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Development of a pen-based note-taking system for people with acquired visual disabilities

Abstract  This study is intended to produce a learning support system for middle-aged people and elderly
people with acquired visual disabilities. Our investigation results related to learning tools show that the use of
Braille and PCs has decreased in classes at our institution. The primary reason is that finger-reading is difficult for
people with acquired visual disabilities. Secondly, the Japanese kanji transfer system is an obstacle to keyboard
operation of a PC during classes. We propose a pen-based note-taking system, designated as the ‘Pen-Talker’ on
ultra mobile PCs for blind people. A novice user with an acquired visual disability is able to input Japanese
characters using the proposed system without much training. The system can recognize 3,126 characters including
JIS Level 1 characters. This paper describes the system design concept of the pen-based note-taking system. We
also investigate a higher recognition engine based on a fusion of an on-line and off-line recognition algorithm, and
a voice assistance function for users. Screen information of a display is given to the user via a built-in screen
reader in the system. Our present prototype model is useful as a note pad function using a simple button operation.
By applying this additional improvement method, the recognition accuracy increased to 93.7% for 20 subjects.
This is a much higher accuracy score than those achieved using previous recognition systems. We also received
user evaluations describing satisfaction and the quality of life impact of ‘Pen-Talker’. These results suggest the

benefits of practical use of the proposed system.
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2 RFA A=V OFE~ y F U TICESINEAF T T A
VR L, BEEOHERE N v F T EDSWe A
VA VR EFR LA T Y v RESUTREAE
USl 2z THABDORBH#HT VTV XL L Lz, wHe
RAWREDP R D OBEMEEBILTCE VA, BXF
DRBERIL, EROBERLDIBOF Y TA U BHE A
HETFER 77.1% TH o 1= Dx LY, AR 0O
L, 93.3%ICAE L TWB@1 Eicssd). Zhik, K2
WWRLEL I, 7574 VEBOEANIL Y EEEN
WX HERREBN CELHRPRENLEEZLND.

)

| b

Stroke
Segment

INNRE]

A

I
T T

(%;

. Bitmap

K2 A7 74 Ay T4 UBBO2EEBPRE SIT
pEE
Fig.2 Integration of Off-line and On-line character

recognition
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3. “Pen-Talker” MDEAKERE

31 LRFLER

310, BIEL7 “Pen-Talker” MR ¥ LEEHRT.

ARURT ML, RUASIPEREREZ T Ly b PC DO
TbhbAhBOT AL NT - E N AN PC(UM-PC)CPU:
VIAC7-M 1.0 GHz, RAM: 512 MB, HDD: 40 GB, 800 X480
HoFAS Y —2F=H: 7 inch, ¥4 X: 228 mmX 146
mmX25.1mm, EX:880g)%, TOEEFEARANN—FT =
T ELTHWEL., Z0 UM-PC i, XEANZHIET 5
AV BT x— AEE, RTAETEROTFHNEITO -
DDAZ Y — =&, FEEANLFORHE =D
ZRLAL., FERENFIALRTWRY VEBEEE LT
BREHZ LT, “Pen-Talker” O/ vt ¥ A BRI,

Page Down

Pen-Tablet Area

Speaker

X3 “Pen-Talker’® =< KR % ELE

Fig.3 Command button arrangement of the “Pen-Talker”

FEEANCLELRERBEDE, BEHFOBRE XV
IR E U ERIRATD 2L, ~URXHD
e -HR&Z]), [ETFER-I—Yr%—], [PageUp
/Page Down % —], [Enter ¥—] % AS#fED =< F
RELELTWD, EEL, ~UAHAD [ERZ 11
UM-PC DAZA TR O F LR UERA %
RTWHDT, ERIET HEENR o< FEER,
L LT EREV] OARERNDE. INbHICE-T,
NUTHRICEARFLZE{EBHEHT PC BHIEXTFEANT
DT ENTRETHD. RARINZHEERICEK, A7V
— Y —F LIRS Em B LT Y 7 NEFIB LT,
XEERBFOERITIIRT 7 A VEFHEET—FO A==
—Res EITHREEER A E LTV 3.

