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1.1. Background

« Reading is important
« Typeface: design of letters
« Standard typefaces may not be the best solution

for everyone
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1.1. Background

« Developmental dyslexia is a specific learning
disability that is characterized by difficulties with
accurate and/or fluent reading antemational bysiexia Association, 2002

« 5-17% of the population in English-speaking
countries, 5-10% of the population in Sweden and
3-5% of the population in Japan have

develo pme ntal dyS lexia (Shaywitz & Shaywitz, 2007; Karita et al., 2010)



1.1. Background

o Visual symptoms of dyslexia include

o letter reversals
o letter distortion and blurring
o letter superimposition stein, 2008; ato, 2016)
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1.1. Background

o It is essential to provide dyslexic readers with
assistive environments
« The assistive tools for dyslexic readers can be

diveided into

o Auditory assistive tools
= e.g. text-to-speech software, audio books
o Visual assistive tools
= e.g. rulers, colored overlays, adjustments to

typographic elements

. Typefaces (an elements of typography)
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1.1. Background

« Typefaces have significant impacts on dyslexic
readers in languages using the Latin alphabet
« Several Latin typefaces for dyslexic readers have

been Created (Rello & Baeza-Yates, 2013)

Dyslexie
Lexie Readable
OpenDyslexic
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1.1. Background

« Dyslexic readers are either able to read with less
errors or more comfortable reading with dyslexia
typefacs oe eeuw 2010; pipker, 2013; Hillier, 2006)

« Typefaces have impacts on Japanese dyslexic
readers qanietal, 201

« The possible effectiveness of Japanese typefaces

for dyslexic readers is implied
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1.2. Problems

« However, Japanese typefaces for dyslexic readers

are yet to be created because
1. The characteristics of typefaces for dyslexic readers
have not been clarified,
2. Japanese typefaces contain a large number of
complicated characters which makes them difficult

to create,
3. It is not easy to create a universal typeface for
dyslexic readers because they do not have universal

symptoms.
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1.3. Research Objectives

« We aim to solve the first and second problem by

o Study 1: extracting the characteristics of Latin
typefaces for dyslexic readers (Problem 1),

o Study 2: mapping the characteristics to Japanese
typefaces to define the requirements for dyslexic
readers in Japan (Problem 1),

o Study 3: creating a Japanese typeface for dyslexic
readers through programmatical manipulation
based on an existing typeface (Problem 2).
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2. Study 1: Characteristics of
Latin Typefaces for
Dyslexic Readers

2.1. Methods
2.2. Results

15



2.1. Methods

« The characteristics of a typeface are visible as the

elements of typefaces wupton 2010
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2.1. Methods

« The characteristics of a typeface are visible as the

elements of typefaces wupton 2010

serif apex axis ascender crossbar

counter contrast

K r.\'mpj "PIASEE X

stem arm terminal T stroke

cap height x-height

descender

« Comparing the elements of typefaces of dyslexia

typefaces to those of standard typefaces
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2.1. Methods

« Two groups of typefaces

o 3 dyslexia typefaces
o 6 standard typefaces

Dyslexie
Lexie Readable
OpenDyslexic

Arial

Calibri

Century Gothic
Comic Sans
Trebuchet
Verdana
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.2. Results

. Larger letters in the same size

. Extremely large uppercase letters

. Larger difference between cap height and x-height
. Rounded sans serif typefaces

. Bolder strokes

. Larger height/width ratio

. Weighted strokes at the bottom

. As for letters with similar shapes

8.1. Larger counters

8.2. Manipulated shapes of letters

8.3. Slanted or rotated to opposite direction
8.4. Replaced with alternative letterforms
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. Larger letters in the same size
. Extremely large uppercase letters
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. Rounded sans serif typefaces

c-height

ascender
ascender

c-height
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X-height X-height

. Larger height/width ratio
. Weighted strokes at the bottom

. As for letters with similar shapes

baseline baseline
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. Rounded sans serif typefaces

c-height
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ascender

c-height

. Bolder strokes

x—height x—height

. Larger height/width ratio
. Weighted strokes at the bottom
. As for letters with similar shapes

baseline baseline
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descender

8.1. Larger counters descender
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2.2. Results
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. Bolder strokes
. Larger height/width ratio
. Weighted strokes at the bottom

. As for letters with similar shapes

. Larger letters in the same size
. Extremely large uppercase letters
. Larger difference between cap height and x-height

