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Abstract

The Optimal Sizes for Pen-Input Character Boxes on
Handheld Devices

Taishi Kato

Software applications for handwritten character input on handheld devices (such as
PDAs: Personal Digital Assistants) usually show two, but some have four - eight char-
acter boxes. However, the optimal size for handwritten character boxes has not been
clearly established. This study seeks to determine the optimal size for pen-input hand-
written character boxes on PDAs inside which users can most efficiently write English,
Chinese, hiragana, alphanumeric characters, and so on. The results will be assessed
in terms of high performance factors such as high character recognition rate, minimal
stroke protrusions outside the character box (experiment 1); high subjective ratings
(experiments 1 and 2), and physiological data such as brain waves (experiment 2). The
last term is a unique evaluation approach which allows us to investigate what kind of
character boxes a user can write in while maintaining an implicit relaxed state. The
analyses of the results of experiments 1 and 2 show that the optimal size of character
boxes for the input of alphanumeric characters is approximately 1.44 x 1.44 cm. More-
over, in the result of experiment 1, it was shown that the optimal value is near 1.44 x
1.44 cm further at the time of the hiragana and katakana, and the kana mixture Chinese
character as well as the alphanumeric character. In addition, the relationships between
the size of character boxes and the number of character boxes was also discussed. These

results may be regarded as a reflecting universal characteristics of the human use of
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character boxes. We believe that knowledge of the optimal size of a character input box

will be useful when designing the screen interface of PDAs.

key words PDAs, Pen-Input, Character Box, Optimal Size, Performance evalua-

tion, Physiological evaluation

— iii -



HRpN

010

020
2.1
2.2

2.3

24

O30
3.1
3.2
3.3
3.4

3.5

3.6

040

goono 1
OO0 10000boooooooo 4
OO0 . e 4
OOOO o e 4
I 4
23.1 O0O0O0 ..o e 4
232 000000000 ... s 5)
233 OO0 .o 5)
234 0000 .. e 5)
23.5 O0O0O0O0 ..o e e e e e s 6
I 9
OO 20000000000 36
I 36
OOOO .. e s s e e e 36
I 36
OOOO0O s s s e e e 37
OOOO0O s s e e e 38
351 O00000aOO08O13HzO . .. oo oo oo oo 38
3.5.2 ECGOROOOO . ... e 38
3.5.3 EMG . .. . 38
I 39
gbooooooboobood 43

—iv —



4.1 OO e 43

4.2 I 0 44
4.3 I 0 0 44
4.4 I P 45
4.5 OOOO . e s s e e e e 45
g 46
ggono 47
O0A 0000000 48
OO0B OO 49
B.1 OO0 1000000000000 .. .00 oo i i oo 49
B.2 OO0 20000000 . .. 0o e e 20



HRpN

1.1

1.2

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20

2.21

[]

Windows CE . . . . . . . . . 2
Decuma Japanese . . . . . . .. .. L 2
OOO0O .o s 6
OOO0O .o s 7
10000000000000 .« .00 ot i i d e e e e 9
10000000000000000000 +« « « o oo v i oo 10
100000000000000000 «~ .« o 0o oo n o oo 11
O0000000000 . . . 0ottt 12
OD00O0000D00ODO0D000O00 « .00 oo i e e i, 13
O00000000000000 .. .00 vt tie v e 14
OODOD0D00O0OD00O00 ... s e e e 15
I P 16
OO0DOD0OD0O0O00O00O0000000 ..o i i 17
OO0O0D00O0O0 ... s e 18
OO000OD0DO00O0O00 ..o s e e 19
OO00O0O0000000 .. e s e e 20
O0000000000 (DO0)0 .o e 21
00000000000 (CO00DoooO)g .o oo oo 22
00000000000 (O0D0000)0 « oo v oo oo oo oo oo 23
00000000000 (0DO00)0 o oo oo e e e e e e e e 24
00000000000 (0000D0000O0)0 ..o oo oo oo o n 25
00000000000 (OOD0000)0 oo oo oo 26
O00000000 (ODO0D0)0 « v oo e e e e e e e e e 27

—vi —



goo

222 000000

223 000000

224 000000

225 000000

226 OO0O0OOO

22r 000000

228 000000

229 000000

000 (@O0000000)0 « . .ot .. 28
000 (@O000000)0 © oot e et e 29
0000 QOO0 .« oot e e e 30
0000 (@O00000000)0 .« .ot 31
0000 @000000)0 « ottt 32
i o 33
0000 (QO00000000)0 .+« v v .. 34
0000 @O000000)0 « ottt e 35
.................................. 39
.................................. 40
.................................. 11

— vil —



10

o

0000000000000 D0O0O0O0000C0O0O0O0DOOOOoOO Personal Digital
Assistants] 00 PDAO OO O0OO0OOO0OOOOOOOOOOOOOOOOOOOOO0O
goobtboooobbboobbooooooboboubobobbbooobDbbbobOon
0000000000000 000000000000000000DO00O000 PDA DO
goboboooooboboobobobooooobobuoboboboobooboooooon
gogooboogd

bbbt booooobooboobobbobb bbb bbb O
0O PDAOODODODODODODODOOODOODOOODODDOOODDDDDOOD OBluetooth
ooobooooooooboooooobobooboobobooobooobobooobog MP3
ygoodbooobooooobboobboboboooboobb oboooobobbbobobg
0000000000000 00000000000000000000g PDAOOOO
gbogooobooooobbuoouoobbobonoad

