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Design Constraints Adopted by Industrial
Design Students in the Concept Design
Phase

YeongHun Kim', KwanMyung Kim*
School of Design and Human Engineering, UNIST, Ulsan, Korea

Background In the product design field, different stakeholders communicate
with each other with design constraints. This paper reports on how designers use
different constraints in the sketch phase.

Methods Senior students majoring in industrial design participated in the
design experiment. Their idea sketches and interview data were collected, which
were then categorized with a coding scheme developed from Lawson's design
problem model.

Results There are three major findings. First, unlike architects, product
designers consider not only 'designer constraints', but also other generators'
constraints in the sketch phase. Second, the constraints related to the interaction
between users and objects mostly fall into external constraints. This reflects the
fact that most user interactions with products occur on the surface. Lastly, fewer
constraints in client and legislator categories are adopted while a large number of
constraints in the user category are used by designers.

Conclusion  Based on the findings, we argue that if Lawson's model is applicable
to the product design field as well as architecture, it needs to be modified or
further developed by considering the characteristics of product design that are
different from those of architecture.
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AEE AZE fzRl Aetd T} st= TRl Agbd o2 it (Régin, 2011). £AZE
oAl ARHE Aol o] dH 07 FiES| Wi7] of# Al Al BES TohH, st
ARl A2 Bkl Wi o 2 Aoyt o] 7heet 24 WA B ASS
olu|ghe}, Dorstet Cross(2001)= AXE gz}el AFHES Alu|A, v]2UA, Fojdo g,
StE Akl AR S AAIE S 7€ = A oJst¢let (Dorst & Cross, 2001).

dtd o g gl A 7e Ado] Foj= AEAE 27|dA O dfFE
tARIB g Aol E3tE| o] tzto] vzt vkl sfActE &5 Uk a4 Bt
A2 A8kt (Ulrich, 2003). Lawson(2006)2] ‘Model of Design Problem’ ] wt=™H
gl AtEE A8t dAQ] £AE SetolAE, AR, HAteld, At o5
AAEL. A& 5o FeAEE AFY 714, Aid7t, gAY HHE B2

= 8255 AL o]AEe] HYARIE LI o] ZitE|o], TRl
Aghy o 2 A-g-5iA k.

ol¢} Zo] AFTAolv= AFNE 27 DA o TEolA el AEE 74
A YIS A& ek AAA] 32 AT AR] A oA AR ofolt]of
A5 U= vl a3 Aot (Suwa & Tversky, 1997). 12t Aol BE
gatolvEoly 5L dA At AAE oldfist=d o2 A= 497t ¥
olg] tRpo|Eo] BHYE Fol ohte] ZRAEE Adafof ol= B A= HIE Tt
OARIAIRM F/71 & o]FA| A grot At vl-&3} A7) 742 Eo7HA He 297
o] 9lt} (Fowler, Sleeman, Wills, Lyon, & Knott, 2005).
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2. OjxrQ! Hieky

2.1, CIxpelme-e el Hef

NeH oz g9l P& gAel AN G751y BhE AL FoHA ot
EEE 94ske E%oltt BlochBloch, 1995)% AFML T4 Aol tael AeHdS
AAFs, FATHG vE, HEZQA A, nAH Y 47FHAE YR o714
AAFAAY FHORE AT AES Agshs BN APT 5 Qe raael
A, AE A& 293 AHEY HoA & 1Eche Aoy, BAT ) HE
SHo M= AFY BAE7HE BE 5 e A4 FAT Ao digk 1efr £3E
HEA SH ML $AHQ BA| &, AF) 50| Tt vlel A Bl A At
7o) JFL 74 FEF sk FAS0] 5o Z S Ak mAo R ug Zwo v
AF] A4l &, wu o] B oA o]ds FE T F LS ol a4 Ee] vt
A9 W&} 2ol Al A l YAFQl 271 @A A AFo] wEo]X]7] A
B TAQ £AF DAt BAE e olslaAREl AR Sute Y
@1:6; Al S fls) mo}h 4] g 4olck (Mostow, 1985). T3t T ARQIAIGHE 2
e ol BAAE Atole] HAAH BFE LB = 5 ik ARYANA
Setog sol Wit ofet A& 44 /A E Hola BE ol Sl WA 4

a3k 40|t} (Gross, Ervin, Anderson, & Fleisher, 1988).