. Rounded sans serif typefaces

c-height
ascender

x-height

baseline

8.1. Larger counters descender
8.2. Manipulated shapes of letters

8.3. Slanted or rotated to opposite direction
8.4. Replaced with alternative letterforms

Dyslexia Typefaces

ascender
c-height

x-height

baseline

descender

Standard Typefaces
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2.2. Results
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. Larger letters in the same size

. Rounded sans serif typefaces

. Bolder strokes

. Larger height/width ratio

. Weighted strokes at the bottom
. As for letters with similar shapes

8.1. Larger counters
8.2. Manipulated shapes of letters

. Extremely large uppercase letters

c-height
ascender

x-height

baseline

descender

Dyslexia Typefaces

8.3. Slanted or rotated to opposite direction

8.4. Replaced with alternative letterforms

. Larger difference between cap height and x-height

-
1
1
1

e

ascender
c-height

x-height

baseline

descender

Standard Typefaces
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8.1. Larger counters Dyslexia Typefaces
8.2. Manipulated shapes of letters

8.3. Slanted or rotated to opposite direction

8.4. Replaced with alternative letterforms

Standard Typefaces

24



2.2. Results

. Bolder strokes

. Weighted strokes at the bottom
. As for letters with similar shapes

. Larger letters in the same size
. Extremely large uppercase letters
. Larger difference between cap height and x-height
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. As for letters with similar shapes
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.2. Results

. Larger letters in the same size

. Extremely large uppercase letters

. Larger difference between cap height and x-height
. Rounded sans serif typefaces

. Bolder strokes b d P Q

. Larger height/width ratio

. Weighted strokes at the bottom b d p q bd pq

. As for letters with similar shapes

8.1. Larger counters bd Pq

Dyslexia Typefaces Standard Typefaces

8.2. Manipulated shapes of letters
8.3. Slanted or rotated to opposite direction
8.4. Replaced with alternative letterforms
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3. Study 2: Requirements for
Japanese Typefaces for
Dyslexic Readers

3.1. Methods
3.2. Results
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3.1. Methods

« The character recognition process across the
languages is similar eenaene, 2009
« The visual symptoms of dyslexia in English and

Japanese are Sim”ar (Stein, 2008; Kato, 2016)
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3.1. Methods

« The character recognition process across the
languages is similar eenaene, 2009

« The visual symptoms of dyslexia in English and
Japanese are similar e, 2008; kato, 2016

« Mapping the characteristics of Latin typefaces for
dyslexic readers to Japanese typefaces to define
the requirements for Japanese typefaces for

dyslexic readers
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3.1. Methods

« Two steps to map the characteristics

1. Associating the elements of Japanese typefaces with
those of Latin typefaces

2. Summarizing Japanese characters with similar
shapes

30



3.2. Results

1. Association of elements of Latin and Japanese

ty pefa CES (sato, 1964, 1965, 1966, 1973, 1976; TR X 0003:2000, 2000; Koizumi, 2012; Kobayashi, 2005;

Middendorp, 2012; Beier, 2012)

senhaba no haibun uroko

| P

futokoro —
jihaba

serif
counter contrast

- [TAyogrphseHXi -

W|dth stroke



3.2. Results

1. Association of elements of Latin and Japanese

typefa CES (sato, 1964, 1965, 1966, 1973, 1976; TR X 0003:2000, 2000; Koizumi, 2012; Kobayashi, 2005;

Middendorp, 2012; Beier, 2012)

Elements of Latin Typefaces | Elements of Japanese Typefaces
cap height/x-height jiko (&)

width jihaba (&)

stroke gasen (E#R)

contrast of weight senhaba no haibun ((RIEDEH)
counter futokoro (& Z 3)

serif uroko (25 Z)




3.2. Results

2. Japanese characters with similar shapes

(Sato, 1965, 1966, 1976; Kuwayama, 1969; Matsubara & Kobayashi, 1967; Okada, 1970; Imada & Yodogawa, 1983)

Hiragana

Katakana

Kaniji

HWSIZENEL T
csLIgtEZBEDTL
IRNCBRDIE OV INIF
FHTCHEPHPR K
5bhansbzh

PAIOIANFIT ]
B AV SFYTH
FTZXR/I\NETAIR
NIAXEYHITH
ZU)Lao7zy

—ERAESE TAER
FRAWMAEEZRKRE
AORE=ZILFUARF
BEtEF+HL/MNERKF
ANKIEEEY AR
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3.2. Results