POAODODODODOOOOOOOOODODDODOOOOODDO PIMO Personal Information
Manager0O OO OOOOOOOODODODOODOOOOODOODOODOOUOODOOOO
gdoobooooogoooboobon

POAOOODOOODOOOOOOOOOOOOO 20000010000000 PDAODO
OOooo0ooObODOO0bOOo0oobOboOobObOboObOobOoOoOobOO0obOobOOoOoOobOOo20D0000
goodobobooooboboooobouoboobobbooooooboboobbbooa
ggobobobdobooooobooubobb bbb booUooLo

00000 200 00Windows CEOODOO 1.1 00000000D0DODODOODOOOOOO



00 408 00 OO Decuma Japanese (D004 MOO0000OO0DO6 MOO8OO 1.20
Ooo0d0oo0ooo0OoOo0dooOOo0doOoDO00ooDOoDUOooDUooDDoboOoOoD
goo0ooODOO00o0oOo0doOoDOO0oDOO0000DO0DOoOUOO0ODOO0OoDODbDOoOOoOoOoo

ggbobdoooooooooboboooboobooooobb oo bboboooo

| Pockat Worg

Pocket P
' +ES|E«xc| 7
[TE=
e |«
_ -2 | XA
it B ®T -4 N [

0 1.1 Windows CE

,'f-ﬂ Pocket Word e 0 @'

CEEnE (e )
G

PockenwnPC
L] L i £y -|..Irx " ." . i

B EE HT L Y |

0 1.2 Decuma Japanese

gbodogdoobooouooooboooooooboobbbooboobbboooon



googobbbbooobbooooooboboobboooooobbboobbboo
gogogboboooboobuoboobobobbbobooooobuoobobobboobo
gobooobooobbooooobooobooouoooobooooobobonh oo
0oo00o00o000o0oo0oooU0oooO0ooDoO0O0oOoOO0OD L,20000D0ODOO0O0OOO
O0OO0000DOO0OOO00dbO00oOO0obD0obO0UobDObOOoOobOoobObOUoOoOoBSs OO0
00000000000000D00DO00000000O000D PDADOOODODODOODO
gogogboooogooobobodooooooooobbbooooobooouoobbbonoo
gobboooobooboboooouooobbobobobboooobbbuobobbbboo
gbbodoobbbodoooobbobobooobobU0bbboooUUbDobUobLOon
gbooooobooboobobooboboobboodbobbbooouboboob o
goobolooooooobooooUooboboobOooobOobDOobobooDbooboOooo
gboogoooobbbooooooboboobobuoooobobooooboooogn
gogooooon

0200000000000 0000000O00 30000 bDUODbUODbODbOOObOOO
oooob4000000D0000O0DO0O0O0ODbDODObOOOODDOODOOOObObOO

ggooooooobobood



20

00 10d0o0dododonoon

2.1 000

20000 2200000000 228000000 1100370000 1000 12000

00600000000 200000 101500 PDAOOOOOOOOO

22 0000

Compaq O PDA O iPAQ Pocket PCO OO0 00O O OO OOSIMicrosoft Pocket PC
2002 Software (Windows CE 3.0)0 0000 190g00 00084 mm(W) x 16 mm(D) x
13dmm(H)00000000000.24mm /pixelDOODOOOO0ODOO0O0O0O0O Microsoft

embedded Visual C++ 000000000

23 0OO0OO00O0OO

23.1 0O0O0OO

ggbbobooboobobooobbooboobooubbbbboobobobboboo oo

B.100O



23 ODOO0OOO

232 0O0000O0O0DOOO

00000 2000 000000000000 00O0DO0O00D0O0D00D0D0OO0oO0O0Oon
000000o0oooDooooo0oboooooooo0ooooO0o s000noooonon

(M 0.24 x 0.24 cm

(O 0.48 x 0.48 cm

M 0.96 x 0.96 cm

(O 1.44 x 1.44 cm

M 1.92x 1.92 cm 0 Windows CEO 0O 00O O

0000000000000 [1)oo0000000o0ooOOo0DLOUO0ODOoUDDUODOO
gooooon

MOo000000 0.6 emO0O0 1.18 cm

MOo000000D00Db0000 0.82emO0O0 1.15 cm

MO0O00dDOo0boOdoO0 094 cecmdOd 1.38 cm

gogoboboboooooboooobbooboobobobuoobbobooo

2.3.3 0O

ggobobooboobooobbbob sbbbobboboobbobbobboboobog

200000

234 0O0O0OO

ggbboodobobbobodoboooobobooouoobodooboboooobboooon
goooboooboooboob ooobooboobbboboboboooOoobOoooo
ggoobouoogoobobbooobbbobbbobodoobbbobooobbbooo
000000000000 000000 PDADODOOPDADOODOOOOODOOOOOO

OO0oooooooboobooob 2100



23 ODOO0OOO

021 0000

23,5 00000

ooooob0o l1o0bbobo e OoobbOobUObObOObObObOOoOobbOODD 10
gobboooobooobobbboboooooboooooobobbooogooobobooon
obooooOoboOobOobOOoobOooboboobloboobOobDOobOOobooboUoooOogooDo
0000000000000 0000000000O0O00000000000000O0 AO
Z0a0zO000 10000000900 20000000000

