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Delay Management for Handwriting Interaction
— Acceptance of Feedback Delay

ERIKO TAMARU,T! TakAyUkl TAkEucHI, !
SHIN-1CHI NAKAMURAT! and YosHiTsucu Hirose!!

It needs a natural interface that doesn’t obstruct user’s thinking. For this
purpose, we research and develop a new interactive media that support both
readability and interactivity, based on electronic paper. The most critical is-
sue is how to treat a delay time of display. We conducted an experiment to
understand how delay time influences a user, and evaluate user’s acceptance
level of delay time. The result indicates that sensitivity to delay time was dif-
ferent between annotation and handwriting-character, and it has influence on
the acceptance level. In addition, we could find out characteristic user’s behav-
iors, like allocation of attention, eye movement, body movement, and so on. It
was suggested to be able to come-over a technical restriction by management

the time delay, and would be able to provide the new interactive media that
maintained the goodness of paper.
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Fig.1 Scene of checking logical structure of document.

gobooooooobooobooooooooobooobooobooooonn
goooooooooboomooooooboooooooo@mooooooooooboo
gooooboooooooooobooooooOooooooooboooooobooooooDooboo
0000000000 Active ReadingD OO0 OUDOO0OOODOODOOOOOOOOODOO
gobooooooomoooobooooooooobooooboooobbooooooobooboo
gooooboooboooooobooooboooooobooboobooboobooboOoDOo
gobooooboooboooooooooboooobooooObomooooboOoooo
goopbooboooooooooooooooobooooooboboooobooooDboOo
goboboooooooooooooobooooooooobooooooooooooooa
gobooooooooboooobooooooboooobobooooo
gobooboboolrb00o0000b00o00oooooooobooOoooooooooooDooboo
o0ooOooOooooO0o0oUo0o0Oo0oooooOooooOoooooooooo pPCOO
PowerPoint 000000000000 O0COOOOOO0OCOODOOOOOOOOPowerPoint
gooobooooooooooooooboooobOoboOo0oooobOoOoboOooooDbono
goboobooooooooooooooooooboOoboOoboboobOoOooobooOoboOoboDboboo
goooboooooobooooobooooooooboooooboboOoooobooboooobooDoboOoOoo
gooboobolooooooooboooooboooooobooOooobboooooooooDooboo
goboooooooooboooooobooobooboboooooooboooooooboOooobo
gobooooooooooooboooooOoooooOooobooooooo

00o0oooooog Vol 50 No. 1 409-420 (Jan. 2009)

Readability
4
B39y iLiaD

Tablet PC

Display
Interactivity

02 00000O000ooooooo
Fig.2 MAP of paper-like interactive media.

000000moooooooooooooooooooooooooooooooa
oo oooboooooobbooooogoooog
o000 100@modobo0ob0boobOo0oo0bOo0o0obDoooDooOooboOoooao
ooooooooooo

02000000000000 Readability O Interactivity 000000000000
ooooopoooooOdUooooOoUoOooooooO00oooDooO0oooooooog
o0o0o0o0o00o0o0o0oU0oooOoOoOoOoDOOoOoO0OoOOoUOooooOoODoOOoOoOoOooOg 2
00o00ooooooooUo0oooooooooooooOoUoooooooooooo
000000oooooooooooo0o0oooooooooooooooooooooo
d00oooooUoopooooopoOOoOoOoOCOOCC0OO0OO00OUD™WUoUoUoUoooooo
ooooogoooo

0000000000000 mOo0o0oo0oooooooooooooooooo
00000000000000o0o0ooO000o0o0D00ooooooOoooooooooog
0000000000000 0@ 000000 0D0000000ooo0ooooOooOoo
0000000000000 0000000000000000000ooooooooo

(© 2009 Information Processing Society of Japan



412 0O0OO0O0OO0OO0OOOOOOOCOOOOOOOOOO0OO0O—000000000O0

ooooooon
goooooooooooooooboooooobooooobobooOoboDbbooOoooDoo
000000000000000000000Y0000000000000000000
gobboooboboomooobooooboooooooobooobboooooooooo
gobodoobooobooooobooooooobooooboooooo
goboboobooouooooooooooooooboooobooboOooobo10b00bCOo0Obo
gooooboooouooooooooobooobooboOobOo00ooooboOobUooooobo
gobooobooboooobooooooooboooobooboOooobboOooooOoOooboOo@ooo
goooboooooooooooooooooboooooooobooooooooobooooboo
goboooobooooooobooooobooooobooooooobooOooooboo
gobooooboboooboooooboooooooooooooOoOoobooOo0omoOooooon
gooooooooooooobooooooooooooooboboO=0000000000
gobobooooooooooooooobooboooobooboooooooooooobooo
gobooocoooooooboooobooOoooooooobOoOoomoooooooooo
gooooooooooboooooooboooooooobooobooobOoooboooooobo
gomooooooooooooooboooooooobooooooobooooooboobooo

