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Virtual Tabletop Environment with Tablets
for Supporting Cooperative Work
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Abstract: In this research, we suggest and build a virtual tabletop environment for supporting cooperative
work where people can work more freely than general tabletop environments. In this environment, workers
use tablets on a table. There is a virtual work space on the table, and tablets show a part of the work
space according to a position of tablets on the table. Furthermore, workers can shift their looking position
by sliding tablets on the table. For examining this environment, we performed an experiment that workers
search target objects put in the work space. The result revealed a problem of difficulty in scrolling as well
as benefits of enabling workers to look the work space intuitively, compared with the generally used swipe
scroll.
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Fig. 1 Scrolling by moving a device.
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Fig. 2 Tracking of device movement.
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Fig. 3 Editing of contents bigger than the tablets’ window.
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Fig. 5 Sharing of contents between workers.
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Fig. 6 Searching of contents to operate.
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Fig. 4 Moving of contents across the tablets’ window.

RO EZHEETEIETHS, T DAL 2K A LIRARBENC X 5 2 70— L 2R L = 5SA o k217
SHHEZDTICE LD S, I LT, (REF—7 by TEREOWEZH S
e HAITAKEL D DHRE Ry T VY DRE T3, 20O LT, EHHFHICOVWTHET 27-00HE
K3IzRT &I, 7Ly MEROEEICERL & s, BRSO ICE>TWA I EICOWTHTICE &
NEVKEZIDaAVyF UV YONBERET 2 X1 D5,
X, 2V TV ONREREL RO R E B X ¢ o MIAFEHIREL D b KE Loy 7 vy ORfE, MRz
L8N H 5. BouiZaysryy ok
o HiM%HIG# B\ ay 5 vy OKH) Yee & DHFZE 5] ICEWT, AVA FICkB A0~
K423 X1, ¥ 7Ly MKOMAICER SN TR TR ENC X 5 2 70— L2054

TwhWiilicary Ty 2BE8H3¥ 5 L&, a
VI UV EBEBIE AR OMAEBE I 50T
H5.

o EEHZMTOaAYF Y YDRIFIEL

K5icmd LIz, =7y 7 PCEAOKEA
2, EEFORIcEI N2y T Y%, MolEES
OFICBHIELZ 2B r Ty Y DOZIFELTH D
EEZHNG, ZHUIIKRL, 7Ly bERZ AWK
a0y T ryYDORFELITB VT, EEHE D
RiEREINTwBavyF vy Yz, filshnffikszH
WD IEEFE DIGARICERT 5 2 LRI N5 &
Ziond,

o BfET2av Ty DBER

K6IoRnT LI, ¥ 7Ly MikzEHoegs, b
KO RR ST 3 FEEMHE LS T
ke, BET a7y BEEIcEREINS X
IR ZBE S 2 0ED3H 5.

AR TIERIC, AL 7IE 3R 70— )LE2RHL Y

FD3, a7y OEAE L E A 7 v — VEE % [FRE
W22 W) FREBHS I TWDE, 2Dk
OAWIZETIE, WMAFRE D DRELR Iy T YO
£, BXUO, WMEEEEWZ a2y 7y BB
T B ITD RO,

BET2av 7 vV OBER

R LIt S N @0 ary 7 vy 2 BERT
5 LML FEFERITY, AV TA7a—)L
ZRHL GG LOERITH) 2 LT, KT —7 L
by TREOWEEZHS T 5,
fEEEMTcOaryF vy Y DZIFEL
fEEFMcoay 7y OZIFIE LI, Wik z
wWRZavrry oz et iEIONE D, AT
A 72 7a—=VEHALEGE EOHK»r B NS
FT—=%1%, HBEVEHRTHD LEIFEZSNR\, £
T, T =70y TEREE T ) FEBRICE T
BEEE, TUr—br kb, avFryRIFELICET
LMWEEZFET 5.



GN Workshop 2014
The 11th Workshop on Groupware and Network services

4. AV TVYVERICEAY % EER & 5l

AETIE, BAFHOVEOTHS, avT v Y OHR
B 2R 24T 9 7 I HE M L 72 FEBRIC OV THRR %,

4.1 EBRBE

ARFERCIE, MEEZM FICIIFET 2 2MEEE DA
MicERIN TRy Ty Y E2BRELL)IETELEE
I, WEIC2 YT Y YPRRING LI ICHEZ A7 10—
NT BB HZMRIL LY A7 %2 T>TH569 2 ik
D, avyTvYOBRIIHETIWEZITI. FATDOAKE
&, 2V T VIS TOERESEM RIcilEI N 125
9 FTORTHRIBICHEEL, 206257y v TEIEC
IOHIRT 2 EWINETH L. £, HFEEIIB LT
X, TESEBHIRBIRE D S BBANOERR L LD 2 BREICE S
FTIE, BEERIC O E S N A DIEEES D FEET 5 &
EZ25N5Z 05, SHOEBIT—ADIEES ZRIC
f1928E73%,

