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Formulas Depicting the Relationships between the Width and
Height of Pen-input Character Boxes and Line-frames

X1ANGSHI RENt and SHINJI MORIYAt

The aim of this study is to establish strategies for designing pen-input character boxes and
line-frames. This paper seeks to determine mathematical formulas describing the optimum
relationship between the width and height of pen-input boxes and line-frames. Handwritten
character data was collected in an experiment called “Small Writing”. The subjects wrote
characters many times inside a line-frame. The size of the characters was reduced progres-
sively each time they were repeated. We obtained the following results: (1) The correlation
between the mean character width and height of a line-frame, and between the width and
height of one character box are very strong for all kinds of character (they were small English
letters, capital English letters, numbers, hiragana, katakana, and Chinese characters). (2) We
determined the regression lines relating to the width and height of one character box and one
line-frame for each of six kinds of characters. (3) We also obtained prediction ranges of 95%
for all six kinds characters. (4) In addition, we found that in all cases the line-height was
always larger than the mean character width of a line-frame. We believe that these results
will be helpful for designing pen-input character boxes and line-frames on pen-based systems.
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Fig. 1 Hard copy of the screen of the exprimental tool.
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Fig. 2 Procedure for handwriting characters.
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Fig. 3 Handwritten data from a subject. The box which encloses the character
shows segmentation of handwritten stroke data into the character.
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Fig. 4 Variation in the mean character width of a line
and line-height.sizes of the squares. The z-axis
shows the number of times a line was written,
y-axis represents the width and height [point,
0.05 mm/point] of characters inside a particular
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Table 1 The correlation coefficients and coefficients of de-
termination of the six kinds of characters (line

frames).
EE B | DU R?
FNE 0.85 0.72
ERF 0.92 0.84
b 0.92 0.84
=% A 0.91 0.83
HyHF 0.90 0.81
e 0.93 0.86
EEE 0.91 0.82

®2 6 FHEOMBRE L JuERE (F4)

Table 2 The correlation coefficients and coefficients of de-
termination of the six kinds of characters (char-
acter boxes).

E MG | ek R?
P/ 0.69 0.48
Eoy N 4 0.86 0.74
e 0.82 0.67
5% 0.78 0.61
By HF 0.84 0.70
ey 0.88 0.78
S 0.81 0.66
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Fig. 5 The regression lines from the mean character width and line-height of one
line of small English letters, capital English letters, numbers, hiragana,
katakana and Chinese characters. The w-axis and the h-axis represent
points (0.05 mm/point).
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Fig. 6 The regression lines from width and height of one character box of
small English letters, capital English letters, numbers, hiragana, katakana
and Chinese characters.
(0.05 mm/point).

The w-axis and the h-axis represent points
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Table 3 The equations for determining height when width
is given and 95% of the prediction errors (w is
width; h is height; a and b are constants) (line

frames).
F B h = aw + b (points) | h DFHEE (95%)
T h = 1.93w + 19.04 52.01
HRF h = 1.54w + 6.64 35.49
Br h = 1.34w + 18.12 31.71
VoH% | h=1.17Tw + 14.32 39.53
#EAF | h=1.29w + 12.73 44.02
e h = 1.45w + 16.56 48.68

Fd T8 h 2 5FHFEEw kRO D AEHER L FRIRE
(47#)
Table 4 The equations for determining width when height
is given and 95% of the prediction errors (w is
width; h is height; ¢ and d are constants) (line

frames).
F w = ch + d (points) | w OFHEX (95%)
HhE w = 0.38h + 2.04 22.97
wBRF w = 0.54h + 2.83 21.06
By w = 0.63h — 6.24 21.76
U55% | w=0.71h — 0.93 30.79
H% %% | w=0.63h + 0.70 30.74
T w = 0.59h — 0.40 31.11

#®&5 FEwHLFEEh EROLMIBHFERE FHRE (FH)
Table 5 The equations for determining height when width
is given and 95% of the prediction errors (w is
width; h is height; a and b are constants) (char-
acter boxes).

T E h = aw + b (points) | h OFHIF%E (95%)
YN h = 1.16w + 13.38 39.70
By h = 1.25w + 9.20 31.30
¥ h = 1.24w + 14.02 31.34
UHH% | h = 0.92w + 15.22 40.04
#%%% | h=1.01lw + 11.16 34.07
BT h = 1.04w + 17.94 38.62
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