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CEEIVETIS

O =39 ZA} site: http://www.hub.sciverse.com/ / https://www.scopus.com

Q #M =z

v’ Title, abstract, keyword search

%

v' Conference proceedings | 2|

Q0 Keywords
v Label 2 : label size, label height, text size, text height, font size, font height,
character size, character height

v HE E= ZZEE 23 product, consumer product, control panel, Ul panel, interface,

button
v EHE/d 2HA: visibility, legibility, readability
Q A4
v title-abs-key(("label" OR "character") and ("readability” OR "legibility" OR "visibility"))
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Title screening= &t 1X M& £ _9_547H
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Abstract screening= ¢t 2kt M 7771
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No. Author(s) Year Title Source
1 Leeetal. 2011 Effect o_f light source, ambient illumination, character size and interline spacing on visual performance and visual fatigue with electronic Display
paper display
2 | Leeetal. 2008 | Effect of character size and lighting on legibility of electronic papers Applied Ergonomics
3 | Saitoetal. 2008 | Legibility evaluation using point-of-regard measurement Electrical Engineering in Japan
4 | Miyoshi et al. 2007 | Effects of contrast and character size upon legibility of Japanese text presented on visual display terminal Optical Review
5 | Tomioka 2007 | Study on legibility of characters for the elderly — effects of character display modes on legibility Journal off Physiological Anthropology
6 Bernard et al. 2005 | Effects of pixel shape and color, and matrix pixel density of Arabic digital typeface on characters’ legibility International Journal of Industrial Ergonomics
7 | Garvey etal. 1997 | Effects of font and capitalization on legibility of guide signs Transportation Research Record
8 | Floris 1986 | A new teletext character set with enhanced legibility |EEE Transactions on Electron Devices
9 | Zhaoetal. 2018 | The effect of font type on character legibility for different age groups é[u“::&?r?gm Intelligent Systems and
10 | Ohyama and Sagawa | 2016 | The Effects of Letter Design Features and Aging on Legibility Perception
11 | Dobres et al. 2016 | Utilising psychophysical techniques to investigate the effects of age, typeface design, size and display polarity on glance legibility Ergonomics
12 | Grobelny et al. 2015 | The role of background color, interletter spacing, and font size on preferences in the digital presentation of a product Computers in Human Behavior
13 | Linetal. 2013 | Legibility and visual fatigue affected by text direction, screen size and character size on color LCD e-reader Displays
14 | Linetal. 2011 | Minimum ambient illumination requirement for legible electronic-paper display Displays
15 | Westerink et al. 1998 | Legibility of video-blended TV menus Applied Ergonomics
16 | Braun et al. 1995 | The influence of color on warning label perceptions Imernauqnal Journal of Industrial
Ergonomics
17 | Ko 2017 | The effects of luminance contrast, colour combinations, font, and search time on brand icon legibility Applied Ergonomics
18 | Luoetal. 2017 | Investigation of the recognition of different font sizes on human-machine interface and physiological characteristics for aged people é:‘;?:jﬁ:gm Intelligent Systems and
19 | Parketal. 2017 | Effects of display curvature, display zone, and task duration on legibility and visual fatigue during visual search task Applied Ergonomics
20 | Zhaoetal. 2017 | The effect of font size, age and lighting er on Chinese legibility Inlernau_onal Congress on Image and Signal
Processing
21 | Relloetal. 2016 | Make it big! The effect of font size and line spacing on online readability g;;f:rrr:e:ce on Human Factors in Computing
22 | lwataetal. 2015 | Difference in readability of mobile devices by age groups Lecture Notes in Computer Science
23 | Linetal. 2014 | Effect of the color tablet computer's polarity and character size on legibility Lecture Notes in Computer Science
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Participants(1/2)

Q Sample size: 4 ~ 169% (HE2 IA 15X A3)

O W™HA|I= > 0.7, normal color vision= CHA S =2 o

# Participants jm s N =] Color vision
1 |Leeetal. (2011) 60 18~28 (24.3+2.5) 0.8 AMOY OpL| Ap2H
2 |Lee etal. (2008) 60H 18~28 (23.5+2.0) 0.9 AHDH OF L AFEF
3 |Saito et al. (2008) 10 226+25 AT Op| ApRf
4 |Miyoshi et al. (2007) LM 4T 20CH 12~2.0
o uz] . . oy
5 | Tomioka (2007) =91 60 < E(ﬁM'J?éF'F??) 46~80 DHXE Q3
HLE 108 (M:3, F: 7) 2| 2 7 universal design

