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I. FL®IC

1. RAERHEFRADT I RIVFKIE

AN RS X FRI04E 6 H25H IS, [BEOH LT
HASOEE LORMEORE 2 KR X &2 LB H
HERDOHEND L EF, HEREOEL LT —HICE
W, RS OHFAREIRZ TEORNEZRREL
LEMNEHETH I EM 2 HEHTAZENTEL L
ETLEOHBEEETLIDIOTH L] Lo lzNE
robEMER Lz, COBANCE Y, FEEHTY
VERE (LT, FY7VERE) Z2EECILE
HEDERD 72D THNTETORETHIT L LA
WHEE o7

TV NVEREIEAR L & s et E L H—-oN
BEBEBTLTAHILENFETHLH, ALY, &
HREFREFTTVI VRS TRROEED D> T

NP INB SR 2 v
A BRERFER AN M SFENIERH BHREER
T AR

%, BEIZLZ¥E LORELIKKT 27200775
VEREOE T L LCEFEICL b5A LT E,
ZNHRET 20N A T4 PRRDBDITONE, D
454+ - Gk LIFHEREIX, IV F A5 1 7 DAISY
(Digital Accessible Information System, Fr, 74
V=) THLRHENTWLEERETH D, FFlcF 1 AL
7 27 (dyslexia) OIRFED VAT A HED A O K%
T 28R L TR STWD KN - W - 3
H, 2008; 4x#% - Ly - Wi - BF - R - Fig
20107 &) o ARRFFETIL MBEE 2 THT 5 50 (K
BEAEM), TYINVEREELERT LM (FER
). FYINVEREENTA T - A LT TR
ALiFsd, BRAFHHIERLZVENE (Filsk
) OHAFRBERPFHEANT + =< YV AILE 2 55
BEYIONIT D, TOBE SAORMESOEE W
IBMBERORIZER T 50 BAXT =<V A
1. IREREE) NS — TR ON D, SRR & AR ]
BICEHT 5,
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2. BRADEOIRKES

A OB, HRERGES XY — X 1 EANCE - T
Hwa ANT 24EE (fixation) &. KOEWY F TR
W< ¥ v 7 — F (saccade) 240 BN b, B
FHE SR 0. IEGEF OB L ZIT TEHRI NS
A% (Vitu, McConkie, Kerr, and O'Regan, 2001). #i
He ) & IREREB O DR T M I A L3 51220
Ty BEYy r—F2 LR X045l L, &
WML D@, FRMBUT L VDR LB LR
RENTWD (Lefton, Nagle, Johnson, & Fisher, 1979;
Rayner, 1998)c 2 F 0. @i AD A F IV E VAT
TR R O R, BRI BRSNS, 20
HRERET) S 5 — > DRFBUIF AW EE D B B FEATFD
FADIFE A RTHEE R D D 50725 ) ho FisH
WD EiE L FANEED D 5 FiHE L O CIREES)
WY — R LIZET A, BiAAF IV ARG L 72K
RETIEMETMICAEEZIZA SN v (Rayner, 1985)
A FAEERGH L a, AR D B HEOEE
B OILR., EHBEEOMMN. v 7 — FROMGHLS
AOENDL I EDPRENTWS (Biscaldi, Gezeck, &
Stuhr, 1998; Elterman, Daroff, & Bornstein, 1980;
Hutzler & Wimmer, 2004) . &4 7 & w5
T LR R L72YE, it s 2 & T,
HREREE) S 5 — 23 B 5t A T RBEH DR RS
NEZEPRETES, KNS (2008) 1ZHF#4D 1
HOERDOEEOHRHEEINVF AT 4 TFA V=T
R LT, EFEOMEDIEEENM L L2 & %23
EL7Z. /%5 (2010) BNV FATATTAV—%
Hwvb 2 & TREDOBARIIN LIZO%H 5 2 & 2R
L7z, ZO—20He LT, BREAFHIIL, FAH
WEED D B/NFE5ED 1 4D NEDIREKET) S5 — >~
Wi ARED L VRO Y -V EFHP LTS T L
R L7z TNLDEATHIRIZERMETH 5720,
AT E B HRLEERR ] L CEi s N O SR & W &
MICTRHEIAETICEE S TRV, Tz, 154E,
1%B0OWETH D, £ 2 TR TIIFEEZ/NE 34
25 6 EICHR L. WTEEZ BR ) B A i AR o )2
WA RICIRERER Ny — V2 T 52 L 2§ 5,

