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Interaction Design Sketches
- A Case Study in the ARTware Project -

Kumiyo NAKAKOJI, Yasuhiro YAMAMOTO

This paper presents the result of our exploratory analysis of design sketches generated in the ARTware project. We have

been engaging in the ARTware project over the last decade, which has produced a series of interactive application tools for

a wide range of creative knowledge work. The project consists of a single interaction designer and a couple of programmers

engaging in collaborative sessions to design and develop ARTware tools. The interaction designer has generated a number

of sketches and drawings during the project. The study presented in this paper carefully looked at randomly selected 67

pages out of eight sketch books, and examined what the interaction designer seems to have “seen” and “drawn” in those

pages during the interaction design process. We discuss our current findings in terms of a set of themes that recurrently

emerge in the design sketches, different types of design variations generated in the sketches, details elaborated in the

sketches, a variety of roles of arrows used in the sketches, and of the use of text representations in the sketches. We are not

aware of any existing studies that report in-depth analyses of interaction design sketches produced over a long period of

time. We believe that our findings would serve as a basis for making hypotheses for further analysis and inform tool designs

supporting interaction design.
Key words: interaction design, design sketches, case study
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DATADORERTHLH B9, FHiE A7 v FiT,

o HREBME (BHOIWVWEFRUERTAL FAR—F) THIC E W),
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T A L EVWI FEOERIISZHETHL, —ICE, 1
VEZIT 4 T VAT AOIRDEY, e, HHW, LT
Ba—PIZE S EORTHD, BRD TN Z EEEnTW5B[2].
AET T arTHAL 0L, VAT AIKE L SN HIERE
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Box i, 1999 FLOK, HHAIN & FRALERBIO- DA v
BT T 4TI —NEEHEET D ARTware 70y =7 b %
HEDHTWD, KRETIE, KFY—NADA BT TarZTHA
VLB TAER LAY vy FHHE R TN ZEIZEo T,
KONWEZ &, bhroT&RILEZRETS. Y7 =T O
AVBETITAET 4T AL LT BICHN DEEX 72 A
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Fig1 ARTware 70> x”/ N THEE LY —EE (—E0)

B2 L, MERDES & LTTEHINTOO S0 L
WO TBLEND, #VIELBENDIET DN OO T—<%
FEL7. LTI, BERRAT yFOEFHZHNZEL Z
NHOT—<EHIL, +oIERILEINTZEHORER LN
EEEVHENA LTI T A ET A DTV A NI EBICE
I FHEE Ry FIRENCE BT 5.

2. ARTware 7O Y +

ARTware 7'u ¥ =7 M, HFHRAIH & HHIALEISEIO 7= 00
AVETIT 4 TR —=NEEERET D 10 FRVIZWED T 1
/Iabfhé 1999 £D 7Y = 7 FBAMAREZIE Smalltalk

SFEEL T, 2008 L DL Java ETRHFEL WD
Amwmvmi TART] &) FRANZE SV TEREhLD Y —
NDAHET I arwET AL LT0A. ART (Amplifying
Representational Talkback) (%, [FBLA5H DFED AT OLEiE
ZFTHDTHY, Schoen [9]D <FEHEiL7= & DI HDED
1T >(a back-talk of the situation) & V9 # % J7 & i L7-#&
THHN9. 2= RV — L EHNCTR LN EE2RED L)
12, RIHDPHRABEID 202 EEBRAIDLTNE I, &0
STERRATEDA V2T aDFYA 2 HEDTNS, R
7y FRENT A F—IZFEY DT D0 L RERIC, YV —L %l
S THBRAIHCMPBEEEICEED 0 23 D, VY — L33

LRBREBEREDA L ET 7 aBRBIRHIZLET, &£
BWHOOFEY T EBL 2N TELZEEZBRLTHA1T].

