideluden 1 lne
Ifasuseazidoananisifonazoiusena saumiudusrsuvuanudndewiuauinis
ponuUUTINARS g Fauseenidiu 3 @ ldun nszvumsdenenmuAlunissauuy
anudnesiy nszurunsiievennIuAslun1TNuLUTI InATunTaLAZNgY

HaFUNENIINITIsEUYINANYY kaznisdonldnssuiunisiuneasidenlunisoaniuy

v
a o § v A

NANN U9 Ratl
5.1.1.1 ASZUIUMMSEENDAAUAALUNITINLUUANUAALTDIAY (Idea Sketch)

nMssnwuuaaRndeiiy  Wisuaieunisaenesuuaufaidosiy
Fldnuuimudnlunisesnuuy Tnsansfiesnuifiaziveduiinasdnideunnseiu
mﬂﬁ?uﬁl,ﬁaﬂgmt,wﬁﬁmmmmzauﬁuwamﬁmsﬁlﬁaﬁwlﬂé%umaumaﬂ'wmLmemﬁm
ANMITNAROUNTEUIUNTENENEAAIEARILUNTST R UUA AL 8edy 9 A watn tie
MNAENS IUTIUTU ULAITIRUANVBITINIUTURUUI VB INAR T U VBINTEUIUNIS
§18N0ARINNARA 19 2 NITUIU ITWINATLUIUNITOBNLULI A0 kaznszuIums
PONKUUINMIBABNNINDS NGUAI0E1 AD ngutNAnwIUSY193a1v13¥1N1500NKUY
wamﬁwﬁqmamﬂﬁu%ﬂqmﬁw 970 AzanIUAENITUAIEATILAZNITODNLUY UN1INEEY
walulaBsvmsaanszuas lnguisnngusadunydnanisfouresindnuuasauatinly
N3EUIUNITEBNLUUIIN $1u3U 56 AU wlssendutnAnwidiiiauatndionssuiunis
geanuuusieiie $1un 37 Au warinAnwifinnuatadienszuiuniseenkuus iy
$1uau 19 au IngliinAnymisauiniseenuuuRandasa s 2 nszuaums lussevim
iy fnrsfvuauardunamieutufinuaasuvuneaoutuiinduusuuuuiomme/
Srununan Watunday 15 wilauasu 120 wiil ﬁmﬁ'ju‘lﬁmmiééﬁmﬂmgvﬁmiﬂizLﬁu
AunmgUnuuTiassatnlUlflunsiaunde fusignannnssy Tagldudsnanismaasy
sandu 2 daw Ioun nsvuaunsdienenmudalunisiewuuauAndosdi anaay
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0iin uaznIUIUMITevenATARluNTIILIUANNARDN nnduadunyEIenTs
SUUVRIUNANY

nsTUIUNSEETeRR AR TS UUALARL BN mLTR 39
fifnAnwifiiauniadienssuiuniseenuuusedieiie waztnAnwiifianunindae
NTPUIUNITONLUUINAIBABNRIADS Fann1snadeuaziiulddnne 2 nsvuaunts 3
AszUINNIMIENFUTLAnsiy  uazldieSeadlofiunnety udatuayumuAnaiaasse
Tuniseanuuundadnaiudoutufiniy widifeserdonszviufnainaues a1 flo 7
wiloufiu FIPULANFNTBINTELINMTIN 2 NSEUIUNT daaren1issunIsdeusuns
PONLUUNAAANINDNAINNTTH madludunsruiunsaienenruRnlun s UUALAR
Josdu wan1s3denuin nszUIUNITeRNRUUTIIMmslie luguiuunssuiunisaienen
auAn wardrsanasuIununisiunisadiuunfnlunisssuuuauand esiuluids
USunauaglaignuiuguhuusnsuaslinnnuainna1en U ULUURAR A e u1nnd1nseuIung
genuuuseienanfumes amnlunisesnuuuaudnaiisassanisiddesianin snld
Tunistuiinanudnegesinds Judsiiteliinesnwuuiauinudalunisesnwuulid
dnwaEA1e WU UTIMAEIUNSS E1eTInEIkasiin1uBangu (Schon & Wiggins. 1992)
duNsEUINNseaNRUUSIERefinged Tusslenilunmsusulasunn uazdnaau us
Tumnaessfudramnlidnsuisnslduionnuadalunisléon eradudesrfandves
AUARAS19ETIA (Yusoff. 2007) FseramunzaulutunounisimuILuIALAn (Idea
Development) 1304uABUAT3D8AKUUSIS (Sketch Design) druluieaRunIngInnig
LU%EJULﬁsmUssﬁm%mwLL‘UUi"NmmﬁmLﬁaaé}’mﬁamiﬁwmgﬂLLuuwémﬁ'wﬁ FENIN
NsTIUNITRRNLULIeMIele waznsruIunITeenuUUsIeRaufimes WndAnwfideny
AUANIZUIUNNTOBNULUUTIMBND LazANATANTEUIUNITEDALUUTINMEABUTIADST 92
T¥nsswuumnuinidosdusienszuaunsesnuuustedneiio TpdwugdiuuLaranse
thyuuuuldluiaunanssitelddninmsiauuuanudadosiusenssuiuniseonuuy
Seshgaouiiames (Fameed 5.1) uidiuTeuiisudnidiuszninediuiugduuu/snny
sUwvuitanunsaluimundeld AunuidiesisudiamsadrluimuisieldlndiAssiu
LﬁaﬂfmﬂmzmumiaaﬂLL‘UU%N{%aﬁauﬁ’amaﬂé’ﬁﬂmugﬂLLUU"LG’Tﬂaamfw%a wismsEIT
TndlAgeruduusUiuunitnssuiunisesnuueeiie (fan1s1eil 5.2) UBNINHNNT
afanunAnBuiunAIfoINsnglY warsoaziBeatmunesineg vosndndusiuas
wlanadndsuloun yrvesuuAnndnfauridsfiunsiannguiuunansusiazsnndenass
mﬂsqmt,mﬁmf wans iU snNUENRUSYDINTEUIUATAS 1MUIARAUATEUIUNSNANTTY
MsRauwanSasaug dedlaeiilundrfininesnuuuiifiussdnsaminasiauunfnnis
ponuuuiufesuuy warlugnuumnanemaitu fifies 5-20 wwuwiduildsunisdan
firsanogsniedidudunoufanssuniadensuuuuresuifn (unna avdois. 2547)
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nsrUIUNIANENeanLAnlunITINLUUAILAND B adY 91ANGy
nadugvmansdourestndny Ssffaeumsinuidoyauaseuipindwoninnw wa
M530u GPA fikuan TunnsfiaznantiniSouniinanisiFous1 na1a uaggs (Ruengtam.
2014). ludwdsnanguiindnuiiinsadsannisioulussdundiaiadssuusiuuy
tioufian sosaunldunszduliunans warsefugelianadednauguuuumniian (Fensiei
5.1) azdudiFouiifiussansawanuAniiunazanududasylunisiSouiiazanudn
a$13a53A (Nordin. 2016) luidanaunniudndadondunadunvivnanisouvesindny,
wiulfindinAnwifinganasannaieuluszdugs szdinasenszuiunisaienen

ANNARtuN1sIIRUUANAnlawulARfmEINady  Fansestuiunguiinanisseuly

N

o

sEAUA aunsaaIuneaduIusUkuuseaufalesdulalnalAesiussdunalsuas

[ |

seAUge wisukuunatusadluldiaudenduldtdeumunadugnsnianisisouves

Y

= 1
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Abstract

This research aims to make a comparative study of the performance results between creating the basic idea designs by handmade design process
and by computer modeling process. The study of product design by using handmade process and computer modeling process has the same
objectives which are to generate ideas and encourage creativity in product design. Though these two processes are done by using different tools,
they have the same idea of using the interactive between brain, hand, and forms that appear on the paper or on the computer to improve and Idea
Development, Sketch Design. Also, these two processes are used as an approach to teach and learn industrial product design, they can be chosen
to suit students with different features and can be used to increase academic achievement performance.
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1. Introduction