3. FAHEEEOFTMH

FAMEEL, DSM-5TIE, MRS EERREMES
F % (Specific Learning Disorder) ®H d [FFE
OFEEZES | Lwv) FTAEBRICHEEMN TS TY
b0 ZOWBMOFEIZ, FFEOIEMRS, HFEORE S
7M. HiM ) TH S (American Psychiatric

Association, 2013). HAE N Tl STRAW-R THi A
W Z W22 LEATbhbZ b H b, KT
A O R ZICR T 5 720120 BINBAVNEET
HBHILEEE L. ZMEOAMPS R VFTIETH S,
frfEdt#e (FRdE, 2010) 2 W CiADO R ORI L
L7z

4. Rt B

SEIEORKER Y — Db, FAAFLVER
Weg ZREE & 2 HAERRER, SR EBUCER L. M
BEEF Iy VR EEREDBEO. RAREOH 2R
HELVIEEOHME L LTS, MEHEMSE 7
Faktt. T et oREAFRERICB W TRAR
s (o] WEE (5] BREOHREKER) S5 —
PHET 5. METEMTREANED [H5 ] WiE
AR, EFREML L 015l 7
P LM TREDEIINSLSBLIEIEETE S,
F 70, BAEME LTHW R ERZEO R 5T
LR OB ATH o W FEE TR E XL L2
B IS 5 & G E L2 B I A5 o N BEBE 7
MREREB S5 — V252 BN EL b 2 LW%E
Z o, IREREE Y — > O—D>DHIR %155 W Hgtk
25,

NSO ENDL, FFIE, NEIENS 6FED
WHE AR, METEM. TEREME T &
DA I RN G A R D LK ASRER BB ¥ 5 — V12
Bz 25, - NEEOEFRHN G N EEO ER A
MREREEY S5 — 52 5 BEHLPICTEHI LR
HiE 3%,

0. A&
1. WiZEEHE

AR TEmEN - TR SN - MBI 2 R
L. st WA % #%0E L7z 1 EROBEREHETH
%o TEEERIL TR, EREBTH o7

2. HiRE - KERBMNE

202347 A H10H o WIH THENE S Lize Sh#E T
F I UL BHERIIE U TH LRAALNASENDS 6
FD/NFHETH > T2,

3. B8

EFE R CEBEOROHBRHEF 2137V 7 Vb EE
PAFEME LTV, Biahid, MEREE S5
TAME TGN, TYINEREEGHT LT E S



ME TV VEREG

fbe FTUINEREDONA T4 M E&EFGAH LT T
BEE B OBRET 2 T L& CTh o120 BLA TR,
ZOWEIZHT % 3 20HMETV. WHEEZRD 7,
EEOBRE CRE TSI, TEIRSEMN TH AN
ZHEML 72t FEEEOHEFEIZB W TOMETRMA
TEBEN THEEMGEZERL 2, B0k L EF
DI, HHMEE M THEL, &b 5085 ATG
DRFholeriBET S L) RDI, B0k, H
gL, B CEEEOM CHEATAOBE LA
TYE—=INTG VARE SNz,

4. ¥&

TV EOVERFEI Pad % 9 ALY (WY A X
10.2inch, 2160 x 1,620pixel, f#{&E264ppi) THR
SNTze RO EITITHEMRETHEEE Tobii Glass 3
(Tobii 77 /7 0 ¥ —##) ZfFH L7 o7~
7L — MiZ120Hz TRegkL7zo 7 — & OfFHrid Tobii