3.2 XFALBREE

“Pen-Talker” % FAV Nz UFASNER DTN 2R 4 127
T KEOEMUY A FEHEBREAS v FERTA KE
WD EAREOBRFEN ONREIZAZRY, LESLITBHEY
AT APEBOICER L, XFANFELREL 2D (K
41),2) . =—FL, UFRARN (R7 Y — U EEmk
) 1 XXFETL (W4 3), FEAASARVOERDS
e RARO AR V] #1 1 XFOKGY 48
&) (R4@). ZOBY AT A THRIUERIRLIE N ET

91

Sh, BE—EEXFEIEEAICEREIND & R
ECHALETONE (K45). Fir T shi-Emscs
NEMXFTHIUE, a2 —PIIET TROXFDOASE
E~BITTSH. b LEIBEEIHNSNHGAE, &\
REMZHB [FH—YAF—] LT, kiE@EE

Y EFTHA LT 2 (R 46). Z OBERUFIIRERE
10 EMHE THEL TV AR, (RICEMBTFNMERTICE
FRTWRITE, [Eb—Ydx—] 2+, —30F
HIBRAS TG, £z [Ah—YA%x—] 2#f3L, =
nif)\jju‘:—»ia% (728 B3geA ) THA LTS

EEa BITHEE BETENRD. T2 T, [Enter ¥
~]%W?kf&ﬁjhﬁbhé.%?,tﬁ@@ﬁ%
MYVIETZ L CXELRERTS.

K AT 2T, WAL, FARE QN BHIEA S
ERFRETH D, 7z, B0 & BY 3216 XFELR
BT DD, —BOLEIXERAMERTES.

3.3 A-a—HEE

“Pen-Talker” TIE, XEEFHEOY 7 A = o —lie%
FoTwa., Em/AARNVOLRICH D [Page Down F—]
EHTILICEY, BRETIRY T A= a—RNEREN
5. ZDA=a—{ZiE, XEERED (77 A4 VIRE,
[BEFXET 7 A NVOFGAR), THHUERL, VAT A
Ty REPRAEENTWS., 2—PX [ETH—Yr
X—] CHELZBIRL, AFRF V] THRETS. v
T AT LIAME, [Page UP —] 242 Licky,
XFEANE—R~ED. £z, (77 A MR BT
77 AN, LEORYIO § LF L RO B B E N
ZTXFHE BRI E L CREL, TBEEXEY »
ANDFEIAH] T, 77 ANBGO—BRERENDID
T, [ETH =12V TEREMCIVEY T
7ANERRL, [ARF 12/ L CREXENRT
HIAEN, BRI CENROF R A LT MTbhs.

4. FR{mSRER

4.1 1 XFEETOERMLERIC & S5LMHER

RAELT “Pen-Talker” 7' w1 k¥ A 7 HAWWT, #t
VEME & SRR DR ERR & K+ 5.
411  EBRFE
) gBRE

WHREIL, BV ~OBEENLIEFICRKR L 84 (B
ek, E24) L. £ERTRERBES T,
FEHJERL 48.846.9 BR(38~57 %), MBIEARLMIE 14,
FERFVEABIEAE S £ CORKRBEZETSH. BAiZ o~
0.4 LI, HEFIT 0, BB, BBRERETHD. 5
ZIIAFENC B IEERBR L TRBY, 2 b 44138F
TRROEERLIERTS. 4 LITPCIELZIT, 140
HERZ, 3 AREEHERLTCWD. FEBOEST
BT, RFEN 14, RESSHA U RER4L, K

135%°
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power
Switch

(1) Power On

(This will automatically go to input mode) stylus pen

(2) Character input mode

FERENRILTHD. £, TAPGEEBREFEHLT
W5, UM-PCIZLEBDFEEANICENNOTTHD.
(2) Fex

SMEAOY e LT, BEBBORTOERL 2
S TV EEEXFTNEL EEN 5 —RFRIIEND,
MRS \THIE LTSI TFIC ST 5R%E 6 XXf, 112 XF
Fl#HE L. XL TOEBY ThHo.
AZBTBREVELLTFET

