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Table 1. Inclusion and exclusion criterion in selecting font types

Inclusion criteria Exclusion criteria

High frequency of usage in PC
monitor/Preferred font in printed
materials/Preferred font in text
or newspaper

Being difference in appearance
between fonts: Gothic font/Italic
font/Font thickness
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et A th3to 2 Zo] EAsH
S AT il 2 Zo] BAESEHAI
g A d#em ol nAsA
o AR Bt Zo| B
CHEH AHE OHEt2 2 201 2 HGHAl

(Hamchrombatang)
(Sinmoonmyungjo)
(Sinmyungjo)
(Dotum)

(

Gulim)

Fig. 1. Examples of the Hangul fonts in a point.
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TS o R 74 Hrtell 288k 12 pt, 13 pt
g AlStAntP g, Aoy Al ol AREE
A Z717F 8~12 ptd] H3 AR AEA o] widste] 9
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(HRK-7000A, Huvitz, Korea)S ©]-&3F E}Z}3 =4 7A}
9} X FHE(VT-SE, Topcon, Japan)S ©|-&-3F 215 =47
AFS AA)E ). 71 % (addition, ADD) 23S 2471
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°1‘:(ﬁnal addition)=S 2 73]’?: HFA LS eNEL 2] @kar,
155 7RIS E AAE  A=F: EHd=2E 7 Hplus
build up)H-S WISk 4 ]3]' ot &, 9A9 AL
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3L 0.5M3E(6.3 phE He T UEF +025 D ©EHE F
7Fsted A7t

5) M| 7}

S-S 3= Q.92 2010 SE'(version 8.5.8.1256, Hancom
Inc, Korea)= 7&}/‘3 SHAAL Q1= SHg o] AZHHE o]
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2elE U5559 A A9 g of Bo golgeh. 299 Wd @
2 zsoﬂ g, o2 HAEYe AAF AUsh, Yoo AF B
o olSIAR el ol $219f Yol uE Wl mAe) B2 gt

43 ST EE53 522, SEN 7€ WI Q5lM, Elald Avnicte)

2FE ALstI, B MAE 4RO AR o}, FxO s MO F

g 7180 3T} A E P2 SEN H4EE S48, Zoi} A9o)
(b)

weute Aygze AEE olowol, WFRT WE WE AUE ¥

oo Yee vhwoz Ut washe, vete] g40) el was 2

Aot Aol G2 AT 4TS Ganl, 242 F7} 246 Aojsn BAGE
(c)

Fig. 2. An example of sheet. (a) Hamchrombatang in 11 pt, (b)
Sinmoonmyungjo in 10 pt, (c) Sinmyungjo in 9 pt.

F £ At 7T opA o7
Al

oE P YT 2R 0
Ue 2 7h9l A wch opac
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= o2 MY H2 B4 e B4 19 B 24 89 23 oo 1o

(b)

A% eAst el whA 7] o Sok 7] zAlsT HE AR B FA A
o oE Wsd A8 obd £ /e s uR nY AE 94 92 25

3% @] oY wd A9 £2 99 $AF 44 B4 23 719 4 97
(©)

Fig. 3. A sheet for reading rate in 10 pt. (a) Hamchrombatang
(b) Sinmoonmyungjo (c) Sinmyungjo.

80 g/m*y&A|el E=€3ttt. Ao AA H7h= 10 pt& 7]
Tote] FRFuIRA|, AT EEA ] APZAE §F el 2
Hste] FrlstRdon, A Az A7) Brke 2 AAE
9 pt, 10 pt, 11 pt= 3+ Foll <laj3te] FH7}5tAtHFig. 3).
7HEAde) S-S ¢71E5 % S W (reading speed or rate
method)!P10 2 S} 72 MAE 7152442 10 proll A ¢
7|45 (reading rate)= EF7}SFATE £ Aol ARE-g Thof
= 93377 AHKorean speech audiometry; KSA)OIA] A|
Al do2 o] -, G, B 55 o83t st
Aot 124 2 ) 4242 FH dolE Y3 A A
& SUsj] AsEA) B0 Do) 7} A 3 sl
AR o] FolX AEE o] &3l th(Fig. 3). AIWEA, &
ZEARA, ARBEAE FAHNE Ydsto] Al
#Aglo] H7IEEE ST e AHAA SAE F
Z(omission)d}t™] ¢]AY F7Haddition)Z ¢S H-F 2
(D)) o)l A|7HS BAS & Bt 9)7]& % (words per

minute, wpm)S 37}

tet timex 88 (1)

