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A comparative study for reading novel over various media under controlled condition

— Focusing on the character of various media for novel reading —
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Abstract

A new type of reading media appeared on the market in 2004 using the technology of e-paper, which
is expected as an ideal media with the advantages of paper and display. In this study, we evaluated the
confortability of four reading media (e-paper, CRT, LCD, paper) in subjective as well as objective meth-
ods for 30 minutes reading under controlled condition. The results in the subjective evaluation showed
as follows: the order of pleasantness was paper > LIBRIe > CRT=LCD, and subjective fatigue-evlaluation
was CRT = LCD> LIBRIe = paper. The results proved that the paper was still the top medium in al-
most all the items used in the subjective evaluation. In the objective evaluation, the reading speed was
almost the same for all media, but the correct answer rate was the highest with the paper among the
four media. As for the changes of measured values before and after the 30-minute-reading, the contrast
sensitivity (CS), critical flicker fusion frequency (CFF) and visual acuity showed no statistical differ-
ence between any media. The current e-paper product (LIBRIe) was getting close to paper in some
aspects for reading, but some problems were clarified to remain especially in the aspect of its operation
or handling.
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F1IRT
7 | arkFAR 650 222 398 315 pleasantness
17 |#Ls 637 30 355 154 Pt
10 | LTS 608 400 122 336
5 [Hss .576 184 310 327
12 | =By 557 420 -122 010
20 | VT7Lyia 519 104 463 218
6 | bhbox 451 303 092 218
13| g 096 842 215 029
15 | #FEo B mEE 185 627 -044 164
» |#EELEES 469 601 301 315 20

controllability
14| itk 555 575 228 025 R
21 | wiEADmEY) S Al7 510 478 304
16 | EX 218 402 104 -052
4 | R&x FEorm) 262 099 748 007 % 3 [T visibility
3| k&GP 332 134 734 .28 e
19 | Hrartk 044 -021 156 -829 H4WT novelty
18 | BLIT 410 391 263 515 Bt

(IR 1 4 T OR T ERHRO KX IBIC~# 2 T %,

TR =54 %0, 40 DLEDO B DOETT,)
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X502, P mIc D & | 12812 4 RO 5k
SR (1 BERBBRE NG 217 5 72, ASSR AR 4 1R
TR D 3 K7 & & RIS EREN R S h iz
(Pedtk ©F , ,, =27.19, p<O1, #fEEF , ) =
6.97, p<.01 , HEMEF , ,, =2255, p<.01), & 51,
LSD & W TZ E I AT - 728558, PusEtkokl+
(MSe=0.317, p<.05, LSD=0.434) (ZHW\C, N—F 2
¥ —= LIBRIe > CRT = LCD, #{EMEDOK T (MSe =
0.472, p<.05, LSD=0.530) {ZHWVT, N—FIE—=
LIBRIe > CRT = LCD, #EMED KT (MSe = 0.339,
p<.05, LSD=10.449) I2HWC, H"— Fa¥—->LCD =
CRT > LIBRIe & 9 [K 1 Z & O KRR O A REEDIE
FRE S,

K 1RO A 5 55 1 IO Pt Tid N —
R ¥ — (#) & LIBRIeALCD & CRT & DERL T3
Z NS Mk 572, ZHid LIBRIe AUV R
B A FESH, CRTRLCD & D PudEicFisd 5 Z & &Rk
LT3, EBH NEONBHRE» 5 &, 4 FHOFR
BARDFE AR T X DNEFEFIZE L CRIBkOFEE 2R 5
72 85 2 I OFEMETIX, /v — F 3 ¥ — () & LIBRIe
DK T34 12 CRT & LCD O FE & 0 id s - 7=,
REERIFERGEE 2 TR THBIL 72728, — Fa -
(#%) & LIBRIe 3 ERABICEWTHE L WS ETH >
720 ZD728, FEERbH11E I & LIBRIe 2 F THi- ¢
IZHENTE 222 LT, #t& LIBRIe DFAEMEES O
Flicoan7=0TiEEnwhreE2 6015, B3KFOD
HIRYECIE, 4 DOBYRBICIIAREN R S h s h - 72

a.CRT B3I b.LCD
1 c.LIBRIe B d.Paper
1¢

UL

N

P 14 B3 (RS WIRTE IR

M4 EFIEICEBEFORFEROLE

2, 7RO 65— F a2 — (#) > LIBRIe >
LCD > CRT &\ 3 IFefda s 5 bz, 5 4 K1
OBLEMEIZBL TiE, HN—Fabv— (#K) ORFAEMER
—%F <, LIBRle 2" —&F{KX< , CRT & LCD 2 AT, 1
EFRCTH o7z, ZOBMEIZB§ 2 #5FRIT S BR DK
DGO MBINEF & BIfR ¥ 2 k512 A 72,