0220000000000 DO00DOO00D0O0OO0DODOOOODOOODDODOO
gbboboooooboooooooboooboooooooooo

1. 0000000

ggbboobooooboboooobboboobbooooobDboobobobbobon



23 ODOO0OOO

&EGDEFGHIJ
LHNOPQREST
UV WXYZ
=]
~FHT
A=a— WIZES it Al

022 0000

gooo

2.000000D0O0
ggobogboobobbodoooboboobboboboooboboobboboboooobo
gogbbobooobbooobobbobbobobUuooob bbb OoobLoOoo
gogbooobododoooobbodoooboooobob bbb bboooooo
gboouogobodgooboooooooboboobooubooodboobo mooooo
gogbooooooboobooobobobboobobboooooooouooboboboooon
gogbobooobooboooboboobbooobobbboobobobbobboobbboboo
gogbodobobobooobbobboooo oo obboooobbobDbUobL OB
gboobooboobobbooboobobooboobbooobnooa

3.0000000
gobooogbooodobboooboobbbooobboooobobboobbooo o
000000000 wWoOOobOOoOoOWwohoOOooOOooObOoOooooOoOoboOoDboooo
O000000Db0DbO0O00 12000000000 51400000000000 554400

O0oOobOoOoosoooooboboooooooobboooooooobooooboobogoo



23 ODOO0OOO

gbooboolboobooboboobuooboboobooobobobboooooboooo
gooooooloboobOoobOobobOo 1000000 1oobpoooboooboo
oObooobobooobooooobooooboobObolobOobOooooooooobooo

OO0000odo 2200000000000 0b0bobbOobobbobOooOog



24 0ODO0O0OOO

24 0O0O0OOOd

0 1 1 1 1 1
024x024 048x0.48 086096 1.44:1.44 1.92:182 06x118

Sizelcm)

023 100000000DO0O0O0OO

gboogobbl1booobobboboobboooobooobooooobobooboo
2300 0000oooooboboooobbbO0obO00oobbooobDoobooooogoo
gododbooobobbooooobuooobbobboooobooobobooobboooo
ygdboguoodoooobobbbooodoobobotbooobbooobooboobobUoboo

gobobodobooooobuoouobbobbobbbobooon



24 0ODO0O0OOO

20

O | | | 1 |
024024 0480458 096x096 1.44x1.44 192x1 92 082x1.15

Sizelcm)

024 100000000000O0OOOOC0OODAO

gbooboboobooobb looboooboobuoobbooobobobooobooon

OO0O00b0O0O240000000000000D0ODOOO0ODOO

— 10 —



24 0ODO0O0OOO

25

D 1 1 1 1 1
024024 0458:048 0560596 1444044 152x1.92 054138

Sizelcm)

025 100000000DODOOODOOOO

ooooobOoboOOO0 1b0DooboobobooobOoooooDbooobOobobOobOon

ODoOO000200000000oooboboooooobOon

- 11 -



24 0ODO0O0OOO

g

(dA L &
o

s LA

024x024 048x048 096x086 1.44x1.44 192x182 06x1.18

Sizelcm)

026 ODO00O0ODOOOOOOO

00000000000 000000000000000000 0 2.600 F(5,66) =
3296, p < .00100000D0O0O0OCOD0ODOODO0O0O0O0mean = 025000000 1.44 x
1.44 cmm 00 mean = 0.420000 0.96 x 0.96 cm OO0 mean = 1.6700 0000000 O
000000000000 D0DO000000.96x096cm00144x144ecm 0000003
O00o0ob0obDo0oooooboboobooooonDD1Y9e?2x1.92em0d0goononOO
00000000000 048x048cecm U0 024 x024 em D00 000OOOOOODOO

gogogbbobobbooobbuobbuooobbobouoobboobod

- 12 —



24 0ODO0O0OOO

(o]
(o]

[ ]
[
T

]
[
T

== w W =T =
&

— — .

jan] o]
T T

—

n
T

. .JT.#.;.%

024x024 048x048 096x0.98 1441 44 1.92x1.92 082x1 .15

[a]

Sizelom)

027 U0O0OOOO0OOOOOCOOOODO

O0000D0O00b0O0O0OOO0DODODObOOo0O0bDO0ObODOObO0ob00oO0OoooOOoo O 2700
F(5,66) = 23.87, p < .00100 0000000000000 1.92 x 1.92 cm 00 mean =
0.58000000 144 x 144 ecm 00000 mean = 0.920000 0.96 x 0.96 cm OO mean
=2170000000000000ODODOO00O0O0OOODODDODOOD000.96 x0.96 cm OO
144 x 144 ecm00192x 192 em 00000 0O0OO0ODOOOOOODOODODDOOOO
Oo0d0192x192ecm00000000O0O00OOCODOOOOOOOOOOODODOOOOLOO
Oo000OO0oO00ob0b0oooOoobDbooOooo0bobDDbO00n 048x 048 ecm 00O 0.24 x