R D IRERE B D78

pro lab # H\»T4T - 7z, Tobii Glass 3iZ X # %k ¥ A
TOMMETHEBETH 5720, WROD LW, HARE
SHFCHBMERT A2 LDTE, SR L) HKE
Y7Ly M EOERHFEM EHOBEOBMRE R
HOIHL T2 BINF & GAHFEM OHEEI SN
PFEEMELTR=—VE2ENLREL L. #hR40~
50em BETH D, 30cm 2 THET H2SMHE
Wirhrolze FEEREAT o 72HE IZAOEANER E R It
fT2ERITLZIRETH Y. 2E O HEOWREE L
#1,07851x (SD =144.21x) TH - 72

5. Fli#

AL, BN RE BRSO EE R CERED
UMETH o720 FVTNVEBEIRBFEOEEE
Y 7 IVERE + #b & 7z R E V725
% Table 1IZ/R L7720

Table 1 FEAFRM

AR | BB R Y TR 64 ZRIPSE SO w2 St
6 PIEEE 99 104 |F=mifil 100 101 | #EHE
106 109 |AAZ, BhLWE ] 107 108 | &
137 141 |k 95 22, BHE~ 138 140 | Tt
= 190 195 [ X574 7 & At 191 192 | #EH
240 246 &, HRilEZTIILWI E 241 244 | THH
276 281 FFfID & ) TR EL 277 278 | Tk
5 PR 102 107 |79 vaghe¥¥rn 103 104 | #EE
116 119 (W2 VDL 117 118 | 7t
120 123 |2 —=WV - KFT4T 121 122 | 7t
L& 162 170 (R gz L 163 164 | #EH
138 145 |EAHEIHZTChB T E 139 140 | TE#
188 193 |[BEHDAAL v FEANLD 189 193 | Tk
4 | EE 128 131 (Y 72w C 128 130 | #CEE
92 9% DXLkl 093 094 | FHEH
104 107 | &M & Bk 105 106 | 7wl
I +107 113 [F ¥ FEVEHEZ 2T 109 110 | &
T044 T049 |[HFIZIEZ 21K 045 046 | T
T087 T09% |9 %EDRERIEBST 089 090 | Tl
3 PR 94 97 |HouN % 095 096 | MLEHC
100 103 [BEAEBOHTE) DViEdb A 101 102 | FEW
146 149 |EbREZoOFek 147 108 | Tl
I T042 T047 |72 %02 HKE 043 044 | MHE
T066 TO76 |Z4EE T 068 069 | T Ew@t
096 T101 |& Y D175 098 099 | Tl

(B — 2] [T R—=Y ]

O TEI3EE [Tl RTEEZRT.
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6. Fmx

Ay T7x—=AaFarter o KA - REEOT
RERELDBLPEONZREZERSNE & L,
FAAE RERO 20507 = — A CTHEBE Ei L
720 FARRAETIIAFOM XY F4A, #H77. ko
JRAT R R FE TR E ST (FdE, 2010) & Wl L7z,
771X LOGARITHMIC VISUAL ACUITY CHART
LANDLT “C" (Precision Vision %) (2 & ) Rk
40cm 2 TEFAl L 7z J& 7 1% Spot Vision Screener
(Baxter #h8¢) 12 X U §Ffli L 720 AFZBRIL Table 112
L7 HBEONE L LMt THH LD FtA L
FEIEND 35 X )KIEL 720 B % %6 L 7254,
EfEE FEfiL72. KHEBORTOEMBHIEH 7 > & —
NG UADE BENTze FiAFTRGM LA FEM OHLA
Gt Table 10 Y fg T LTz,