Adjusted time=
(88—0+4)

O: omission, A: addition
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3. 97 A= X2 YUY

3% A== Microsoft Excel spreadsheetol] ¢ &3}l
E8 ¢]3] MedCalc™(version 10.3.1.0, MedCalc Software
bvba, Belgium)- ©]-8-3}o] 7|&% 7, vHE=2 AR
(repeated measure ANOVA), €8] =] E4HE2](one-way
ANOVA) 2 Pearson A7HEAS 2A515 0 ZE 49
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A AEAE AASHATHTable 2).
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A Aol 2role AAIY FF T 7P BAHE A
FTHT AWEA 36.37%, FBA| 30.30%Ach A&}
= AA9 2 A7 M2 ok2A Jebge) =8 2Hy

Al AFSSHE AAIe] Z7] ZAMNA 10 ptE AElsl= vl
£0] 7879%= 7HF B} 13 ptE ALEEE B¢
21.21%2 VERGTE 10 pt ©]3te} 7ES Aeshs 73
< 3ok
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o 1l
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STH(Table 3). th’dAFe] Ht
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[o]
OIN' rA
OXL J

é oI)II
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A} 10189 545 AR
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e}
03 L 66.80+=11.414), FA
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Table 2. Preferred and working fonts in pre-questionnaire
%
Font type
Preferred font Working font
Hamchorombatang 15.15 18.18
Sinmyungjo 30.30 36.37
Dotum 6.06 15.15
Gulim 42.43 30.30
Others 6.06 0.00
Font size Working font size, %
<10 pt 0.00
10 pt 78.79
13 pt 21.21
>13 pt 0.00
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Table 3. Demographic characteristics of subjects

Table 5. Reading rate according to the font

Characteristics Value Repeated measures
Mean+ SD, wpm ANOVA
Mean age (yrs)=SD 66.80+11.41
53(52.48%)/ Hamchrombatang 154.37+30.07
Gender (N) (male/female) 48(47.52%) Sinmoonmyungjo 147.98+29.05 | F=82.23, p<0.001
Refractive error (D) SD Right eye —0.37+1.40 Sinmyungjo 153.97+31.33
(spherical equivalent) Left eye —0.08+ 1.66 wpm: words per minute, SD: standard deviation.
Readi e () Wearing 78 (77.23%)
cading spectacle e
&P Not wearing 23 (22.77%) AEHZAE 9 p7} 49.51%F 7 =& HlE-S YE
Power of ADD (D)+SD +1.84+0.59 3110 pt, 11 pt7} BI=gh HIE-5 UERATH Table 4).
Reading time per day (hrs)= SD 148+ 1.03 10 p7ISE 2F AAle} 71 ms S A At

SD: standard deviation, D: diopter, ADD: addition.

=88 $<F 0371140 D, <t -0.08+1.66 DAL, T
AR 77.32%7F SAE AR Al 2AE S 285t
At A8 7F %= (addition, ADD)= HF +1.84+0.59 D
A3 dPIAES] e HAAIZES 1.48+1.03 Aol

3. MA MBE % Jhs T}
woh B B2 AA| B} HEY Bk Aol
R R . LR RERE B

i

o] FYA, AH AEEALY] AFE ¥EFst 9~11 pto]
SJEEHEA, AEHEA, AHEAE ez ST

AR ATEE 10 pS 7128k ZAF A7 AmzA
7} 49.50%, A EEZA] 36.64%, TFZEHEA 13.86%E
AHZEA7} =& AEEE e, ZF AAlo] mE A%
=7)00 3k ZAR A A ZA = 10 ptoll A 56.44%= 7}
F E=2 HES YEAL, 1 = 11 poll A 43.56%= 2+
A&t FREuERAE 11 prl 43.57%E 7P =&
H&-S YERIIL 10 pt, 9 pt7} HIS=E 1SS Vel

