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A Reading Technique of math expression in e—Book for Reading—disabled People
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Abstract  Digital talking books have been developed to enhance reading experiences for
reading—disabled people, In the existing digital talking books, however, it is difficult to read
special contents such as math expressions, images, etc, In this paper, we define reading rules
for Contents MathML, Based on this rules, we implemented a program for reading the
mathematical contents of Contents MathML, using XSLT, We conducted a confirm test to prove
the accuracy of the program, and an usability test to measure understanding of reading text
of math expressions,

4 2]o]: Reading disables, MathML, Math to speech

=2 YA 20128hd e Wl A-tH] A Qo) ol E G,

s2A7 : ZjolAejsta eju|clojzklal A}y

PEAR 1 eoldofsi weloldofsts} s

kP AR|A} - ;g ojxletn HE|n|tjo]2kskl W4 e—mail: sblim@sookmyung, ac, kr
"84 20121 99 249 / AARY 120124 109 159 / ARSI 1 2012 109 23Y

57



1. ME

%A gofele] B4 87 AN Sla) choke A 4
£4] 71%0] Al Qlek XY SAmAR Al Aohel

TESS T3 B4 Aol 9ol B4 58 st} AH
B TS0R A YolFl EAS k). olefet U &
HEA 714 % DAISYZF 34 tixg S4EAe] B202 J
2] AMg 1L Qlet oleld UAE SAEAY] A 3 A
Aofelo) mg 87 HAS I ikt A4 bk ATk
s9stEa olrk DAISYS 5t HlAE glojiy] 7158 Be
selo] e SAAlel AR ALt QIAle A

I

A
EoEE afoy 4] 59 S FH29 S5 digt d

7t A 0|F01A17) QL ek, Sl DAISY e} 4] 24l
29| 520 tiet Fhel A7} vk vlE Aefolr

DAISY W] 44 EHlzi WolH= de] AT gl
MathMLE ST 2 Q7oA MathML 2] 4
3} 8 Wit 3yl ZhE 4 YAO.E MathMLE 3
A5l 4] ZHl2o] B2 95 24 B8 S A,

Aejet 5 2% 283 SLT 229 F3sle] 52 ¢

K

A~
S 5

2 oA £4 WA MathMLE F
MathMLo| o 58 37218 Hofst, &) Fefrt of
of G FolT A2 S} Wl

F3H ol e 150 1

SPdo] ek 35 45 BT BT 241 Ao
ok

2 52 7IHe 97
ENCEDIEDY

R

A" &4 =A EZQ DAISY UYojla] 44 ez
MathMLZ #%1 let. A7-9] oJsfE 57 $18) MathML
ol sl gokert. el oA ORI Gl 424

5

=
HA7] Wof =4 BV AR E e 4 BEYE dolF

2.1 MathML
MathML& XML & % sh}e 48 4412 mdal]

58

913 uk=19) glofolu] 45} £:418 EHSH= Y BEOZ 1)
A3 9lek, MathML 3t S412] 7] ah opjet 4
of ojul EdHo] F5ote] MethMLE HEH 4] 2828
PAPE ol 4+ hom B 5§ T2 7ke] ojv] o]

7hs8ick o]#f8t MathML-2  Presentation MathML}
Contents MathMLZ U] o] zItH 3],

2.1.1 Presentation MathML

Presentation MathML-2 438} =418 4 Hape-z] A9
AS T4 Hx2 vhsolXl nta ¢ Adojolr}. Presentation
MathML-&- goolz-ofl whef @427} A ojFleh. @A) oF 307119
R0} 50709] 44 rol HelElo] Slri4l.