ARTware v ¥ =7 MZ, A7 HOWERIGERCT VA 1E
HEOTEDIHEHDWVITEELWEE Y Y —LAaHHEL, D
D, BFFROBERRDL & OBHEMEO EE NIRRT OKLTF
BURE W TmER A EE LN LEIET LY — 2@ KL, T
DALET I arET P AL LTS LW FRTHD T
W5, I VT v ENTEY —MTITEENRESNTEY,
INNREY — VDL FRE 72> TV D, ARTware 7R Y =7 T
I, TNETIZA8HDOY — N EMERE LTI/ T v LTE

V, ZOHbh, 15HOY—ARFEESNTNDS, BELEZY—
ME, Fox BE ORFGEEEI D=0 Y —/L & LT HERNTHIH
LTWA., 2D HEDNL DONIZHONTIE, RO v k&
AT LT RbB IR TS,

Fig.11Z, ARTware 7R =7 M THE LW DDy —
NE7Rd. ARTO01[14]1, #FFERFRSC7e & OCE % E < W
BT oY —LThHD. W OPDOLERER ZEE L VEIC
EBNTC, ZRIEOZERICZEDT F A FOMARE LT L,
S TFIZORITF T LEPRICERIND LD Y — L THhHD.
R THEOEBE ST Z LT, XENTOIERF 2 HE
WCEZFEVRLEY T2 N TE 5. ART004[12] 1%
ARTO001 LRICA VXTI T AT A DT AL TAT 4T %
AWz, L7220 A—E—% 0 < D081 Y Bto Tl o THdk
LTV BOWBIBE Tl 5> Y —1Thb. A—E—DWH%
FEMETDL—E =680 o TIRITZEMITALE L TV <
ZET, ENLRENSHESDOIAFTORITF Bz A—E—N
HK ERD. EORME EONEFTHE D b wol, 77720
L RE DL HIHDY—)LThD. ART006[13)1%, iy~ 7
v MREEOXE LY bRV, LUV ORSEEIE A A L3
EhELPHBIEDT-DDY — LV ThDH. —FT=2>DH T A,
Zfl > TAREEEMED o0, M7 CEECIEDOW 2T
72O TNE, EEICHTUIDTZY, BICRDH DI ENTEBN
72052 EMTED. ART022 1, =—VERET AL\ -
A —bE—EZMETH-0DY —LT, hA—t— EOEEDE
DEBEWEI ) v TL, 7V T LeETE —RICRAREY
HDH7 VTP T ERVIRLAEZY, 7V v 7+ 50hd
DV T ONEE 7 L— LA TER LD Lol b %
KBTBIR2HE 5Ly —1ThH5. ARTO19(16]1F, =
TyFLIEEA N =T DEA LAZ T EFTLERL, XA LT
AVEFALTA ba—7 ORREIERIRE 2B 2RO 2 LI
XoT, BEHZEWEA he—2 2 BRIHASDETY, D
PEENCHE N TN 2T BB LIFOH L2, EnofzZ
LATE S, AR044 B LN ARTO045 1%, Afez T HICH7-
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BB L GE LY b o EEEm LT, HEES
REv 7TV OREED DX T OFERERNE 2 72305 L
W3 AZ &M TX 5.

ARTware vy =7 NI, 1 NDA XTI v arTHFA+
—&, 1 ABRWL 2 AT e rI~bn, D AT —LTHED
TWob., AV XTI varvT¥Ar—¢7rurI<ix, £ne
AERNAEET D7 = — R —HIEET D 72— XL &,
DI LigitT 2 7 m e A CHEEEEZ LT I[7]. —RITEES
57—, THEBREONE VIALOERES, I—T 1V
T, BDONEA—NLTORD &Y EWVoBRETE Z bl T
W5, T — ATV TRERERCHEEE AR L 5 Y — L a
HLTWAIEbHY, Va2 2—FRTa s b F
—AZHEBESIN LR LB EED AR L 7o TN .