024emO0000000ODOOODOOOODOOOODOO

- 13 —



24 0ODO0O0OOO

] L
0 . P N I

024:024 0484048 096096 1.44:1.44 152:1.82 05413

Sizelcm)

028 0DO0OO0ODOOOOOOOOOOO

000000000000000000000000000000000 0 2.800 F(5,66)
=2544,p< 00100 0000C0C0O0O0O0ODOODOO 144 x1.44 cmm 00 mean = 0.58000
000 1.92x 192 cm 00 mean = 0.6700 00 000 mean = 1.6700 00 0.96 x 0.96
cm OO0 mean =3.5800 0000000000000 00O0O0O0OODOOO0OODODODOO0.96 x
096cm 00144 x144emO001.92x1.92ecm 000000000 OOODOOOOOOO
O00000001.92x1.92emJ00000 048x048 cm 00 0.24x024cm 000

gboooooobboobobobbooboooon

— 14 —



24 0ODO0O0OOO

g

E=EREE-/-OE

ﬁ . ## ﬂ

024x0.24 048048 056x096 1.44x1.44 182x182 06x1.18

Sizelcm)

029 00000O0OODOODOOO

oo0ooOO0o0obOOoO0OOo0o0bO00ooOobObOOobODOo0OogoDOobOoOo b 29000D
gobobogoogoobobooboobooooobboboboooobobboobboboon
gobodbobobobboooboobobobooboboooobbooboobobobbon
ggoooooooobobooboboobbodoob bbb bobOoo

googod

,15,



24 0ODO0O0OOO

g

I S g

024024 048x048 096«096 1 .44x1 44 1 82«1 92 082x1 15
Sizels)

0210 000O0O0ODOODOODOOOODOODOOOd

gogobobobooogobooouoboobuoboobobooobobooooobbboooba

O021000000000bDOobobOobobooOoD

— 16 —



24 0ODO0O0OOO

g

024024 048048 096:086 144144 192102 054138

Sizelcm)

0211 ODO0OO0OOOODOOOOOOoOO

gbogooguooooooobbdoooobdooooboobooboobobobooooboo b

211000000000 booooboooboo

- 17 —



24 0ODO0O0OOO

g

100%
00% T
0% T

70% 1 Lo L L
60% |
50% T
4% F

0% T
20% T

gy

=)
ot

D% | | 1 | |
0244024 04840435 096086 1.44x1.44 152182 06118

Sizelcm)

0212 00O0O0OOOOO

00000000000000000000000000000 0 2.1200F(5,66) =
6.56, p < .00100.96 x 096 cm 000 00000000000 mean = 72.80%00 1.44 x
144 em 0000 7269%0000000000000000000000000O00O0OO

00096 x096cm0O0 144 x144 e 00000000 O00OO0DOOOODODODO

— 18 —



24 0ODO0O0OOO

100%
90k
80h [
J0h [

G 60k T
B 50%

!T_Flé 40% B
0%
20%

0% '

024x024 048x048 096x096 1.44x1.44

Sizelom)

182102 082113

0213 DO0O0O0OO0OOOOoOOoOOoOgO

O0bo0o0o0bO0obOoobbOOoobO0obO00obOobOoooooobboboOobo b 21300

F(5,66) =12.72,p <.00101.44x144cem 000000000 00000 mean = 82.90% [

0000000 82.79%,00 1.92x1.92ecm 0000 82.25%, 00 0.96 x 0.96 cm 0 0 O

081.28%0 0 0000000000000 DO0O0O0O0OO0OO0OOOOOOOOON.96 x 0.96

cm 0,144 x144em0,1.92x1.92em 0, 0000000000000 00OOOODOO

— 19 —



24 0ODO0O0OOO

100% T
a0k | T
0%
. T0% T [
1%; BO% T
f.ﬁ:‘ A0%
ny 40K T
" oaow t
20% |

10%

D% 1 1 1 1 1
024024 048:048 096:40.96 1.44:1.44 192152 094135

Sizelcm)

0214 000O0OODODOOOCOO

000000000000000000000000000000000 O 2.14[0F(5,66)
=18.70, p < .00101.92x 1.92cm 000000000 00000 mean = 92.56% 0000
096 x 0.96 cm 0000 92.11%,00 144x 144 ecm 0000 91.67%0 00000000
O0oooOoDOOoO000DO000DOoDbOO0Ob0b0n09x096cemO,1.44x1.44 em O0,1.92

x192em 000000000 O0OOODOOOOODO

— 20 —



24 0ODO0O0OOO

gooboobbboboobbbobobooobobo 3buon

ooooOoooloobooboooooryooobooooboboooobobobbobbooo

-] 1 1 1 1 1
024x024 048x048 096x096 1.44x1 44 192x192 081118

Sizelom)

0215 D0O0O0O0OO0OOODOO (DDOO)O

0000000000000 01.92x 1.92 cm O (mean = 6.58, F(5,66) = 5.32, p <

001)0 096 x0.96 cmO00144x 144 cem 0000000 215000000000000

goodgon

— 21 —



24 0ODO0O0OOO

13

1 1 1 1 1 1
024024 048048 096x096 144144 192x192 082x1.15

Sizelocm)

