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Influences of Non-Verbal Modalities on Face-to-Face Collaboration
Mitsunori Matsushita™! and Masafumi Matsuda*2
Abstract — The goal of this research is to formulate the design criteria for developing

a successful collaboration support system to be used among different professionals. As
a first step to meet this goal, this paper investigates how humans communication acts
are influenced by the availability of non-verbal communication modalities. We conducted
two types of experiments in two environments and observed the achievement ratio of
the given task and subject utterances. Our experiments have revealed the following: (1)
the availability of deictic references (e.g., pointing with a finger) affect the achievement
ratio and the content of subject utterances; (2) the visibility of other subjects does not
affect the achievement ratio; and (3) the differences in the environments do not affect the

utterance frequencies, their length, or their content.
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Fig.1 Overview of Lumisight Table hardware
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Fig.3 Image examples for fugitive (a) and
chasers (b). Fugitive can see all infor-
mation displayed on the entire region.
In contrast, each chaser can only see a
neighboring region (i.e., inside dotted
line in (b)).
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Fig.4 Experimentation environment: (a) Lu-
misight condition, (b) LCD condition
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Fig.5 Winning percentage of chasers[9]
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Table 1 Total number of utterances, words, and utterance lengths under both

conditions in each group

Lumisight &% LCD &4
IN—7 | REER REER THREERE | RRER RS EHRER
G1 382 2822 7.39 157 1320 8.41
G2 64 690 10.78 70 518 7.40
G3 798 4590 5.75 723 5116 7.08
G4 172 1410 8.20 439 2655 6.05
G5 326 2425 7.44 375 2228 5.94
G6 532 3263 6.13 454 3021 6.65
G7 580 4279 7.38 582 3263 5.61
i i
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Fig.6 Comparison between number of

demonstrative pronouns and other
nouns that appeared in utterances in
our maze game task. ND and NT de-
note LCD and Lumisight conditions,
respectively.
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Fig.7 Comparison among numbers of utter-
ances that contain each expression pat-
tern. ND and NT denote LCD and Lu-
misight conditions, respectively.
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Table 2 Comparison among total number of
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and Lumisight conditions, respec-

tively.
LT ND t BRE
e EEE 2854 2800 t(6)= 0.131, n.s.
HEE 19479 18121 t(6)= 0.563, n.s.
WERER | 683 647 t(6)= 1.247, n.s.

TVWETS ) BLIFLIZBEShZ 1 Fr—T b
D) 143 [H), T, MOSMEOEBEF S
Bz, MM RREANTEY THHZ LITRIE
RTINS TRV NEHBEINS,

4 EE2: Jysv—+ X

AETIL, BREZBELTRETDHZEAET IR
T TOBEAITHICOVTRRD,

4.1 Tvvv—+t X BEOBE

Ty rw— 1 XREL BNmEN4AN1EDT L —
TEBRLTITHOBETH Y, 20O BMIIESMEIC

— 115 —

NI | -El ectronic Library Service



The Virtual Reality Society of Japan

BAR/NA—F v L) F7YT1¥EMXE Vol.15, No.2, 2010

\
VU%HSQ—dtva

------------

RN O FRED

K8 Fvr<w—h X BRE (FIHRE)
Fig.8 A snapshot of an initial state of the
bookmart X task
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£3 BEREOERIN—TEORBER. EFTHER. REEREE. RERE
BLUOREHFEOEHE
Table 3 Total number of utterances, that of deictic references, task achievement
times, task completion rate, and the numbers of their average under
both conditions in each group

125700 ERT AR
St TN—T  KFEFER FEFER (f8/~UR) B BRRERE
G3 523 10.46 126 (57 / 69)  50:00 KEK
G7 678 13.56 217 (66 / 151)  50:00 REX
G8 360 7.20 116 (82 / 34)  50:00 ESive
Lumisight :fF G9 760 15.20 234 (83 / 151)  50:00 RE&
G4 392 12.65 140 (76 / 64)  31:31 R
G12 281 8.52 84 (59 / 25)  33:00 AR Zh
FEFE T 499.00 11.27 152.83 (70.50 / 82.33) 44:05 pk=n: 2/6
G2 442 8.84 71(0/71) 50:00 RER
G5 423 8.46 92 (0/92) 50:00 S0
G1 287 6.11 89 (0/89) 47:21 R
LCD & G6 476 9.52 104 (0 / 104) 50:00 R
G10 417 12.26 85(0/85 34:34 %)
G11 325 7.56 45 (0 /45) 43:16 522
ZEFE 395.00 8.79 81.00 (0.00 / 81.00) 45:52 pkIh: 4/6

