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An Eye-tracking Sudy of Preschoolers Use of Tangible and Multi-touch Interfaces
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ABSTRACT: This paper compares the effects of tangible user interfaces (TUI) and multi-touch interfaces (MTI) on pre-
schoolers' learning. A preschool educational game, "NUMBERS", is developed and the comparison experiment is used to
analyze task performance, eye-tracking data, emotion questionnaires, and interview results of TUI and MTI. Therefore,
the difference between these two interfaces are compared on cognition, attention and emotion. The study indicates that
participants explore more using TUl. Meanwhile, the participants have fewer fixations while manipulating the playing
cards and shift their attention mainly between the "question area" and "answer area" on the screen. Moreover, they have
higher responses on the emotion questionnaire. Compared with MTI, the TUI can stimulate exploration, reduce cognitive
load, improve concentration, and intensify pleasure, which positively impacts on the preschool learning. These findings
provide theoretical support for applying TUI in preschool education and make the eye-tracking method applied in the
preschoolers’ learning field possible.

KEY WORDS: tangible user interfaces; multi-touch interfaces; preschool education; tangible educational games;
eye-tracking

VERIERE NN . AL S/ R D Kt 0], BT R AR R T B A L R Tk DL AR R
FRI R LE T B RN — R URA YRRTE TSNS S, SRR L #

s B 2022-03-12

ESWMB: #3E R LHH T 604 AR LA B (YB2020020102 )
EE®: 4 (1983—), &, #ME, #F, TEMAFTGARLEET . ALK,
BIEMEE: 104 (1970—), B, B, 348, TR FTRAALIE R,



102 fu, %%

T 7

2022 4F- 8 H

5 AR G R i A ) kR O T B R AR
P, B T R AR g HE A RN B i 5 R, Bk
2 1 25 2 HE % T 4H 15 B B T HL AN T B Ha ki 55 % 3
Wt , (2RI AT JLEE R BE 2 216 s o T gl 4%
M, CEAMREZFEKMBEWIEHE X 2= E w7 LA
Mk &t Tr S Fk THIY, —Jm, BEE®Dh
LR H e G, 1T L py ik R] Bk )
RO ™ B, AR SRR B L BRI T 2E T L B
W47 T KR s o — 5 T, T 22 05 4% A ( Multi-
Touch Interface, MTI ) BYF%Sh#H stk Al 24 W4 AL
FAOM L 7 L DO R R AL, b T S Y
RE P, sk, AR ( Tangible User
Interface, TUI ) 1E & —FBE 0% % 12 470 B HH 5 A1 6 #1
TR A H MBI, TR A 8 K AR AL
TUI e FH PR ESEBR A, R A5 I A A T
XA Y I VI S B T BT, TULBIA
TR R R, (R N A R G e
ArLERZ, A4 ] ey 2% 2 O $E 4 T ag Al
2B B AN, CAARE N ERETLEBRT
TUl #EWRE, 35 2 m T HeER B gt
SO o 10 Gy

SR, H AR ELZ L TUL AT MTI X 55 2%
W T LB 2 2V ) s R ST o LA AN R 24 Bl
WEH], TUIL 5 MTI AHEC AT REAEZEAL 5, (RO AEMR
2B T L A 2 Oy R AL, AL F kB T
WEHL, T B 2 () SRR .

1 AR SRR E R

MIT s FF, 4l L 8 i B R iAok 2 ) 4
g, Bt TUI U —F AR % IE. B # G
Bl ) ) B T R R AR AR R A A A SR )
I, AUAT LIS sR 2% S F (8l 1, a8 mT LIRS B AT
RN . BEERAT A, A ke ] e Bl
N EE R, AT TAEICAZ G BRI, it
TG AL EAE HH AR FERE ) T 205 B . B TR A
S 1] BE 2 BELAS2 20 34 1A B B FE , DT S0
2= VERE, BIF AR BT I AR e LAk o ) 3 7=
A B B F e