Table 4. Preferred Hangul fonts in presbyopic age

Font type”, % Size, %

9 pt 28.71

Hamchrombatang 13.86 10 pt 27.72
11 pt 43.57

9 pt 49.51

Sinmoonmyungjo 36.64 10 pt 28.71
11 pt 21.78

9 pt 0.00

Sinmyungjo 49.50 10 pt 56.44
11 pt 43.56

“Comparison at 10 pt.
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A7} 154.37 wpm, A ZA 7} 153.97 wpmo. 2 F &
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Fig. 4. Reading rate as a function of age for Hangul fonts.
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Table 6. Comparisons of top 10% and bottom 10% in reading rate.

Mean= SD
Top 10% Bottom 10%
Age (yrs) wpm Age (yrs) wpm
Hamchrombatang 60.50+7.41 204.08+9.67 66.77£13.00 109.49+3.07
Sinmoonmyungjo 63.30+10.23 198.68+4.28 69.00+17.02 107.94+4.07
Sinmyungjo 65.90+12.14 208.71+14.76 69.30+10.25 109.59+4.79
Total 63.23410.02 203.83+10.94 68.33+13.28 109.01+3.97

wpm: words per minute, SD: standard deviation.

147.98 wpmo 2 UEh} 7|45 7) 71 =3 Aoz 1
ERgrhlE =g B84 F=82.23, p<0.001, Table 5).

4. 7t=4o| AEHEA

ZF A AR mE A BAE AT
(Fig. 4). FxEugtA| o} AEHZA N dHo e
Pearson ‘3@ §lv A0 E YERGO ™ (ZH} p=0.1090,
0.3329), A ZA M= 2] FAAA7} = Aoz
7HE ATHp=0.0281, r=—0.219).

A=} 7HEA 0] A BEAoA dxEuaA,
AEHEA, AEERA BT dHRAE gle Aoz Hrt

HATHZZE p=0.6154, 0.2428, 0.4203).

o

5 715N A2 10%2} 319 10%<| Bl
971&E AHE nlgoz slo] A9 10%2} 3k 10%

& 548 gelstaial vl aEte) th(Table 6). 9] 1E<]
3h9l IFEY HYIEEA 198 BT =4 YEREAL,

AFo A 514 Sk}

7HRIEoE 49 259 BT 7IEE 1.73£049 D
o2 &9 189 FHAF 7Y% 1.89+0.70 DET} 0.16 D
SRkl 71 zpol= wv|EkATE 39 10%, 3F 10%A41
o] 7+ XAz oo IATHE AuA] FAHEA

A Z¥z} F=2.295, p=0.120; F=0.524, p=0.598).

[

i

IS A el7E BE AlglA S23 dojt}. ¢
7= 7]&(symbol) 3l52] H3g 1A HH o= o]Fo]
AH, SR Tl = £ 55 Bl sk gE
o7 AZHE 715 WA BAT) Tk A1F 715
o] wslote WA Bo] JThP mEkA ¢7] T8
3l W2 A2 75 SRV S8 Aot o]k
A B Afes w9t A9S ddo = g,
AFHZA, AEEA Q] SFEAAI9} 9~11 pte] 2 Z7]
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o] QA EANA M Aaw9} ¢f71dmel 9 7HEAS
B7ystaAct.

NHAES R QIHU S3X 9] 3= 74
g ALlex nFEAE 95 ¢ AEH o] Tto| =2t
QloZ 13 pt o3t AYAE, 15 pt o/dollA] HZA
£ Ao, 1auiAeF @A oA YEhE A
A AEEes MR Folstdar, A e} vlatgz} Ale]
9] 7H=EAdol| tigh R Atol7t Q= Ao YERsT
SEAIRE 919] A= vl & AAE FAY § 7k
2 gk Agroltk. 9t TS tFoE A2 XA T4
o B AgolA FxFuteA|, AEHEEA, A F
7P Ao w9E AAE AzAey, A% Av)E
St 2R 11 pt, AEEZA 9 pt, AHZA 10 pt=