2.1.2 Contents MathML

Contents MathML-2 4=4]9] g|oJolg- B} 4=4]9] ofn]o]|
ssto] Helet laido] 7HssHA sk nkagoltt whebA
Contents MathML 2 #&% 42 Presentation MathML =
AE AT B o] Aral & 4 Qir} A MaeE
&3} Wi Presentation MathML I} H]22381 BF4] 0 2 it} en
olgh= QAF ARESHAEL dAAE BHE= e 4781

SJulE g2 g =tg FRE5].

it
=
ke

2.2 MathPlayer

af|elo] Al =8 AMu|AR DesignScience®] MathPlayer”}h
3L ool A8l MathSpeako] 9 20| ¢ltk MathPlayer
+ MathMLZ ¢ EakeAlollA & 4= QA dliefsstal, o] 4+4
& QJoiFE AHAE AlF3laL gtk MathPlayers 171919
42| 3 Internet Explorer Baf$-# ol ARg- 7R3l 6]. oo
AeE w9 2 20040 AlRFE gh-MathSpeakAl]
MathSpeak ZRAEES 53 19 55 AEFU2] MathSpeak
oJt}. MathSpeak @] 8 212 S83 S5 (verbose), 7+ &
Al(brief), 712F DAl (super-brief) &] Al 712 GA|2] 55 AERY
= AlRssto] BA] Aol et et 55 9AE A
slo] AS S 4 QS STl

=232

2.3 MathExpression Reader
oA duk B4 HY7] Wie] 5=4] A7) o)A AME-E]
© A BEUE SRHAER 255k AT 2 A7

A st o] et Fok ko] EREE £42

FHE Aelst, B 58 H w4 0719 Ao
A 5g YAES 2531 Z2IRS TASAHEL



3.1 Contents MathMLe| E E2| EM

Contents MathML-& 9Ju|& #&ste] AHdshr] 9ok
MathMLEX 7|A7}s 9 AARE 93t =41 53 Hhalo|t)
1% 29} o] Fte] 41 Gapply) ks e ER FolA| Hal
Capply> ] A A A4 s AR} B, Trkgo] 0=
B TeAA} otk

<apply>

*| *[
Cperand
node

Operator
node

12l 2, Contents MathMLe| LE E&| fX

u At e E7F = o ¢-u] AAbRbol, w4k
A =27k 270w Fu] Al At oR mETh
S =), oA} =T 0] 7} 37) oA = Blke] A
A leE7F of2] I ikt vhEE o] o= otk dlE &
W, a+b+c+de] A9+t AARE ol ASo|mg o
AR} eEE (plusy7h He o AAA; mE0] Sk 477} "k

{math)
Capply)

{plus/}

{ciy a {/ci) {ciy b {/ci) {ci) ¢ {/ci) {ciy d {/ci)
{/apply)

12l 3, (a+b+c+d)E EJS Contents MathML

3.2 Contents MathML %=

o -

Contents MathML 9] L& LA 2=2]0] EXJo]| u}a} 7
ﬂﬂE} AHE, AR} AT|HE, Fjdix} dAHER E7a}

31, olef W2 5 7L Belsts

3.2.1 HlE} Aalpe

et deHES MathMLO 2E
(math)@} $:4]0) B/PYRE HHSH:
SHER o] ol

HEL
U

AeHE ] Ffsh=

Semantic Mapping 2

Contents MathML-2 {math)2 A|ZtE]&= 4] B2 =42
FEg) (math)= FE JeHE gtz oulE 714
A ot w312 Bgoe uiaa) ekech

Semantic Mapping A#|HEL 210 BIIARE §3 35}

59

& L-=o|t}, Semantic Mapping A2|HE sigsls Ex=
{annotation), {semantics), {annotation-xmiyo] ¢l.om, 1Ak
A} B0t B AR} B T4 550] 7k sk
2 A B0 YefjAe= g 5508 HHrA] geth

CRER

3.22 1] G} HRBE

R CE LR L
AP oA 3 A A 2ol @Al e Al
LA} 2ele), B2 847 B 02 07t Gapply)
2471 G4 A et Bl & 5 9)

EZ {apply)2] LYz

B3 4% 4x(Numbers), H4=(Content Identifiers), A=

9 A2 @ A (Constant and Symbol elements) 2 FA%ICh A
A, 5 YeilEs (e B9 HAE kg a2 &3t
o} ook {ep 2] E)AE Fho] thae] A& gk 5 s o, of