A 32 ORI T S P I, FEVERE FN2E )
5, TUL AR T MTIRY ) AHL T AR 48 i 58 A
RO H T TUI i REAFTER B IE 3 $2 7125 (a1 4
e SCRPNIRNZE ) | RO R B AR | (R EE ) N
A RS D

2006 4F, Waldner M3k T — Rl 1 K B R 458
( Tangible Tiles), JfHuik TIZFRSG . R fil s 52 i
LSRR AE X Fhag BT A RS O, 45 3R R A
T B He 2 Ge 1 S HE e A [ SR 1 ) 5 T A7 A Ve AR
#, 2011 4, Schneider ZMHE H T —Fh &R 2R T3
B, IR MTI sk TUI SEEY) 74 08 AT 55 £ 8.

HRPERFFE A IR, TUI RRAE A B~ 5 58 47 58 AT 55 9F
AT B 2F IS, (R TUL /NG nT DL 4 i By
1B WREREZ R B, IF A TUI fideal i
I RRE AT, 2016 4F, A1 id IR ShiE gi vk b e
T ZRTHIRFIESE S, & B0 TUI AT DL i G Ag 5 i i R
VRS, XN RS 5 EAT 55 BRI 2T R
FEFMH 20 2018 4, Garcia Z MR T —Fp
DLSF- L Sy 2 4% %) B R it stk £k T 56 10 ) R e ——
Quizbot, AT TUI Fl MTI 2 AMRRASTE 32458 ] P4
W FNIME B T 22 5, KB 2 S RRAR LR AR —
FEA RS TR, 5 Honl A St S R e

FELIFEST TUL A MTI ST HERFSE R, (R 2
FIIFFE T 040« T8 AT 55 SO AT 45 2 B 5 @ ad
HIJE M R 1352 > Wi 2 5 A o [ 46 8 A M IR 55 8
P vk o Al e FH P B R 45 45 o Tk S o AR A
H TR AR RE, IR R T M 008 1 i ko
AN 2 J i /N B ) 24 i L ER U vl RE 2 TR ME, AR
Bl EEAE A — B nT DLW DA R i R AR AP
D 7k, AR 2A I R L A ol PR o8 oh A AR
AR A B AR ShiB R L HLER TUL A MTI
Xof 24 T L DA AR 2E 2 B2, 5L AT S 8 AT
ks

2 BWIS S s RE Rt

2.1 “NUMBERS” ZFRI#FiFMAF L

AR ET —DFT iPad Y21 B U Xk
“NUMBERS”, VIHEAIE iz ELNE, 7H
TUI F1 MTI 2 4N, TUIL fiAS F) i OpenCV I 541
BEPERGEIR, SEEL T Mg U R B A E R T RE
h T 54 )L B e BEARVC L, S2as v HARER T
PR L2 B O o SE0 B A A AR il Bk
B TUL AT MTI 7R 2408 i LB 2% 20 7 1w 1)1
J1, M R2E T2 Wk B & 1%, A Efs
BB B S W BT AR R 2 ) BRS SE Al

WE LR, “HBIX” BB X" “Ff
Fr X PB4 —2H 28R X ( Areaof Interest,
AOl ), XEXIRiRATS5EH 5 RGE 1738 B IEL
FAH B A E B o BRUE R I AR, (R4
PAE CHRIX”, BUR T BTG X #sh 2 Jkhg,
i 2 5k R A B T R O S [ AR . WARAE R IE
i, BURFAT AT —8, iR AR H ek 2 sk
[ AL 8 “HRAEIX7, it 2 SRR AN . Ah,
XF 2 5K R OT T A 2k . MRS, A
SE, I WRIER A EL

MTI RRASHT TUI WA E— 1 X Bk 282 8k J
AT FEAN ] o TUI RRAS 75 2205 5218 R 88 o) 1) g
# iPad B A XL, 1 MTI MUAS TS 2B F 84
BFER R BB R E e PR T DAl



43 16

103

a AN SRR A

b 2 5 5 A I AR A

Bl 1 AR Z Sl A 1y AOI i) 43
Fig.1 AOI division for the TUI and MTI versions
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