7. B

EBBINEZ, MEEEOHBICEY LeV [FHA
WS L] & TIHHE DL RS Lz [Ga D b B
T TOM & T 5720 —AH720 . KEATRGMH
Bz BEE2 =T, EFE2R—TVESHEE L.
HZER=TVEIF Y TNE LTHN AT o720 HR=Y
WS & RS ASEIR S TB Y. FhEh
o MTHipl & L TR L CIRBREB 25 L7z, €D
T F FIE AT RN A R B ] A A AR R
B, EROBEERERE LTOmEiTv,. K
WC, ST & X RE SRS O RIS e A IR i I &
MR E LTHtiadt- 72,

B O Tobii pro lab ® VT 7 4 V& — % 3
M U7z0 BBl MR FE 2 v, 3 K8
12 & 2P b % 17 5 72 . MTBF (max time
between fixation) #75ms. MABF (max angle between
fixation) %05 degrees s (Komogortsev, Gobert,
Jayarathna, Koh, & Gowda, 2010)). MFDP (minimum
fixation duration’ parameter) (X60ms (Radach,
Huestegge, & Reilly, 2008) & L Tl s €& L7z
EREMIE 1 R—= TV NOEKEBEM OV TH 5T
RRRER %, RIS LM E v/, 2h
Fh, 1 XR=IWTIE L7 HI E 721X RS S
WOREGES) X5 — > &G5OG & Lz, HatLsl
121, R ver. 41.0% v 72,

8. WFimIE
EN G A E NN PNy N YN R e By R SR e
HERTR A ORI 220234 7 H 12 % \F 72 (HR-

ES-001022) » ARFIEDEEH (FFEHEH) (ZE AL
BAZSENESLASANGE Y v & — DS E i 5 [RENZE
W H5E F A% 3% 22022 ] (ICRweb) % 523l L. 20234E 5
H1I9HIZHET L7,

M. #R

FEERZINE ORI % Table 21278 L7zo $177130.7(B
FFE) Y ETHho 7o HITIE -225D A5 +0.75D T
BN, FEIHiE-040D TH o 720 G DH 72 - TIE.
INFZ - AR AR NES - 6ERRPELE LT
BOHhotzo Tz, BIREHAKECBIMREHAEE O LT 7
A TR A M ERITNE S 2 EIE. o~y
YV ZmfT2 o tz720, mEICoxtge o
724 ¥ 7 VB Table 303 ) & 7% o 72 IEBMEDE
BENLG D olzlzd ) Y85 X M) v 7 P2
AT %2 47 5 726

Table 2 RKERBIMEDAH

| mAREEL | waWlED Y
3 6 3
4 6 1
5 5 1
6 2 1
it 19 6

1. XFHEBOFESDIER

A LR A E OB L IO D720
W2y AR (AR, BEE) RUEHA LR (HEinge
fr, FEBEM, Twbgm) BN, RAREED R
LA WL LB OB AR OER LM L. o
Wit B3 LB TH - 720 #iH % Fig. LR L7,
SEERRRR IO WT Y 4 v ay Y v O SRR HE
AT o TR, PEAE R ORREORGT LA TO A
FLANEED D BEL D B A LEEO IR A B
Eholz (W=280,p<.05 W=265p<.05),

B B % HEIB B U CRBE DM 24T - 724
B, HREOTFTHE LA BWCHEARED VBEL Y
AL LB CIUMEIC, WREO T ERAN CThiA
Wd B L VAR L CREE 272 (W
=454, p < .05; W =60, p <.05),

2. REHEBORGBES DGR
ST G & BRE RIS U TRt IS EET L 726 2R
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Table 3 #HREHADY > T HROHRIE