4. 0 00O 0O

goooooooooobooooooboboboOobOoooboboOoboooooooDbOoo
goboooooooboooobobooooboooboboooon
gooodod
gobooooo 200000000
® 00000000000000D0D0DDODODOOOOOO
@ 0000000000000 00000000000000000000000000
gooao
ogooa
gbooooooooooooooooboooboboOobOOoOobOo0oboOoOoobOoOooboooo
goboooooboooooboooobooooboooobooOoOoooboOooOobOOoOoOobooOooOooDon
goboooooobooobooobooooobooOobOoOoooOo 2000000
gobobooooooooooooboooooooooboooooooooboobooooooboo
gobooooobooooooooobooobobooobooOoobooOoOooDbOoOomm

00o0oooooog Vol 50 No. 1 409-420 (Jan. 2009)

goooobobooooooooooobobooooobobooooooDbbooooDbboo
good20000b000o0b01000booo0boooooooooboobooboooo
gobodoobooooooooboooooobooooooooooa
gooao
00 140000022000 3600
e J0O0UDOOOOOLOCOUOLODOOUDLOOOLUOOUDOLOOLOOUOOLOOLOODODOO
O00000ooooOo0o0o0ooooooOo0ooUooOoOooICTOOOOOOUOOOO
0000 PpPCOOO0O0OODOOOOOODOOOOOOOOOOODOODOOOOOODOOO
goboooooooo
e JO00U0LDUULODUOLOUOL/OULLUDUOULDUDUOUOULOUDOUOLOOO
gboooobooobooooooboobOoobooOooobOobooooooobOoboooOoon
ooooooooboooooooooooobooobooOoooboOoooooooooooon
oobooooboooooooooo
ooooo
oobooooooooooooboboobo 200000000s000000000DC00O
goooooooboooobooooooboooobooooboooooboooooboooooboboooD
gooooooooooooooooobooOoboooobooooobooooDboOooDo
gobobooooooooooooboooouooobooooobooosbobbooooDoo
gooooboooooooboooboobooooboboooon
ooboog
g3boouoobooooooooooooooooooboboooobooooooooboo
00000 WACOMOOOOOODOOCintiq 21UXOOOOOO0O0OO0OO00O000O0O000OO
gooooboooooooooooooooooooooOoo0oooooDobooooooDooo
goboooobooooooooboobooooboooooooboo0booooboOo 40000
gbbooboooooobooooboooooOoboooboo@WooooomoooooooDo
omodooooooooooooooobooooooooOboOobooOoOoOoooOooOoobooo
goooobooodoooooooboooooooobooboOoobooboOboOboOobOobooOoDbOoo
goboooobooobooooooooo
ooooog
200000000001 000000O0C0O0O0OOOOODOOODOOOOOOOOO
gooooooooooooooooooobooooooOooooooooboooooooboo

(© 2009 Information Processing Society of Japan



413 OO0OO0OO0OO0OO0OOOOOOOCOOOOOOOOOO0OO0O—0000000000

0000000000000000000000000000D0000000000000
00000000D00000000000000000000000000

(1) 0D0O0O0DOOOO0O0

00 1000000000
0000000000000000000000000000000000000000
000000000000 0000000000000D000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000

00000000 5000000000000000000000000000000

03 Ooooo 000002250 000000 2500000000000000O00ODOO0OOO0OOO
Fig.3 Experimental environment. oooo

oo22000000o0o0o000o
gobobooooboooooOmoooooooobooOoooooOoboooooOooDooOooonoo
oobooooooOooobooooboo0oooooobo0obeobObOOODOOOODOxODO

’ s 0000000000000000MO0000000000000000000000
N el i 00000000000000000000000050000000000000000

‘ >§nel.f§!m7b—u7—a %
mBHEL SRR BT, SBORAD =% 00000000000000000000000000000000000000000