0216 D00O0O0O0DOOUDOOO (DOOOOODOOD)O

oobOoooooboobobObOoobDOoboobOOobDoooobobooobDboOob 2160000

goobooobobbboobobbboodoobobuooooobbboboobboooo

gboooooboobuobbbooood

- 22 —



24 0ODO0O0OOO

15

1 1 1 1 1 1
024024 048048 096x096 144144 192x1 92 094138

Sizelocm)

0217 00D0D0O0O0O0OO0OOOO0O (OUODODOOO)O

0000000000000000001.92x1.92cem 0 (mean = 6.50, F(5,66) = 6.23,

p<.001)01.44x1.44cm000.96x0.96 cm D000 0O00 2170000000000

ubooogooad

- 23 —



24 0ODO0O0OOO

gooboobloobbooobooovybbobobobbooooUoobUooooooboo

-1 1 1 1 1 1
024024 048x048 096x096 144x1 44 192x192 061x1.18

Sizelocm)

0218 DOOO0ODODOOODOO (DDO)O

0000000000000 01.44 x 1.44 cm O (mean = 6.58, F(5,66) = 21.78, p <

001)01.92x192cecm 00096x 096 cm 0000000 218000000000000

goodoon

— 24 —



24 0ODO0O0OOO

L L

024024 048x048 096x096 144x1 44 192x192 082x1.15

Sizelocm)

0219 D00O0O0O0DO0OODOOO (DOOOOODOOD)O

000000000000000000001.44x 1.44 cm O (mean = 6.25, F(5,66) =

39.36, p < .001)01.92x 1.92cem 0000000000 2190000000000000

gooon

,25,



24 0ODO0O0OOO

-1 1 1 1 1 1
024024 048x048 096x096 144x1 44 192x192 094x1 38

Sizelocm)

0220 00D0D0O0O0O0O0OO0O0OO0O (OUDODOOO)O

0000000000000000001.44 x 1.44 em O (mean = 6.41, F(5,66) =

84.72, p < .001)01.92x 1.92ecm 0000000000 2200000000000000

gooon

— 26 —



24 0ODO0O0OOO

OO000OD100000000Oo7ObOoOOoOOOOO0O0O0ODODOO0O0O0O0OOOOOn

-1 1 1 1 1 1
024024 048x048 096x096 144x1 44 192x192 061x1.18

Sizelocm)

0221 DO00D0O0OOOOO(OOO)O

0000000000000 0000000 1.44 x 1.44 em O (mean = 6.25, F(5,66)

=23.67,p <.001)01.92x1.92cm 000.96x 096 cm DO 00000 221000000

goboooboogooogd

— 27 —



24 0ODO0O0OOO

L LT

024024 048x048 096x096 144x1 44 192x192 082x1.15

Sizelocm)

0222 000000000 (DOOOOOOOO)O

00000000000000000000000000 144 x 1.44 cm O (mean =

5.92, F(5,66) = 27.85, p < .001)01.92x 1.92 cm 0000000000 2.22000000

gogboooboogoood

— 28 —



24 0ODO0O0OOO

-1 1 1 1 1 1
024024 048x048 096x096 144x1 44 192x192 094x1 38

Sizelocm)

0223 DO00O0O0O0D0O0O0O (OOOOOO)O

000000000000000000000000 1.92x 1.92 cm O (mean = 5.92,

F(5,66) = 54.33, p< .001)0144 x 144 em 0000000000 22300000000

gooooooboboon

— 29 —



24 0ODO0O0OOO

go0OO0d0olgoooboobooo7Oo0bOooOobDbOObCbOODbDbObDOObODODD

L L]

024024 048x048 096x096 144x1 44 192x192 061x1.18

Sizelocm)

0224 000D0O0O0ODOOODO (DOD)O

00000000000001.44x 1.44 em O (mean=5.6, F(5,66) = 20.42, p < .001)0

096 x 096 ecm00192x 192 em 0000000 22400000000000000

goadd

— 30 -



24 0ODO0O0OOO

L L]

024024 048x048 096x096 144x1 44 192x192 082x1.15

Sizelocm)

0225 0000O0O0O0O0OO0OO (DOOUODODOODOOO)O

00000000000000000001.44 x 1.44 cm O (mean=>5.75, F(5,66) =

2223, p < .001)00.96x 0.96 cm 00000 OOO0O0O 2250000000000000

gooon

— 31 —



24 0ODO0O0OOO

L L]

024024 048x048 096x096 144x1 44 192x192 094x1 38

Sizelocm)

0226 0000000000 (UODOOOOO)O

000000000000000001.44 x 1.44 em O (mean=>5.67, F(5,66) = 28.43,

p<.001)00.96 x0.96 cm001.92x 1.92cm 0000000 2260000000000

ubooogooad

- 32 —



24 0ODO0O0OOO

gbobooolooooogrybobooobbobbobboboboboog

-1 1 1 1 1 1
024024 048x048 096x096 144x1 44 192x192 061x1.18

Sizelocm)

0227 000D0O0ODODOOOOD (DODO)O

00000000000001.44 x 1.44 em O (mean = 6.25, F(5,66) = 25.19, p <

001)00.96 x 0.96 cm001.92x 1.92ecm 0000000 22700000000000O0

goodoon

- 33 —



24 0ODO0O0OOO

-1 1 1 1 1 1
024024 048x048 096x096 144x1 44 192x192 082x1.15

Sizelocm)