80 £ 71 A8t

HE 1 {en) =2 M A2

L= ==

value(symbol) =2

&pi; to|
&ExponentialE; (or &ee;) QIAZHIM ¢

&lmaginaryl; (or &ii;) Sl i

&gamma; 2ot

&infin; (or &infty;) ot

B, WS Uehils (D 92 Se0R A o

13 AR SRty 2 ToflA typeolehs £ AR
g A, Sl vk 8] 4 B2 4 51002 tye &
o) groll wet ohe) wholg Zlelel sty
# 2, (ci) type &4 A0l 2 =2 73
type £4 ot == type &4 2t =5
integer paE constant A
rational foR]ES function Sk
real Al vector HIE
complex HAL set st

7] QA1) MR e Sof) ShSR: apply)i= Sk A

S Ak o Aol A AE AR vl S
< pply>°ﬂ 23 %19} T S 49 gl v



®3 5

Tzo

2 (apply)e 52 7

xl
=1

(apply) S8 Hd

Jn
ojo

{apply) operator
argument(s) {/apply)

=35 91 operator
argument(s) s g1

S0 GRS EAsHE AL AUER Capply)d] A WA
414 8ol QU LIRS ST, S ARIRIE 5
%% 39 ot T T B 4t AR 4 ek
2 o g FS Aolsir bt 24 Eak,
Ak 2] T, T, U IR 712 1 TR B
0 w2 B AL ke

O 3 4o he= %9 Fa, be BELREE [al [bl=
] GhheSo jgalt, GEheEl wES TojR £osv)

MR s o] oot A H

B2 GU'E F7h]

7 5 20l g

zg 73S XSLTE +&3k9ch Contents MathMLE 3

==

H5 418 XSLT7F folEo] 7F dAbtel] g 55 gl AE
He FIE5lE STt SREUAER RIgsH stk Contents
MathMLZ 8% $=24]o] =8 dAEZ H3LS m% njbx]7|
HH, 324 55 "2Ed 34 2Ekd HE HESS A 85)
o SSML #}9-& &85} Htt o]& 56]1 Contents MathML

Contents MathMLE
BHE 44

L/

kA At =& +2L Ej2 Contents MathML-2S- 93k e
H 4, AMRto] St =5 HE 75
Contents MathML HESiHfAl £8t7|& sz =2
Il oA (tn) £ </in)lx] f(x) g f ZSET [x] ZsEn
Basic {inverse/) A1 oc]
Flement {compose/)[g] [fI* feg lg] [&HM f1*
(divide/) a b a AT bR a B4 2
(divide/) [a] [b] b AR B2 [b] 22 & 29| 2} [a] 2At 2
(max/) [a] [b] [n]* max {a, b, n*} [al2d/3t [o](2t/2t [n])*2] Z|cHt
(min/) [a] [b] [n]* min {a, b, n*} [alel/zt [b](H/1t [n])*Ql Z|AZ
{minus/) [a] -a oRo|HA [a]
(minus/) [a] [b] a-b [a] OFOJL4A [b]
{plus/) [a] [b] [n]* a+b(+n)* [a] E212 [b] (E21A [n])*
H%H;':—:El {power/) a b 4 a2 b
Arithmetic, {power/) [a] [b] [a]Q] X [b]XI> & &
Agebra (times/) (2] [b] [n]* ab(n)* [a] B3t71 [0] (Zat| [n))*
Logic {root/) [b] Vb RE AE [b] RE &
Coares) Ly e (] 0 2E A% [b] ol [) HZ2 2E B
{ged/) [a] [b] [n]* ged (a, b, n*) [a]et/zt [b] (2b/2t [n])*Q] Z|HEA4
(abs/) [a] |al Hehzt AR [a] Hohzt 2
(em/) [a] [b] lcm (a, b, n%) [a]et/zt [b] (2b/2t [n])*9] Z|ASH4
(factorial/y [A] Al [A] HEZ|H
(implies/)[P] [Q] P=q [P] O] [Q]o|ct