Industrial design is another faculty that has an increasing role in today's society. These increasing roles can be seen through the
design of the products which are more emphasized on the beauty, interesting and usefulness of the products. The product design that
applied the mentioned design principles can create mental values to the human being. The design creativity must be based on
attractiveness and can create the imagination to those who see the products to understand the design concepts. The product
designers have important roles in the everyday life of human being, and they also control the formats and the functionalities of the
products. Product designers transfer their ideas through drawing and detailing. In order to create and produce products that are useful
and meet the human need, the product design students develop their understanding of a result of choosing the designing method.
Thus, the developing of the design skills is very important for the designers to analyze the products and to develop creative solutions
(Authority,2013).The process of transferring ideas is a very important principle and an important guideline for designing products that
would lead to the target design systematically, or it can be used as a framework in the designing process by using the data based on
the design ideas to help the designers to achieve the desirable target. Since each designer has different degree of conceptual ideas
and different designing methods, thus the purpose of this research is to do a comparative study of the performance results between
creating the basic conceptual design ideas by handmade process and by computer modeling process. The learning and teaching of
these two designing process have the same goal which is to create the ideas and supporting the creativity in product design. However,
these two designing methods have different steps and different tools to make the interaction between the brain, hand, and sketches
that appear on the paper or on the computer.
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2. Literature Review

Sahachaisaeree mentions that "Designers usually involve in designing different forms”. Though, designers use the element of design
and principle of design, which are the important designing factors similar to materials and designing processes, professional designers
also use strategies and skills which derived from practicing the interaction between brain, hand and sketches which appears on
papers (Laseau, 2001). This process is called Graphic thinking which is consistent with Design development spiral of Zeisel.The
process of Graphic thinking begins with transferring the images from the brain through hand onto the papers; the brain will respond to
the basic ideas that appear on the papers through the eyes to analyze and adjust. This graphic thinking process begins from brain
through hand and onto the papers and it will happened again and again until the design is satisfied. The design development spiral
happens after the designers get the basic design, they usually make changes to the original design and develop it until they find the
most appropriate one (Sahachaisaeree, 2004; Zeisel, 1981). Currently, there are two popular design idea transferring processes that
often use to present the sketch of the products in product design program which are handmade design and computer modeling
process.

Handmade design is a product design process that applied 3D design onto 2D paper. Handmade design is one of design methods
that are used to pass on the imagination of the designers onto the papers by using pencils or other tools depend on the designers'
attitude. The handmade design has flexibility in designing, and can create good imagination. Handmade design often uses to record
spontaneous ideas and use to survey the optional designs. The key benefit of sketching in other areas such as product design and
architectural design are to help designers to develop the ideas in creating different styles; such as new forms and shapes, more
quickly and with more flexibility (Scho'n, 1992).Drawing technique is an important skill for design, sometimes sketch drawing is an
important element that will be used to determine the direction of the design process and to lay the fundamental to see the beauty
details or the ideas during the beginning of design process. Nowadays, the words sketching and drawing are wildly used to explain the
activities of the designers and artists (Yusoff, 2007).The sketching technique beside using pencil or pen to draw on the papers is to
use other tools in order to make the sketches look more real or to increase the understanding of product communications, these tools
are such as markers, watercolor, colored pencils, color posters or other tools depending on the aptitude of the designers; however, the
sketch elements still remain the same.

Sketch design by computer modeling is the process that uses Computer Aided Design (CAD) to help creating the designs. CAD is
a 3D modeling, and the development of 3D modeling computer will help creating the designs that have forms and dimension that are
more realistic because CAD is the art-based software. Computer Aided Design can create high-quality and realistic 3D designs, and it
can stimulate accurate dimension. Therefore, using computer modeling is very helpful to create the designs because it can stimulate
accurate angles. Especially in the final production process, in this process, every aspect of the design will be refined, all parts of the
design will be developed, and the possibility to produce the product will be investigated. Thus, Computer-Aided Design can help
create all designs, it can help complete all the works, and make it possible to produce the initial ideas (Duku, 2014). Computer-Aided
Design is a tool that has been proven to have high-performance for designing support such as analysis or production. Also, it can be
useful for designing choice or it can be used as the design guidelines for the new design (Woodbury, 2006).

Table1: Comparing between handmade design process and computer modeling process

Details Handmade Design Computer Modeling
Type of design 2D 3D
Drawing method Use hand drawing to draw lines such as straight line, horizontal line, ~ Use CAD to draw geometry shapes such as rectangular
vertical line, diagonal line, and arch, etc., to create the products. shape, cylinder shape, cone shape and sphere shape, etc.
and use the cutting design to create the products
Viewing angle One viewing angle 360degree viewing angle

3. Methodology

This research selects the sample groups from random samples, which are the non-probability sampling, who are the undergraduate
students from the 4th year's industrial product design program from Rajamangala University of Technology Phra Nakhon. The sample
group of 56 students will be divided base on their academic standing and their aptitude in sketch design process. One of the students
will be chosen to make the sketch design using both handmade design and computer modeling process within the same time frame.
The number of sketches/ time will be recorded, in each experiment, the time will be increased by 30minutes, the experiment will be
repeated until the time reach 120 minutes. After that, the professor will evaluate the quality of the designs that can be used in the
development of the industrial products.

Data Collection

The researchers will synthesise the process of transferring the basic ideas in order to present the sketches of the undergraduate
design students, to find the point that will be used as the indicator for the assessment, and to create tools that will be used to evaluate
the learning and teaching industrial design. The data collecting methods will be divided into three steps as follows.

+ Collecting the academic performance data (Transcript) of the 4th year undergraduate industrial design students and divided the
students into groups by using Cluster Analysis to find the attitudes indication factors. Dividing the academic performance into two
parts, the first part is the Grade Point Average (GPA) which can be divided the student according to their GPA into three groups; the
group of students that have high GPA in industrial product design 1-3 class, sketching class, and painting techniques class and other
classes that involve hand sketching will be classified as the classes that have an aptitude in handmade drafting. However, if the
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students have high GPA in industrial product design 4-5 classes, computer for design and production classes and other classes that
involve using computers to create the designs will be classified into the group that has an aptitude in using computer for design
process

+ Survey the programs computer that is used for making the product designs by the 4th year students in order to explore the usage
level of the 3D design programs

+ Testing the concept of the idea sketching by choosing the required group from the Non-probability Sampling. The students from
the selected groups will be asked to create the designs by using both the handmade design process and computer modelling process.
The given designs for handmade process and computer modelling process will be different: however, it will have similar degree of
difficulty. This is because if the students have the experience of making the same design over and over again, they will tend to
develop the Idea Development instead of creating idea sketch. The winning design will be chosen from the products that can transfer
the idea sketch which can also create many imaginations. In this research, the researchers ask the group that use handmade design
process to make a design for toaster and ask the computer modelling process group to create a design for rice cooker. These two
products design has the similar level of difficulty and complexity. The designs will be sketched by hand on 100 pounds papers or by
computer using the A2 (420 x 594mm) size paper. These designs challenge will lead to the idea development in the next design steps.

Fig. 1. (a) Handmade design process; (b) Computer modelling process.

. Discussion and Ana |s )
From testing idea sketches, 56 students of the 4th-year undergraduate industrial design are asked to create idea sketches by
handmade process and computer modeling process. Each round, the students had 15 minutes to create the designs, and the
designing process will continue until the time reach 120 minutes. The analysis results found that handmade design process can create
the average of 16.43 sketches per 15 minutes which is more than the computer modeling process which can only create the average
of 6.93 sketches per each 15 minutes.