Lawson (2000)& AT AR ZEAAE BAsto] AFHAAS EFeE o g
YAl Eokoll Al AHE- 7Hae FRA QN HARI AR BdlS AQtelqitt. o] HElofi=
Agd B4t generator), HARL BlAFe] 49, YRRl 84:9] Al Lo tiro] TRkl
Aetd-& Avgstal 9lrt. (Figure 1)
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Designer /
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User \ % j
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Internal Formal
Practical
External Radical

Figure 1 The Completed Model of Design Problems (E*: Lawson, A Model of Design Problems)

Ol At AR Aol HRtold, AHgA, SetolAE, M A Legislator) 7}
Qo o]50] ¥rEo] e HAl AtEES "Rl di4d @9l whet ROl
AgtA (Internal design constraints)¥ £]2T]zFel At (External design
constraint) &= AT o] AEL ThA] TARIQ A oA Z24 (Radical), A&7
(Practical), @& (Formal), 244 (Symbolic) T]A}l AlgHd o2 FRE W Qlct,

Lawsono] A|¢tst tzQl A EHL Aty AFAAFo] tAFo WS
AAsH=t o]2A 7]o] 1 YEAES K&} Lawson(Lawson, 2006) TIAFelS



ZFasital & 4 glek

2AX GARNA GAtel|7E YAl A& o BA ARg-sh=A o disl dotR 7] 915
2 AtollAl AFE-SE Lawson?] TRkl AlgHY ®HES 2861, o] HeloA ZF 9
7l Al &L oh3at 2t

Agtd AR AR °‘H}X—1 o7 'FEolAE'E A5 ZAE AVIsHAN 1 #AE
Z7] fIgt EFA U S 41 QIR Fohe Aol AR E HY fARl AES
AHESHA E ARSI '%E}O] AE 'O AR = YARISH d AikEo| uhet 5YUAqY
TE Q1 AR g2 AEY £5 . A5 A9 ATl 'StoldE O HA
AR A7 A AR AFO] S FEo|AE = AXANY £ A, uHAY
AE7H & 9lon, gatoly Al = Yt 'tAteld's BAIE dldshe 98-S
g #at opy et E}"*?} I o|7ES BA 2 Y &oll 1L 9 Aok 4TS girt
T 't e 'EEto|AE 'S 71det BAE 5t FtolAE'Y 2R FAYES
FYotaL HYot= 98S etk wA o2 YA = 'TRFe| | 7t REEA] 2] Aof
Ste A, AHEA, T BeE MEA VIEARES 285t A £ de
A& At

OARRRIA 9o 2 Wi A" (Internal constraints)ol& T&FQ1 thAHE A1
E= 1 R BEE Agkdolga I 5 Yok & AlRolA= 54, AE, A,
P So] gt 'R A$H (External constraints)o] AlE T} A= AFE7H
Ae|HAT FHAE gL 50|tk o] F G99 84252 AHEHYA, A4, AR
ofU e} A&l AHg FA Y 28HE 4 e 945 AASE IFe sty & 4 Qi

el 84 A 'FEA (Radical) tAHl AlghE & fzRel g4
7HE 71841 7150y 54E wobn A-84 (Practical) TR A

SEo] BArAeE AuApe] Y=o Aggh AT AEALE =Y 5 e AE

ol

a5k dejolet. el (FormaD) Tl AGHAL Al o] o3 e ARsE
Ssoldl, A2 Symbolic) SR ATRE AL el 22 5 53495 B
olulgt}. =, AH8Rre] AHE1A A 9lo] et Ze AT} A% Foleke T

ARRISHA == Algtdolatar & 4= Sict.