B I b IHRELFEIVETLIBBENLET
C BEEATBBIZLOZTHEFRBEVCHR L ETFET

D REZVLEBIILIA LI BEZLIEENVEY
EHlADoEN/HIALEIICRVELL

F B LICHKOEREE->TEVET

WHREL, FEEANVERRY VEBECZONTO
HEHEST, SERE LTERERTEALTZ1 X
MxE-oTANTD. Z0O%, 6 XBDODASETY, £
DEFTANT —Z ZHBRTH. Fesr FIE LT 1ETT
W, 2 BRI, HREOCETLHECADERNSL, ER
ERB T ETHZEETH. ANE—A2E, &
HEIZITY. MBEICEIEROBE L ERNAITONT
HAL, ABEE2ELLETERETOIZLETS.
412 FHEERERLEE
Q) FEASITFEK

# 112, “Pen-Talker” % AVTESMAMN HAFELEA
FULTEED 1 5% 72 ) OFHASLFEERT. 1 H
BORITTIE, BATH I8 /4, B/INTR 10547, 2
BB ORITTI, BARTH 21 /4, B/NTH 13 /4
FCATERRREL Ro TR I EBF05. 0T,
EEGL LTRSS L EDEERTHEEDI, ¥y
FEA AL BF—R—FAD LT B L, 2
DBNR—ZTIEH BB (1 30FYE Y OFHA SR
13K 4 5, RIS 200 S URD), NUBMERAR
H BEOBNIZ L 2T, XFOANFHEOR LITHRF

39%36

(3) Write a single character using

(4) Press the top right button to start
search

B4 BEDT 4 27 LA &XFASOFIEF
Fig. 4 How to use the “Pen-Talker”

(92)
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The first
Candidate

Listof -
candidate
characters

(5) A voice announcement will be
made for each selected character

(6) Use the up and down cursors to
select the appropriate character

TEDLEZDND.

#1 15@H 7Y OFEHIFANEK
Table 1 Comparison of the average number of inputted

characters per minute

B /9
8Z DEHIE 13.2 16.0 14.6
=AIE 17.8 20.5 19.2
=/ME 9.6 12.8 11.2
Q) XFREE

SEDOANERICE T 2 XFRBMEELR2ITRT. ¥
BRI, B 1EHT3.3%, BIREFETED
7o RFEERRRIT 984% CTH 5. FRBISUT, EEECT
THDHFRE D EDDEENE (112 XFF 81 UF,
72.3%), XUEOREOEMIZIBARLA ba—r R
ZERMAREELEICT LTS, "7V v FEE#HT
UVUIIREBEEZ R LI TS,

BERIOEANZLY, BBRAERORT v 7HITH 3
fEITHEM U7z, F£7, SUFEFHEMIFE S, BEMFHETIX
FUEZVR50 2 UBPNDHORFRERTIEK200I Y
BICEMLE, LL, ThHIEXFANERSEFSH
FIEER R SIS ER T A HE T, SERLERIC
& B MEEEFR O AR ER EREL VR Th o,

—7, EBRKTH, $HRENLIXEFTD 4] BAK
&0 7] Ligy, VrRE&D [A) B3F0 3] LR
Bmaha bwvol, BIRBELIL T TERTIRHEI L
WL WFIRET R RLEOMBEN R EN TN,
i, ME] TE W e—XF T EmEHToTR
< TMEFEM] LEREAN L TTEHIFESIRHET LV
HEBCXEEMN COANERLETIERRS o,
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2 TR OMR

Table 2 Character recognition accuracy experiment results

97.3 )
973|984

4.2 RYTELEOBAIC & HEHERER

4.1 #iCi, 1 XFHM TORBOER TEREZITV,
RMABEIL 933%ICETHETE . L, 1X7H
L CTORMMIER T, BEFo [H), TH), T#E)] 2L
I, FEEREALE O LT e B TERIBALAE DB 72 ¥
WL, 2ok, FHOREER CHEA SN E 2
DIFICH L TEORIBRICL D XFOBBRERTEL L
TBE, ERANCLVERINCAT ENERHIFED
THENICH L THIZOEBRSELZFIA LT, HUo%
DINIFEFELWITE LTHBRRIRT 5580 5TEL
HEEALY SR AN ORREE LB et m Xy
L. 5EIE, RIBEOXFOFET2&ER/D
bi-gram FE¥ %, MEEEZBE L TEALTWS.
K50, TRERT) EANTH0% MR 8o
ANLIHTHS. 1 XFEMOBRERTIX 2 XFH
ORBEME 1ML LT IR (FRA) BER->TVD
B, BYUFNERBIZEVEEE SO TR BXFOE
BRHREL LTEWED, UFFHERE LT MEXH) 2
ELSHAZSRTWAZ LB 5. O ITEARE
ZIBMNEA L7z “Pen-Talker” 7w M ¥ A F&FHNWT,
HBENE & SRR B ORI =B 2 B M LTz,