ABETIvarTFALF =1L, R Ry F T v
PHWTRAT v F2BIRoTWES, Fur <t —EIc/EE
FTHECE, ATy TFO—H%2 A0 FIRY TR #H
FOLARRD, 2O9VokBLOEYaTREREZHIND
FAIVITIDEIBRELCTERIELTZ, &WH %7
TI~mZ D, Tu s T, BERECHEREGE & O3k
REVEWST=Z L ERT 720D TestExamples & FESfRD T
AN T 0 N H A TR, VRT LD AT S 8=V D
T NI TEFEEL, A 2T a TV A S —ITEREIC

ATHEE0TVEELTH 570 LD OIEELZED TN D.

VLD EZBE L THEREIN T BV 2T A RRESC L —
E—OfEE NS U H T T 4 BT 41X, Java TA T T Y
ELTEHESN, Yuvzy FofthoY — L OBRICHIH S
T8l

3. FFAVRTYF T4

Fex i, 2004 4E 8 A5 2007 4E 4 A12H 13 T ARTware 7
s NCHHENE SWOA v F T v 7k, T8 A
\CHIH L7 67 eD ==& D AT TR L2, b 67 o
R F D=V DENFINONT, (i, {7z mmEL
Eo¢L, [ERDEIIELTWDINEVST=BLENS, X7
O, NEEBIRoT

3.1 DHDEDHE

TR IRSTEHHMEREL, lx DRy FIMBNEIT
WHBDOPEFHMICGHELL S L350 TIERL, FDLH7%
T NHENTWDAREM N H DA I DEEA I ETHHD
Thd. LMo T, fRHT — % 57 (confirmatory data
analysis) & V9 L 0 idte LA, (GHAERD 7= OERENIT — ¥
St E¥ (exploratory data analysis) E\E-SI1F 5 Z LN TE S
EBZ TS, LTI, Ba RAEND AT v T 7 — 4 &k,
KON Z LSRR B o 2 et etk 2
oz, ATy FT—HOSHTOFIEEZFHAT 5.

FT, AT T v IO 1= B H T DEG DI F EE
ELTHIE L7, WIS, ZhboEigz 1 AT >R THE RN
L, ZZIBENTWE EBbhdT—~% 1Ll kox 7 & L
THF T oia, 2703, BOUF05 20 XFREDF—T —
ERDEI b DL L, FIIHEDD), B2V OB

LCREICH T2 7 o—ErbBRAZ L LIz, DRI (72
E2IXvA T T FORIERER) PEHRIZL > I 2L LT —
vERLTWD LHITEDNLIGAESL, 1 OEGHIZRie D
My 7 EEDNIERATN TS L) RBEAITIE, —oD
HTNKED Z S TICEN S Z TR CTHEBIOZ 7 & LTHH S
LT Z e Lz, —@BY IT_XTOmBIZY 71T % L2145,
MG L4 7O—Ehs, TNENDE TICONT, ZOXT
BEHE SN TWAERE T Tl L. 2N oEBE T 7
YRALREND, RULEIRT—~FLEbhisnNRR25EYa
TARBBBNTNDHD, LY 2T VKB TH L3
BT —<NENTVWD LI ICEbNs b0, Lo fls
MHRPONTEZ ERHAWVWE BbNZZ L2 EEHO TN
7=, T, TOETEZDETOmIRONTNDEEE V-
o8 7 OMBEDLESCEB AT T2 b Ihkot.
INODEEEBLT, Filelh 7 EEs TRk, %k
DT WX TOSEEZEEXBRZIZY, HDWITY 7 ZHIBR
L7720 EWol=Z 7 BIROISIIC A2 I LB Z o7z,
S —HEDOMEEICIE, ARTware THESE L 7= ART044(Fig.1)
ZFIFH L. ART044 <TiE, ZEANCHEZIE A FZHEIEY L% A v
FINn, 1OV LFRANVERS L ZOEBGEN P REIIERE
TREND. ZOEBICKHLTEZ 7 &M TV Z &icks. X
HOH EO/NEIRT 4 RS TRy 7 2ED Z &R
TX, HHOREHI A TND DD H T AR TEEIZESER L Th
DR THEBATERY, ELEY7H2ITZTLIZVTDHIEN
TED. FHEBRA YA RSN TWDON, HFREIZIEK
FRENTVBEEBICAHE SN TNEE 7 ThHD. 1ERLEH
TNXFE DX TR OWTZ BB S 2 I 0fxF- & i, o
URMIFERENTWS, EMOY R S ETE T 2RIR 5 L,
FDOH TR ESINTEBROY ARANVDIHDY A NFRE 7
L. A IIEEBERIRT S 2 N TE, LA LT
LN TVDEEAND)®, TR HNUEDTH TS HEE
(OR) & Vo Izl AR DE CTEGY A3 A LD U A RRTEH SN
5.