Sl A] A viel Zo] Lawson®] BE-2 o2kl A& A|A1A 2
AR of g} diFRe] tzlgd el H83 = s Aet RE= wopgoia 1
% tHLawson, 2006).

bR AgASe] Pl AR @AGA ol R ARAL
ob 14 Sk, o] 919 TRl el B4 AL tAIsH sh=
Al

AHgt A ¢
Ae AT, AYAA e 24K AEES Lawsond] AT BES oz
245t

3.1, g7y MY
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Hls & o thFst ofelt ozt g £ Sl AAA] ofolt oA TEAE AEH
A etk Verstijnen, Stuyver, Hennessey, Van Leeuwen, & Hamel, 1996; Won, 2001).
o] A oA s AE 2715 AT & AFF o] FASNA ol ARt F¢t
2AA] HBE B skt B, AAATO R = YRolv st Aol thFet
HARIAR S FEsk=t o8&l Y& AL R wdste](Goodman, 1976) Ad E=
F AFFAREE R AAA S A9 1‘:' £ s FofrEo] AT
Ol AddEE A8 A% & 4 &5 3 AollA =44 Hlolel= Lawsond]
Rdg ARgste] ghE 273 AlA(coding scheme)E ©]-§3to] £73Hcoding) 2H4&
A3gstelrt.
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£ ATASE U4 B &4, DA Aulgel FAE T OAL 754
Fehie T daele] mebAl Aol Sol gl AW S AHgsHE P40 BB
% 9le Ao A A Sof A3t 2ol vedhi Al Hel Ravt 4 AE

AAL ol S 715 He| 1 AEH RA7E 2 AFE ARE A= Fepd Folt
wpebA] 4612 S4o] Gl AET 715 B4l Uk AFS BF AP et

gol A= :
ol& s JdEY £BES ebayet FH AlF HAEE AR ebay= thE ol
webol st AAIES 55 wokon] A AA AU SAAA o] AT M B
Fg2 3= A8 Yl AR A ebayet F AT A AE AlFSHAL AU

3.2.2. AIEAA

A A Al AFI 715A AFS Adsty] S8 B EA Bljst e AlE
Z Aol EEtekle EEAA, AIets, £45E 25t & 25879 AES
AAstgch RS Foto Z7EA7F gAImA A Aulido] o FastA e s ofof
& AFE 37N} 71540l o FasHA aeEofok & AIF 3ME $AES glo] At
stlet.

AE] ol T g Fol7] Hlall #H oW (& TA AP, T on| x| £t
ARl Fe7h AF Aol JFS £ 4 Ag A F Bstol(Creusen & Schoormans,
2005) oA YT F 7P dubF o2 ALHY e 5 AIE Agsla SHA g
59t Wang & Simoncelli, 2003). (Table 1)
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Table 2 Survey Result of Representative Products
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Sl EEAAE AASEIL 9l WATCHARI Y T

ol ZRAE HHL 20141 woll EAT AAEFS Adst= A AU 208 Bt
ApAlgEe] ofolt] ol & A ¢Hal A 4.
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A 2.

FALZ A g AlFE 0% ot H & AN EE Atsh= Design Studio®] A4
HAtold s 5ot gyt &3 2 F 71901A 95)7F S0l dEjold = WA
Bk Axx Aol AAkshaL gl Helmewwu}

ol ZRAES] £A2 20149 Foll SAD AAEE Tk AQYh 202 B4
AAREe] ofolt] o] S A gtsf A 8

(AN} F BE AF 7P, deds BEE 5 ARARE A4S 5 9k FAE
W AGE 5 gt
AYe WA BAAENA 1087 48] B4 0 APEe A9 7 24 AES

AARAD AZE 2085 FAL Al AR 102 29 F 60% T A 8}9514 2AAE
Hgro 2 gb fael Age E&of makA Z7l= 158 (Stones & Cassidy, 2007)914]
ZAA= 2A17HDorst, Christianns, & Cross, 1996)7}4] Ad5}4itt. Stones & Cassidy
= AR OE F 7 439 2AX HAE 47 158 A R &Ysto] AA|R] iAo what
ofoltjo] Zl4of WA= FFZ EASHITh ARo] B F HES AiEE 7HALL
2084 70 QIERof st F 80+ Fet & Ao of FolsttH(Table 3).