From examining the difference between the average number of sketches between handmade design process and computer
modelling process which each process is not independent to each other, the analysis result yielded that each test period and the total
period (120 minutes), the handmade process and the computer modelling process have the statistically significant difference at the
0.05 (see Table.2)

123



Pijukkana, P., & Rugwongwan, Y.,/ 5" AicQoL2017Bangkok, 25-27 February 2017 / E-BPJ, 2(5), March 2017 (p.121-125)

Table2: Comparing the basic idea sketch transferring process between handmade design and computer modeling.

times/number of sketches (minute) Handmade Design Computer Modeling Paired Samples Test

X S.D. X S.D. t P
0-15 2.36 1.66 0.82 0.77 6.62 0.00
16-30 2.54 1.39 1.02 0.77 6.83 0.00
31-45 2.09 0.82 0.96 0.79 8.49 0.00
46-60 248 0.93 0.89 0.76 11.06 0.00
61-75 2.02 0.86 0.84 0.76 8.88 0.00
76-90 1.79 0.93 0.84 0.78 6.52 0.00
91-105 1.79 1.64 0.86 0.75 4.00 0.00
106-120 1.37 1.32 0.70 0.74 415 0.00
Total time 16.43 6.07 6.93 4.60 11.51 0.00
(120minutes)

Statistic displays of the analysis of variance tests indicate the differentiating factors between each testing periods that have the
effect on the number of sketches during the idea sketch transferring process. By using students' GPA data, it can separate students
into three groups. First is a group of students who have low GPA and have the lowest average number of sketches, which are 3.14
sketches. Next is a group of students who have the average GPA and have the average number of sketches which is 4.38 sketches.
Last is a group of students who have high GPA and also have the highest average number of sketches, which are 4.92 sketches.
However, the total testing time has no interaction with each group of students. This means different GPA does not have an effect on
the idea sketch transferring process. However, during the test period, 0-15 mins F (2, 109) = 15.40, p = .00during the test period16-
30minsF (2, 109) = 3.38, p = .04during the test period106-120 mins F (2, 109) = -3.87, p = .02 has statistical significant different at
0.05 (see Table.3)

Table3: Comparing the idea sketch transferring process from students’ GPA

Period/number of Low level Medium level High level ANOVA
sketches(minute) )—( S.D. )? SD. )? S.D. E P
0-15 0.81 0.53 1.48 0.72 1.94 1.24 15.40 0.00
16-30 1.47 1.00 143 0.99 219 2.05 3.38 0.04
31-45 1.72 1.45 1.55 0.90 2.00 1.69 1.03 0.36
46-60 1.31 0.95 1.45 1.01 1.72 0.97 1.68 0.19
61-75 1.67 1.37 1.63 1.01 1.69 1.19 0.03 0.97
76-90 1.28 1.1 1.55 0.99 1.44 0.94 0.69 0.50
91-105 1.19 1.04 1.33 0.80 1.44 1.05 0.61 0.55
106-120 0.94 0.86 1.05 0.99 1.75 1.95 3.87 0.02
Total time 3.14 2.79 4.38 4.76 4.92 5.08 1.59 0.21

5. Conclusion and Recommendations

From the experiment result, it shows that handmade design and Computer Modeling design have different beginning process and
have different tools. However, these two designing methods support the creativity in product design, and they both require the thinking
process from brain eyes hands. The differences between these two idea sketch processes have the effects on teaching and learning
industrial design. The research found that handmade design is an idea transferring process that helps increasing the imagination in
idea sketch. Also, handmade design can draw more sketches and more variety of product designs than sketching via the computer
modeling. Since drawing the creative design by hand is often used to sketch the spontaneous ideas and it helps the designers to
develop different design ideas such as shapes and forms faster and more flexible (Scho™n, 1992). On the other hand, the computer
modeling process has the advantages in adjusting the images, colours and proportions. On the contrary, if the designers do not know
how to use the computer modeling properly, using it might limit their imagination (Yusoff, 2007). Computer modeling process might be
appropriate for developing the ideas (Idea Development) and design drafts (Sketch Design).

Using the GPA of the students to determine their efficiency in transferring the idea sketch, the professor should investigate
students' background and their past GPA standings before mixing students with different academic performance together (Ruengtam,
2014). The experimental results show that the group of students who have low GPA also have a lower than an average number of
sketches. The groups of students, who have medium GPA, also have an average number of sketches. While the group of students
with high GPA, also have the highest number of sketches. The group of students with high GPA is projected be the students who have
effective initiation and have freedom of learning and creative thinking (NorshidahNordin, 2016). Overall, the difference in academic
achievement of the students does not affect the idea sketch transferring process. Nowadays, students have different thinking process,
which might be due to their own background; they can access the knowledge in the form of critical knowledge synthesis and self-
exploration. Moreover, they can recognize the difficulty and complexity of the designs and the individual differences in term of learning
style, design ability and communication skills (Mohamad Adi, 2015).

The recommendations for this research will be used as the guidelines for teaching industrial design which is suitable for time
management and the process of transferring the idea sketch. Also, it can be used as guidelines for students with different
characteristics in order to increase their academic achievement performance since the basic idea sketch is an important foundation for
improving or developing the ideas (Idea Development) and design drafts (Sketch Design).
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Abstract

This research is a qualitative study on basic idea sketches between Manual Sketching and Computer Aided Design Modeling (CAD). The result of
this research will be to improve or to lead to design idea transferring process; that presents the product sketch, which is more advantage in respond
to the designers' mindset, and the result will be recommended as a guideline for instruction industrial design which will be suitable for all students
with different aptitudes in the design processes.

Keywords: Performance, Idea Sketch, Manual Sketching, Computer Aided Design.
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1.0 Introduction

Industrial design is a process of creating and developing a conceptual design that concerned with the outer appearance of the
products by focusing on the Function, Value and Appearance of products including its format and size (Soodsang,2005). The purpose
of industrial design is to develop the products that will maximize the benefits for users and manufactures. Product designs that
incorporate the mentioned principles into the creating process will be appreciated among the consumers since these principle
concepts are the fundamental element and the important factors that help to create an innovative, new style, and unique design. Also,
the design that has systematic designing process can create an effective design with the hierarchical and systematic pattern. Based
on the study of the Comparison of Concept Transferring Procedures of Basic Idea between Manual Sketching and Computer Aided
Modeling, it shows the quantitative results of the number of basic idea sketches. Thus, this research aims to enhance the qualitative
outcomes of the number of sketches which derive from these idea transferring processes; Manual Sketching and Computer Aided
Design Modeling (CAD). These two product design processes have the same learning purposes which are to create ideas and support
creativity by applying the concept of the interactions between the brain, hands, and shapes that appear on paper or the computer;
however, their processes and tools are different.

2.0 Literature Review

Sahachaisaeree (2004) mentions the “Product Concept”; such as the basic definition of technology, principle of work and product
format, that “Product Concept” is a brief definition of a design approach that can meet as many consumer needs as possible.
Normally, design concept is roughly displayed in forms of hand sketches or 3D modelling with written explanation attached. And

eISSN: 2398-42870© 2017. The Authors. Published for AMER ABRA by e-International Publishing House, Ltd., UK. This is an open access article under the CC BYNC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). Peer-review under responsibility of AMER (Association of Malaysian Environment-Behaviour
Researchers), ABRA (Association of Behavioural Researchers on Asians) and cE-Bs (Centre for Environment-Behaviour Studies), Faculty of Architecture, Planning &
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https://doi.org/10.21834/e-bpj.v2i6.955

87



Pijukkana, P., & Rugwongwan, Y., / 3% AQoL2017Kuching, 14-16 Oct 2017/ E-BPJ, 2(6), Nov 2017 (p.87-92)

whether how much the product can meet the needs of the consumers or how commercially successful it is, this mostly based on its
hidden quality of product concept. Notably, even the professional designers also use the strategies and skills which derived from
practicing the interaction between brain, hand and sketches which appears on papers (Laseau, 2001). This process is called Graphic
thinking which is consistent with Design Development Spiral of Zeisel. The process of Graphic thinking begins with translating the
images from the brain through hand and making the sketches onto the papers; the brain will respond to the basic ideas that appear on
the papers through the eyes and will proceed to analyze and adjust by receiving signals from the brain through hands and translating it
onto the papers. This graphic thinking process will repeat itself until created the design is satisfied. The characteristic of Design
Development Spiral is: after the designers create the basic designs, they usually make changes to the original designs and develop
the designs until they find the most satisfied one (Sahachaisaeree, 2004; Zeisel, 1981); this method is taught in product design.
Currently, Manual Sketching and Computer Aided Design Modeling (CAD) become two of the most popular design idea transferring
processes; which are often used to create the sketches of the products in the study of product design program.

