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Automatic Adjustment Mechanism for Drawing
with Stationery Metaphors

NAOKI KATO,! NATSUKO FUKUDAt and MASAKI NAKAGAWA'

This paper describes an automatic adjustment mechanism for drawing with stationery
metaphors which are virtual writing tools displayed on a display-integrated tablet. An im-
portant process in drawing is the adjustment of position, size, angle and start or end points
of drawings that are about to be drawn. This has always been a troublesome task with real
drawing tools and with mouse-based drawing systems. The difficulty of making adjustments
has become a problem in drawing with stationery metaphors, too. The adjustment mechanism
anticipates a user’s intentions when the user has finished an operation, and automatically car-
ries out adjustments if the computer decides that adjustments are necessary. In short, the
adjustment mechanism is an automation of a user’s operations with real stationery. We have
implemented and evaluated an adjustment mechanism. From experiments to evaluate the
mechanism, it was found that the task time and the number of manipulations of a stationery
metaphor with the adjustment mechanism is less than that without. Therefore, it has been
verified that the adjustment mechanism is useful.
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Fig.1 Screen shot of drawing system.
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Fig.2 An adjustment to an stationery metaphor.
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Fig.3 An adjustment to the object being drawn.
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Fig.4 Example of cases where adjustment with higher
priority is carried out.
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Fig.5 How to draw a circle which touches two straight
lines.
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Fig.6 Drawing objects with the drawing system.
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Fig.8 Example of using the compass metaphor.
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Table 3 Parameters of an adjustment with a template metaphor.
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drawn.
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Table 5 Automatic adjustment mechanisms
implemented.
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Table 7 The average number of operations.

HEREDH ET-1- 133"
XEREAY|EH| I | €281 EPZAFS
77 DMK
BIEFE | B |t~V K| BE) | $HE [~ %
EBE |5.45(3.10| 3.50 [13.35]/10.20| 8.85

F—PMIEZTHHo7 BEAXrDOKMT, BE%L
AKBTEL L) IRIFB A HLBITED L ICL £
7z, FERICO A MR RITERLZERZNEL L.
4.2.2 WHE - XBREF

FEBRIL, RAODHRZD20RDEE19BEHKE
120202 BEBEL LT/ TD20%%10
LT ODTN—T (AEBZNV—T) 5337, AV
V— T EHEAEREED ) DREL IS, & LOKE
RRICERL. BAA—T3F0MTHS. T,
ERFEREDFEBHRELZERERDPOBRT-DTHS.
423 AMER/E

2 ODIKEER BT 57012, fEEICEL /-ReMH (3%
EREM) L ERIOMIC T - 280 EIZ (PRfEEIZD)
YREL:. FERIEHALBEOHRERILT 2
2O THHHLS, BERBIIAEY THXEBECD
WTHIEL:. 2%, HodL2RrOL7ODI Y
NARXY 77 DEBEL, MOEELZROL7:0OD
AYNRAAY T TDORYEOBE, BIUMICETS
I3 LR T-DOERAY 77 OBEDO3IOD
BEICOWTHEREmMBCL A L 72,

43 XBRER
BERESRDORFEMEEYL/-ELTRE 12, &
R E T L EX R TIORT. 72, BERERO



2124 WHLRE SRR

ML mMEmEHY
AT R (s)
160-

150-159

130-139
110-119
90-99
70-79
50-59

0-39

10 S 0 0 S 10
A

18 YEEIC Ao 2o HRERERG A S A 2
Fig.13 Number of subjects by time taken for tasks.

ISR L MEmESH Y
MBI
22-

20-21

16-17

12-13

8-9

4-5

‘ 1041
10 5 0

Aﬂlo 5 10

H14 HERICBIZERA Y 7 7 DBBEKEIAK
Fig.14 Number of subjects by number of moving
operations of a ruler metaphor.

REMHIAEE 13 12, RMERKRORBIENIAKEZR
14, 15, 167 3. AZNV—TE B 7 V—7DOMIz
ENLNILIREREE% Ot RECHEIOLND
T, MhAEdHbETURLE. 7ryy— rORBLOE
FEITISRT (272 L —5REm).

4.4 * =

RICHBMCERE RS,

(1) ERREEEDENE
ERRVERFMI B R MEREN L L E X h b B L
EOFHE (#60%). F-PRHRERKIZST T
DBRIEIZBWT, BBHMERES 2L EXDH DL
EOHFHL RV (#30~40%). ZOERTTRER
5% Ot RETROOLN. 85612, BIERMNB
S URERIBRIO AN E A TS, BEIENF /-i12E
BELLRVANZCDIZ, BERAERENHL L AT
»5. 2%, HHWAEWELEATLIZ LT, EH
BT AR R ERB Y RMPTEBL I LIRS
h:. $%bb, BENICALBROEDIEIZD S
(AR ANY

Nov. 1996

.-} 1 348 MEEHY
‘ REEY
22-

20-21

16-17]
12-13
8-9

4-5

0-1

15 10 5 0 0 5 10 15
ARy

15 {ERIC B 23D BREMIIAR
Fig.15 Number of subjects by number of moving
operations of the pivotal of a compass metaphor.