5 MY ETIEAHE
Fig. 5 Error correction method

421  ERF®E
Q) HEE

WEHREY, BY A AEEENDERITER L 2048
174, KiE3A)E Lz, £BNPRREEEEST,
EHEHRIT 49.6719.1 BR(34~63 %), MEAIZEMAE 9
&, BEIRIRMEMEIBUE 6 472 COIRRBEFT S, H01X

0~1.0 LI, TEFIX 0, 1HEFIRZE, WIEREER L ThH B,
1 ZAIIAFTRNC B FEZRBRLTWA. 12412 PC
MHETTRY, BEROFERZEIIVRVA, § 4058
BEHCERA LTS, 3 AR RTREFEHAL, 5
ZITERE R FEDRV. 7 AT TRROEREER
THEN, BREET 7 TR BAIBETERELHS
25, 9B 141, BLBEVENEORLE LN TEARY,
) Fhee

FMEAOY L, 41 BiERIUTHD. R
WEERE DGR LT XEEME Lo TANL, T0%E
RANT—2E2BRTD. ANE—A2E, BHEBIT
5. BL, SEE1XFANT LI [ARZ ] it
D, BEHEEENTRETH ALY, | XFED LITERTT
ZH W, EBREFOTA LFICHHT LT 1 X ERE
ELEET BE (FR7V] 2+2sed5. A
ASNIfBx OILFICKTT D 20 OFEHICFTEYETE
WEEITV, BRLETOEDOBROEFFIEROE 1%
EFEHALETTALIIC L. B, FERICELT
1%, BXBEEE) ALY F—va b —GEEES
BEBEBICESE, ERo BN OEABROMETE T,
BEBRE~DA T —b R arty NE{ToTz.
422  FHEEBRERLER
@) EHASICFE

R3IZ, 10EHELYOEHANFHERT. 1E
BOBIT T, BRTH 27T T4, RATHTESTH
STeDITR LT, 2 BB ORIT T, &ATH 35 /4,
B/ 14 T E TATIRRIREL Lo THWB Z L2145
5. 2 BITOFEENL 19.1 F/45 T, EXFEANOH 1.3
EHM U7 (1 30FYU 70 OEHASRRIIRN I®). A
HDBD ERE V] BERDR ootz b, XF
DEFBETLN LB Rhotclzd bELZ NS,

SENE, 1 XETRTADLThLEAEZHET LI
L., RUBEOBEIC X » TXFDASEEN A LT
BT TR, RE ARBEOEIL & EMSTFH O E
BEANE, BlCR@EERmETS EEL LN, B
FLOBIRPER STz

#£3 145N OFELFASEK

Table 3 Comparison of the average number of inputted

characters per minute

B F/ 5

202 D EH{E 17.6 20.5 19.1

= AE 26.7 34.6 30.7

w=/ME 7.2 13.9 10.6

(2) XFFHB=E
SEIDOASERICBIT A UFREELE 4 1277, 1
B B ORI 93.5% T, 2 BB IT 94.0%, 2 3

13995
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TOESIL 93.7% ThoTz. 1 LTEMNOFEHEOSE 1
P 93.3% 72D LThTambEe s, LaL,
AEBRERIICEMNDANTORBRETHH I LMD,
FEMICITR VT ELABIC I APENRENVEEILLN
5. MfCHET S L, 93.7%OREEEL, 12 XF0
BISCE ASI LT B, T~8 IFRED AN I AR TFHRIN
D0, XEOAREMIITTRELEZDNS.