Manual sketching is a product design process that applied 3D design onto 2D paper. Handmade design is one of design methods
that are used to pass on the imagination of the designers onto the papers by using pencils or other tools depend on the designers'
attitude. The handmade design has flexibility in designing and can create good imagination. Handmade design often uses to record
spontaneous ideas and use to survey the optional designs. The key benefit of sketching in other areas such as product design and
architectural design is to help designers to develop the ideas in creating different styles; such as new forms and shapes, more quickly
and with more flexibility (Schon & Wiggins, 1992).Drawing technique is an important skill for design, and sometimes sketch drawing is
an important element that will be used to determine the direction of the design process and to lay the fundamental to see the beauty
details or the ideas during the beginning of design process. Nowadays, the words sketching and drawing are wildly used to explain the
activities of the designers and artists (Yusoff, 2007).The sketching technique beside using pencil or pen to draw on the papers is to
use other tools in order to make the sketches look more real or to increase the understanding of product communications, these tools
are such as markers, watercolor, colored pencils, color posters or other tools depending on the aptitude of the designers; however, the
sketch elements remain the same.

Sketch design by computer modelling is the process that uses computer aided design to help to create the designs. CAD is a 3D
modelling, and the development of 3D modelling computer will help to create the designs that have forms and dimension that are more
realistic because CAD is the art-based software. Computer Aided Design can create high-quality and realistic 3D designs, and it can
stimulate accurate dimension. Therefore, using computer modelling is very helpful to create the designs because it can stimulate
accurate angles. Especially in the final production process, in this process, every aspect of the design will be refined, all parts of the
design will be developed, and the possibility to produce the product will be investigated. Thus, Computer-Aided Design can help
create all designs, and it can help complete all the works, and make it possible to produce the initial ideas (Duku, 2014). Computer-
Aided Design is a tool that has been proven to have high-performance for designing support such as analysis or production. Also, it
can be useful for designing choice or it can be used as the design guidelines for the new design (Woodbury, 2006).

From the comparison of concept transferring procedures of basic idea between handmade design and computer modelling, it
shows that these two processes have the different beginning process and they require different tools. However, both of these two
designing processes support the creativity in product design since they both require the thinking process which works on making the
coordination between the brain, eyes and hands. Also, the differences between these two idea sketch processes affect teaching and
learning industrial design. The research about the basic idea sketch transferring process found that manual sketching is an idea
transferring process that helps to increase the imagination in idea sketch; also it can create more sketches and more variety of product
designs than sketching via the computer aided modelling (Pijukkana & Rugwongwan, 2017). In drawing the creative design, freehand
sketching is often used to sketch the spontaneous ideas and it helps the designers to develop different design ideas such as shapes
and forms in a fast and flexible manner (Schon & Wiggins, 1992).0n the other hand, the computer modeling process has the
advantages in adjusting the images, colours and proportions. On the contrary, if the designers do not know how to work on the
computer aided modeling properly, using it might limit their imagination (Yusoff, 2007). Computer modeling process might be
appropriate for developing the ideas (Idea Development) and design drafts (Sketch Design). However, using the GPA of the students
to determine their efficiency in transferring the idea sketch, the professor should investigate students' background and their past GPA
standings before mixing students with different academic performance together (Ruengtam, 2014). The experimental results show that
the group of students who have low GPA also have a lower than an average number of sketches. The groups of students, who have
medium GPA, also have an average number of sketches. While the group of students with high GPA, also have the highest number of
sketches. The group of students with high GPA is projected be the students who have effective initiation and have freedom of learning
and creative thinking (Norshidah Nordin, 2016). Overall, the difference in academic achievement of the students does not affect the
idea sketch transferring process. Nowadays, students have different thinking process, which might be due to their background; they
can access the knowledge in the form of critical knowledge synthesis and self-exploration. Moreover, they can recognize the difficulty
and complexity of the designs and the individual differences in term of learning style, design ability and communication skills (Adi,
2015).

3.0 Methodology

This research selects the sample groups from random samples, which are the non-probability sampling, who are the undergraduate
students from the 4th year's industrial product design program from Rajamangala University of Technology Phra Nakhon. The sample
group of 56 students will be divided base on their academic standing and their aptitude in sketch design process. One of the students
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will be chosen to make the sketch design using both handmade design and computer modeling process within the same time frame.
The number of sketches/ time will be recorded, in each experiment, the time will be increased by 15 minutes, the experiment will be
repeated until the time reach 120 minutes. After that the researchers will assess the quality of the sketches that can be used in the
development of industrial products.

Data Collection

Then the researchers will synthesis the process of transferring the basic ideas to present the sketches of the undergraduate design
students, to find the point that will be used as the indicator for the assessment, and to create tools that will be used to evaluate the
learning and teaching industrial design. The data collecting methods will be divided into three steps as follows

Collecting the academic performance data (Transcript) of the 4th year undergraduate industrial design students and divided the
students into groups by using Cluster Analysis to find the attitudes indication factors. Dividing the academic performance into two
parts, the first part is the Grade Point Average (GPA) which can be divided the student according to their GPA into three groups; the
group of students that have high GPA in industrial product design 1-3 class, sketching class, and painting techniques class and other
classes that involve hand sketching will be classified as the classes that have an aptitude in handmade drafting. However, if the
students have high GPA in industrial product design, 4-5 classes, computer for design and production classes and other classes that
involve using computers to create the designs will be classified into the group that has an aptitude in using the computer for design
process.

Testing the concept of the idea sketching by choosing the required group from the Non-probability Sampling. The students from the
selected groups will be asked to create the designs by using both the handmade design process and computer modelling process.
The given designs for handmade process and computer modelling process will be different: however, it will have similar degree of
difficulty. This is because if the students have the experience of making the same design over and over again, they will tend to
develop the idea development instead of creating idea sketch. The winning design will be chosen from the products that can transfer
the idea sketch which can also create many imaginations. In this research, the researchers ask the group that uses handmade design
process to make a design for toaster and ask the computer modelling process group to create a design for rice cooker. These two
products design has the similar level of difficulty and complexity. The designs will be sketched by hand on 100 pounds papers or by
computer using the A2 (420 x 594mm) size paper.

Fig. 1. (a) Manual sketch process; (b) Computer aided design process.

Quality assessment will be conducted after the students create their basic idea sketch of the product (Idea sketch). After finishing
all processes, these sketches will be sent to 30 professors from different universities, who involved in teaching product design, to
evaluate the quality of sketches from these basic idea sketching processes that can be used in the development of industrial products
which will lead to the next step of the design idea development.

Fig. 2: Quality assessment of idea sketch by professors
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4.0 Discussion and Analysis
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Fig. 3. (a) Idea sketch by Manual Sketching process; (b) Idea sketch by Computer Aided Design process.