6 |Bernard et al. (2003) 35% (M: 11, F: 24) 17~47 (25.0+8.1) 1.0
7 |Garvey etal. (1997) 48 65 < ayime: 08
8 |Floris (1986) A3 1:240; A 2: 13 B°ad sjgn°l 'eg"b'“ty

Y: 19~35 T
9 |Zhao et al. (2018) T1H(Y:57% S:14Q) : Alphabett Chinese

S: 36~55

character2| font H|
10 |Ohyama and Sagawa (2016) 108 (Y:54F S:54%H) ;: ég:?? A
A 148

11 |Dobres et al. (2016) ’z%* o 32§ 20~75 Ak
12 | Grobelny et al. (2015) 608 20~25 Smartphone package0i|A{2]

YR
AEg gt

legibility
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Participants(2/2)

13 |Lin etal. (2013)

# Participants

60 (M: 30, F: 30)

15~16 (15.2+0.4)

0.8

Color vision

A4 Ol AfRt

14 |Lin etal. (2011)

30
(young 15, elderly 15)

Young: 24.1+2.2
Elderly: 55.3+3.3

0.8

Al 1&2:69H,

15 |Westerink et al. (1998) AIS1 3 12 20~55
16 |Braun et al. (1995) 339 (M: 7, F: 26) 26.7+8.8
17 Ko (2017) 108 (M: 52, F: 56) 18~28

_—

E-book 49| pseudo-text0fl A
target word search

18 |Luoetal. (2017)

189 (M: 9, F: 9)

1 group: 21.0 + 2.0
2 group: 38.5 + 5.5
3 group: 61.5 + 5.5

19 |Park et al. (2017) 279 (M: 14, F: 13) 7 20.9
Y:19~35
20 |Zhao etal. (2017) 169 (Y:80E M:63% S:253) M:36~55
S: 550] Ak
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W7} Ch AL

Computer, iPad, e-book display & 2| text (Lee et al., 2011 2| 14H)
TVO| LIEFLEE text (Floris, 1986; Westerink et al., 1998)

H XL A O] text (Garvey et al., 1997)

O 000

M Z(e.g., 21271, M|, smartphone package) 22| text (Tomioka, 2007 2| 3H)

Arial
Lucida sans Unicode
Trebuchet MS
Verdana

Times New Roman

Georgia

fay, FuSndta 3
) E ic Desi
VLY etz 11 ek

ok

o

A=

a = (ambient illuminance)

v ZFHIF AE g8 mat =2 M

v' Daytime, nighttime2| &&&2 LH+0{ B 7} Garvey etal.,, 1997)

v Light sourcel| TF T &: 6500K(FEAM A& S), 4000K(HA HETF) (Lee etal., 2008;
2011)

v Daylight

300 lux(Luo et al., 2017, Zhao et al., 2018)
400 lux(Ko, Y.-H., 2017)

300, 700, 1500 lux (Lee et al., 2008; 2011)
500 lux (Miyoshi et al., 2007)

YV V V V

700 lux (Lin et al., 2013)
v OjF=2 2g
» 0 lux(zhao et al., 2017)
> LEFHE(Park et al., 2017)
» Dim ambient light(Ohyama and Sagawa, 2016)

e - X 23510 5|03k 2 5(2F 23 lux)0| A= & (Dobres et al., 2015) .
i o) o2l y Ergonomic Design
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o 3HA: XA
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=1} A& 7t2| AHE2| EH|E 2I3H chin support AHE

Chin support A&

Momm |

75O mm

SR

Ko, Y.-H. (2017) Park et al. (2017)

g

5

EgI et

REEELE

Lin et al. (2011, 2013) &

13

Lee et al. (2008, 2011), Tomioka (2007),

Viewing angle (<)
Display tit angle (9 ~16

13,
=

, e;fng?dlstance (m)

Chin support

Miyoshi et al. (2007)
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A5 conditions (&

Light source(2), ambient
illuminance(3), 2Xt=7|(3),
E2H(2)

