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Abstract: We present new alternative interfaces for zooming out on a mobile device: Bounce Back and Force
Zoom. These interfaces are designed to be used with a single hand. They use a pressure-sensitive multitouch
technology in which the pressure itself is used to zoom. Bounce Back senses the intensity of pressure while
the user is pressing down on the display. When the user releases his or her finger, the view is bounced back
to zoom out. Force Zoom also senses the intensity of pressure, and the zoom level is associated with this
intensity. When the user presses down on the display, the view is scaled back according to the intensity
of the pressure. We conducted a user study to investigate the efficiency and usability of our interfaces by
comparing with previous pressure-sensitive zooming interface and Google Maps zooming interface as a base-
line. Results showed that Bounce Back and Force Zoom was evaluated as significantly superior to that of
previous research; number of operations was significantly lower than default mobile Google Maps interface
and previous research.
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Fig. 1 Force Zoom technique.
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Table 1 Average task completion time and standard deviation.

Smaller is better.
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mean s.d. mean s.d. mean s.d. mean s.d.
Out 8.65 270 7.35 3.02 11.35 349 7.16 2.04
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Fig. 4 Task completion time.
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Bounce Back Force Zoom GraspZoom Default ZUI

mean  s.d. mean s.d. mean s.d. mean  s.d.
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Fig. 5 Average number of operations.
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& 3 SUS DR EFFIERE. REWHEIZERY
Table 3 System usability scale (SUS) score with standard de-

viation. Larger is better.

Bounce Back Force Zoom GraspZoom Default ZUI

mean s.d. mean s.d. mean s.d. mean s.d.
Out 55.10 19.73 69.69 18.26 36.46 19.66 62.50 19.66

Out/In  55.42 18.34 69.48 15.34 28.75 15.61 70.21 17.12

(=) SUS 237
80
70 - Bounce Back
60 " ——— Force Zoom
50 e a[ . * e Grasp Zoom
40 Default ZUI
20

Z—LFU bR X-LFD N AVEE *p<.05

6 SUS OffifR
Fig. 6 System usability scale (SUS) score.
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JLECE BT 2 AT o 72 (BEBRE NGTE My 2% e L
T, A—a7 v Mo, EEELKE LT, #IER
). ZORR, AEGADVHERINIZ[F(3,92) =17.76
p<.01, 2 =0.37. TDD, 72—F—DLEILBIE
%3 L7z & 2 A Force Zoom TOEERIELIL Default ZUI
(p < .01), Bounce Back (p < .05), GraspZoom (p < .01)
IVEBIIL LW 2R SN, &b T Bounce
Back 13 GraspZoom (p < .01) X W BEIIH W LA
Rani.
4.7.3 21—YEU 7 ¢ 5
HFETORITHRE T L7 RICERSINE (2% % KIE
L 10 ADEMPSLRET v — NOSEITH. 22
TS BEED) v — NREDT /7 — FTdh 5 System
Usability Scale (SUS) % H\272 [25]. SUS 227 %% 3
Out f7&X 6 12/RT. TNHDSUS AATIE7)— K~
YRR R AT S e (BB NERE AR R s L
T, A—La7 7 MNFEEOME, EEEKE LT, SUS A
a7). TOMER, HELEFMHER SN [X2(3) = 34.41,
p=.01. TOLOLELKLL TRy 70— =fiEx
ol 4 vay >y yONEMAGE & 1 72855, Force
Zoom ?® SUS A I 714 Bounce Back (p < .01, r = 0.488),
GraspZoom (p < .01, r=0.627) LV AFIZH NI &
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Fig. 7 Details of SUS questionnaire result in zooming out ses-

sion.
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74V a7y ONEAIRE & 20 7245 R, GraspZoom 1
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Fig. 8 Details of SUS questionnaire result in zooming out/in

session.
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e GraspZoom D L—H 1) 7 1 |3 Force Zoom, Bounce
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7o, WH.ZERBRIFOTEIZE T, 25 v Ao FEER
Z DS GraspZoom D A — L E— FOZEHIZIE L T
7z SAUSEERICHEN R 7 4 — FNy 205 %nwZ LI
L Twz, [, ENOEE X—LT 7 M X—24
A VWFICHWZZ LT, EFRBMBEIIA—LE— FOE
BrAT o 2 BICHAED A=A E— FREL LR TE %
{TroTWiz, TOZENPBLA—LA Y ERX=LT T %
BT 5720 DOFMEICIZL  OMERD ), E— NEHZ
WS B85 a I —FrRILEERTnERKAL
3E2 5. FEHEREREOTEBIS, S, EBRSNE
1t Default ZUT ICBW T TNE v T AT 4 FaillAhe
DREIBMETCOR—L AV ERX=LT T V24T AHZEL
D, FTLY Y THATO X — LA ¥ E2IFSENED D,
Force Zoom IZBWTIEEIMZ A =24 L &9 Lo
TEEL2EBRSNE IV ro7z. Thbb e
A= 3 VI REIZBWT, GraspZoom X Default ZUI &

VCFA—DT 72 a VL AX—L AV EX=LT 7 b
BEEZ—FIGRELZBER T, Y4 TORRDLFIET
DAX—=LA v EX=LT 7 MEEITREREOTR & L — W
CYTF AR ETAIEDPRBEEINIEEZL., Y4 TD
REDLFETHIHETH, NEMABBIENA—2 14 ¥
EX=LT I hOELEL%) ZEIEEZONDLD, Ih
B2 AF w77 v a i ) ) 5 EMEICET S
METH WV REFIEERN A v 5 72— A LORET
W WnweEz 5.

Force Zoom (3 E 21T 18 5172, [Force Zoom
IR TR K LIS 2005 225 72|, [Default ZUI
272 QAN TLEDND 505, Force Zoom lIZ 1
Wihirolz] L OBERN D - 72, FRVERIE O EEE AR
4 X 912, Force Zoom & X — L7 7 ME1ER A 7 WEE
B TIT2 5. BAOTHWERSINE? S & [BHOFE
INE L, FBTMELRIET AL BN H - 72, [HaAEN T
LEo/] LoBERNPHA, BREVWERE LT, B9
WFABHFICAY = b7+ v &M, FEFICEEICR -2
(TRZELRV., ZOLEIRTOFEHENLTWE Z LD
{, AR—= I 74 V2o TVAFLPBRIEICHZ RV E
WO NS L. A— T 4 YOERANET T A ik
oY, e A= 7+ ST I ENRTE L] &

240



BEIEF =R EE Vol.61 No.2 233-243 (Feb. 2020)
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