From testing idea sketch by using manual sketch and computer aided design of 56 students of the 4th year industrial design
program. These students are grouped according to their aptitude. It was found that 37 students are put into a group of students with
an aptitude in manual sketch process and 19 students are put into group of students with an aptitude in computer aided design
modeling process. Each round, the students had 15 minutes to create the designs, and the designing process will continue until the
time reach 120 minutes. The analysis results found that the students can create the sketches at the average of 16.78 sketches per 15
minutes by using manual sketch process which is more than the computer modeling process that can only create sketches at the
average of 6.63 sketches per each 15 minutes. Also, there are sketches that can be further developed by manual sketch process at
the average of 6.34 sketches per round while the computer aided design modeling process can only create these sketches at the
average of 2.37.

From examining the difference between the average number of the basic idea sketches; to develop the product design according
to the student's aptitude, between manual sketch process and computer aided design modelling process (CAD), each process is not
independent to each other. The analysis result yielded that the aptitude test of these students/ the process and the overview that has
an impact on manual sketch process and computer aided design modelling process(CAD) have the statistically significant difference at
the 0.05 (see Table.1)

Table 1: Comparing the performance of the basic idea sketch for product development according to student’s aptitude between manual
sketch process and computer aid design process

Student's aptitude/ Basic idea sketch by Manual Sketching Basic idea sketch by Computer Aided Design  Paired Samples Test
sketching process Number of Number of % Number of Number of % Number of sketches
sketches sketches that sketches sketches that that can be further
can be further can be further developed
developed developed
X S.D. X S.D. X SD. X SD. t P
Aptitude in Manual 16.77 4838  6.41 244 3808 595 361 182 091 33.05 11.87 0.00
Sketching
Aptitude in Computer 1684 685 622 344 3423 795 454 346 230 4192 5.06 0.00
Aided Design
Total 1678 487 634 279 3678 663 403 237 170  36.06 11.90 0.00

This table shows the analysis of variance tests indicate the differentiating factors between student's GPA that affect the number of
sketches and the number of sketches that can be further developed during the idea sketch transferring process. By using students'
GPA data, it can separate students into three groups. First is a group of students who have low GPA and have the lowest average
number of sketches, there are 15 students in this group with the average of 9.57 sketches and has 2.58 sketches that can be further
developed. Next is a group of students who have the average GPA and have the average number of sketches, there are 22 students
in this group with the average number of sketches equals 11.55 sketches and has 3.94 sketches that can be further developed. Last is
a group of students with high GPA and also have the highest average number of sketches, there are 19 students in this group which
have the average number of sketch equals 13.58 sketches and has 6.25 sketches that can be further developed. The overview of this
test indicates that the GPA of the students has an effect on the basic idea transferring process F(2, 109) = 16.55, p =.00 , the Manual
Sketching process F(2, 109) = 40.72, p = .00 and the Computer Aided Design modeling process F(2, 109) = 7.10, p = .00 has
statistical significant different at 0.05, and it can be concluded that there is at least one group of students, with different GPA, have an
effect on the basic idea sketch transferring process (see Table. 2), thus it is necessary to make the comparison between each group
of students after doing analysis of variance.
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Table 2: Comparing the basic idea sketch for product development from students’ GPA

Sketching process/ Low GPA Average GPA High GPA ANOVA
Student's GPA Number of Number of Number of Number of Number of Number of F P
sketches sketches that sketches sketches that sketches sketches that
can be further can be further can be further
developed developed developed
X S.D. X S.D. X S.D. X S.D. X S.D. X S.D.
Manual Sketching 14.0 552  3.68 1.77 16.05 359 576 1.61 19.84 409 911 198 4072 0.00

process

Computer Aided Design ~ 5.13 226 147 052 7.05 429 211 114 732 463 339 229 710 0.00
Modeling process

Total 9.57 613  2.58 1.71 1155 6.00 3.94 231 1358 767 625 229 1655 0.00

Based on the variance analysis, the variation of the difference factors between student’s GPA, which has an effect on the number
of sketches that can be further developed in the basic idea transferring process, have statistically significant differences. Thus, it is
necessary to make a paired comparison which will display the statistical data for the multiple comparisons test. By doing the LSD test
in Manual sketching process, it shows that the group of students with low GPA has M = 3.68, SD = 1.77, the group of students with
average GPA has M = 5.76, SD = 1.61 and the group of students with high GPA has M = 9.11, SD = 1.98. Also, the pair comparison
test between the group with average GPA and high GPA shows that these two groups have an impact on the basic idea sketch
transferring with the statistically significant differences 0.05. On the other hand, the LSD test in the Computer aided Design process
yields that the group of students with low GPA has M = 1.47, SD = 0.52, the group of students with average GPA has M = 2.11, SD =
1.14 and the group of students with high GPA has M = 3.39, SD = 2.29. Also, the pair comparison test between the group with
average GPA and high GPA shows that these two groups have an impact on the basic idea sketch transferring with the statistically
significant differences 0.05; while the pair comparison test between the group with low GPA and average GPA does not show any
difference.

5. Conclusion and Recommendations

From the performance comparison of the basic idea sketch for product development between manual sketch process and computer
aided design modeling process (CAD) shows that students that have an aptitude in Manual Sketching can create more sketches and
can use these sketches to make a further developing than the students that have an aptitude for Computer Aided Design. However, if
we compare the proportion between the number of sketches and the number of sketches that can be further developed, we will find
that the number of sketches that can be further developed between these two processes has slightly different percentage. Although
the Computer Aided Design Modeling Process (CAD) yield less number of sketches, its proportion is close to the number of sketches
than the Manual Sketching Process. Moreover, the creating of basic design idea based on the need of the users and product target
details will give the result such as a set of product concepts developed which the product development team will select from this set of
concepts. This demonstrates the relationship between conceptualization process and other product development activities process. In
general, effective design teams often create hundreds of design ideas, and in many of these designs, only 5-20 sketches will be
seriously considered in the activity phase of choosing the idea (Sahachaisaeree, 2004).

In addition, student’s grade point average (GPA) is another important factor in the number of sketches. It can be seen that the
GPA of the students will affect the basic idea transferring process respectively. The number of drafts can be reduced. The conceptual
idea is close to the middle and high levels. Although the group of students with low GPA can create almost the same number of
sketches as the group of students that have average and high GPA, these are not many sketches that can be further developed when
comparing to the group of students higher GPA.

The recommendation from this research is that there are factors other than student’s aptitude and GPA that have an effect on
basic idea transferring process. The researcher thinks that environmental is another factor that may affect the basic idea transferring
process. These environmental factors are such as sitting patterns, such as sitting in a group or sitting alone, may affect the idea
exchange which can be used for improving or developing the concept idea design (Idea Development) and sketch design as well.
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Abstract

This research studies the teaching process of idea communication for industrial product design sketching. The
objective of this research is to make a comparative study on the efficiency of two teaching processes between teaching
with detailed information and teaching with conceptual frameworks for groups of students who have different learning
aptitudes; which are an aptitude in theoretical subjects or an aptitude in practical subjects. The study also included
differences in learning styles of the industrial design program undergraduate students. The researchers came up with an
experiment of creating sketch design ideas for a product in which the researchers classified the students’ learning
processes from curriculum subjects and academic achievements. The results found that curriculum subjects and
students’ learning aptitude can be grouped into two major groups: students who have accumulated scores in theoretical
subjects and students who have accumulated scores in practical subjects. These two groups of students have different
aptitudes in sketch design idea communication processes: a process of sketching with given detailed information and a
process of sketching with given conceptual framework. Although these are different processes, the teaching and
learning of these two product design processes have the same objectives: to create design ideas and to support design
creativity by using the concept of interaction between the brain, hands and shapes that appear on paper to present the
sketch product and to guide the teaching and learning of industrial product design, suitable for students who have
different characteristics and help increase their academic achievements.