A A7) Bk} WA e AFHIES] £ AL B
FA, 253 37wt AN ABEAL] AHg
BTl Be AU elo] Qg RO BuH )

o7& L3 e] AEYl FAN A HAF = AA9
A71e] gt AEzARe] Aol 2 A 800 7k
gl 50%7} 13 pt2 AE L, 1 -2 10.5 pt(35.0%), 9
pt(15.0%)c 2= YEREAL, 13 ptol’d & SAIA ol tigh A
T 5000 o) (67%)01A BlEo] & AoE Yehd A
A A7)} F4E AETrt 2 Aoz Jepgth e
o AESES U JAHE Ve B AfdAE A
A 278 Aaee 7 AP R gkl el o]
3 Avps A9 =717 9~11 pt2 22 H9joln A4
o] ¥y} e A2 SAA7F 2A AFolshA] gkol A
% A7y 47 g2A vt ZoZ AZEh

AA o] WE 74 2jo]E Aur we My ATE
ol Al M7} 75l P Frharl a1 o P 2
TAXE AMA wet ¢71&ErT e o= YERgth
Shas dide g 3 tE A8 dEdAMe YAV A
AEP ZUE ZAZR|PlA 7E4d0] O 2 3e
2 UERG AR S2EulEA|, A EA|, AHERA 4
o7 FgE B Ao e gxEutaa| e} Ay zAr)
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O £2 302 eyt o]dgt 4752 A3 8%
AMA Q] T/, AATE AAH 0B wEE e | w7
540] t2v+= A& HoFrh

Tinker?] 9J3ld =2e] Z77F IAAY 45 ¢
&5 7} A A L, Fuchs $2h= 71=AS o)
M 22k 2717 U 324 =Y 2388 74
Holzlthal SR 7S Fol=d RS A =
712 10 ptoll A 12 pt AERE 3h= Aol Zthar stdet. 1
Hu v} 520] Ao ME APt F42 S0 &
Fo 2 Yeptt &3] 271 (71E AIEE W e =
< g} f2oH I g 2 Jolrleok s=dl AAle] =
717} A =H olsl=r}t eFt WolAm F1 7|7} Holx]A|
Ao} a38]ar =5 olslish] gk AA| £ o] Tleotw "ol
AA HEZ A-g 22 2719 Ao ae g ook gt}
Alotaibi2] 1715164 N§(8 pt)2} N10(10 pty2} 2ol 2h
A71A AAE ¢}7] T8 Zol7t gloy 54 XA
(Times New Roman)ollA= A =27|7F 24 71&E=7) =
7Fhe Ao® Busigt) B AoMe= ZF MAE 2715
10 pt= FYL3HA 3t 7S ks 29 gt
o} A ZA= A2 vissh AFEERAV) i =9 Ao
2 kel o] 2725 U3t A7|eks AA ¢ wet
7Fs730lA zlol7) ke AL & = A ey & A
T= 2R A719 AA, AL Fro] dol2 TR Tte] s
Aujolt}, wpeba] theFst A719] Aol sl =412 37
=, t=Zg o] Feu i BAS Gest 734 WU e
7154 ¥7kel i & vl 11 AIRE 59t ¢17] 58S
7y "ot 9t

SkaXAE AE Y 7S] AHEAIE B4 AT
© ST Aotk & dAFollA MAE ARH 7Y
HABA= AEEAAA eFe] F9f AHEAE AR o
E A= FrefAdel itk 1y AR H s A
o] = 7HI=S} 7HAd e Al E B AACIA e
UA] eith 2 Ao divdRte] it d=o] 66.804 0]
40 cm, 0.5A135(6.3 p)oll A 2 7MY E=T 1.84 DEA
Laviers 5-2] 917Blof] LJER 40 cm, SNZ 7oA 60T 7+
Q3 7= 1.74 D9} ARG ATfoltt, o] & mlFo] &
) 2-gt 8 Ao] o] Fo|zl AEjeM TS 7HEA
of FEFs FA G Ao=E FAY 471 IS Bolth

7HEAE PR o2 A9 10% L5 5H 10% 152
2 ERete] vt A3 49 10% 159 ¢71EEe 3t
# 15 HaEERY =4 UEit F 15 B
B 49 IR A%len, 7IIE 2fol= wr|stiTh.
T 159 HlaeA HYEETT wESS Hud#E g vt
P=7 FE AS B o AAzke] 2kl §iiTh
OF9 ¢71&%9] Aol Afd wE T2 Wt} <14