FiRoE By, EEROBRESGEICISWT, PCOF—A
FITEBAELRITVRD & DEFRAL R U Y SUERRIZE
ST, “Pen-Talker” OfEAEERBELIES, X
FHEDE L COIUTETRA R U Y SCOVERI LRI
BIATH LR TED. £, RVEEBELRBLOA
ALV, IFANBEICEFL, BERCANIFE
EECHRALLANOEETA2ERENEANEEZON
5. ATBEEICOWTH, AL TELDEIAD
AN, —RORFIBEOELEEN 1 oA 35.6 3
FUILELNTWDZ EMLHEET B L, FEMEE
ORHEZR L COMNELREOERE CAIRTETH
HEELD., NUBERRY VEBEOENC Lo T,
XFEOANEEDOR LIZEICHFTEDLELLND.

R4 UFRHBOMR

Table 4 Character recognition accuracy experiment

results

20% D FEHE 93.5 94.0 93.7
BXI{El  100.0 100.0 100.0
=/ME 82.8 85.5 84.1

5.  “Pen-Talker” OFAIZET 5 LENFTHEDAE

51 DERXFEOLESE

BHER R, XBOBE THAFCED 35S,
BEERD EFTOFMBBIIFIAINRLS BT RS
V. “Pen-Talker” % EREOFEEFHE T L Y IRAITFHIA
AL TBHEDICIE, WHRD=—XRHRFITIEZ T
K REPOEREBILPEETHS. o, BEHK
FHRBRUANOEE CHAOFREMER B 5 DDNT-OWTH
528%, RSERDOEHEZHED ETURETHD.

ZZ T, BAAE L BEEY—EROE ORISR EITH
VB IEAEF B R EE A m— VS 2 F(QUEST 2.0: Quebec
User Evaluation of Satisfaction) &, f@iL#aR%HERHL T
B A0 QOL i) HEALERR DA 37 FERET S
EALE R O EERE A 7 — LV (PIADS: Psychosocial Impact
of Assistive Devices Scale)®, W\ W3 v B ARERZ AT,
1) “Pen-Talker” (2% 3 A/ EEFE &, 2) “Pen-Talker”
PRIATSZ LI XD LEANSREAET 5.

39?38

(94

51.  QUEST 2.0 & PIADS

QUEST 2.0 /3 Demers 5238835 L, H# EHB8AAE
ROBEHELZIT- 722U, B 11X 12 HELORLY, 8
BEEHORERT L, 4 BEOV—EARFILERESL
5. T M1 @<mELTWARY, 2 bEOERE
LTWin), 13 ©0mEL TS, 4 MELTY
5] 05 EFICHBLTVWS] £TO 5 HIETITY. 5
SUAOFHEOSRET, =AY M ERRT 5. BRI 213,
ERM1ODREEOFNLELEELEZ 5 3HE 2RR
TELDOTHSD.

PIADS iI Jutai H25B8% LB, #H E5H 28 AARFEROE
WbET-72 FREDN, TOBMAERZFERTHZ
LTHENED X B L2 i HMET 5. T8E4: &
EOKEBEELZIES TEDIRE2EHIDLRKY, &
HRIX-3(EEA 7 MEARHB A maximum negative
impact)2> 5, +3(EHEA /N7 FEKEA: maximum
positive impact)E TD 7 HETHEAMELEND. FRD 0
i, A vy Mel, UIHEREEZER L TLRAZF M
DLBIPHRBBONRN-T2Z LR T. Bohi-E
BIE, QOL OEERMEE %K T Competence(Zh /1% &
ADB R REENIE, B, BEITE2EIM5),
Adaptability(FERRAYBE IS ME: FERIZBML L 5 &2y, B
FloTRoTH LD ETHEASLEF = a3 riidn
), Self-esteem( BB BIE, BOEE, HENHEY
1AM BYD 3 DDY TRy — BRI SR B P
512  HAFRMGONFE
1) FHEE

RAFHmIL, AFRICFAEEEEHY ~"EHEE 440D
bk 14, FHER 493143 5%), Y CHEEREE
FTBALRERR B OMENIC £ AR E =& —54(D bictk
14, FHFER 408126 R)EFHE LTITo7. M8
ToX—-OFREMIT, BER, K, BH, REOFRT
H5. HMEELENFEREEEE CHY, WMEAERE
PERE, RRNEE, HARERL CEEORREEELZALT
WA, /A, 0.1 014 %RITIZE2E 0~003 LT Th
5. PCHERAZEITEEE1L LATE=F—D34TH 5.
) Fhe