1 |Leeetal. (2011)

Objective measures

Search time, accuracy, CFF’

* CFF: critical flicker frequency change

Subjective measures

Subjactive visual fatigue

Light source(2), ambient

2 |Leeetal. (2008) illuminance(3), 2 xt317|(4)

Search time, accuracy

3 | Saito et al. (2008) SR (4)

Reading time, gaze duration

4 | Miyoshi et al. (2007) 2Xt37](3), contrast & }(39)

Reading speed, rate of readable
characters

Subjective satisfaction

Font height(4), thickness(3),

5 |Tomioka (2007) display mode(2)

Easiness to read, relative
easiness

Font size(2), typeface(2),

6 |Bernard et al. (2003) format(2)

Accuracy, reading time

Perception of text legibility,
perceived text sharpness, ease of
reading, general preference

7 |Garvey etal. (1997) Font type(2), panel material(2)

Recognition distance, legibility
distance

8 |Floris (1986) Font type(4)

Responded alphabet

9 |Zhao et al. (2018) Font type, & O{Xto| &=

RT(Reaction time)
RC(Recognition correctness)
ITR(Information- transfer rate)

Contrast conditions(2), font

10 size(7), font type(4)

Ohyama and Sagawa (2016)

Accuracy

Contrast sensitivity function(CSF)

—




"Wt 24 U "HI HE 2

No. Study A& conditions (M8 =Z1) Objective measures Subjective measures

Typeface(2), polarity(2), font Time(presentation time threshold)

11 | Dobres etal. (2016) size(2), font type(2) Accuracy

Package color, caption location

12 |Grobelny et al. (2015) . type of the caption Preference

13 |Lin et al. (2013) -I_;?Xt direction(2), screen size(3), Search time, accuracy CFF, subjective visual fatigue
=At37((4)

14 |Lin et al. (2011) Ambient illumination(7), age(2) Search time, accuracy Subjective visual fatigue

Blending ratio(3), font size(3), font

15 |Westerink et al. (1998) Subjective legibility

style(3)
16 |Braun et al. (1995) Color(2), product(4), signal Perceived readability, perceived
words(3) hazardous

Luminance contrast(16), color

17 |Ko (2017) combination(16), font, search
time(3)

18 |Luo et al. (2017) Age, font size(2)

19 |Park et al. (2017) Display curvature, display zone

RT(Reaction time)
20 |Zhao et al. (2017) Font size(4), light(3), age RC(Recognition correctness)
ITR(Information- transfer rate)

] Ermmmammis Baciee

15 * CFF: critical flicker frequency change

AlS Protocol: Target Letter 37|

QO 3 2Lt2 = O|F 0| Tl pseudo-textOl| A] target letter “a” 7= &t 7|(Lee et al., 2008)
v 37FX| A& Z=: (1) light source: 6500, 4000 K, (2) ambient illuminance: 300, 700,
1500 Ix, (3) character size: 1.4, 2.2, 3.3, 4.3 mm of capital letter (font: Times new roman)

v ME HAKZ A 7 32 Y task 3 28 B4

1) MOtk XM 2 A = chin support0f] & 178 Tristique suscipit morbiw
ellentesque quis, simper
|]£:'.)|.1endrer1t curabitur rutru
m eleifend. Posuere lacus
L &L = varius quisque enim,[ajne
=32 screening 510 ‘@’ & F&5t 1 w27 =0l tfac1l1§15 ngl nunc(a] est
ssit eleifend. Porttitor tris
tique vel tellus pellentes2
ue Od.l.O ac. Fringilla cons
q1 uat lorem, proin massa,
rplacerat egestas pretium
rpharetifa] Ut in tellus sen
ectus duis, erat hendrerit
consequat eros sit, ac non
denim. porta ultrices. Wis
i sodales ultricies morbi4
uam, ante gravida porta d
onec, nulla leo nunc, tem
pus ut, libero orci ultrices
ssemper.Enim nam et laci

Alphanumeric pseudo-text
(15 lines, 29 characters per line)

2) Task A&(5 paragraphs)

3) o}
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Al Protocol: THEI 2% MESHA| 217]

|_+_

O 5lines 2 0|20 2%
v 27HX| MY =4 (1) 2XL-

I')+

|C

—
?
J

SHAl 217 (Miyoshi et al., 2007)