BT, ZTNOONHHERZEL TR LN FWEZHHTS.

3.2 RTyFENTLDHLODT—Y
A7y FENTNDHDELT, FTROXIRT—<1BHD
FOICRTHN .

1) THA L OEDTTOMME, 2T NEMERD LRI L E
ExTnsLlbnsbo (Fig.2)
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Figd TVA 27y FHEHI3)

@ RA DT YRR =2 —THA L Vo ARTEZRD LS &
LTWs EEpns D (Figh)

Fig2 T VA A7y FHH)

2 VY RUEHKT L=V DOEBEBENRLAT U Mk
HEHIEL TV b (Fig.d) Figs TS v 27w FHfil4)

BG) TAaALvDFFA v EELZTHNDLEEDNS LD (Fig.6)

Fig6 TV A R 7 v FHHBIS)

(6) B 2T D/ 38— O A XCHHE, B AP o0&
7, MXHZRALiE e EEMNASRD LD L LTWD LS ICED
nssLo (Fig.7)

Fig3 TV A R 7y FHEHIQ)

B TEARAIANT 4 RYLERZ L OERE VST, Ul 22
R FADOLAT T baRDES>E LTS EEDbRS L
@ (Fig.4)

Fig7 TV A Ry FHHB6)

7)) A7V FOESCWERE, HORIUTBT 5T XA oA
T2l FOBRRZRTT, EWol-b D&MD LIS ELTND
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LEbns b0 (Fig.8)

Fig8 T VA A7 v FHHI(T)

(8 BEDFNSe, 7u—, HAHVFEEOZELERD IS5 & L
T EEbhsbo (Fig9)

Fig9 YA 27 FHHIEB)

) HROWEE 2T N RFA T 7T 5 (MIBEB) T
TEZEH LT b EEbns b (Fig.10)

Fig10 791 > R » FHH4(9)

3.3 NYIT—2 3 mnHE

1=z, —RLIEZARUICRZDINELSAD E
IR TR D b ORNL D HWARTHIDANTWD K5 72,
THA L DNRY == 3 LV EMERD L) b OB/ TN D
HLORHoT-.

ZOLY N Z—va i, ENERANTIEELL D &
LTCWBD00ZE-T, TRROLIBREWVRDS LS IZEbR
7.

1) HVHLREEZRIIZTITBREL TEZ L LT
L& bnsbo

2 HVEDLREORI-ZBEEINELZLTEZXLI>ELTVD L
IZEbNE LD

(8) LOENBEVONPOREREH L THEELTWA X I IZBbh
560

@ BUNZZ I o TRIZT H 2o T, Lo BB H 5\ IE
(bERLTEZXLLIE LTI LYICEDNDE LD

Fig.11 |2, TNHORRLEMERALTND L5 7%, EHO
N =2 g3 VE—DDO_R—=VITHW TN DR Z25RT. 2Dk
7N Y T— 3 VORBOMFITNE, HECHRIZIE R THIWN T
HHGE, WAL ODORIZREN O TN LEHE, BT
W THHIETICETPEONTWDEE, RED X =R
FHIT.

3.4 BRI

Ay FOHRIZIE, FTHIK OIEEEE 2 1I2E bt M)
REZAETHININTND DBV Db oz, Ehd 1)
M ZRRRUCICEDNSR, FRENRLUTOX S A flimofMnr s
ERZILLTVDLIICEDNS.