LT, ZOHRMNEEREET:

ooooooooooooooooooooooooooooobobOoO 10000000

‘ B SHOBE 7{%
BE ARG FHROEE
-EE?’-«'WLS(:.%hfhw*v*lbo)ﬁfil:!u:'ﬁmﬂ\ (2) boobbbboooo
L~ BB TBTHSS,
SEROABDF 1A BH B FHRE B RS 30T, EEEX o00oo0ooo0o0o0oOo0oo0ooO00oooo0oo0ooooooBooo
DREFvHIIH D1 RREF SBT3 &SR EH(ZD
Th BHADE, 0000o00o00oo0o0oo0ooo0o0o0oo0bo0oo0oooooo0oooo
BEBLAOEMADBREORIELIL— LT~ DRE
A I AREMA K= AL MR 0000000000000 00000000000000000 50000000

000000000000 00000125000*000000000000000000

‘ T BREE |_JQL_ﬁ5EI 000000000000000000000000000
//// e \\\\ G 0000000000 eLearning000000000000000000000000C0
.

a7 L AR— )
00o00o0oooooooooooDoo00ooooooooooooooooooonoog
| kraxb@amansEs ll  FraorEamce noo
04 000000000
Fig.4 Example of simulator screen. %1 000000000000000000000000000000000000000000000000000

x2 000000000000O00COO0OO0O0O0OO0COO0OOOO0OO0OO0COOOO0OOOOOOCOOOOOOOGO0O00O0
go0ooooooooooooooooooD

000000000 Vol. 50 No. 1 409-420 (Jan. 2009) © 2009 Information Processing Society of Japan



414 OO0OO0O0OO0OO0OOOOOOOCOOOOOOOOOOO0O—0O00O00D0000O0

ocooooooboooOoooobooooboboOobOOoOobOoooooboobooooooboooDooO
gobodoooboooooooboooooooooooooan

goboooooooooboooooboboooobooooboooobooooooooboo
oooooboooooooooboooooooooboobooooooobooooooboo
gobooooboooooooo

5. O O

(1) 0O0oOoOoO
050000000000000000000000000000000000O00
00000000000000@MO0000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000

06 00000000000000000000000000D000O0O000D00
0000000000000000000000000000000000000000

% ~—F% 7 2N
o 5 of
= 4 2
i3 } @3
® 2
Ho] | 04
0 s 0 ®5
0 50 100 150 200 250
5 5
B3 3
& 2
Mo 1
0 0

IBIEREHE (S VD) BIERSTH (X VD)

05 OO0OO0OO0OOOooOO
Fig.5 Scatter diagram of acceptance.

00o0oooooog Vol 50 No. 1 409-420 (Jan. 2009)

0000000000D00000000000000000000000000 22500
00000D000D0000000000000000000000000000
0000000000000 0000t000Welch 00000000000000
=99.3%00000 5%000M00000=914%0000000000000000
0000000000000 0000000000000000000000000000
00000D0000000D000000
(2) ODO0DOOOOO
0600000000000000000000000000000000000 200
000000000000000000000000000000000000 10000
0000000000000500000000000 80%0000000000000
0000000000 1000000000000090%000000000000000

(m oSy
SN

giid
LN

25 50 75 100 125 150 175 200 225

FFES

25 50 75 100 125 150 175 200 225

BERH (S V)
06 DOODOOD

Fig.6 Limitation of acceptance.

(© 2009 Information Processing Society of Japan



415 O0O0O0OO0OO0OOOOO0OOCOOOOOOOOOO0OO0O—0000000000

01 00000000
Table 1 Acceptance of delay time.

ZEE

90% | 80% | 50%
(U@ | 100 | 125 | 165
v | 30 |50 [ 90

v —% 7
LFEFEX

02 0000000000000

Table 2 Evaluation in note-taking.

[ =xrex | #rmicns
A 3.2 2.8
A 33 34

00000000000000000 [150-2000000*000000000000000
0000D0000000D000050%000000000000000000000000
00000000000000000000000000000000000000000
(3) 0ODO0DODO0OO0OOO0OO00D00D0O00

0000000000000 00000000D00000D00000D00000MmOn
000000000000 00000 2000000000000000 2000000
00000000000 000000000000000000000000000000
0D0000MO0000000000D000000000000000000000D000
00000000000 000000000000000000000000000000
000000000000 0000D00000000000000000000000
0ooo*2o

6. O O

6.1 ODOOOOO
sobooooobooboooboooboOooobobooooboobooooobooOoboOoooDooo

x1 0000000008
x2 000000000000O00COO0OO0O0O0OO0OOOOOOO0OO0COOOO0OOOOOOCOOOOOOOO0O00O0
goooooOo0o0oooooO0o0o00oboOoOo0000oO000000O0000000000