3.1.2 EHEICEEY 3 XHTME
O FHlifFH7Ta 7 4 —

WETTREIZBE % TERE RUE DRERIZONWT, kT L
Ol i 70 7 4 — L AKX 5 IR T . X520
T, ZaHliO % BN TRZMEOMDS IR B L,
DR TOFEHRZENRL TN & 27T, 14EHDOH
T, E2»5 1 ~7FOEBIZHICET 200 %, 8 ~14
FOHEH EARIZBE§ B9 & 2l LT 2, Sl 7
074 —=h5 I EICBT S 14 DIFIF$RTIS
BWT, Eho VAR, H—Fa— (i),
LIBRIe, LCD, CRT & &> TWb KSR A2, Z2DZ
ENG, FEOBALE LT, N=FatE— () Ik
PEhiz< <, 74 2714 (LCD, CRT) 3 PEh*
<, BN —8=8E, (LIBRIe) $/h— F a2 — ()
&7 4 2714 (LCD, CRT) OMIZHIET 5 Z & 23
7%, RS, Gl T 4 5 (PR 28, 9857 &R
L7z H I3 & LIBRIelZBI L Tid¥ e Tdh 5 DIZ,LCD
IZBAL T2 21, CRTIZBEL T S RIfEAEL 7=,

@ Sy e

AIFZETIE, JEITIEICBE LT, S AET & HREIEDT 1
XH U THd 5, 24ud, EROB2ORE» 5 &
RIEITIEFE L U TR E LA C b % SR O 7 1
TAERREATH D, ZHAHHEZ O RAEDWEI; & LT
FRREND, —F, BREITIE, —J5 TIIRGDEETT P
DG & U T OB OHAREDIETT T D, AR
BRI e R HRER B | B b 5 BARIART S MRS 25 £ DOl A
WL E UCORIET b % . HEOBUE A, 6 & &1k
P57 L MOREIEIT 13D TS Kb L ZATH S,
BORM 5 i D 728 957 FE (2B 5 %38 H O A 5
R U, A M A AT - 72 1897 B 9 % A
HZ & O I & IR LA R A R 4 1R T,

9, FEEICET 22 H (14) OfHE(LE A
W, 4RO BRI BN & AT > 720 T ORER, B
RBIOWEITEDHEIHRETH 57 (F, ) =2201, p
<.01), LSD#EAMWAZEHILKR AT 57225 (MSe
=0.104, p<.05, LSD =0.249), CRT - LCD Df&{L,
FROFIIN—FaE— (#K) - LIBRle & 0 @257z
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JERNIEF IIF Do 7
FENREF IR o7
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AT 5 A