1) A AR ERE 7 RILVEATHWTHL L2 b0 (2L 2
1%, Fig.7 ZMH)

Q) FEM DEEGARN EDRBENSBH DN E VST E Y 2T LD
HEWET AT VETHOTWA L5260 (& xiE, Fig8
ZHR)

@) W=V IWENZ ZIZHDIBEAE LD Lo L EICTRESE
EV S TEHINRRILOEBEWERFINTWD Kb (& 21T,
Fig.9 &%)

@) NV == a3 VRETHRPDESTET R R LD E N
HIWTWA LSt (72& x1F, Fig.11 (DX°3))

(B) 74 R ETHERL TV AHROMEZ 2TIELTH
HEVSTZERO L~V THINANE ZAETEbALELTY
LEEbhs b (Fig.12)
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(1) BOBBIREERENICINTHBLTEALSELTVR LS ICBDNZBHD

(2 BOREIREORICEENBEEZLTERALSELTVBLSICBDNEZ LD

B) WKDHDREAERTAHATHRLTVNE LS ICBDNZHD

(4) BBPELZERLTVWBLSICBONEHD

Fig.11 N ) =—3 3 V DFII%

Fig.12 o7z RBLOHY

3.5 RENDEE

Ay FHILIE, Ba a7 XA N TRAMEDNL TV D.
RKHIBRED L5 B THAIN TV B0 %A THiz. Fig.13
IZENENDRIZRT.
1) HHEDIZH LT, ZHITZHINHIZET, LWk T /T
=T a UREREZOIIRLOEMMLTND LD
2 HHHEDIZH LT, 2T HEE, LWV 4RTE2TT
WoHEo7%7b0
(3) HERIANEDH BTN E DB L ZhRZ 9 Eb D, L
STERRIEEEZER L TND LS b D
@) 2R HRDEXINIHIEDD, Vo RREEREE
LTWaLEo%7td
B) TR ZICENT, Vo E ) OBEFEL TS LD
HD
6) ZIFITENTH D LI T2 MRS
Eobol LTHEEZRL WD LD
7 ZREZNEBBHRLTWD, SV o zBiditE2 R L TD

Lo bo

3.6 TXR KRR

27y FHICIE, BERFICNATT®A M LTOXTE
RHE<BND. MERBIIKTOIHRAEFEOLH>RTXA b
OFEXFH L LT, BICERTENTHL b0, ELITHRZD
BELTHENTHLHD, MESVWTEORIZENTHLHO,
KEZEFIWTZDRIZENTH D L0, mBROWE TR L O
PRI SR THINTH Y ZOHFIZHINTH D LD, EvofaR
H—UBlE ST,

o7 F A FRBUCIE, BASFEOETHHAL WD
EIOICRZTFOND DL, HREART L Lo 4
DEINCENTHIEDENH-T-. HBHICELT, () #2%
FIHONIHILFRTIESZ LI LT, EAMEZZ TIRDTHDED
», BBENTL, Q) IO OIFREINLIRE-STHEZ O
FROE DT, LWIBBAROMNE, A7y F TN TIIX
BT BT,

3.7 ARMBRE

NI b ODE Y 2R THAIZY, EEXEIZ2007
D, IF—TWRE] LWIFTEEIRZT, "D EEELT
WHE I REZAEPN OMALNTE (& 20, Fig.11(3)) .

HIEERHHOP T, BLOTHFA ho—# & LT, 8R4 (121)
BIRZLNTND E ZANADEFTNS 7=, B TEIHITEZD
VERDHD, HDOWVEELRD TN RNT EE2RT DI
INTWA L ICEbhs.

TUR—F L FRLA T U hRE Y 2 TR O—ER &4k
T DMESMT AN BN TS MoEE L LT, (1) 2—YA0
RE/3TZ2LTHWDH0, Q) 7/ 7—varahTndbod
LTWAEDEEIBELTVDED, (3) 2 e ZHMABKBRLTY
HEWHZEERLTWELDE WL -FENH S L 5 IcEb
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Fig.13 71 v A7 » FHIZHIN 5 REIOEE]

ni-.

4. B B

AVET I a DT WA Ry FHH B LR R,
K& ZDDmCHIBREO AN LS L.