60



Contents MathML ESiHA] £817|5 e ==
(eq/) [a] [b] [n]* a=b(=n)* [a]2/= [bl(0|x [n])* OICt
(nea/) [a] [b] al=b [a]l2/= [b] OtCt
A (gt/) [a] [b] [n]* ayb(n)* [al2/= [b]2CH (31 [n-1]2/= [n]ECh* Ick
Relations (/) [a] (6] [n* a(oln)* [al2/= [bl2Ct &1 [n-1)2/E [n]=ch* Ko,
(gea/) [a] [b] [n]* a=b>(n)* [a]2/= [blELt (3L Zan-1]2/= [n]IEEh* 3744 Zot
(lea/) [a] [b] [n]* a<b<(n)* [a]2/= [b]2Ct (XL 21 [n-1]2/= [n]2eh* 27 2ot
(set) [a] [b] [n]* set{a, b, n*} &t [a] [b] (nD)*
{union/) [A] [B] [n]* AUB(Un)* [A] &t (B] (a3 [n)*
gt o2 (intersect/) [A] [B] [n]* ANB(Nn)* {A} nggt (8] (wZt )
Theroy of (in/y [a] [A] acA [a] /= [AlQ] fAo0lct
Sets (notin/) [al [A] a g A [a] 2/ [Al9] A7} opict
{prsubset/) [A] [B] ACB [Al2/= [B]e| B8 ZEo|ct
{notprsubset/) [A] [B] AZB [Al2/= [B]e 2E2%E0] ofL|ct
(sin/y [x] sinz A1 [x]
7'%,\ H {cos/) [x] cos Al [x]
Elementary {tan/) [x] tanz EtHIE [x]
Classical
Functions (log/){logbase) A{/logbase) B log, b 2 AE A0 BRI B
(log/)(logbase) [A] {/logbase) [B] ' SO U AMAIE 29 Bl 2O &

*ohatl = (enyO|Lt (ciy.e =/ HIEHZ = <apply)Lt (reln)
[a], [Al: HIEfULEE o A BHCE A ElEfa: 214

Contents MathMLZ 3¢ %
o] 3 WA A4 02 B4
2o GAER SATIT, olejt w5 E20] £4F 58 7
2lo] BHe A2 ujgs & Bavt Qlok =& B AH4fet 2
FolA obA AolR 58 1S Agsi0] 440 et E¢

FHo] whe WS e,

AR} 1 =7} applyy
T AR} BT} AL} e

r
=y
d

(xsl:template match="apply")
{xsl:apply—templates select="child::*
(xsl:choose)
(xsl:when test="[name()="abs']")
(xsl:apply—templates select="."/)
{/xsl:when)

1

a2 5, (apply) E0o| HES M

X =

Contents MathMLoJ A 9] AR} B & 712] EXo =
U % Qlt] @) eme) 98, 24 wEo] §8o) el
5 4 ook $AHOR A4 mEe] GRS BUste] 44 =
Eof £¢ 9EaS 449§ YA LES BT} YAE

2 Aefat g 94 e sof he} B8 ;

| = O 13
HE5S s

A e e R APl T L
T S0l B2 g wsof el BEsle gl
AwErt shbed 9ol HsAet s wEolnz
U EE WA SR F T s BB vy
Btk GAREsL 20 ool Qe B9 sl

61

S Aol wek QA =HE e
EEHZ]' A =7} 37 o)A A
‘EM Hes **194 @%om. A}
Eola*b*c*
c b ] d 9—* 7F°l fdﬁxm H}ga}
t}. x|t H535.9] 7
et as bEEP 27 e
S|} BEFFCE o2 93 WA

=

E
= =

e . CLEEEZ R P

£8 HAE 32 BEoE 4 hto 2 58 HAEs
FE3L o] FAsle] WA 40 BE HAEES 2EHE
mgolt}. of u, TeIAb} 0] nhEt 2ho] F4e] f
we} ZALE Hedle] 58 BlAEg Sat 40l 9 4
Sl £/ F L. ol/7h B ol /2 F LS e
F4o0] 912 Aol UmAS St E5t W) B
o] we} 259 5L Skt el Fiol uet 2

M 1% 552 gtk

{xsl:template match="divide">
{xsl:apply-templates select ="following-sibling: : *[2]">
(xsl:if test="[name() ="ci']")

(xsl:apply-templates select="."/>




{/xsliif)

.