Ak L, FHMOFTMES L ITERITERR, £F
5 1 RRIRE “Pen-Talker” DOBEFIEDOT % 5IT,
EEICCFANERT. FALOBESEHREL, BiE
v ZaTVOBTFHREFERREZRY, 1 » BAOREA
T5. MERfEEEN, REFEMCEY T 2R AFICERE
L CTHRERFERmEDO L, EROBH LTS . BEAE
I3, BEREZABSOXERBRIIBEH I TV RWE:
THREOL, BERELJIIBERTORAZITY. IR
BEZ, ASTRFEGR, B, BERKEFRGRRY, £
BLtoeToEFELE L, RALA 10 =< BHR01 27 45
MNRETS. BERTIE, REIZ7ANERI T
— X CHERL, /— e LTOEAZRD. 4 £13%E



PRERBEEEONFANEXETHFEEANFANYRT L “Pen-Talker” DEAF LT

BRERIIETLELTANTRELT, RVATLAORMICK
RV EOFEIEC RN EEERLTNS. AT
=R, BEOKBE CRAT S, BiE Lo
RROREENFBE LGS, EHIEREITY. 1 » A
%, IHMEF IR EBSE-HFOREOT T, EE50RE
L7z QUEST 2.0 & PIADS IC[E&THZ L & T5.

5.2 BHHEEHRLIER
5.2.1 “Pen-Talker” (234 5 EEE

B 6 1X QUEST2.0 B ARFEREOERM 1 123 A R ERTE
IR THD. EREEDI L, KEIMLEPHEET
OREA a7 ORI 3.0212.8, AFHE»LT 74
— P —ERETOY—ERRaT OEHL 45408 85T
bole. Y—ERRaT7TORRIE, BHEELIIT=HF
—TREREIT RS, ELFLOZERRBOBREEZD
No57w, SEOER»ORITS.
RAEAa7D5%, UM-PC % Tk&EW), TEW) &7
DEHEA, TRENE2ETES 2.61.0 52, 24+12 &
Thote. FTo, MEWLT X (3.021.4 &), [EV D
2.9%+0.8 /), B 2.6£1.1 R)BMOERICHERT
RV,

HEE LSNBE = F — T B8, L bic TR&E &)
& TEX, MEWOH & TEEME ox4 25
FEEB LTV, MENRT &) 1, tRECRKR, M
FE DR DZEN
NEE=F— L0, BEEOHFNMENLTWVWEFTMHLT
W3, ==Xt ABROBODPIHMESDOEZORB oL
bbb, B, MEE=F—5 4055 3 413 PC
FERETHY, HEEBEPHFEOE LTIz —
a VREPHEL LTS, a4y bk, 1) RS
MRER &  OBLE | 72 & UM-PC IZHd 5 R, 2)3XF
ASIs> TRAFRRE) TRAEME] ~DOARZR, 3)iREMEEDR
FHE~OEER, v/ FRERE LTETFORE. XF
ANDEEZE XY b, PCAREOBIEMEICRABRE» N
LEZbND. Lnnl, BEELFEEXASNODRITE
BLTWDHO0, (REBIBICHT 2 H/FIEI- 7

QUESTHHRO7

~
Y—EXRTF

X6 IEAELHEE=F —DORBEDLE
Fig. 6 Satisfaction of Riryo students and other selected users

B Th o I (RIRRE  1(7)=2.39, p< .05).