Table 3 Experiment Process
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IR As EoHA Aol S 3A 7 sfadto] 1A FHolof sk o2t 7164,

A4, Bol4 5, shaste] aasol dhal A4 A :
A7} otoltlolg W uf ofme AT T4 AZto] WA 3

o]

=

S Qe dolHE 418 & U4 AR AZAAGL. AYT B AR £ T
AHH A a2E AAS] $I5te] Aol ol &5 gh Wl 4oL o] okt

ofeltlo] 4 IS 71537 S8 AT YT 27N E o] ERE] RA o]
H]E] & 293 %3S 098 5trhFigure 2).

Figure 2 Interview Setting (Left) and Interview Image (Right)

oo
aaxt 747t
A3g

3.4. MEUIO|E{S HIEIC R 3t 253} XtY

A¥ 28 T 7 Foatel AW BE Qe HUYL AAZY (transcription) S £l
EAS Hdeh A ARA Ay }1}501 AT AR ES Fotlla dE3sH]
SIS FA 270 Lawson®] AR £7 RES AEUR Aol HEE AR &
2353} A (coding scheme)S AH8-5Hth(Table 5).

Table 4 Coding Scheme based on Lawson’s model

Internal Constraints

Radical Practical Formal Symbolic
Designer M=ol =55 kS HZel Hlg, del, MZ FEN7E 7HXK|L
FanEs) A 2LS Q= Q0|
Jl&Xol Hs (product |tself)
Client (HOIHE 2I8h M| H AEAL] & HiE HENZt 7HX 2
HZel =% (in product) U= %iEH Q= 20|
HZel 55 s e &i0)y HE X7t 7HK =
User A&st= Ol'rr) ASN (HuEst Z0pE = Qe "H &3Y
ESS)
Legislator HE Mol 5184 (HIE A2l EjQl 5184 HhotE U & U=
BlpSEs o4y
P
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External Constraints

Radical Practical Formal Symbolic
Designer HEe 55 M T2 hA HZolHlE, e, B0l 7kX|1 Y=
A1 (in use) MY, RHS 484
OFMM(in use) (harmony with (MEXI2t ALEXL
(A X120l 2|51 other objects or  Z=EHO| )
family look)
Client (HE2 2Igh MAH|E M (harmony with MEXILHEE
HEZo 2% (in manufacturing other objects or S35l E0{& £ U=
process) family look) AbS| AN A
User HZe =5 Ar8H (harmony with HES ARECEMN
(ArE8t= 01R) HMo|M (EXCHLT  otherobjectsor  7HE %= Q= AEN
ALEEH0]| QUOIAY) family look)
a:’_kl
Legislator HE Aol Qrx M HEZ "EZtCE ME0| TRl
5184 AnH 230 0jxl= g Y0 2o
(A2 Xp=F01215H 0jxl= &g
(AHE9)

B3 3KCoding) T4
AALARE ofd |} 55
E4 F(category)°] i
AP} (Table 5). o] A7
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Table 5 Example of Coding Procedure
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H535} 34 9] A FA(reliability)& &=°]7] $13] =
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B4 FoHA g ARl daAAE F A7 Gelstel
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Arg-okaiTt. (Figure 3)

Figure 3 Coding Verification Work
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Table 6 Comparison the Use of Design Constraints between Watch(Left), Helmet(Right)
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A R vl
T A E ARSR T B ot AP Dy AlE EREY SRE A4S
SR A AL Asle AR olgo] L asgh 01 A% (mid-
complex engineered consumer product ) 71 w2l o] gt AlEE HollA=

o1L AR QST 5 9 A, 4 E}Eer o u}—é— AEESoI7HA) 24

weba £ AT AEo] AulHolE 75 HolE Yozt 2t A Bl
o]

li‘

xg¢ BRe £220] an

S o]
SoloA gt A, i ARl Aol 7 e A%, T ALALY
A ARALel BAY AFAS Lol e HAT AL T4 A%

80| 54
AASE 9 1 AT A A 10 Aol P ASs AR Wl
ATASL £ AZA ALH RE A9 495L AR A =

B4 sgick. 0% Bste] 7 GolE Yrpoluzt ojWe A o
ool 17 shelet. 2471 Bl WA W E-L that 2t