N

4
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AEEs eIEES VIS0 R TS B8l
1A Adwshe MAls ARERAAAL, S 9] 2
71e FEEHRAIE 11 pt, ABEAE 10 pt, AEB2A
9 ptZ MAEZ 2po]7} YeRgton} 10 pto] ABEAS
Azshe Age] F3lelslt. 4 2719 A 75
e FrgulgAe} AuzAe AEERART 3T
7ol B2 A= MAle} Tk =2 ARl o
Bttt AR EAlE o] =25% 7HEAe] HolAl=
e Holoy Mses} 7R VIEoR & 0 =9t A
< el <= MAIR 10 pto] ABEAIE AR

>
}op

73
K

#Alel =

E ATE 20139 A-2tiEn oy e XYe
Y= AFUTH

REFERENCE

[1] Wikipedia. Readability, 2013. http://en.wikipedia.org/wiki/
Readability (5 April 2013).

[2] Lee HJ, Woo SH, Park EY, Suh HY, Back SC. A study on
the readability of web interface for the elderly user:
focused on readability of typeface. Journal of Korean
Society of Design Science. 2007;20(3):315-324.

[3] Rubin GS, Feely M, Perera S, Ekstrom K, Williamson E.
The effect of font and line width on reading speed in peo-
ple with mild to moderate vision loss. Ophthalmic Physiol
Opt. 2006;26(6):545-554.

[4] Tinker MA. Legibility of print. PhD Thesis. Iowa State
University Press, lowa. 1963;5-7.

[5]Akutsu H, Legge GE, Ross JA, Schuebel KJ. Psychophys-
ics of reading: x. effects of age related changes in vision.
Journal of Gerontology. 1991;46(6):325-331.

[6] McMonnies CW. Chart construction and letter legibility/
readability. Ophthalmic Physiol Opt. 1999;19(6):498-506.

[7] Schieber F. Vision and aging. In Birren JE, Schaie KW.
Eds. Handbook of the psychology of Aging, 6th Ed.
Amsterdam: Elsevier, 2006;129-161.

[8] Oh SB, Park SH. Effects of background, underline, and
color on readability of visually displayed text. Journal of
the Society of Korea Industrial and Systems Engineering.
2009;32(4):208-214.

[9] Bak JH. A Study on the readability of Hangul imple-

J. Korean Oph. Opt. Soc.



ot AF oA SFA A Ao} 7HEAd ot 155

mented in video media: with a focus on elementary school
students. MS Thesis. Yeungnam University, Gyeongsan.
2011;1-34.

[10] Yoo JS. A Study on the change in the formative elements
and the characteristics of typography of digital dodum
typeface in Hangul: focus on traditional square typeface.
Korean Society of Basic Design and Art. 2010;11(1):267-
280.

[11] Park, JB. A study on analyzing calligraphic styles of Korean
textbooks and changing course of calligraphic styles accord-
ing to curriculla. The Treatise on The Plastic Media.
2011;14(2):59-68.

[12] Lee JH. The legibility of Hangul and the typography of
ko.TEX. The Asian Journal of TEX. 2008;2(2):69-113.

[13] Laviers HR, Omar F, Jecha H, Kassim G, Gilbert C. Pres-
byopic spectacle coverage, willingness to pay for near
correction, and the impact of correcting uncorrected pres-
byopia in adults in Zanzibar, East Africa. Invest Ophthal-
mol Vis Sci. 2010;51(2):1234-1241.

[14] Antona B, Barra F, Barrio A, Gutierrez A, Piedrahita E,
Martin Y. Comparing methods of determining addition in
presbyopes. Clin Exp Optom. 2008;91(3):313-318.

[15] Alotaibi AZ. The effect of font size and type on reading
performance with Arabic words in normally sighted and
simulated cataract subjects. Clin Exp Optom. 2007;90(3):
203-206.

[16] Griffin JR, Grisham JD. Binocular Anomalies: diagnosis
and vision therapy, 4th Ed. Boston: Butterworth-Heine-
mann, 2002;32.