et D HRERGEB) OB 78

AR UES ZMF 6 A PR FrTINE FERRER R [k
AR X NS L 33 91.0 106.0
TH st L 41 109.0 22.0
VA A 48 L 47 132.0 124.0
X 3% T L 28 8.0 29.0
VAR % 48 L 40 55 104.0
7 L4t L 47 15.0 20.0
o=zt X e st L 25 176.0 50.0
TH st L 29 106.0 13.0
YA AR s 2L 28 138.0 102.0
B i e L 17 3.0 11.0
VARER % s =L 25 40 96.0
VAL A s L 27 130 9.0
FhA AR XE ST s HY 9 140.0 11.0
VARER % s H0 13 104.0 20.0
7wt b4 HY 14 105.0 130
B AN S HY 8 8.0 31.0
VAT % 4 H0 4.0 19.0
Tt g H 14 75 125
fote=is XE LIS Sas HY 5 2720 80
VA% e H 9 104.0 110.0
7ot 5 H 6 1215 1415
[ 3% NS 0 3 1.0 24.0
T H s H 6 8.0 142.0
7t b4t »H 6 6.0 1245
TSJ B FEREE T L
Flaws o«
2 4 —_—
%
& o--
% ¢ mes *
B f i
§ |
- a
& ———
g1 ] ! |
L 5Y o Y #L sY
HAHEE
Fig. 1 XFHEOTHEHREEOER
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EAED FEH I BT, HAREER L. »
DI O PFHERBMIAFRIET L w2 (W
=123, p < .05)o PERBZAEF A S BIEIC L THHT L7
L. F U EPEDOFH LRI B W Chi AR
L LBEHARNED VL VARIDIVHERTH -
72 (W=25p< .05

V. 8

MOHHELTHRT 250 MEHRSKHE). 7V%
NVERERZEGT LM (FEHEM) . TV VE
BE 2 EH THA LT & (TSt oth
ZIUT BT A WD )3 P39 45 8 K ]} OV
M & o 22 RERGESY S5 — 252 BB ERETL
726

Bz FHIT 2720 HEWICIRFEZFA L T 52
MFIZRELEH L 2 W TEBRIZSMLTDL H -
7oo TOOETERI ZWE L7275, 40cm DI
THNIPEFELIET T2 L9 ZEFTORESE SN
$ 40cm OBBEE TR ZWE LR Rr S b Lh
FEAT SN, EBRTORBEMERBIIAR 2 B L DIk
fldhTwnwieEz N5,

AERE L S L& Cid, PRERUERED
MWHTIZBNT, AN ED DL ) b 7% LIS
MAAEBICIEREL TWi, ZOfRIEEITI%E
(Biscaldi, Gezeck, & Stuhr, 1998; Elterman, Daroff, &
Bornstein, 1980) & —3LTHB Y. A#FFETHW 724l
R M 5 Gk D Z 24 I Ui A FR B 0 S HE D 2 4 % %
IR AMPE D, —F TUINVEREZEHR
TIEFGA LTS5 2 LT WAL O R o
BREAETIAON P22 ED 0, TV NVHFELY
FHS 52 LT D, SRR % Bk 200 5 2 0R)
RATRB S NIz FICTH LM THEESA LN
PolzZl id. N FA b - HA EIFIT XD Fs R
DB B /NFAEDIRERGEE) S 5 — > AVERISEE DO FIEIC
FBPLTE oo i (&%5, 2010) Z5CHF§
b0 Flos N FA b -EAETOIYT Y ERFIH
T 252 & THANEED B 5 A O EFE O SR D3I
SN OkNS, 2008) (&, AREFZETH SN2
BB OEFESREMICI LI o e/l E
BIRDSH 20 L\, RBIRIEHFAED 75 4
BV THARBED DEEL D b, 2 LEEOSR IR
DHEEZBY MR L 720 FERMBIEHEF TiHih L
T2 70T A MEIICE TBb AR THILERNRE R
BIBIENMETHLD, KAL (2008) AHRZITL