M contrast Z & white positive, gray positive, black
|M 39 7kX|, (2) 2%t 27]: 12, 15, 24 pt

, 5 585 trials, 1 session = €f 30 trials£ T/d)

(1) HOSH XEM| 2 2N = light conditionf| XS (5&)

goﬁ

by
negative, gray negative &4
v MY ®XHZ =7 53] e

H

(2) 232 L0 FOX|= 2% ¥e| 2 7|(cassette recorderdf| 52 &)

o =
(3) TEA legibility E7H0-58 M &)
positive contrast negative contrast

Rpolhe HESFECBYETT oL
SEOEDEDE, TOAMENITIZ [/
—ROTA MEH— DI E— ) EY
- 16 BEHLTORE. BOACREFY VTEE
FEONGDE O BORDY, BUT

r e "
S 2 daylight ZZ(500 Ix)

(a)

o2

JEI
0%
oH
on

“iewing angle (=)
Displaytit angle (5
13

CRT 2 L|H MEESRDE, KEHBLIBKEAES
- 2 AFOF Y v Fr—H— b CHNOTREL

(177) For ERFKAOAL S EDHACE S,
ARROERDOEZDCIE, WHCERTHE

Chin support H BALSEFHSO, BRIE BF. BH,
v

fay, FuSndta 3
v Ergo ic Desi
WY Aol ol 2t} 17 Tm'?.%?.',& Labg"

A ¥ Protocol: 7544 FA I}

O Remote control2| character legibility E 7}(Tomioka, 2007)

v MY QIXt U XA (1) BXt £0]: 2.5, 3.5, 4.5, 5.5, 6.5 mm, (2) 2Xt SH: light, regular,
bold, (3) display mode: positive |71}, negatlve. > 530 7tX| 2|22

v F7HX| 2 X74(50, 500 Ix)0f| A =&

v ALl 87} &3 thickness, display modeE = 57l sample= StLE2| group2 2
SO 1 (very difficult to read) ~ 7 (very easy to read)™ M EZ T}

v M "I} 5 LSt thicknessE 2= Zt display mode sample 370%(Z 671)& StLto|
groupL 2 5t0 -3~ +3 & ML E HI}t

i i? t

=]
=1 e

FERCIRE
=]
+
124 5o o
=4 B

.5'---:-\ :
0) seazan 18 el




Key Findings: =X} £t= Speed

U Speed: reading time, reading speed, search time, response time

Mean search time (s)

v 2X} 37| I = search or reading time | (Bernard et al., 2003; Lin et al., 2013; Miyoshi et al., 2007;
Lee et al., 2011)

v 2Xt-H| A M contrast fl 9 reading speed 1, 28 contrastf E -+ | A8t performance
(saturation) & Y (saito et al., 2008; Miyoshi et al., 2007),

v' Ambient illumination fl & search time 1 (Lee et al., 2008)

v' Color combination =» white on blue, yellow on blue, yellow on black (Ko et al., 2017)

s Gy ) # Hluminanee (Ix)
“_8<10<12<14pt —& 30 |>= %
4 K SIS e\
L 8 pt i e 5 7ogl "B
z 515 IE\
2 © $
3 g v
301 - » XN
= 10 pf = oS
12p E 8 w0 (ON
300 g =
© ’
e 0 Contrast 1 o
0" !.‘\' 9.'7“ I : i" "‘ l‘\ J‘l
Screen size (inch) Log (L may/Lmin! Character size (mm)
. Linetal., 2013 Miyoshi et al., 2007 Lee et al., 2008
2ead == m=-=TiC Design
) Ao 28tn) 19 (2 vechnology Lab

Mean Accuracy rate (%)

Key Findings: =X} £t= Accuracy

U Accuracy: rate of readable characters, correct percentage

v 22Xt 37| I 9 correct percentage 1 (Lee et al., 2008; Bernard et al., 2003; Lin et al., 2013)

v 2 Xt-H|ZAM contrast 7T = rate of readable characters 1, €8 contrast 0| & 0j| Af
legibility 100% = = (Miyoshi et al., 2007)

v 22Xt FHIT 2 correct percentage | (zhao et al., 2018)

v' Ambient illumination I 9 correct percentage 1 (Lee et al., 2008)

v" Young > elderly (Lin et al., 2011)