(95)

X7 1%, QUEST2.0 AAFEMOERM 2 RIZEDHEES:
Fht. BuBEEOR I OWTIE, ENeT &, IfF
VOGHE L, TEZME DIBICEE L & 2 SRS,

BEH(A)

7

FmENEEELE XD 3HHE
Fig. 7 Three variables which users thought important

52.2 “Pen-Talker” RA#OLEAZHE
PIADS DfE R % K 817R Lz, 3HliH A~D i3 #4,
E~LIISMBE=4—ThH Y, BEGIIPCHERAETHS.
2EBRERE LT, £V TRAF— L EHR T
N2REFEAT, WEBNEMICELE V. BERLD
VAT ATHDEPFMERICEE L ALNRE LD,
“Pen-Talker” DE FIZ X B LEAOSIRARER S,
I o= —Ta UROEEICET AR O TR ER T
IZHARTHEIZE VW PIADS X a7 Ro X, ICgh L
BEROVTAr— NV THEETHDH &SN TNHRE
SEIORERER»O S, PHBPEANTEVERI R
Ehiz. Bz, BEAEICBOTIZ44F 34 TRELE D
HETH oz, “Pen-Talker”d, EFATEIZSLEL T A
ETHNERET DY L ERBDLENTNEZ L ERT
RERTHY, FHEEREODOFEEXICL o THEICE
ANTEB/MEELRELOEEZLND. LL,
SEORERNPOIY, BEEOCHEANTET=F 12 HY
BABE LT, FEHEmMCB W CITERITE & BB
EF LW ERbhol AR BECREBBETHS.
WIT, BB IR B O OE % R IE
MAFERINE., ERATEIC X > TH OB
WBMLTWD, D2WVEBNLEY ET5EHEPER
TERREBZLND.
SERE=F—D I b, EiX2080 70/ F~—Th 1,
ZhhEk, FERRASESME, BEROVWThOY T2 r—n
b A TRFEMThH oo, FICEMEREER SR oW
RYOBEPEEROES(—13 &, —1L BPLEZERT
B, B/ME-NCEM LT, £, HE LITRBTHY,
FNEFNBRAAFMEEIT 728, FFEOaIa=pr—
Ta rFREE LT “Pen-Talker NEH S iz, 1 AEI(E
WMEOEREFEEANL HIEHERELTE O E,
NEZHET I L VI ENFETo TV, 1 Vb
DEEEIEN, RFETEELRT LY, BTAEICH

138%7
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EFELTWE, RTHD I CBERLEFREEETE
FRERRSHBREEDEEEZLNA3 A, 1 Bl
~ERUD. HKNE3).

=3)

PIADS AP (max

HEmE

8 PIADS 7 A7 —/\DAAT
Fig. 8 PIADS scale score

6. FLH

AHETIE, FEEANFROIXFEANVRAT &
“Pen-Talker” DERFREF NI T v & A T2V
fIZOWTHE LT-. “Pen-Talker” 1%, T - BB T®R
WEEEEZD ) — b - TAX I 2XETH—FHELL
THRLEVRATFLATHS.

SRIMELZ “Pen-Talker” D7 v b ¥ AT, FIHTHE
AT 2EFTho CHEBERBMPATHAT S Z AT,
EFIGEETERLCH 1 054720 FH4PERETA
FMTEBRRBLER. T, ERERLBVTEL
BOMAZLY, 13054k EY 3 PERETIFEAN
BT, FHICFRHIT 3. %DBERE LN, AHRT
2B iE, FHHEICIB T 28 RECEBAE D &
E0, PREREEEOBENRNEBRELIEEL Y
MR R Sz, FEUSNOARE, HEOFE CTORE
Aizon<ix, FIAE~OHESICET e, AR
HOPRIENER~DROTHD 2 EBbhol.

SHOPE L LTIL, “Pen-Talker” %#3E¥ET 5 PC D
BE, EEEonL, WEBEORYES, Wi - BE
EFAZORBLZITOND. RPFFETIE, RELE
“Pen-Talker” B KDF i % h AR EEE 5T 5 ER
WRRABICE > TTo7. LA L, BlzIidEEEEIC
BOTHRFERCET, PC COXFANCHELZHTHEI
T AERVAT AOFENEEFIET H7D12i, HEERE
FRMBERICB T 388 OXFEATTRROEE, EEA
RS TIER R CTOMNE, AV AT LADEANZL ST,
{73, POREREIND DN EOBRIINLBER
MELEZ LS.

INET, HHOELEER/F R FRRRES
FicL > T, EESCEEOEFEMIIBVTFEETA
TR/ — MR ERD Z L ICHT B EIFRIIRV. HEEOE
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