W T 2> A7 010, AVA T A7 a—)VEkREZR A L
Te AT AL, UARSENCHE) L 7l A 7 v — VB %
WALV ATLDZOTH S, ZNEFNDT AT LILE
WT, EToBEIGETL A7 —L =L, EHOE
FCHEFE L 2 2 7 0 — LN =23 FICRRINT» 5,
TODVATLDENELT, AVALSICELEZAIO—)L
TIIEEZR O CHEIE A 7 7 — A 2EILT 3 0lcxf L,
URARENC & B A 7 0 —)LTIREEZEM O % A Tl
MAZUa—LENS, i, WRBEICXB3 A 70—
IZBWT, FEEMDIE & BRI DM E DA % fR%F
TEEOOMLTH S, kL, WARBHIC X 2
A7B—=)TBWTIL, FEEMoEROEEHTE L
kD, fEEEMONZRHRTESLLIICLTVS,

FEEE, HHRROEES ACH AL TH 5\, 1HHE
2EEHTHHHT 2 AT L EHRRT 2HFORE Y — v
ZEBRL, 2RDY A7 Z2ITH) L E L, £, BFED
L@y —> e LT, K7, RSIIRTEHD DY —
VEMABELE, BEAY—VICBLTE, avF Y hE
DB T 252 AT L OWHDHFICHNL L9,
DT EHERL TV D & EIMO BT WL D AT 2
LEABRLEREBELZR->TWS, 20 1T, 44818 H
T2L AT L ERET BT ORE Y — v DflaAbE
REELCERZTo %, BEVRE I N A EEZEM DR
& XU2E 74em, M E 49cm EHETH B,

FERHITIE, F A 7 BIRRE R © OB & A 7 v —
VEOB 7% S LI, BTOBREKICED LR & B
Dt EFTS . £, FEERBIIZ, SR IR E
BEWRXLET YT —HMIEZTHLHW, 7y r— MRz
b LB IR IC X BRI 21T

2014 11 27 28

@ @
© ®
@
o ®
5 @

B 7 WE<y—v1

Fig. 7 Position of numbers 1.

@

B8 MKE $y—>2
Fig. 8 Position of numbers 2.

4.2 RBRBERBSLUVER

EEROFER, BFOHRICE R L 7R & BEiEIcBI L
T, BLICRTHEDY o7, SEIOEBRIZE T,
R L BEIRE b It aaERER R khr o708,
BINAT A 7 A7 0 —)VEHOIGED T BRRICEST
BRI 225 L WIRERIC R 7. 7, IARBENC X
ZA70—)IEWT, BADOPEEORIIPHEIELIK
ERRMEERLTCOE I B0 5, ERFOBZICEY
T, WICALE S BT OERICFHRN A KT 8lEE I N
722 Do, HEBOmERRT S EPREETCH - L
BRETHZ EEZ NS,

BEIE A ATIRIC & 2 M ORI, 2 I1TRTHEY L&ko
7o, FEROBHEEN S, SRODIA7IZBWTIE, A7
O—)LD LT IVEETH S LIS NI ENTD 5.
f7, WNEOMMIMED S, ZATA 7R 70— NLDJhh
BRORAZB—=ULPTwEIHiiINZ LD,
NoDI s, ATALTRA70— VDB TORERIC
Fo LR o 2 HRIE, A7u— )l LPTE
MREVWEELZONS, 7, BFEOMEEROEED L
PIIE, ~EALEFOENOEZ T IIBEL T,
IMABIICE 2270 — LD E M I N2 HES &
ol TORRIE, SWABENC X B A 7 v —)LOEEE
BICBTBEBEEERLTWE EEL6NS, Lal, Z
NoZODHEROEEENH F ) EFHIiI N Twian s
Lo, SHEOY A7 TIEZOEREIE»r I N5 T
EBTDD,