Keywords: teaching process, sketch design, industrial design
1. Introduction

The teaching and learning of product design will develop the knowledge and skills of the students making creative
designs. This requires integration of knowledge in science, technology and art by emphasizing creativity and the
development of design concepts related to differences in outward appearance and with consideration for function,
value, and appearance of the product, including form and size (Soodsang, 2005); in this way it is possible to create
products that will maximize the benefit for both consumers and manufacturers. Sahachaisaeree (2004) states that
designers usually work with forms and shapes. Though designers usually apply the “Elements of Design” and
“Principles of Design” when creating a product, the experts will also apply strategies and skills which they have
accumulated through interaction between brain, hands and shapes that appear on paper. (Laseau, 2001) calls this
process "Graphic thinking" which is consistent with the Design development spiral of Zeisel. The process of Graphic
thinking begins with the images that appear in the brain and are transferred via the hand onto paper; the brain then
interacts with these basic ideas on paper through the eyes to further analyze and adjust; then the brain will apply more
changes through the hand onto the paper. These processes will happen again and again until the designs are completed
The characteristics of the Design development spiral is that after completing the basic designs, the designers will alter
the original ideas and develop them into the most suitable one (Sahachaisaeree, 2004; Zeisel, 1981). Thus, developing
design skills is very important for analyzing products and developing creative idea solutions (Authority, 2013). In
addition, conceptual design is an important element and factor that generates design creativity, new styles and
uniqueness of products. Also, a systematical design concept will enable the designer to create products that follow the
procedures of the teaching-learning process of product design and allows them to create products effectively.

Therefore, the teaching-learning process of product design must include practice drawing product sketches in order to
present design ideas. Untrained students with different learning skills have to rely on techniques and an appropriate
teaching process to be successful in their studies. In general, learning from experience (Experiential Learning Cycle
Theory), Kolb (1984) explains that each student learns something new from experience which intends to encourage the
student to use his/her acquired knowledge and to increase this knowledge and the ability to use the design skills; this
can be done by providing the opportunity for students to have concrete experiences. The industrial design classes have
teaching techniques that are different from other classes because it has a curriculum comprising both theoretical
lectures and practical training for Design Projects. Students can find their own learning principles by making mistakes;
as a result, each student would have different learning processes, perception and behaviours. In the past, teaching
techniques usually were based on a teacher-centred approach, which is a technique in which the teacher organizes and
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conducts most of the teaching activities. In other word, teachers would use the technique that they are familiar with
and students would have a very little role in participating in activities. Therefore, the teacher-centred approach is more
like a one-way communication which does not focus on different learning abilities of the students. This research aims
to study the Design Idea Communication Process comparing teaching using detailed information and teaching using
conceptual frameworks techniques. This research will focus on the different learning styles and techniques for
industrial design students in order to classify these techniques from the curriculum subjects and the academic
achievements of the students and to do a comparative study on different teaching processes for presenting product
sketches. This is an interesting subject because if we understand the learning behavior of students in each group, we
will be able to provide teaching-learning techniques that are suitable for the learning ability of students in each group.
As a result, this could help increasing the academic achievement of students.

2. Research Conceptual Framework

Based on the introduction of a comparative study of teaching processes to present product sketch designs in the
industrial design program, the researchers came up with a conceptual framework as a guide, see Figure 1.

Teachiug process for : . S — ~

presenting sketch designs of | : | Learning Style J
product :
Teach by givine details | i H A group that has an A group that has an
- s aptitude in theory aptitude in practical
Teach without specific i .F
i detailed procedures H
e A W P —

Dividing students

5\ o~

Indicators of aptitude

) 1

Accumulated scores Accumulated scores
on theoretical on practical
subjects subjects

Figure 1. Conceptual framework
3. Method

In this research sample groups were selected by a non-probability sampling method; the members were all
undergraduate students of the industrial design program at Rajamangala University of Technology, Phra Nakhon,
Thailand. The researchers have conducted a comparative study of teaching processes to present product sketch design
in the industrial design program in order to develop a set of indicators for evaluation and to create testing tools to
evaluate the teaching-learning process of the industrial design program. The data collection method was divided into
six steps as follows.

3.1 Step 1 - We studied and collected transcript data of 4 classes of undergraduate students of the industrial design
program. Three of these classes are now graduate students (totaling 124 students); the fourth class includes this year’s
students (totaling 65 students).

3.2 Step 2 - The researches then proceeded reviewing students' grades in each subject to find the correlation of all
variable pairs and a relationship between academic performance and courses taken in the curriculum.

3.3 Step 3 - After calculating the correlation coefficients for each pair of variables in Step 2, in this step the factorial
analysis method was used to divide the variable subjects into group variables to determine the groups of aptitude
indicators. The study found two groups of aptitude indicators: a group with accumulated scores in theoretical subjects
and a group with accumulated scores in practical subjects.

3.4 Step 4 - Data was used from grade point performance of 65 students who are currently in their last year complying
with the factor analysis, to divide students into groups by using cluster analysis in order to do an exploratory factor
analysis of aptitude indicators groups. This yielded groups of variables in which variables in the same group are more
related than variables from different groups; while variables from different group are less related or are not related at
all.

3.5 Step 5 - We conducted a test asking students to draw a sketch design. The test was divided into two sessions of 8
hours each. The first test session (Sketch Design 1) explained the steps and scoring criteria in full detail, while the
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second test session (Sketch Design 2) did not provide detailed instruction and scoring criteria. Each test had a score of
100 points, the test details were as follows:

The first test session (Sketch Design 1) asked the students to draw sketch designs of a toaster onto A2 size paper
following the process of design development; the scoring criteria are detailed in Table 1.

Table 1. Evaluation Procedures for Sketch Design Development

Evaluation Procedure Points
Step 1 Problem Identification 10
- Problem Statement 5
- Troubleshooting 5
Step 2 Preliminary Ideas 5
Step 3 Design Refinement 10
Step 4 Analysis 20
- Function Analysis 5
- Engineering Analysis 5
- Specification Analysis 5
- Market and Product Analysis 5
Step 5 Decision 20
- Human Factors S
- Strength 3
- Ergonomic 5
- Safety 5
Step 6 Implementation 35
- Design creativity 10
- Identification 5
- Aesthetic 10
- Element of Sketch Design 10
Total 100

. i P ¥ 4
Figure 2. Test session 1, students are asked to draw Figure 3. Test session 2, students are asked to draw
sketches design of a given product sketches design based on story and scenario

Test session 2 (Sketch Design 2): Students were asked to draw sketch designs of a product according to a given story
or case scenario instead of being given exact product type. There were no given detailed procedures and scoring
criteria, the students had to do the product analysis by themselves. In this case, the students were asked to draw a
sketch design of a product to support making breakfast in David's family. David and his family live in Thailand; there
are four family members including David, an American businessman aged 42; he has to rush to get to work on time
after driving his son to school every morning. His Thai wife, aged 38, stays home to take care of the family. They have
a son, aged 10 and a 1-year-old daughter. The students had to come up with a product design suitable for this family,
and draw it onto A2 size paper (100 points).

3.6 Step 6 - Students had to submit their designs from both tests to 30 experts and professors involved in teaching
product design from different universities, to evaluate the quality of their sketch designs. Then, the experts and
professors made a result analysis conclusion and combined this with the results of cluster group analyses to sce the
difference in results coming from factor analysis used to group the curriculum subjects into theoretical subjects and
practical subjects. Then, the experts and professors divided the students into two groups based on their scores from
both product sketching tests. The first group was the group of students having an aptitude in theoretical subjects and a
group of students having an aptitude in practical subjects. After that, the experts and professors answered the questions
about the objectives of the research, specifically about teaching and learning styles.
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4. Results

4.1 Correlation Coefficient between grade performance and subjects

From examining the academic performance of students in each subject, the relationship between the student’s grade
performance and the subjects are found by computing Pearson's correlation coefficient (r) between each pair of subject
variables and it shows a statistically significant relationship between each pair of variables, having a coefficient of

correlation greater than 0.5; the details are shown in Table 2.

Table 2. Pearson Correlation Coefficient between grade performance and subjects.