0228 0000000000 (OUDODOODOOO)O

00000000000000000001.44 x 1.44 em O (mean = 5.83, F(5,66) =

284,p < .001)00.96x096cm 0000000000 22800000000000000

godd

— 34 —



24 0ODO0O0OOO

b L

024024 048x048 096x096 144x1 44 192x192 094x1 38

Sizelocm)

0229 D000O0ODOOOO (UOOOOO)O

000000000000000001.44x 1.44 cm O (mean = 6.0 F(5,66) = 59.21,
p < .001)00.96 x 0.96 cm 0 01.92x1.92cm 0000000 2290000000000
00000000

000000000000000000000.96x0.96cmO0 1.44x 1.44 cm 000
000000000

000000.96x09cm01.44x1.44cm00000000000000000000

goadd

,35,



30

0020000000000

3.1 000

obooDbD 22.000000 40000 130 MO 10000 2000000000000

001000000000 PDAOODOOODOOOO

3.2 0000

POACDOOODOODOOOOOOOODOOODOOOOOOODOOOOOOOODOO
OO0ONECDOO SYNAFIT 50000 00O OO San-ei 0 O BioView GO 0O O O 00 BIOPAC
Systems O 0 MP100 / EMG100B 00 AcqKnowledge v.3.5.70 00000000000

ATALAS 2300000

3.3 Uogoon

00000o0o00ooo00ooOo0oooodoooobDOooooooDOobOOobDoooooog
00000O0O00OOODO0O0OOO00O0OObObO400000C0DDOO

(O 0.48 x 0.48 cm

(O 0.96 x 0.96 cm

(O 1.44 x 1.44 cm

(O 1.92x1.92cm 0 Windows CEODOOODO O

— 36 —



3.4 00000

3.4 00000

0000000000000010000000000000010000040000
00000400000000400000000000000000000000000
00000000000000000000000000000000000000000
D000O00O0OECGOO EMGOOOOOOOOOO0OOO0O0O000000000O0000
000000000

0l. 000000000000 00300
000000000000

02. 000000 00000001000
024.(2)000

03. 0000 0000000000300

0000000000000000000000

M EEGDa 00 OMOO0O000000

M ECGOROOOMOONONONONONONONONOO

M EMG 0000000000000

0D0000000000000000000 TBM (Task Break Monitoring) 000 [3)
00000000000000000000000000000000000000000
0000000000 5ml120sec 0000000000000000000000000
0D0000000000000000a003510000000000000000000
0000000000000000000000000000ROOOO3.5.2000000
00000000000000000EMGO353000000000000000000

o0o0d 192x1.92em 00000000 0ODO0OO0OOOOO

— 37 —



3.5 00000

3.5 Uoogn

3.5.1 000O0O0ODao OO 8013 HzO
gboooooboboboodoboooobooobbobobobbtogbobogbooon

goboobobood

3.5.2 ECGOROOODO

00000 LF/HFOOOOODODOODOOOOO0O0OODOOOOD 1000 100000
000000000O0bO0obOooooObOooObObOOoOObDObO  ROOOOOODORODOO
gbodboobobooooobooboboobbobobbbUooboobbboooobbbon

ooodobbOobOOo0oboobO0obDOoboO ROODOOOOOODODDDDOOODOOn

3.5.3 EMG

ggboboboobooobbooooobbbooooboobbobboobbbobobobo

goboooobodobbotbdoobbodooobogb bbb boobobbboOon

— 38 —



3.6 0OOOOO

3.6 UUOUogogg

1.5
C
0
2 147
X
[
o
o 13 r
i)
5 !
L 12 + fe'p]
[} : O
) o
g O
o 11T
<
]}
5 w
< T
[
3
L
09 | | | 1
Before 192X192 144X144 096 X096 048x048
Taslk
Sizelcm)
031 ol

a 000144 x 144 cm O (mean = 1.130SD =0.2)0 000 1.92x 1.92 cm 0 (mean

=10SD=0.08)J0000000000000O0O00OODO0U0O0OOOOOO 3.100

-39 —



3.6 0OOOOO

g

[ S e R
] s =
T T

=
T

pooL—

099 r

Index of the degree of Relaxation

w w w
(=] | oo
T

Before 192X182144X1440096X096 045x048
Task

Sizelom)

032 ROOO

RODODOOO144x 144 cem 0 (mean = 10SD =0.02) 0 0000000000000

00 3.200

— 40 —



3.6 0OOOOO

g

—
2
T

—
—
T

—
T

0
3

oo

]

M

L

Y

5

li1]

0

®09 r cl-a
o )
© o
E 08 o
=

07 r

b4

Sos +

K

05 | | |
192 «192 144%x144 095 x096 048 x 048
Sizelecm)
0 3.3 EMG

EMGOO144 x 144 ecm O (mean = 0.820SD = 0.15) 0000 1.92x 1.92 cm O
(mean = 1)00.96 x 0.96 cm O (mean = 0.980SD = 0.25) 000000000 048 x
0.48 cm 0 (mean = 0.860SD =0.21)0 0000000000000 0O 3.300