7oA D AR O I TR A N O BF % il X472
ONb Lk, RFETIET Y VEREICBWT
AR DA BRI RN A SN o 2o REERC
BWT, MEREL 7Y 7 VEREOMESIZ, KT
MG AHXICLTOADICH LT, FYFVIFHE
FRTHo722 b, KA XBT I IVOFIV/RE
ofaZ by MEEEEAT ORMER RO W T
IR EE) DI L. FYUSNVEREREIR-VD
KDVDOBDOT7Y) v 7BAEOARTH 722 L THo72,
Bz L, HoR O RFERBIED 72 D Fi A OMEF
HOBOBINE OB Y — AW Ko 2 TV
VT OMEDSY—CTH o7 R &, HAIZZDR
HNZEBETE 2D, AHETREOHBEZIFET 518
WFETIRHALN TRV, FFICHIREVOIX, Rl
X E A (decode) DHEBEE FICFML TV 3
DD, FIFNVHREOFFTICB VT HAREED
2B CTEARMOEREVROONE o722 LT
Hbo TNHDHIZOWTIZSHDOWIGETOMPAL
BETH b,

BRI O 350 g B & AR I BRI DT S IR
DAEED 2 TR CTHEZED RSN DIXEFED T
FUPEMETH Y. ERERICBTIZGEAREED ) B
A LEEL D QAR BN CIEHmAREED
DR LEEL DERICD B o720 EFAEOHRE
FHIN R I R EHL Wiz, BEEO X HICHEHKER
LE0b, WEZLFICE VEANS Z TRk Esh
5728, BN D B BECIIAEE I &M LER
B E P HECREE Rz20o2d Ltk v, 5
Wik, FYSNVEREOB LT EH S LT, HiAL
FOEZBE RSN LBRT 52 LA TR
HdH b, WTFNICL T, BFEDTH L5M4LA
KBV THARNEOHFEOENRRL SN h o/l b
i, Ly, MR RS L & ORI R4 0]
i, HAOHREEENG- 2 5B BI/N ST EHUR
35,

R IEiRA T REM DI RICHT L H Y~
T —ING U AR ST H, FARM LA RORIE
BREE LTz, 20720, atA i XEOAEEICS
BTHZERFTELRV, SHRIIIOHEZE LT
A VTR EZFTT 52 & 20T 52 8Ty A%
EREILLILNTE S, 72, METTINVTO
ERB O EOENTITOVTIE, S50k
FIL72WF2e%4T) 2 & T X YRR LRI %78
52 EDMECE 2, RIS, TUSNEERED Lo
REDSE AW D H 2 ADOFRAICEET 5 DHhIonT
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Comparison of Eye Movements for Reading Paper and Digital Textbooks:
Preliminary Study Focusing on Difficulty in Reading

Kazuhito UJIMA
Graduate School of Humanities and Social Sciences, Hiroshima University

Mai IMAZU

Division of Educational Sciences, Graduate School of Humanities and Social Sciences, Hiroshima University

We have studied the effects of having a reading difficulty on eye movement behaviors such as average
duration and number of fixations in three different reading conditions: AP, where participants read paper
textbooks aloud; AD, where they read digital textbooks aloud; and SD, where they read digital textbooks
silently and follow where the synthesized voice is reading with their eyes. The subjects of this study were 19
skilled readers and six poor readers in the third to sixth grade of primary school. The participants were
asked to read textbooks on moral education and Japanese published by Mitsumura Tosho Publishing Co., Ltd.
in paper and digital forms, in the above three conditions. Eye movement information was sampled by Tobii
Glass 3 with the sampling rate of 120Hz. We were able to map 489 textbook pages and analyzed the eye
movements of these pages. Participants were categorized into two groups: a middle-year group with third
and fourth grade students, and an older-year group with fifth and sixth grade students. The smaller the
difference in duration, the more similar the eye movement of poor readers is to that of skilled readers. In both
groups, poor readers showed significantly longer average duration of fixation (»<.05) under the AP condition.
In other words, poor readers showed a longer duration of fixation on text than skilled readers did when
reading paper textbooks. No significant difference was recorded for the average duration of fixation between
conditions AD and SD. For this study, we used real textbooks and allowed participants to read in conditions
similar to their normal reading styles, so we cannot investigate more precisely than the above at this time.

The results provide an indication that digital textbooks may have positive effects on poor readers’ reading.

Keywords: digital textbook, gaze, fixation duration