Subject Correlations
. . Pearson Correlation .549
History of Design Sig. (2-tailed) 000%*
Composition of Art Pearson Correlation .549
P Sig. (2-tailed) L000%*
L . Pearson Correlation .507
Principles of Drafting Sig. (2-tailed) 000%*
Drawine Techni Pearson Correlation 539
gl gy Sig. (2-tailed) 000+
Computer Technolo Pearson Correlation 592
p gy Sig. (2-tailed) 000%*
Princinles of Desien Pearson Correlation .576
P £ Sig. (2-tailed) 000%*
. . Pearson Correlation .500
Industrial Drafting Sig. (2-tailed) 000%*
Paintine Techniques Pearson Correlation 572
& d Sig. (2-tailed) L000%*
Erconomics Pearson Correlation .576
& Sig. (2-tailed) L000%*
i Pearson Correlation 592
JlodepM i Sig. (2-tailed) 000%*
Pearson Correlation .556
o> Sig. (2-tailed) 000%*
h ] Pearson Correlation .548
Cost and Price Analysis Sig, (2-tailed) 000%*
- : Pearson Correlation .592
1P 1 . ;
Industrial Product Design Sig, (2-tailed) 000%*
) : Pearson Correlation .556
Industrial Product Design2 Sig. (2-tailed) 000%*
X . Pearson Correlation .635
Industrial Product Design3 Sig. (2-tailed) 000%*
. b Pearson Correlation 567
Industrial Product Design4 Sig. (2-tailed) 0007
. . Pearson Correlation 567
Industrial Product Design5 Sig, (2-tailed) 000%*
. ; Pearson Correlation 518
Materials and Production Sig, (2-tailed) 000%*
. . Pearson Correlation .590
Computer Aided Designl Sig. (2-tailed) 000%*
. . Pearson Correlation .508
Computer Aided Design2 Sig. (2-tailed) 000%*
Seminar Pearson Correlation .635
Sig. (2-tailed) .000%*
. Pearson Correlation .590
Industrial Product Research Sig. (2-tailed) 000%*
Ceramic Desien Pearson Correlation 538
& Sig. (2-tailed) .000%**
. . Pearson Correlation .500
Graphic Design Sig. (2-tailed) .000%*

**_ Correlation is significant at the 0.01 level (2-tailed).
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4.2 Factor analysis to determine the groups of aptitude indicators

The subject variables are grouped by Factor Analysis method to find groups of aptitude indicator factors. By using the
academic achievement of 4 classes of industrial design students which included 3 classes of already graduated students,
and students who currently are in their last year of the program, it is found that the factor loading is medium; as a
result, it is unable to find Factor Indicator Variable. Thus, the researchers use the Equamax Rotation instead and find 2
main factor groups of theoretical subjects; there are 10 subjects in this group as follows: History of Design,
Composition of Art, Drawing Techniques, Principles of Design, Principles of Drafting, Ergonomics, Seminar in
Industrial Product Design, Industrial Product Research and Development, Materials and Production and Cost and Price
Analysis, subjects that focus on theoretical and basic design, and a group of practical study subjects; there are 14
subjects in this group as follows: Industrial Drafting, Painting Techniques, Industrial Product Design 1-5, Model
Making, Workshop, Computer Technology, Computer Aided Design and Manufacturing 1-2, Ceramic Design and
Graphic Design, subjects that more focus on practical study than theory; the details are shown in Table3.

Table 3. Grouping the variables subjects by using Factor Analysis method

Aptitude indicator factors

Subjects Theoretical subjects Practical subjects
History of Design 742 252
Composition of Art 157 .096
Drawing Techniques .603 417
Principles of Design .706 130
Principles of Drafting 1822 338
Ergonomics 852 .303
Seminar in Industrial Product Design 592 .012
Industrial Product Research and Development .606 .165
Materials and Production 577 025
Cost and Price Analysis .582 .180
Industrial Drafting .143 .542
Painting Techniques .388 572
Industrial Product Design 1 158 .597
Industrial Product Design 2 .071 573
Industrial Product Design 3 .052 .535
Industrial Product Design 4 200 .587
Industrial Product Design 5 270 .796
Model Making 296 .581
Workshop 136 618
Computer Technology 266 .547
Computer Aided Design and Manufacturing 1 331 .565
Computer Aided Design and Manufacturing 2 124 517
Ceramic Design .053 .640
Graphic Design 132 .576

4.3 Exploratory factor analysis of students’ aptitude

The following displays statistics data used to group the students by using Cluster Analysis to find the aptitude indicator
factors; using the academic achievement of 65 students of the last year industrial design program and this should be
consistent with factor analysis. From the analysis, it is found that 30 students are put into one group due to their
accumulated scores in theoretical subjects and 35 students are put into another group due to their accumulated scores
in practical subjects; the details are shown in Table 4.

Table 4. Grouping students based on their aptitude by using Cluster Analysis

Order of Aptitude indicator factors Order of Aptitude indicator factors

students Theoretical subjects Practical subjects students Theoretical subjects  Practical subjects
1 0.248671 -0.54065 34 0.841689 -0.27741
2 0.205925 0.673306 35 0.128578 0.886047
3 0.836422 -1.02788 36 0.08967 -1.70081
4 0.609329 0.008269 37 1.22204 -0.73975
5 0.733625 -0.33013 38 0.822663 -2.41822
6 0.657702 0.208207 39 0.025847 -1.11792
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0.259478
0.857075
0.167104
0.380872
0.157809
0.325474
0.575998
0.515985
-0.08353
0.250531
0.634965
1.157
1.191205
0.918297
0.640038
0.510861
0.420357
-1.8415
0.493202
0.343656
1.095256
1.096936
0.257146
-0.21077
0.565304
1.179343
0.776685

-1.79647

-1.0805

-0.84682
-1.23023
0.239769
-1.67175
0.116256
0.249676
-0.16298
0.222453
0.822956
-0.27819
-1.14112
0.473976
-0.46795
-0.40358
-0.90734

-1.2389

-2.08729
-1.00818
-1.25661

-0.3077

-1.34767
1.029677
0.630503
0.431152
1.316716

65

Total

-2.0085
-1.84759
0.897067
0.635235
-0.63329
0.751639
0.530648
1.160491
0.857994
1.089357
-0.27865
-0.00273
1.454544
0.801982
1.004072
0.735356
-0.49732
0.627335
1.422865
-0.18303
0.874389
0.857588
0.212006
0.177405
0.784662
1.048526
30 Students

-2.85519
-4.00937
-3.07237
-0.90404
-0.15434
0.772339
-1.18713
-2.13405
0.513377
-0.76911
-3.65483
-4.04598
0.660642
0.918156
-0.61672
-0.63871
0.205021
0.164044
-0.65842
-1.64284
0.74303
0.728852
-2.9305
0.349769
1.671325
-1.15582
35 Students

Table 5. The average score and the comparison between Sketch Design 1 and Sketch Design 2

Order of Sketch Sketch Paired Samples Order of Sketch Sketch Paired Samples
students Design 1 Design 2 Test students Design 1 Design 2 Test
M(SD) M(SD) t p M(SD) M(SD) t )4