00bbo014x144 em000000O000OO0O0O0OOOOOOODODDODOOOO

— 41 —



3.6 0OOOOO

I A A
x1.44 cm O (44%)01.92 x 1.92 em O (37%)00.96 x 0.96 cm O (19%)0 0.48 x 0.48 cm
0 (0%)0000000000001.44x 1.44 em O (66%)00.96 x 0.96 cm O (24%)01.92
x1.92cm O (10%)00.48 x 0.48 cm O (0%) 00000000 01.44x 1.44 cm O (52%)0
1.92x1.92 cm O (29%)00.96 x 0.96 cm O (19%)00.48 x 0.48 cm O (0%)0 00000
00000144 x 1.44 em O (61%)01.92 x 1.92 em O (26%)0 0.96 x 0.96 cm O (13%)00
048 x 048 cm 0 (0%) 000000000 DOD0O0OD0OO 144x 144 cecm DO 1.92
x192em 000000000 ODODOOOODOOODODOODD 144 x144 ecmd00
O00ODOO0OD0O00O00000 192x192ecm 000 144x144 em 0000000000
00192x192em DO 0O0O0OO0ODOO0OO0OODODOOO0ODODDODODOO0ODDODODOODOOO
OoooboooobooboobbbOOobObObOOo0o0bOooooO0og 096 x0.96 ecm OO0
144x 144 em 0000000 0O00ODODODODOOOOOOOOOODDOOODOOOOOOO

goboobodooobobboobbooobooo

— 42 —



0 40

Jooboobbtdd

4.1 OO

o0 1020000000000 oooboboobbbooo
0144 x144 em 000000D00OC00O0OODOO 1000000DODDODODOODO
OooboooobooooboooogoboboooDboD 14x14 em0J00000O0O0OO
gooboooooogooobbooobbooboboobobuobobobbob ooogon
uogboooobbbooonod

0 DobobobobOoboboooobobobboobooob 100

O J00O0ob0oo0OO0o0o0ooboooooooboooboonb 200

O O0OOO00o0o0oooobooooobobooboob 200

gogoboobooobodooobooboobbbbboooobobooooLobLbooLoO
gbboboodooobboboooobboooobobuoobDb bbb boboOon
0000000000000 0D000 MoooDOoPDACOOOOODOOOOODOOOOO
gbobbodbobdoooooouobboob bbb obbooobbbooogo
ggobobooboooooobobobooooobooddbobboooooboooobLnboboo
gdodooobooobobbboououobbbooouobboobbobooboboo

gbogdbobooooooooobooon

— 43 —



42 00O0O0O0OOO

4.2 OJ0O0OO0O0OO

o000 oo oooooooobooooon
00odDO0o0oO00bOOoDOOoobObObOOobO0O0bObOO0o0OO0DoODbOOO04.1. 00000004
bbbttt oo o oL boo
ggoooooooboooboboooooouobobobobobbbooooboobouooo
gobodobodooooooooob oo boob oo oooooooon
O0D00000O0OFitts000O [4,5|00000000Fitts0000000O0O0OO

ID =logy (2A / W + 1)

000 IDO Index of Difficulty 000 00000000000 DAODOODOOOOOO
oowoOooOoooOoboboooOOooOobOOo0oooboobd 144 x144 em00Qoon
O0W=14 ecmOOOOOODOOODOOODOODODODOODODODODODODOODO
00000000000 00000 200 A=144cecm0300 A=288cm00000
0000000 2000000000000000 2000000000000 2000
oo 4000000 O0OO0DOOOODODDOOUDO0OUODODDLDOODDODbDDDODDODOOOUObDOO
gooooooboboooboobooodoooooooooobooooooo

OO0ooO00o0O0o0ooObOOo0obOo00 200000000000 O00O0ObOOODOOOODO

4.3 0OJ00OOOOOOOOO

gbooodobodobodob lobobooboobooboboobbboobooooooo
gootobdo0o 200000000 0oobooooboboobooboboobobooo
ugbooobbobobuooooooobg

gobboboooobobodoobbobooooobooob oo booboobbooOon
gogooooboogoboooobobooboooooooboooobobouoobboooa

uoooobooon

— 44 —



44 ODO00O0OOODOOO

4.4 0O000O0OO0OO0OOOOO

b 1l1obooooooobobbobobobobooooooooooobbooboboobooboog
goobobobbboobbboooooboboboboobbbobbobobboboon
ggodoobooouooboooobbooboobboboooooobooobooog
goobobobogooobobobuobooobbbooooboboooboboooobooo

goooogooboon

4.5 0O0OOO

ooO0o0o0o0oooO0oUoOoooUoUD [1jooo0o0oooooO0o000n 0.61 x1.18
cm 000000000000 0D0O0O0O00ODO00 PDAODDODODODDOODDODOODDOOODOO
gooboobogoboobooobbobooobbobuogoobooood

oo0ooooobobobOoO0ooOOoObDO0O00b0dd0 14 x144 em 0000O0ODODDO
ggddogoobobobobbotoobboouoobooobbbooobuobUubDUobnbooo
OooooboboOoobo s0b000oobo0obob0 1gogboooobooooooooooboDbooo

goodobobuoooobboobbobbobooobogooog

,45,



HRpN

ygboobodobodbbbdooooobb oo oobuobooobDbpboooo
gogbooboboogoooboobobbbooobboobobooooooboobon
ggboooobgbbooooooobooobobobuooobobbooobobbooon
ggobboooboboboobuobboooboobo
ugbooouobobboooobobuooooobbboooobobbbboboobobog
gogbbboooobooooooooboon
ggbobodooobobooooooboooobbboobonooooobooooon
ggbobboooobbuooobobobooboobon
ggboobooboobbodoobobbdooobobboobobboboboUUbooooo
ggboooboboobobooboboooooooo
goooooo0oooooboboOobOobobDUooUooboOoboooOooOobooo 300