—oRE, —#AD LR D S ORSE A~ THE L T
EWVWIHTHD. A<, 22 EEHLTATERDL ZITR
THD, LWIEENESZ VRSN TV O TR AL
Ezbhb., 2—VPOREEZ Y I 21— a LA BIBY K
SR TFIEL B TEY a7 LRREOB kO EEZH L2
ZhRoTWE L HICEDPRE DR, HYIELRIET X TEE
EHLTENLN—ETED LI R TESRTHEINTND G
D% RbnTz.

ZoHIE, ATy FTHIPNARBO LSV OLERI TH S .
V=D 4 RUEBERT /=Y (U4 Ru~f ) B
MOEBEHLEWVWSTZRKER2LULNG, B RIVENTOT
A aARRY L DOELE E W TN LUV E T, & BITI,
REL DTN ENSTELAFTHED T, £k L~LORBLT
i Tz, SRIOGHTTIET v X AT LA 7 v F%
RBRELIZZ DD, $ind L-ULOEWE, THA Ol
BiRfE L EO LI ICBEET L2 O0NIRHATHS. Lo LERD,
SEIDOSHIET 2 RZEARE LT, RERLONLNERE

DERD TS, ZOWTH-720, Lo MRNARFIT
2, LULDEWEITSTZ 0 R0 LanD, thallf X
FITAETAMTYTA SN THoTWD L9 IcEbid
ZoRIE, BERBILEV ST BDON, KHIE N L
TONRY =gV OEZHLIZEL TRy yFEN TN L
WHETHD. ZZOWMNMIZHEDLD, LWIHEBETD L
FELTWEERDNDZBEDE, ZZOWHNIHIRDHETH
725, LVWOHOREMBRERDL Y E LT EEDRDI DL
OGN, FHHRET DT, 2. A&7
72 arETFYAUTHEND ZEE, BRCE kT 5 RE A
WHTNENWHZETHY, EICEFEENRLE LTV AS
vFTIEHEY RN T-ERBTHL L HEZLND.
TWA VAR FERR LT DML, NETITHHEEL
RKFENTNA. & 21T Dolslid, BET A F—2MELT 5
A7y FICBNLKEEBICERL, A¥Xx 77U & LTHE
LTWEBRERE LTS, RO DEFMREDNS L,
FEPLELT, AYHFANITATYA LT 7y arT
Ao le<EF >EMNRL LG KAL TOHN
AT FERETHHLONLNLHIE LD, Y7 hu=T O
AVHT I arT A NCBIT DA v T OEBEMITHEH S
NTVDHHO0, ZNEEBINE LI L W EHETER
HEVHLNRNEHITES
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Suwa & Tversky[10] 5 DR Z a0 & LT, A7 v FIZBi
LHRERBUCER L, =2—VERZEL T, KERINEDX
HICEREHT BT DBIEMEIC SRR D 0 E BT DI S % <
BEENTWS., 1HHDE VIO TOED R 7 v FIcBin D #
B, ANEOBEBICRIZTTRECEAL TS LORENLEE
265, Zhusx LTk, (T, BRI s AR
BLOTFHAr7Taves MZBWT, YOXIRA 7 TN
ERENT =T 4 777 h~EDRBoTNL O0ER TN
ZLHEETHAIEEZTWS. MEERBIINAT, SHEE
WRT L—XE VWD m ATy FIZBIT DT F A NREDO P
(18] ED T, A7 v FIZBN L KBRE L xEH 7 =& 2 D%
ZRTITEZVWEES.

K CHE LieT VA VA7 F oMb CHREN R H O
ThDH. HFOxge L=k, FxBH08Ebh5, H—07
Yzl MIBITD, 0EVDA XTI arTHAF—D
WEIORERIZESL T A L Ay v FTHD. ZNHOMEE
R—=RAL LT, 5%, AVETI7vavrTHArrakwrzsy
LT ETORMAEALLIZY, 12T arTHA
YDIODY =N EEZ TN ST T HEOMEEZREL oL
UL EEZ TS,

E | %
ARTware 71 ¥ = Nl DIZHTc>TIHATEVWZE
HFEEG, EHEFEIAR, HAERIZONSEHTT 5.