) e _ _ ©
e P1‘000/ - Pk English font type | RT (ms)| RC (%) B (bivs)

. ° O : 0,

= v B | ity . ,* Arial |2646.16 | 98.28 | 1.86

/J’ @ é . . - © Lucida sans Unicode 333-1.‘13 9796 191

4 E g Verdana 279941 |98.06 | 1.82

/.r/ ; 3 . ° Times New Roman | 2870.83 |98.85  1.81

E <" |272243 9835 | 1.80

/. l8<t0<12~japt : - f NENKIOt N6 (FEEEATRD L

5 . . k[ Georgia 1300639 |98.59 175

2 2 L s e ‘ourier New 3066.59 _‘}S,m 1.74

N , 5 Contragth T It 304005 [ 9505 1.62
Chasciocstra i) —) Ambient illumination (Lux) ®

Log (Lmax/Lmin)
Lin et al., 2013 Miyoshi et al., 2007 Lin et al., 2011 Zhao etal., 2018
Egznnian ] Ergonomic Design
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Key Findings: &5 25

U Subjective measures: subjective legibility, visual fatigue

v 22X 37| 1 & F2HA BEF 1, visual fatigue | (Lin etal., 2013; Miyoshi et al., 2007; Bernard et
al., 2003)
v 22Xt A M contrast 1 & T2 TFHE T 1 (Miyoshi et al., 2007)

v Display mode0| [}2 F2HH D= = contextOf 2} 44HEl Aol 2

Computer screen
2|27 =Xt E7t
=i E7¢
Ratings for the Legibility (Group C)
@ 50Ix / Regular negative iti

Very easy ; _ positive

toread | @ I Q =% | contrast
8 - posmve : ® - negative
. contrast contrast

Mean value of subjective rating

| —s—Positive |
}“‘ND&:

2 ’-" | —a—Negative

Very difficult
to read

0 02 04 06 08 1 12 14

25mm  35mm 45mm 55mm  6.5mm

= Height :
) Aroizici st} Tomioka, 2007 21 Miyoshi et al., 2007 Ergonomic Design

Log (Linax/Lmin)

Key Findings: S &1} Legibility

O g 1> 30 752 =% H2 FH =& 42 (Tomioka, 2007)
d _"I:9_|2| ME—1 %*o" (Sanders and McCormick, 1993; Weale, 1961)
v Opacity of the lens I
v Pupil diameter |
v" Amount of illumination reaching the retina |, 50Ci= 50%, 60CH= 66% U

= M2 AtEHOf| |8 A|ZAN H-50| ROt character searchOf] Gf 22 A|ZHO| 2 9 E

= *
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Key Findings: Case

QO =2 ®X|E font typedt case| [[HE legibility H| 1 A (Garvey et al., 1997)

v' 7| font: Standard Highway Series E-modified, Standard Highway| Series D

v MZ-2 font X|2F: Clearview all uliper case

Dayfime —— — Braysville | | BRAYSVILLE

FHWA Series E-modified FHWA Series D

ion Distance (m)
g8

Braysville Braysville

ClearviewBD55 ClearviewCD45

Q1A H2| @ K . o T TInl 4 P . o
Series D type= HEX|T At QIASH= AH2[7F B S

\5 = All uppercaset mixed case®.C} legibility |
§ (when viewed from far away,
§ all uppercase look like fuzzy rectangles
* % % < mixed case have a distinct shape)
4, *, “‘@% “\ N “X@
@;}_ ’)ﬁ-
(G et 23 Lty

Contributions

a

0O MUK HE $<160F, 48 SRIK %

a 2 8 (1) ele 2XE T 5 At &7, (2) H=A 8171, (3) 7| 7=
HE ot
0 7IS40l YFS FE a4
No B nHEd =2 x4
1 | 2xa7)| 22X
2 | Fu P e ®
3 | =XI2t i Z 7t contrast low contrast high contrast
s | Fretwz ay
5 | D Jbsn we 2%t FLZ =%t
_ contextOf 2t 27 &
6 Display mode ‘ Positive contrast ‘
7 | Uppercase ALL UPPER Mixed Type
EZetn ]
) LeizEan 24 Toehnotogy Lab. |
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