[17] Mah KC. Dictionary of optometry and visual science, 7th
Ed. Seoul: Elsevier Korea, 2010;363.

[18] Lee JK. A Study for the advanced direction of a textbook

Vol. 18, No. 2, Juen 2013

typeface : focus on the developed application of the
exclusive typeface for a textbook. The Korean Publishing
Science Society. 2006;51:437-477.

[19] Yonhapnews. Popular Hangul font in internet //Myung-
joche 13 pt//, 2010. http://news.naver.com/main/read.nhn?mode
=LSDé&mid=sec&sid1=105&0id=001&aid=0004690202(
06 October 2010).

[20] Mansfield JS, Legge GE, Bane MC. Psychophysics of
reading. XV: Font effects in normal and low vision. Invest
Ophthalmol Vis Sci. 1996;37(8):1492-501.

[21] Kong YK, Lee I, Jung MC, Song YW. The effects of age,
viewing distance, display type, font type, colour contrast
and number of syllables on the legibility of Korean char-
acters. Ergonomics. 2011;54(5):453-465.

[22] Park SJ, Lee JS, Kang DH, Lee HJ. Legibility evaluation
for the letter sizing of an electronic. The conference of
Ergonomics Society of Korea. 2007;5:369-378.

[23] Hwang WS, Lee DC, Lee SD, Lee JH. An experimental
study on search speed and error rate according to korean
letter size and font on search task with VDT. Journal of
the Ergonomics Society of Korea. 1997;16(2):29-38.

[24] Tinker MA. Prolonged reading tasks in visual research.
Journal of Applied Psychology. 1955;39(6):444-446.

[25] Fuchs J, Heyer T, Langenhan D, Hippius M. Influence of
font sizes on the readability and comprehensibility of
package inserts. Pharm Ind 2008;70(5):584-592.

[26] Legge GE, Bigelow CA. Does print size matter for read-
ing? A review of findings from vision science and typogra-
phy. Journal of Vision. 2011;11(5);pii: 8. doi: 10.1167/11.5.8.

[27] Darroch I, Goodman J, Brewster S, Gray P. The effect of
age and font size on reading text on handheld computers.
Lecture Notes in Computer Science. 2005;253-266.

J. Korean Oph. Opt. Soc.



156 e, 54, e, WA=

Preference and Readability of Hangul Fonts in the Presbyopic Age

Shinhae Jeung', Jeong-Sik Son', Hae-Young Hwang', Seong Kun Kim?, and Dong-Sik Yu'*

'Dept. of Optometry and Vision Science, Kyungwoon University, Gumi 730-739, Korea
2School of General Studies, Kangwon National University, Samcheok 245-711, Korea
(Received May 1, 2013: Revised June 10, 2013: Accepted June 15, 2013)

Purpose: The aim of this study was to determine a suitable type and size of Hangul fonts for printed materials in
the presbyopic age. Methods: Based on the most common Hangul fonts used today, three types of fonts were
used Hamchrombatang, Sinmoonmyungjo and Sinmyungjo at small font sizes in the range 9-11 point (pt).
Subjects were 101 volunteers aged 41 through 85 years. Near visual acuity (VA) was corrected to read VA 0.5 at
40 cm after distance correction. The subjects were asked to read words containing 88 characters in 10 pt after a
question about preference. Readability was assessed by reading rate that was calculated as the number of words
read correctly in one minute (words per minute, wpm). Results: The most preferred font type was Simmyungjo at
small font sizes. Although preferred font sizes were different in each font type, Sinmyungjo was generally
preferred at 10 pt more than other fonts. Hamchrombatang and Sinmyungjo were read significantly faster than
Sinmoonmyungjo. There was a weak negative relationship between readability and age in Sinmyungjo. In
comparing between the top 10% and the bottom 10% group sorted by reading rate, the top group showed lower
average age and addition than the bottom group, however there were no significant differences in reading rate
among the fonts. Conclusions: Although increasing age tends to be low in readability for Sinmyungjo, in the
light of preferred font and readability, it is recommended to use a 10 pt Sinmyungjo font in printed materials for
the presbyopic age.

Key words: Readability, Reading speed, Hangul font, Font type, Font size, Presbyopic age
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