2L Lotz

&< Lotz

- ESER R T
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F &< Lotz

F&<mL eh ol

BB Ripo e

P2 EL ol

2R 2h ot

F &L I bRihoT
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2R 2o T

=t=a.CRT
=@=c.LIBRIe

=4—hH.LCD
=fi=—d.Paper

L 2 EL 2D o

X5 EHFECETZEBOFMESRITO7 1—Jb

x4 ERFEICETIFMEAEC EOFHERETIERELLER

HH a.CRT b. LCD c.LIBRIe d. Paper

| MBS || el | RS | SR | EREUSeS || S | ERTEASA

1 3.929 0.801 3.643 0.629 2.500 -0.057 2429 -0.100

2 3.071 0.286 3214 0.372 2214 -0.229 2214 -0.229

3 5.500 1.745 5214 1.573 3.786 0.715 3429 0.501

4 4.786 1.316 3.857 0.758 2.500 -0.057 1.929 -0.400

5 4.571 1.187 4286 1.015 2714 0.072 2.714 0.072

6 3.357 0458 3.071 0.286 2214 -0.229 1.571 -0.615

7 2.571 -0.014 2286 -0.186 1.714 -0.529 1.357 -0.744

8 3.929 0.801 3.143 0.329 2.571 -0.014 2.071 -0.315

9 4.357 1.058 3.357 0458 3.143 0.329 2214 -0.229

10 4.643 1.230 3.929 0.801 3.857 0.758 3214 0.372
11 2714 0.072 2.071 -0.315 2.143 -0.272 1.500 -0.658
12 1.857 -0.443 2.071 -0.315 1.857 -0.443 1.786 -0.486
13 2.929 0.200 2429 -0.100 2.071 -0.315 1.786 -0.486
14 2.143 -0272 2.071 -0.315 1.571 -0.615 1.286 -0.787
Mean | 3.597 0.602 3.189 0.357 2.490 (0.063) 2.107 (0.293)

S.D. 1.057 0.635 0914 0.549 0.672 0.404 0.632 0.380
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723, CRTE LCDDOM ¥ LU v— F 2 — (#) & LIBRIe
DORNCERENR RGN G 572 (CRT=LCD >/—F
I¥— (#£) =LIBRIe),

JIZ, PEIED14EH A 1—7%FD [HOWER] &8
— 14 %D [RKOFEN] LS EHFRERIZ 5T T, WY
K (2) XBERA (4) O 2 BERPEBRH N D 53 B HE %47 -
7z. HERDPENOEHEASG RO EX 6 1R, %
DOFER, JEI7 R & RO HAER A EE TH -7 (F
(5 59 =409, p<.05). JEI7REIROD HiH TR & BOE L
7225, CRT TS nAMETHETHD (F | , =
522), LCD T 1 %K#¥ETHETH -7 (F | 0 =
9.16), LIBRIe &/ — F I — (%) TRz A
BER L, ST, T2, BARORMIERIL, [HOR
hl e [hRoEh] L8121 B KETHETH 72 ([H
DN F ) =19.52, [(hOWENIF , , =10.85),
LSD#:%& W= 2 EIROMER, [HOWEH ] Tid (MSe
=0.185, p<.05,LSD =10.332), CRT = LCD >/\—F
2 — (fil) =LIBRle &\ ) HREEDIEFEAR Sz,
[ADYEN | Tid (MSe=0.126, p<.05, LSD=10.274),
CRT >LCD=LIBRIe >/V— F a2t — (#) LWWHHE
ZEDNERES R S,

AT OFER%E BB & | 4 BHRD SRR DT E O
JIEF713 CRT=LCD > LIBRIe=/v— Fa v — () &
&S TNz, ZhiE, mERIZEBWY T4 2T
VA RMOBEAR K DEARTVWI L AR LTS, £
7z, LIBRIe &/ — F I ¥ — (#) & ORIZHEITEIZ DN
THBZIRVE VLI ERIT, BIF 59 ot &~ L
TWad, 2, BETX——H§FTh % LIBRIe i34
WA E AR > T3 25 MEFRRISER W
DT ND EHEHIL Ty B AHFZ21 5 A BRI 23 ]
FFETTH 2L WSHIRD & Tid b 24, %57 FFill

HopEh
O kofEh

SFHO LR HE

=)

0.2

04 M et e s
a.CRT b. LCD c. LIBRIe d. Paper

X6 #HEZLED [BDEN] & [HOEN] DL

DFER A X 512 HOENOFHI & RO OFHMIZ 53 )
THEAT L2380 0 6 HOEIIIMAROER L D KX
W WS EENE S Nz,

3.1.3 NBHWELEER

FBath, FEBRI#E (14 N) 1IZEiEH O 22 B8RO
FART EONEFE A DT X8, ZOMRENBHRE L L
TESIZF LD,

R5ITRT K512, FE JIE14ADH T 13 A (93%)
SRR A R & AR TV E M L 72, Z ORI D—>
3, IR BCTAERIC D72 > TRE L T 2Lk,
B I OAL BRI AR R A > Tnwa 2 &
IZHBDTIEEVWhEELZONS, ZLT, 11A (78%)
FHSDOREEIZE DO TEBERDGEAR T & 2>
LIBRIe >7 4 2 7L 4 DIEFRTHE L7z, T B, G
AR XIZDWT, LIBRIe IZBEFOE T Fniiko
T MR ISE N EICH 5 Bbhiz, BF~X—
IS—DFMEH I E T 4 2TV A OE &> 2
L ThdH, BEREOE T~ — -85 (LIBRle) i,
HHTEEZOHEAER L2082 2Tk s n
N=FLIPESTWBEFA 5,