00o0oooooog Vol 50 No. 1 409-420 (Jan. 2009)

~—F 7
5 HEHE
Eleewo s
B L ===
2 R =
Mo ft ,,,,,, tm
0
0 50 100 150 200 250
XFFES
o J
I 1
= eeee®]
R o180
Mo T T
0

BERR (R UH)
07 000000OD0O00OD
Fig.7 Probability distribution of acceptance.

gobooooooooooooboooooboobOoooDoOoobDOoOooOOoOoD s0DO
gobobooooooo2000000000b00O0DOOOb000DbODObOOObO 200000
goboooboooooooooobooooooobooooobooooboooooooobooo
ooooogorooOon

ooooooooooooooooooooooo «vrooooooobobobobobbooboo
boboobobobooooooooboboodbooooooOobOOobOboOobOoOoboOoDo
oco7oOOO0O000000000000O0O0O0O0OOOOOO0O00O0O0O00000000
goboooooon
goboooooon

gooooooooooooooooooooooOoDDD bOoOboobooOoOoOoODODDDOO
oooboooooboooooooobooooooobOOo0obOOOoOobOo0oOoDbOOOobOboOooDoOoO
goooobooooooooooooooooooobooooobooboooooobooooDon
gobobooooooobooooboboooooobo2000000000O0bOOc0OO0O0DOOOn

(© 2009 Information Processing Society of Japan



416 OO0OO0OOOO0OOOOOOOOOOOOOOOOOO—0OO00000000O0

oooo
gobooooboboooobooobooooooooOooooboooobbobOoboo
ocooooooooooboOonoboOoOooobobooOOoboOooooooooboOoooboooDooooO
boooooooboooomooooboodooooboomoooooooooooonoa
o@moboouobooooooooobooooboooooobooooboooo
goboooooooooboooooooooooo0oooooOoocOoOoooobooOoboobooboo
goboooboooooobooooooooboboooboboOoboO0boOooooDObOooooboobo
gobooooooobomooooboooooo
goboooooooobooooooooboooooboboooooboooobooooooboo
gooobooooooooooooooocoooooOoboOoooooOoboboOoboOoooDbooo
gobooooooooboooooboooboooooOobooboooobooooOoOoobobooooDoo
goooboooooooooooboooooooboooobooooooooocooboooooonoo
goooooooooooobooooooboooooboooboooooocooooooonooboo
goboooooooooboooobooooooooomobooooboboooooooobooo
goooooooooooooooooooooooboboooooobooboOoooooboo
goboooobooooobooooooomoooobooooobooooboboooDoooobooboo
goooooooooooobooooooooooooobobooooooboobooooooDobDo
goboooooboooooooboooobobooo

oooooooo
goooooooooooooooooooboooobooobboooOooobboOooooo
ocobooooooOoooooOoOoOoooOO0oOoOobooOoOOOoOoboOOOoOobooOobOODOOmOo
gooboobooooooooobobooooooboooooooooobooooooooboa
gbobooboooodooboooodoboooboooooboooobOoooooOooOoboboOoDbo
goboooooooooboooobooooooooOoboobooooboOooooobboOoooaon
boboooboooooooooooooooobobooooboOooOoooooboooooooboo
goboooooooboooooooooobo0obooOo0oobOOoOooboOoOobOboOoboboOooo
goboooooooboooobooo

6.2 OOOOOOO
goooooooooooooooooboooOoooOboOoboobooOoboOoboOooooooo
gooooooomoooooooooooooooooooooooooooboboooo
gooooooooomoooooooobooooooboooOooooooocOooooooon

00o0oooooog Vol 50 No. 1 409-420 (Jan. 2009)

EFAE RN S CF T

DB b AR B, L
WL,%%%&%&,E?ﬁ@E@Kﬁ%ﬂ@E
L TLEWEELGIANNTND), <t
JE - CFEE R TR,

EFANIREE (37—~ U AFHIFEER)
A SRR LT V.

iy

2t
‘n'-u--uw nn!“@
T b

CEFEEDL X LE, TECK LT —5 |
VIR BITA, X e ORERIRA R |
LCEARBIUER B A 0, B, B
DD ETFRICER LTS, !

08 OO00O0OO0OOO0ODOOOoOOooOoODbOoOO
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Fig.9 Trajectory of eye movement in handwriting.
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