2. Japanese characters with similar shapes

(Sato, 1965, 1966, 1976; Kuwayama, 1969; Matsubara & Kobayashi, 1967; Okada, 1970; Imada & Yodogawa, 1983)

Hiragana | Katakana Kanji
o = U, I\, VY,
' ~ 1-A: Kanji characters that share the same radicals and the rest
o, of the strokes are very simple
A, < " (e.g. A and /7', ‘£ and E’, 4k and &’, KX and X', and ‘&
and &)
&, 1F a1, T
- 1-B: Kanji characters that share the same radicals and the rest
5, % N, .
of the strokes are very similar
%, % T, F (e.g.'E and &', ‘& and &', ‘B and ", ‘B and BE’, and ‘7@
Jb, ) W, S and E')
D, n Vv,V B: Kanji characters that have similar outlines
% 3 L (e.9.'> and &', '& and &', '#l and &', '3 and X', and ‘&
and E')
», & =Y
5,5 > |7, L
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.2. Results

. Larger characters in the same size
. Maru gothic typefaces

. Bolder gasen

. Larger jikoljihaba ratio

. Contrast in the width of gasen

. As for Kana characters with similar shapes

6.1. Larger futokoro

6.2. Manipulated shapes of characters

6.3. Slanted or rotated to opposite direction
6.4. Replaced with alternative characters

. As for Kanji characters with similar shapes

7.1. Larger futokoro

7.2. Manipulated shapes of characters

7.3. Slanted or rotated to opposite direction
7.4. Replaced with alternative characters

. An option to apply additional lines to Kanji characters with radicals
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4. Study 3: A Japanese
Typeface for Dyslexic
Readers

4.1. Creation
4.2. Evaluation
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4.1. Creation

« Applying the requirements to an existing typeface
through programmatical manipulation to create a

Japanese typeface for dyslexic readers
o Tools: RoboFont, Glyphs, Python, AFDKO (Adobe
Font Development Kit for OpenType)
o Base font: Source Han Sans JP Medium
o Character collection: 2778 characters
o Font name: LiS Font
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4.1. Creation

Creation process

# RoboFont File Edit Font Glyph Python Extensions Window hTools2 Help

O @ Bl Tuei13:47 = Q

LiSFontcashewA-Regular.otf

45 iosd @Wses @

Font Features FontlInfo Space Center Kerning Groups Sort th

All Glyphs [
Latin

Yakumeno 3 3“ ( <‘ Lj‘ Lj:‘ : : 3 S‘

Hiragana (o) WENETL T T e - | I S —

o
L]

Katakana

Greek

] [(m][#]

Selection to Set_|

Full Latin cid01478 | cid01479 | cid01480 | cid01481 | cid01482 | cid01483 | cid01484 | cid01485 | cid01486 | cidD1487

cid01501 - LiS Font cashew A Regular

2. Vim @ JULY (tmux)

cid01)

foreground

Box ]
&1
2
&3
G4
&5
8

MAMAMAARN o afa

—

Junier High

+1833 1048

* v III| 88 = cid01501 (1 selected)

~010| 050|658 108

U+3071 - HIRAGANA LETTER PA - if 1:1 32366

13:47 2017-01-31




4.1. Creation

« Two prototypes (274 characters)

o LiS Font walnut
o LiS Font cashew
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4.1. Creation

LiS Font walnut

X o 2! == T3 T 39y LTI oI
J 5®H LWL >S5S ED nyr—EREAHAESETFTATLEE
NEITLCCHFWFIIIETL Z2RAKELEARKRERERDO
Ly T8 E£2RLEBEB RE=ZWFOARAFEHEHLETEF
DD TTELECRHRICHBOR +tHTZNMNEBZAKEEES
BFIF OV UTIININRAARNNRE BEAFINEREERENKXKEN
FIFEFHFALCHDH» P& PREXHLIZIBAFBEN
o hHhd3NnsvphdRRZA BXAKEXBLEBEINDMN
77 14149 I A FAHAH DD EE DD ESE
X o 75 adY ¥
AXEEYVYIVE2ELFF Y

STFr T R FZXRI NN

NEEET7 T ITARRKREKR

R 2 I A ¥y ¥ 2113 3



4.1. Creation

LiS Font cashew
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4.1. Creation