PR L p— MEEEDY

2-

20-21

16-17

12:13|
89

45

. 0-1 .
15 10 5 0 &0 5 10 15

B16 HRIBITARCAEOBBIEBIIAK
Fig.16 Number of subjects by number of moving opera-
tions of the pencil arm of a compass metaphor.

Tor—FrORM1 T3, 85%D ANHEREEN D
HLEDOFIMMERLRTWEEZ TS, K2 Tit,
20 AZRMERITHS, LI, IHIHEFTH
HLEZTWES., SHIZKMT T, 95%DANSHK
b THI, LIRS HOL L EOF->THT:
WERERBICHEL -EENLERZEI TS,
CDEHET VT — FPOKEP L O MEREIIENT
bbbzt
(2) HEEOEEH

KM 3 TIZEMMEReEL®  ERICO>OWTRML
7oA, BERAIZE-TELELTH-7-. K11
DIAXZPELT, EKOBEBMIZE s TLEZ AR
EbBLVHIBRMESNL. Thbiz, ARBEIC
WL THHRERE~NOERIEDL I LZRLTY
5. L7z:hoT, HEHHS (4) TRLAZ—FHEE
AEREOBME HFLBRETESIIITHILIZEE
TH5,

F7:, R 5 T, 35%D ANFHBAEREEL B



Vol. 37 No. 11

KM ADMBMAENHD L & EBVEETIR, FESHERLPTHSTY

mn?

la) HBLE 17 A
13- SARE ] LA
(tt¥B56HEDS LN FA

<HBLELBREADIAV >
RVIZMMEBL D51
CHEOLEERNOTHMETH B
CEHROMBEBMELASTINOTRTE D
<HRNEFLEBXIADIAL >
HMOERLIBIIDNWTLES R

S MEBRECLFTYoR
wm2: amnnnnlﬁurewxoamainsiutmv
3 @RITH DB 17
M EHEHEMLLABS 1
) HEOLBARVERS 0
) B2 0
<aAUF>
RPAOMBENITINIEHTH D

CAPVWHOL X 4ETHIN, MCBELEALBOEAMELRY
LEIIBRICRIBADS D
M3 BBI-HIEMEIC EEDMBBENBRAEINEY. TOEMIIEST
LE?

B BT ED [N

>

MHBESE XN 8 A

G ETED $A

(mEE [ A)

RM4 - ABBELE ST, Bl BYORMBNTEELIA?
3l T & 12 A

T LT &S [N

il HEOTERLP L A

) TERDPOR A

<TERLLBAEZADIAL >
CHEMEREIB . ETRLTHLY
<FILTERLBAEADIAV P>
CXBRAVZPORABUD RS- HTERP>EOPLLA
W

CEHROBMAIIFAOBRDEDRE L

RM5 : ANNBEEEWMH 5T IMENKL VLRS- LIEHYELS:
m?

13) W 13 A
() @ rdor § A
(YrRYBok LA

XERAY 77 2 FALERICEIT 5 ABWERGE 2125

®M6 : SEDOHBTHRRDALREZHTLE LD
15 A

lal fTh e

iy I~4 B [N

o) E~ 10 @ 1A

[ENIE 2 (WD 1A

KM7: AHABBEDO OV COHBIATLESUBE > THELEBLET
mn?)

IR 225N 15 A

b Lz TH XN
IR-¥ UK JAR - 20}
N BN
<ENENWLBITADDIAL >
SHRTLIEEILLS
cHL L

o LA WTITHoLBNRTIRD
<PHLROGBO>THINEERAEADIAL M>
CXBRAAY I FORELEEBDODID TSN

]
1

- >

¥ 1. 31 Kgid IvEa]

RM8: HBEALTLINBLATLT. HROMAE—HIHIEEENLS
FLTLETS? (ERAXTHREESY)
TYrF~OBRRBEERAT D 5 A

cx—F—FEMGATS LIUN

CHTATFMTHS A

CHERT R I A

RMO: MMB LA, FIZHMEHLIEDILETEDLSIILTLETH? (1
AR THREESY)

¥ —F-FEFEHAT B oA

SHTRTFMTHS 13 A

KT D LA

RMI10: SO LMBNTEDZLVLOIILERI ZEnBYETH? (RRR)
EBREOPOXFOUBREMET S ?A

CHEEYS. FOIKEET S EA
oBEEELTHAETS GA
HWBEILEVOEMET S CA

| (R ﬂ!&nkmszﬂzbmbU$fh°(ﬁﬂi)

- MERESBDCERCPASEHRLTHLYL
oHE&&ND(ﬁﬂuﬂ%ﬂbéuiatkbétﬂi
CHMBOBNEI-oTLEZRAENEDIERS

Yy FILIAMBIIERTRREIBLOTEIN

®M17 75— &R
Fig.17 Results of the questionnaire.