400000000O0DO0OO0OODODOODO

— 46 —



oy

1] 00000000000 00000000O0000o0ooUoUoo0oOoOUOVol.360
No.30 pp.654-657 (1995)0

2l 000000000000 00O0O0OO00O00000000O00O000O0DOO0OO0OOO
000 O Vol.390 No.70 pp.2298-2307 (1998)0

[3] Chen, S., Ren, X., Kim, H., and Machi, Y.: An evaluation of the physiological
effects of CRT displays on computer users, in IEICE Transactions on Fundamentals
of Electronics, Communications and Computer Sciences, Vol. E83-A, No.8, pp.1713-
1719 (2000).

[4] Fitts, P.M.: The information capacity of the human motor system in controlling
the amplitude of movement, Journal of Experimental Psychology 47, pp.381-391
(1954).

[5] MacKenzie, 1.S.: Fitts’ law as a research and design tool, in Human-Computer
Interaction 7, pp.91-139 (1992).

[6) 00 00000 0000 0000 00o0000o0oo0oooooooooooo
O00D0000000D00 200300000020030 2000

[7] Kato, T., Ren, X., Sakai, Y., Machi, YOThe Optimal Sizes for Pen-Input Character
boxes on PDAsO to appear in Proceedings of the 10th International Conference on
Human-Computer Interaction (HCI International 2003, June 22-27, 2003, Crete,

Greece).

— 47 —



00 A

Ju oot

F roEr—
HfF E: 3 H H BH IR
R B - &
=2 ) o bl ) %

EIFo 5-2OA - TEEL { E&E v (IHSITOELTLEE D

m HJADTE - 1 2 3 4 5 6 T
GRAIZ LY (A PTLYD
&2 JEFPTEX - 1 2 3 4 B 6 T
Gl Fl— L) (BEPITLY
@ sEh =1 2 3 4 5 8 T
(FL) (XL
@ PBoifa =1 2 3 4 5 6 T
(ELY) (RLLY)
o ZAFE =1 2 3 4 5 & T
(L) (RL)

[Emik- R SERNEhEDABELL T,

TRIFBYHRE S TEVELE.

— 48 —



HRpN

L] [

B.1

B

U0 1;ogoooooogad

goooog

OABCDEFGHIJKLMNOPQRSTUVWXYZ

Oabcdefghijklmnopqrstuvwxyz

001234567890123456789

gogod

gooooood

[ooobobooobboobooobbooo

moboobogoooooooaod

Wooooooooooobobooood

oooboboboobobboooboboooboo

good

gooooon

mooogooood

[mogooooooooboooooaon

[ooobobooboao

ogbobboboooobbooooobbobo

[mooooboogoooooooood

— 49 —



B2 00200000000

B.2 00200000000

Beltsforwomenrecentlyhavechangedtheirrolefrombeingapracticalitemtotightenthew
aistsectionofskirtsandpantstoinsteadbecomefashionaccessoriestoaccentuatethewa ist
Theuseofbeltsisthoughttodatetoprehistorictimeswhenwomenarebelievedtohaveworna
pieceofstringaroundtheirwaist
InancientGreecebeltsmadefromleatherandothermaterialswerewornbywomentoindicate
theiroccupationandsocialstatus
InJapanwomentraditionallyhavewornobisashesovertheirkimonoinsteadofbeltsalthou
ghaccordingtohistorianstheobiwornduringthe AzuchiMomoyamaperiodandothereraswer
ethinnerthantheobiusedtodayandmorecloselyresembledbelts
TheuseofbeltsinthenationincreasedduringtheMeijieraduetotheintroductionofWeste rn-
clothingButitwasnotuntiltheminiskirtsheydaythatthebeltbecamewidelyused
Beltsmorethanfivecentimeterswidewerepopularatthetime
Howeverwhenpantswithlowwaistsstartedtobecomefashionablefemaleshoppersturnedaw
ayfromthefunctionalbeltsofthepasttoanewtypeofbeltwornaroundthewaistasanaccess ory
Thepopularityoflowwaistpaintsexplodedprimarilyamongwomentwoyearsagoandsinceth
ensalesformajorbeltmanufacturershaveincreasedmorethanfivefold
Thetrendofwearingbeltsasanaccessoryiscontinuingwithbeltsheldtogetherbytyingth
etwoendsgaininginpopularity
OnwardKashiyamaconsistsofringsconnectedbyapieceofstringtiedatbothendsinsuchaw
aythatthelooseendsdrapegracefullyoverthewomansskirtorpants
Consumerpreferencesconcerningclothingandfashionaccessoriessuchasbeltscanchang
erapidlyandmanufacturersneedtoquicklyadjusttonewtrendsiftheywishtoholduptheir

salesfigures

— 50 —