(xsliif test=".name() ="apply']")

e

{xsl:apply-templates select=""/>

TR £

{/xsliify

a3 6. AMRH Eofo HE HE oAl
ZZE 9 HAEE ¢lojRy] Y B8 HAER
SSML Z&l =5 g 10]
ol& &l et A= v I1F Ta Aok
|_l__}ﬂr;xm...da1mwl_| Mibecrssenbtml = |_+_| = | fibec/ /D %204 A...mulla_presend haml |_+_| =
Ala B i ¢4y sr| A B

&)t e |- e

—_—
b+ VB - due

Za

ax® + bx+c| read
A=t x2 23 22A bk 22~ c

[ read |

xS ZRAIF 22 29 2 2o ERAY
OOl A Bl =2 A0H0IW-A FEAE b
2] 22 Ol A dac FEE ERt 2

n=
0

2]
Hu
u]
o
ﬂ
ra

5 ABd Gt

51 e 4

Fohm ok by W et wak 3y % 3% 49
o ek Welel 24 AAEE B mReld PH £&

EEIYOR BE W Mokt T 23} BE 54 U oy
8 9 el oe] 3 At B B3 o

B 5, 2 g9 Mal Al
He CHEE 4] Oifx| A oHel o2 =5
S f LEED x ST =3 x
) — = =X = = =
flz)=3z+4 =alA 4 =

712 =
QA feg e g

atb 2 BEDAE ¢ E3A 3 B2 & 29
U7 c+3 EXt AR a E2{A b EXHE 220
=2 ZE A& a ZHA b EHA 2
T2 at+b+2 FEA ;Eté =2

62

el | ChE 44 o &4 oixlol 33 =2
A b= 2 2o
q0< he 3aE bECt LXF_2_|c51E+
| 2 S
mst| AUB= BUA A BZIE B = B RE A
oj2
e b= csinB b =c ARl B
gl
StA
2T

5.2 £29| 0= ZAt
AQHE S8 TR 4 522 ol
913 AHgH B7HE AABHIc A 58 Ty
oF E29| £TE gejsio] £4] Wolks|E AL
Yol ol wet 424] 4 EASIEI, Wol 2 5:4)9]

o2t HeE wizck

]‘

O

=
fog 3¢ 71
et

S o]

Eo N w2 Yy

13

i

1) Lol A B,
S ghopmy Bt

2) Ydtdoz Mg %'t £CHCE30% HE &2
SAS 2010 HORMA| BiL,

3) 1Zt HAE 3Y o= Ugtxoz &g
£AIS 21010 HORMA| BiLY,

4) 23t HIAE 3% o= Yutxioz 5%”%
LCHL30% HE L2 452 4
ghopM | St}

* OE Al5e 13|0t S{=L

1) l:ll-()l-
Mich,

2) Ho|=of et Fa

P | mak 2f 574 4

12
==

& 15749 44

oII o||

i
0%
i3

-

It
oz

=
i3

=

)
<
oo
1o
4
it
o

o 2 28 K] 529 $E8 the
A s ECE ROt

Qi &ERT30% A% BE S5 Pi AL
= SRR 30% Y SRR
i%’cﬂ‘iiﬁh 5o £ 592 =y
wo% oS
s
t}

_O|L
EL_Q.

-
[o)
> B >

B 7. 44 wopsy| A3 2t

so1 | A MS 9= Ac HCE30% W) =2 Y2 o
e (zfxHd HojollMe] =5 45

ANERH | AIRXR | ALRXI3 | AIRAM | AFRKIS | TR

of 4 4 4 4 4 4

-3 1 0 0 1 0 0.4

o 1 0 0 0 0 0.2




x4 2 BA M2 o= 252 =3 32 1f (25)
3t 4 4 4 4 4 4
B 1 0 1 2 1 1
A 1 1 1 0 1 0.8
srig | BA M o= Azurt 30w Lali =3 #8 o
c (=2p)
3t 4 4 4 4 4 4
= 2 | 1 3
A 1 1 1 2 2 1.4

9] AT RS ), $40] BT 2 A9 & E5O
dol7k 4 Aol Aobe7] WEH Wit 47} sk A
&8 4 otk B3 520 Swg wEs) 845 ofslwst
oA AL W So) Bito] WolAle A& B o 4 Uk

400

350

300

250 3

200 -

==

150 =

100 —/‘L —t

050 e

000 : . !