VRN LWEER 2. SEIOERIZBITAE
BEE I BHTH -7l b bd, 2 LIE
EhihaIkid, LHBRENLERTIIEBRERE
AWHEL T AHBENLETHLILERLTNS

5. b1

AZXTHE, XERBAY 77 2FHATELER—Y R
FLICBITA, BETARIFBONEBLMEE, KESE
beDRL XEMRT L XERAY 77 2FALL
ERIC BT 2 EBRERE 2RRLL. T4, 2O
B RIET 5 720147 o HEHEERIC OV TEN
7=, SHMEEBROER, HERERELS L VHEITHN,
R BT AP ERRIZH 30%, HRIERBUIH 30~
W%ELHL BB EN ot iz, BERENIS
b HBREEREEICTT A EENLREANEBONL.
IhonZ Ens, BEREREOAMEIHEIOS
nr. —¥HgT ML TRCAHTITIZ &
BARTETH A ) A, FMEBRDERIRT LIS,
COBLTRL-BHEOBHWETL, 1—FOEX
R L @ERIImET 5.

L L—HFT, VAT LL2EDRENES L1
B+aEE»BLNS. £2C, BIREIEONLR
BECERY AT AZERL, L hBENRERIICS
FAFEMEITO) ZENB—DRETH 5.

37, AAEBRLTWRVRESERT LI LR,
XEEAY 778 LORBEICOVTORITLSHED
BETHL. BEFOXERIIHLT, HEOXER
OB ERERNEOSRSLERIR) Ll X
D, AURAAYTTORERXERAS 7 7OBREDY
WKEbEAIELELTRTH LY, WEELHEEM
AEbEABHAI, REOHETHRLZBEL ATEE
b DEBRYIRFT ILENDH L.

X512, BWREBIUXERAY 7 7 DHRMEC
114 2%)# (constraint) (X DOWVWTHKRE T A LEND
3, o l{{Tol-A%Y, WEBLEILTBEL

VB ERFLAREEL D LICHBIMICERETED

?,1 FORPLMLT I L2 HBICHB L
B ENTES.

Lk, TROEPEHRL, XBERAY 77 FALL
BRI A F LOEREERO.,



2126 WHLBE LRI

2 F XM

1) RMELR, EREE, PIES . FHE21-¥F41
¥ 571 —-2AOMR—EFDEEADILH—, %42
EHNEAE L SE AR LK, 2P-5, 2, pp.309-
310 (1991).

2) Nakagawa, M., Kazama, S., Satou, T. and
Fukuda, N.: Pen-based Interfaces for Draw-
ing Figure with ‘Stationery Metaphors’, Proc.
HCI’93, Vol.19B, pp.1046-1051 (1993).

3) MMfEH, EES, FIES: XEAEA5 77
THVFEREIERC AT 4, BHRABESRT
&, Vol.35, No.7, pp.1457-1468 (1994).

4) BEFEF, PIEH: 7 TL— 25T 712
S2FWEERA V5 72— AR, WRLE
F2 HIMAKEE, 48-5, pp.33-40 (1993).

5) MHEFET, MEES, PIES: XERE2¥
T7r7EBAVIERA Y5y 72— AIZBITHED
EEHEIIOWT, FHARH#EYS% 10
Ca— A9 TRV RIILABLK,
pp.479-486 (1994).

6) Kato, N., Fukuda, N. and Nakagawa, M.:
Adjustment Mechanism for a Drawing Sys-
tem with Stationary Metaphors, Proc. HCI ’95,
Vol.20B, pp.155-160 (1995).

7) David, K. and Steven, F.: Interactive
Constraint-based Search and Replace, Proc.
CHI 92, pp.609-616 (1992).

8) Sutherland, I.E.: Sketchpad: A Man-Machine
Graphical Communication System (reprint of
his 1963 Ph.D.thesis), Garland Publishing Inc.,
New York (1980).

(FE 84 1 A 24 BEAY)
(FH 84 9 A 12 BRE)

Nov. 1996

hE W (EESR)

1969 £ 4. 1993 EHRR T A%
BB IT¥A ¥ 1995 £/
FhELEIRE (B ¥RI¥Y
X BT. FERAERISTHEIIE

- B (BFESITEYN) A% ta-
R4V Tr—=R, RyAY 21— F S ATA, &V

M7= FRICRERE RO,

W|EFET (E£R)

1970 4. 1993 ERFERI KXY
BHEHRTERIRE. 1995 EFKE
P LariiaRs (BT WmRIEYE)
BT. FE (k) BE<A a2 A,
La—-oA ¥ 71—, Ry
VEA—F VAT AICRBELED,

Il E#H (E&R)

1977 ERRAF B2 R4
X¥. 1979 FRAEREELRES
7. MEFP, XE Bssex K¥¥
% (M.Sc. in Computer Studies).

- 1979 FRFRIK¥ TEEHF. 3
£, BhBdR. HAGEI MBS, OAEINLE, F
BEXA VY T71— AR EOMEIHE. Byt