SRIOFEERNFIZEERITED B A 71— LI % 7
O, A7u0—NVDLPTINHEEHINEEZIONS,



GN Workshop 2014
The 11th Workshop on Groupware and Network services

2014 11 27 28

R 1 EEBAER
Table 1 Result of experiments.
Reftl (B) | s A | BB B | BBE C | BB D | BBE E | BB F | #E G | B o Ty TR 7
2747 22.4 30.4 33.0 25.9 43.2 35.0 44.6 41.7 34.5 7.66
i AL B 58.9 32.4 52.0 36.4 32.5 51.0 120.7 68.1 56.5 27.11
(p=0.072)
BoE (px) | #BCE A | HE B | BBE C | BBE D | MBE E | BBCE F | 858 G | B H iy FrAE(R 2=
2747 27826 27794 27260 26956 48241 32137 44685 33071 | 33496 7833.88
AT 62014 28238 22259 34287 26613 34825 56781 44611 | 38703 13535.84
(p=0.396)
K2 TUr—hER WTIEFAZB— LD LPTIVNHEELIN, A7u— L
Table 2 Result of questionnaire. Bl D IREY R T AT OB IR R % & 9 i
KERORFNE Wepot, UL, BEZATHIIHL T, BIEHE
27H—LDLRTE 0.538 L Qw2 E0, FEZRMEICHET 2 2y 7 v ONEDS
CERRAEOBMOWZ LT E | 0.148 HORTE 2 LI S U7, TS oM %G
REOHRTROBESL©7 3 | 0514 T EOTEBERICE LT, AMICHITE 20134
S PR i oD AT A A i WhEBZEND.
Aru—n | HFOBN | WEFRORE G8IZ, BTN IMEE 26 2 EEEREIC O W T
24T 0.805 0.432 0.401 0.622 DB Z, SRS N7 FMEO R EORE 2179 .
AT 0.195 0.568 0.599 0.378 ¥, BEOLATFLELFL—PAREICIEEL-S 2

F 7, FEEICHOEEERIZ, —~ADIEEEDFHT 2
WKIFAS Lo Twikid, mMABEHIcE2A7u— L%
HAWEBICEEE O RESEHSDELRH -7, 2D0,
TODVATFLDAZA—)LDLRTIICKELRENH
tEZons,
FEEOEHETIE, AZ7a— VOSSR R, kD
FEWE Ry 2712k 3, 20k, BAEOMEHR MR
DLRTEE, JHREEFOEFOEIRTIND DD
N DEEMED, SEDF A7 IR TEEZ LN
5. F, INSTOOUKNOERBEENHE S L, WAH
XA 70— VOEREDBTEIINE EEIOND,
S8k, Aol EERCHERR X - fEEH O Rk I BE T %
RIEOMRRIZINZ, & D EEEOMEFIE W EREE T O LD
WHEIT B,

5. &HHIC

AT, T—7 0y TR B2 K3 R+
TRMT 2 Z LR HNIC, SARBENICES) L 22 lim A
u— VR EBEH L2y 7Ly MEERIC L S, KT —7
Wby TEEOME R T, £, 77 by THREE
ZRAL b 2 HaalEE 2 AR T — 7V b v 7EEIC
WH L 72BRoRESHEEHEZZ LD, ZTNSDHDDEDTH
%, avy vy ORRICHET 2HEEEZTo . EFTI,
— B AT A TR u— VR EBEH L2 AT L E,
AWFZE CTIRET 2R ENES) L /-l 2 7 v — LI%HE
EEALZC AT A2 HWT, EEEMCEKES N 15
59 FTORTFOBWREITo7. R, SEDY 2718

T, 77Ny TEETTb I 2 L 7B
DIRY DR FHIZ OV THEZIT VW EEA TV S,

SEH

(] AR EE, JE - W R, R - G
BEHNE LT =7V by 74 v 87 2 — A, HHL
Bl 23CEE, Vol.a7, No.ll, pp.3054-3062, (2006).

[2]  Meredith Ringel Morris, Jarrod Lombardo, Daniel Wig-
dor: WeSearch: Supporting Collaborative Search and
Sensemaking on a Tabletop Display, Proceedings of the
2010 ACM conference on Computer supported coopera-
tive work, pp.401-410, (2010).

[3]  Ahmed Kharrufa, David Leat, Patrick Olivier: Digital
Mysteries: Designing for Learning at the Tabletop, ACM
International Conference on Interactive Tabletops and
Surfaces, pp.197-206, (2010).

[4]  Ahmed Kharrufa, Madeline Balaam, Phil Heslop, David
Leat, Paul Dolan, Patrick Olivier: Tables in the wild:
lessons learned from a large-scale multi-tabletop deploy-
ment, Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, pp.1021-1030, (2013)

[5] Ka-Ping Yee: Peephole Displays: Pen Interaction on
Spatially Aware Handheld Computers, Proceedings of
the SIGCHI conference on Human factors in computing
systems, pp.1-8, (2003).

[6] Michael Tsang, G. W. Fitzmaurice, Gordon Kurtenbach,
Azam Khan, Bill Buxton: Boom Chameleon: Simultane-
ous capture of 3D viewpoint, voice and gesture annota-
tions on a spatially-aware display, UIST ’02 Proceedings
of the 15th annual ACM symposium on User interface
software and technology, pp.111-120, (2002).

[7]  Kris Luyten, Kristof Verpoorten, Karin Coninx: Ad-
hoc Co-located Collaborative Work with Mobile Devices,
Proceedings of the 9th international conference on Hu-
man computer interaction with mobile devices and ser-
vices, pp.507-514, (2007).