BEH EE =3
33 8 $4 Holze £8 450 12 Wz 1z

7 ol woh 58 o] WE B 19 83 g I
2 Uehl Bl ol 5t f0] £418 580) &7} ut
Erfehe wE ofsfat 4 9z 20 btk g ol
F ool B9l 1, 5o Swrh MepISE $4]9] o]
7 A5 Sletere Bolch olF S, o heket SAhe wh
£ SE2 Bosjols 419 ofsjo] BAZ glout 249 o

o7t R4S £4 B Le soF #e % 4 ek

T e =

ERE HIAE A oS54 R 1 APl ARt o

SA ES Pl o A7 S5

& F3f Bl 71 &4

Bad Ao welrk

(6]
N
T

re

~
4 4o

> R
b
rlr o
i

4
>

offt
ol

%
o

63

A8 B} ATy 580) 87 45t 52409 ofafmo]

2]
Fe T AS A oo wet 55 HEu Fof 97
Zo] =6 ¢ g

=g wol ok 37} 978 SR ool B
Presentation MathML 9] &8 BAE 2% g 1L 15gh

oot

M

fnEe

[1] DAISY Consortium, Specifications for the Digital
Talking Book
http://www, daisy,org/z3986/2005/73986—2005, html?
q=23986/2005/23986—2005, html

[2] W3C, XSLT Specification,

http://www, w3, org/TR/xslt

[3] W3C, MathML Specification,

http://www, w3, org/TR/MathML2

[4] W3C, Presentation MarkupSpecification,

http://www,. w3, org/TR/MathML2/chapter3, html

[5] W3C, Content MarkupSpecification,

http://www,. w3, org/TR/MathML2/chapter4 html

[6] Design Science, MathPlayer Test Suite
http://www.dessci,com/en/reference/MathMLTestSui

te/index_ html
[7

—

gh—MathSpeak,
Grammar rules

MathSpeak  Core  Specification
http://www,gh—mathspeak, com/examples/grammar—
rules/

oA, olF%, Qledl. FU 84 EA Aulag
FAO] S o] digh A F=gRsts]
201 F= AFE e wEEER Ased ALEm).
pp. 226-227. 2011,

(8]

[9] W3C, Speech Synthesis Markup Language.

http://www, w3, org/TR/speech—synthesis/

[10] o]743], o]F%, W, HAE Wehr] AE ot &
4 A g7 A2 RIS =EA] HaEe A
Al R HE ASH Al4Z. pp. 276-281, 2012,
A %3
20079 3¥~2011 2% <goixjcfsiu
Hem|tjojapstat ZY(F8Ah. 2011

39~8A Swoldrsta st W
uje]ojafalal A, PAlEoRs A}

27} User interface®]



ol F ¥

19864 39~19904 8¢ Metjslm 7
el et (S, 1990 3~
19924 89 Al2tjetm sk AZET
st AL Z2Y(FEHAD. 1992 3¢Y
~19964 89 AMLuistm sk HlA}

29 (B,

=

19929 39~1998d 69 () ANHAAY HRAIAH]

2okt 1998 79~19999 7¥ (F) FWARIE

e Aol 19999 9¥~20021 8¢ SHdiEtw

2002 99~2003d 8% TSyt
(&

|

Z3,

Z34e, 2003¥ 9€~2004 7Y (F)ofo
AIZE JfdolAl 2004\ 9E~A g oiAtTstaL
B gejujtolzishl Kad
PAJEok=  Multimedia Storage
Embedded System, Multimedia Operating System%!.

oX _L\: kI

System, Multimedia

64

d+H
19779 39~19824 29 Aletsta A
AbEAsk Y £9. 19821 39~19834

89 WIS A A 2

“3’ . 19834 9U~1992d 29 st
“ N )

19894 28~19921 29 () FUAFE FAATLR).

19924 39~1997d 29 (5) APWFE AL

).

20019 99~BA] Selxifetm Huuahn

1997\ 39~2001 89 AZT|sta ALE|TT} 05
Hefm|t]ofat

e s, /2 denjyo] &8, o
A=, User Interface?