4.2.1. TRk ] e AR QAR G elel Hhat el

SANNA B FAEL Aol U7t BEolthi TRkl AR ohet A8t

Gooll 2eha Aoz e YA A7 = 3 HAsHAl arEstal ik,

Table 8 The Statistics of Constraints Generated by Designers in Sketch Phase
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50 40 37 W
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10| 030 ol 3 130 5949 1l 3
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225 | 48y | @Hy | yEd | 53+
C|Xtof L 7 11 14 5 37
22| E 0 0 1 0 1
AP A} 3 40 3 4 50
YA 0 3 0 0 3

mLC|Xo|H mE2t0[HE mAt2X} mYU™Xt

9] Table 8 999 A% A% AAAE] AnEe vpgoz 277 o4
oE G40 Al AL ABIAE] R YEAT BN I HeID
AL G St dlol2e] Bol AR, & 91749] T Aol gtk o] %
ttol elol Al 37709 FlAtel Algkao] ekt 1 9] Al the Ag A Sol

chlok & Gelol A AAES 547Re] tiatel AREE GRET G A B 4 9ot
E5] AHAES A8A U4 AT G9NA F 507) 848 GRT A9 ol
ARFAAE] G W R dAel ARl AHgA] G ek AL
o] 23 gIek, Lawson A4 A AFSHE AR o) Be 22 JFE o1
Qi 44 2 APIAE AHgA] AR AF glo] FoldTol AN A8A
PN 222 ATHS Foa s LS & 5 Aot m% Azl

AFEARL] T2 249 Zoof 7]Qlst= Ao g Azt & 59| B4 AHEAE
SetolAER] A7t §7] wliel AL A oR qx}omoﬂﬂl AH4le] oarE #
< 715]7F Wol & Wk ofy gk AR AR YZE el 3ol A Aoz w7t
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2 A9 BEA ted A4S AT AF Aol
I, PYALE BEE AYH7] o] dRolust A Agaete] AHAq
B 040 4SS Fste] TEAOE Teldel ¥ ARES
L 497 gk AA ARl S0l g4 24 5 Edtel
YA S3eL o] F Aol W & Aol At
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4.2.2. 04, Q& AHE AFg-9] #}o]
AZo)Ae WA At AA AHgARer AZETRS] FAVE ol T = A AlFell A=
QA A A AFEAFS} A Z 7ho] WA} who] T FT),

Table 9 Comparison of Internal & External Constraints Generated by Designers
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Aol A% AF 7ol AHGA GPB AHAH P Folo] A 2k RO

Q7T A%0] A% AgAe AF B AL AE G o] 2 AFE o)A

=
AOZ AT 5 gtk oF Bol A% WO FAoI} A, AgRtel B4, AgRtet
U A ske] A ol WA ARHoleka & 4 Lot AEe] A9 A% HEE)
Fau AR, 7HH A4 Fol g WA ARHeletn & 4 k. oleld REe
3

clRold] Ap4lo] Tholok she EAI9 o Telo] Gl HEol7] HEe] =
e GEolehE Rl Bopo] uket fAHl Aol AR vg-e A
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b4 9

o1 2
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S
o

4.2.3. 2AAGA A AFH 07 A-E= Al 9F
2 A olA= AHA, Aot I ARl Aghd o] wWol Uehd Bhd ‘Feto]AE 9t
HAR 9 ARl A AdA g vle HA veigth 12 AEHAA =
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Figure 4 The Position of Sketch in Product Development Process
Source: K. T. Ulrich, S. D. Eppinger, and A. Goyal, Product design and development: Irwin/
McGraw-Hill, 2011.
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