x5 EREGHEICIIABRHS

FEAAROY S DA% N

#%>LIBRIe>CRT >LCD

& >LCD>CRT >LIBRIe

#%>CRT>LCD>LIBRIe

6

#%>LIBRIe>LCD >CRT 5
1

1

1

LIBRIe>#%>LCD>CRT

3.2 FBEFMEDOHEREEZE
3.21 ERFFICOVT
@ FeAodE & RO F A

4 BRD Z N T IO [FiAMIE | & [EROFT A |
BLUR-VBHLS DRI ZL 6 EX TSR L7z, [Fik
Mg & [IEROFESEIE | OE (2) XBE (4) O
2 RINBSREND BB & AT 572 & &5 ZZHARHA
HETH-72 (F, ) =143.61, p<.01). BEfADHiil
IR ERE L7, (Rl ] Ik Te [IEKRO
FEAME | 12 BV T E AR B > 7o, BE D HHE T
MREREL7ZEZ A, OOk L §121 %KEEIZE
WCHETH-7% (CRT :F, , =832, LCD: F,
=86.79, LIBRle : F | =15337, N—F3IE—F
(1 1 =153.36), ZOMRN S BEADRIREMF (FoR
IV, XFYHAX, Ay T AL, GiaiEEsl) &



IEFETE W A 7 4 7% 4 (1)

F6 BEEOTAHREDLE

e R () /oy 701
a.CRT || =< Y OFERGE (7)) 0.54
IEROFEA R (7)) 157 707
e R () 1y 701
bLCD [ =< O O (D) 0.54
EBROFE AR (F9) /53 707
MR (F) 4y 685
c.LIBRIe || ~—6< 0 ONEREE (7D) 3.10
IEBROFEA & () 153 719
B (F) 4y 704
d.Paper || ~— < Y OFEJIHE (D) 1.78
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N e
O IER O &5 A s
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bLCD |

c.LIBRle |
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0 200 400 600 800 1000

7 BEFOHRAERE EIEROHTHEE

Wil 3 2354, D DEARO M TR A M IXIZITED S
BWZ DG o7z, 7272, LIBRIeDX— 28 < ) I
MRV, [FiAdE | & [IEROFABE | O
PREA T2,

T, 100 Z &Il =i ABE %2, K7 EXI8ITR
U7z, [TEBRDFR A | % FHNT, 10457 Z & O (3)
XA (4) O 2 BRBERENO B 217> 72, T
OfER, ZHAFMIAR Thh» 572 (F  ,, =111ns),
HAFRIZIONT, 10T LOHEIIHRETH -7
(F,, 5 =1191, p<.01) 7, BHERHETE, >
7z (F | 4 =0.10ns). LSD & H 7= L EHIEROAE R,
1057 Z & D@ E Tid (Mse = 7398.659, p < .05, LSD
=33.413), 20 ~ 3053 DFHEE > 10 ~ 20 55 D F- 154
JE> 0~ 105D FEEE, &S AREZEDIET 23 5
Niz. ZOMREE» S, 307 OFAD M, £ DBK
TEHEHARE DD LA T AL 6 hiz, Z DR
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K7 BEED10DTED [RARE | & [IERDERH
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0—10 %3 | 10—20%3 | 20—30%
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a.CRT 664 | 670 | 69 705 | 769 | 776
b.LCD 672 | 678 | 72 736 | 740 | 747
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E5ERE, £8 EXIITIRL T, DB OREER, Bk
WcaEEnS R s h (F, 0 =273, p<.10), LSD
RO LHEIBEOME, IEERIZDONT, (Mse=
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TEN— Pt — (#) OFEM LGRS Tz, 2hi,
AR, W, SR OFRICEN T 28R H 5 &



7, M% BB FREHROGF AT RIS T IS B Hikhig

x8 HBBEMHFDOEER

Mean S.D.
a.CRT 89 11.867
b.LCD 93 8.806
c.LIBRIe 85 15.469
d.Paper 96 7.284
120
100 -
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60 1 I ' E
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BEAR D 30 3 AP D FLfse i S AR B2 125 & 5 #ibH
ThHILEERTIELEEEALDONDNEHEREL K X
W2 & BRIRORICHEZED S Nk - R D —
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