Source Han Sans

1—3A—F. EICEVWTHI3=ZFRDOBEZLHADTVWE L ZAKIFE. DTIESD
IFLTRDD2TWVWT, HBS5—ADIEL TIE. IFBENTWEL, £L T, FOZRK
DEIC. BI—AXRDELRD->TWVWELT, OATZRIE. To& hUE. BICHDDHERT
A2 BWE LT

(DA —3— 1 & ATRIEBSVBELEVVWELT TEK. B2 —1|
MATEADR?] A1—3—IF. FEEZBHLOHEHS. WWE LT

(R X 1—3— IF<H—]

BEX. TN BALEEDHI>EBH ? ]

OV R,

rChid. AODFEL %]

HdHo 1| & AT ZDBVWVE LT
[7—LC%»RBWVWE, T—LC%, 1| 1—3—IF. THhLWETLWWE LT,



4.1. Creation

LiS Font walnut

1—3A—F, HEICELWTHZI=ZAKOBEEELHTLELT. ZKIF. HTIESD
IFLTRDD>TULT, H5—FDIFLTIF. IBRATLELT ZLT. EDZRK
DEIC. HI—EKDEHRD->TULWE LT, AT RIFE. TohlF. BITHDOET:
A25rBUELT.

(BO1—3—, 1] . AT R2IFHS50LBEL0LWELT. TIEL. BEo2E—1)
MA755ADE?2) 1—3A—I1F. FEEZELHEHS. LW F LT

(RZXo 1—3— IF<{2—]

(XX, T, BAEDH- BN ? )

M3,

rChld. ADFEL %]

(HH, 1 £« ATE2HLWWELT,
7—LC»HBU0E, I—LC% 1 1—3—F. THLETLWLZELT,



4.1. Creation

LiS Font cashew

1—3A—F. HEICELTHE3=ZEKDOEEZLHTUE L, Z&KIF. DIFDOD
FLTR 22 TUT, H2—FHDIFLTIF. BFHRATL XL, ELT. £FOZK
DEIC. HOI2—FKDEHLRD>TULELT, A7 2F. T8 cild. BRiCHDOLET
A25BULELT

D1 —3—, 1 &. A7 R2EFEHBo2UBLLLELT, TEK. BE28—1)
MA752ADE?2) 1—3—F. FEEZLHLOLEDS. LOLELT

(RZXo 1—3— IE<—]

(EFXX. cfi. BATEDLDH 23D 2]

MWz, |

rcfild. ADFEL %

(HH. 1 €. A7 2B 0 FE LT,
7—LC»HB0E, I—L% 1 1—3—F. THLETLLFELT,



4.1. Creation

Source Han Sans, again

1—3A—F. EICEVWTHI3=ZFRDOBEZLHADTVWE L ZAKIFE. DTIESD
IFLTRDD2TWVWT, HBS5—ADIEL TIE. IFBENTWEL, £L T, FOZRK
DEIC. BI—AXRDELRD->TWVWELT, OATZRIE. To& hUE. BICHDDHERT
A2 BWE LT

(DA —3— 1 & ATRIEBSVBELEVVWELT TEK. B2 —1|
MATEADR?] A1—3—IF. FEEZBHLOHEHS. WWE LT

(R X 1—3— IF<H—]

BEX. TN BALEEDHI>EBH ? ]

OV R,

rChid. AODFEL %]

HdHo 1| & AT ZDBVWVE LT
[7—LC%»RBWVWE, T—LC%, 1| 1—3—IF. THhLWETLWWE LT,



4.2. Evaluation

« Framework of the preliminary evaluation

o Participants: Children from elementary who have
been assessed to be dyslexic or have symptoms of
dyslexia

o Typefaces: LiS Font walnut, LiS Font cashew,
Hiragino Maru Gothic, Hiragino Mincho

o Materials: A Japanese article of 320 characters and a
sheet of 50 random Kana characters

o Tasks: Rapid reading tasks and an oral question

o Measures: Time of reading, numbers of errors and

self-corrections, preference
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5. Conclusion and Discussion

5.1. Conclusion
5.2. Discussion
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5.1. Conclusion

« The characteristics of Latin typefaces for dyslexic
readers are clarified

« The requirements for Japanese typefaces for
dyslexic readers are defined

« Two prototypes of a Japanese typeface for
dyslexic readers are created

« A framework for evaluation is proposed
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5.2. Discussion

« Evaluation to be conducted
« Quality of typefaces to be improved
« Effectiveness of typeface creation process to be

improved

49



Thank you !

Xinru Zhu
zhuxru@gmail.com
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