2 F X &

1) B. Buxton, Sketching User Experiences: Getting the Design Right and the
Right Design, Morgan Kaufmann, (2007).

2) A. Cooper, The Inmates Are Running the Asylum: Why High-Tech
Products Drive Us Crazy and How to Restore the Sanity. SAMS,
Indianapolis, IN, (1999).

3) E.Y-L. Do, Design Sketches and Sketch Design Tools, Knowledge-Based
Systems, Vol.18, No.8, Elsevier Science, pp.383-405 (1995).

4) M.D. Gross, The Cocktail Napkin, the Fat Pen- cil, and the Slide Library,
Proceedings of Association for Computer Aided Design in Architecture
(ACADIA '94), pp 103-113, (1994).

5) B.Lawson, Design in Mind, Architectural Press, MA, (1994).

6) J.A. Landay, B.A. Myers, Sketching Interfaces: Toward More Human
Interface Design, IEEEComputer, Vol.34, No.3, pp.56-64, (2001).

7) K. Nakakoji, Y. Yamamoto, A. Aoki, Interaction Design as a Collective
Creative Process, Proceedings of Creativity and Cognition2002,
Loughborough, UK, pp.103-110, October, (2002).

8) K. Nakakoji, Y. Yamamoto, A. Aoki, Third Annual Special Issue on
Interface Design, Interactions, ACM Press, VolIX.2, pp.99-102,
March+April, (2002).

9) D.A. Schoen, The Reflective Practitioner: How Professionals Think in
Action, Basic Books, NY, (1983).

10) M. Suwa, B. Tversky, What do architects and students perceive in their
design sketches? A protocol analysis, Design Studies, Vol.18, No.4,
pp-385-403, (1997).

11) M. Suwa, B. Tversky, Constructive perception: A Metacognitive Skill for
Coordinating Perception and Conception, Proceedings of the Annual
Conference of the Cognitive Science Society, pp.1140-1145, Boston, MA.,
(2003).

12) Y. Yamamoto, K. Nakakoji, A. Aoki, Spatial Hypertext for
Linear-Information Authoring: Interaction Design and System Development
Based on the ART Design Principle, Proceedings of Hypertext2002, ACM
Press, pp.35-44, June, (2002).

13) Y. Yamamoto, K. Nakakoji, Y. Nishinaka, M. Asada, R. Matsuda, What is
the Space for?: The Role of Space in Authoring Hypertext Representations,
Proceedings of Hypertext 2005, ACM Press, Salzburg, Austria, pp.117-125,
September, (2005).

14) Y. Yamamoto, K. Nakakoji, Interaction Design of Tools for Fostering

Creativity in the Early Stages of Information Design, International Journal

of Human-Computer Studies (IJHCS), Vol.63, No.4-5, pp.513-535, October,

(2005).

FUNBEAGER, IIAZSE, ARSI RAILOILO DT Ly g o F

T arTYA Ly, NTHBESSHSGEE Vol.19, No.2, pp.154-165,

March, (2004).

FUNESAEAR, LRSS, PR, iRmETEnL, RIS A FE L

TR ER T T T =, A BT T 2 a L 2006w, THH

SUERE2) pp.99-100, Tokyo, Japan, March, (2006).

HUNBAFE, 1WA, BIEDTOD Y 7 by =7, HEORIE &

IR @ARZEIBHR), [FoRE] U —X, 5, pp.lll1-131, F—2A

*E, July (2006).

HUNEAELR, AR, TV A v 7 r e RSB D IEWREEA v

8T a vy LR, AR, FHEEIT YA L F), Vol17,No 3,

September, 2010.

19) (LA 8%, @l EE, /N AEL, Representational Talkback DY
MBICE D THRNTEEDD] T RO, N THEESAHICE,
Vol.14, No.1, pp.82-92, January, (1999).

15

Nl

16

=

17

-

18

N