4 75.33(5.16) 67.00(6.51) 2.90 0.034* 1 68.333.93) 60.00(4.34) 4.18 0.009*
5 73.50(7.71) 64.50(5.89) 5. 14 0.004* B 64.67(1.51) 74.67(6.86) -4.33 0.007*
6 73.33(2.07) 66.50(5.99) 3.52 0.017* B 62.33(6.74) 70.67(5.20) -4.21 0.008*
13 77.17(4.53) 72.17(2.48) 373 0.014* 7 69.00(8.99) 66.33(12.7) .13 0.310
14 69.67(8.57) 66.33(8.09) 4.15 0.009* 8 70.50(6.38) 78.83(4.36) -5.93 0.002*
16 72.00(5.25) 64.33(6.50) 7.75 0.001* 9 65.33(5.81) 72.17(4.31) -6.01 0.002*
18 73.83(4.26) 66.50(6.53) 5.50 0.003* 10 62.00(5.37) 70.83(8.11) -5.32 0.003*
19 68.00(4.43) 60.84(6.37) 8.22 0.000%* 11 63.83(7.83) 73.00(6.13) -4.95 0.004*
20 68.33(2.42) 73.17(3.55) 804  0.000* 12 66.83(5.27) 74.17(5.63) -5.31 0.003*
21 75.33(3.44) 69.67(4.84) 6.17 0.002* 15 68.00(3.35) 75.33(6.98) -3.68  0.014%*
22 73.00(2.83) 68.17(3.55) 6.45 0.001* 17 74.33(8.96) 71.50(8.78) 094  0.392
24 74.17(3.25) 78.50(3.27) .77 0.001* 23 68.67(4.03) 73.67(2.94) -7.32 0.001%*
28 86.17(4.07) 81.33(3.39) 5.80 0.002* 25 62.50(3.02) 66.83(3.06) -6.06  0.002*
32 74.50(4.14) 69.67(2.88) 5.31 0.003* 26 62.83(3.66) 70.50(3.73) -4.90  0.004*
34 69.333.20) 66.67(4.22) 4.34 0.007* 27 64.17(4.26) 66.50(5.17) -1.14 0305
37 70.00(2.76) 64.83(3.66) 5.68 0.002* 29 64.17(4.62) 68.83(2.04) -4.08  0.010*
44 71.17(4.54) 65.17(1.72) 372 0.014* 30 68.33(3.72) 71.33(3.45) -2.91 0.034*
45 75.17(4.07) 70.17(2.52) 4.44 0.007* 31 68.00(3.95) 73.00(3.52) -4.84  0.005*
47 71.50(3.33) 66. 50(2.59) 3.95 0.011* 33 71.17(4.26) 76.33(3.01) -4.23 0.008*
48 70.50(2.67) 65. 83(3.06) 5.53 0.003* 35 67.00(3.58) 72.83(4.31) -5.41 0.003*
49 79.33(1.63) 76.33(2.33) 2.05  0.09 36 71.83(4.75) 68.33(3.98) 8.17 0.000*
52 73.17(3.97) 66. 50(5.86) 4.15 0.009* 38 66.83(3.65) 71.00(2.37) -4.41 0.007*
53 73.33(3.45) 78.50(3.45) 568  0.002* 39 74.00(2.53) 77.67(2.88) -11.0  0.000*
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54 75.83(4.26) 70.00(4.47) 5. 26 0.003* 40 65.00(3.29) 68.83(2.64) -8.03 0.000*
55 69. 00(5.55) 73.50(5.09) 6.71 0.001* 41 66.00(3.57) 68.00(2.28) -1.55  0.182
56 75.83(6.24)  67.50(4.14) 453  0.006* 42 58.002.97)  6250339) 201  0.000%
57 75.17(3.43) 71.00(2.19) 5.26 0.003* 43 75.17(3.97) 80.67(4.27) -2.91 0. 034*
58 67.67(4.08) 72.67(3.33) 5.8  0.002* 46 67.00(2.83) 74.00(4.34) 4. 65 0. 006*
60 80.50(2.88) 76.33(2.42) 3.03 0. 029* 50 68.67(2.07) 65.00(3.22) 2.86 0.035*
61 79.00(3.74) 73.83(2.92) 3.27 0. 022* 51 58.33(1.97) 60.17(1.17) 28  0.038*
Note. 59 72.67(3.88) 78.17(4.17) 24  0.060
= Group of students that have high 62 69. 83(3.73) 75.17(4.45) 454 0.006*
accumulated scores in theoretical subjects 63 68 17(2.32) 4. 33(4.84) 4. 07 0.010%
= Group of students that have high 64 69. 33(2.34) 72.50(1.87) -2.53 0.050%*
accumulated scores in practical subjects . 69 72.50(4.32) 77.83(3.66) -5. 06 0.004*
—J The highest scores of both tests *p<.05 is the level of significance

4.4 A test by making students draw a sketch design

In Test session 1 (Sketch Design 1), students are given details and scoring criteria and in Test session 2 (Sketch Design
2), students will not be given details and scoring criteria; both tests have a total score of 100. From testing 65 students
of the current year industrial design program using both of the tests, the analysis results are as follows:

Comparing the mean scores of two different tests which are not independent, the analysis results found that 59 students
performing the test in both sessions show statistically significant differences at the 0.05 level; except for six students at
the order 7, 17, 27, 41, 49 and 59 showing no statistically significant differences.

The tests reveal that 25 out of 30 students or 83.33% of the group of students having high accumulated scores in
theoretical subjects have an aptitude in Sketch Design 1, which gives detailed procedures and scoring criteria higher
than Sketch Design 2; which gives no details and scoring criteria.

While there are 30 out of 35 students or 85.71% of the group of students having high accumulated scores in the
practical subject that have an aptitude in Sketch Design2; which gives no details and scoring criteria.

In conclusion, the group of students with high accumulated scores in theoretical subjects are found to have an aptitude
in Sketch Design 1, given detailed procedures and scoring criteria; while, the group of students that have high
accumulated sores in practical subjects found to have an aptitude in Sketch Design 2 given no details and scoring
criteria. There are 55 out of 65 students or 84.62% that met this criterion; the details are shown in Table 5.
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Figure 4. Example of sketch designs from Sketch Design 1 and Sketch Design 2

4.5 Comparison between the two groups of students and two sketch designs

Differences were found between mean score, the comparison between two groups of students and two sketch design
processes in which the two groups are not independent. The analysis results found that Sketch Design 1, Sketch Design
2 the group of students that have accumulated scores in theoretical subjects and the group of students that have
accumulated score in practical subjects have the statistically significant differences at the 0.05 level; the details are
shown in table 6.

Table 6. The mean score VS the comparison between the two groups of students and Sketch Design 1 and Sketch
Design 2

Group of Students with accumulated Group of Students with accumulated Independent

scores in theoretical subjects scores in practical subjects Samples Test

M(SD) M(SD) t P
Sketch Design 1 73.69 @.10) 67.30(4.17) 6.215  0.000*
Sketch Design 2 68.92(5.12) 71.47(5.01) -2.029  0.047*
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5. Discussion

Teaching processes have an impact on design idea communication processes: important elements and guidelines for
the systematic designing process; it can also be used as a designing frameworks. Applying the information based on
the conceptual ideas helps the designs to achieve the objectives. Each designer would have different design ideas,
aptitude and design processes, the researchers found learning subjects and students' aptitude can be divided into two
groups which are students that have accumulated scores in theoretical subjects and students that have accumulated
scores in practical subjects. The group of students with accumulated scores in theoretical subjects would have an
aptitude in the idea sketch design transferring processes that give detailed procedures and scoring criteria because this
group of students would have systematical planning and work in detailed sequences. On the other hand, the group of
students that have accumulated scores in practical subjects would have aptitude in idea sketch design transferring
processes that are not given details and scoring criteria since this group of students like freedom of thinking and can
learn from their mistakes and learn from the complicated situations, these students can analyze the stories and
scenarios and turn into design ideas.

From these sketch design tests, it is found that although these two tests have different details and processes, they both
support design creativity concepts. Also, they have to use the thinking process that derives from the brain, eyes and
hands. The difference between these two processes affect learning and teaching industrial design (Sahachaisaeree,
2004). Also, the academic achievement of the students who have different aptitude indicators factor would have an
impact on design idea transferring processes and skills in industrial design (Soodsang, 2005). In the present, students
have many different conceptual design processes which may due to their former knowledge and access to knowledge
in the form of criticism, knowledge synthesis and self-exploration, awareness of the difficulty and complexity of
design, as well as the differences in individual which are differences in terms of learning styles, design ability and
communication skills (Adi, 2015).
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