I RERSRDZBMEORFEICH LT, toBMEIZHIC

N 7 T bR B CERNIC T OB REEERT S L 1o
% | e TRIEE LT, 20L& BREIGHSE LS & ob2id
Lt [z 8270 Lo REMEK 10 ITRT, TOITA—TFTESB
| , :’ mEB D [2TOERBE2EENFIZTS] EWVIHIBN
* o o o o o RREE L7z (10 FOFEE ID:1) O LT, i
% 3 B TR* B ] D3EE

B0 o b X L B 5 RO DEME NI T ERS L (E 10 PO
FRAT L ZOMOLTDLR, R0k ID:9, 11, 18)., R Z ORFEIFEA s, BIE B
i&iﬂjﬁﬁ)ﬁ&iﬂ‘? _7'@3‘0\ ND I3 LCD IXZ OB LN NLRRELZ T 50, Z DREELIEA
Afte. LT 13 Lumisight i 2.4 « B3k DBMEIIZBME B OREEZERS 5 L 5ol
Fig.9 Co;nparison between number of ZHIUZxt LT Lumisight £EFTiX. H2BMEOE
demonstrative pronouns and other BAHANTHSE Z EAHAREE TH-ThH, o

nouns that appeared in utterances in . -
the bookmart X task. ND and NT de_ 2”u%&i%h%%*ﬁ‘ﬂ‘j‘{t§$0)0 & >} & LT@EIE—;A
note LCD and Lumisight conditions, ARFRBEINT, ZOXSRFRIGNELDZ o0
respectively. R REFAER 11 ICRT, ZOSA—F TR
i FIELTOT vy Rv— 7 BNERICEBE CExIcHLED
SRS R S D, B, BB TEINE D 2% ) OREICE L TH

Eo, REMORBEROERIIOVTIA-TE gy e LT T2TEOVET) L0580
ML LTHBILE, 7 AORTRAICEOREE  jmer | <yup (= 11 SORE D10), foSmE
B BRSNS ) DRERTHBLE LT oo S o oo (8 11 OES D15
A, TSR TORERZEILRD -7 (£(6.9) = —1.868, "o 17). R ORBEORETDT Y Fv—2
ns)o SORREABT-LREOREROEREE  yps geic M OBEERICKM LT, =
#H&, EHLORETHLREMRIABIALNE ey 1 510, ANBER TH>T HERLAVE

W e ARSI, B\ SR Lumisight 24 OBEEREEET
KIS L TS, ARMEILABIENR AR
ST - % S BRI (RS L. T B OREA MR S DERIT. BANARRE ThoThEDEMED

&5 IR E LR DT A 2 OBERET D EARERICH BB, BEEELSES L 72iR
PThB. ZOBRICENT, MENOREOREL g g g a Y 10 VDT LB S NBS,

Zﬁblfbtfﬁ&ﬁ%ﬂf:ﬁ§\ :@ﬂﬁﬂl’)b"fﬁ%ﬁ: 6727 L. LCD &fFicB\WT, REAIZELWVWERIZLEDLS
B COEENEEINT-, LCD £ETiE, BN E FHROBMET “ER” Sn5BELEESN TS,
— 117 —

NI | -El ectronic Library Service



The Virtual Reality Society of Japan

BAE//NR—=F v )LYTFUT 1 2EMXE Vol.15, No.2,2010

FORYIZHAMER T, SEIFPOEBLY
¥ &

TH. ZDOD - HmRERADH D+
FRELIEL L EFITHENHOT
BITEDE ABBEAT---

TY &R, Eof=b. Chik. EDORBYT
HRILCEITH S,

BAT, BICT S

BH. TELAREHKRBERNES A
/\l‘et;o
H.LOH/NABEITO>TETTH?
Ehn, KikERRBRLBIZTIATT L,
&_
ZATTTN?BAD.BALHE?
We, FhTERYI - TREATT
&Ko

LHBHLLEHMADTTH?
BEFLHMMTZITE, AEEELL
LTCIEH A>TRNTHIATT L,
Z—& HEEIZ, HO—. HEEH, S
ACHED EARIREIWIBNHY, . T
WEEA. BEPLHY, BISED &,
H2rDHE2+FERNHYET,

EbE 011,

HoTBo6%. H2THATTR.
HHTHo>B4. HOTHATTITE,
E2bH 82 TRAATT &K,

BICU=6, SH#EORBNEICHES-
TETITHI?

ChEBICLIS., E5BIATTH?
FAEEZADATIN?

N
>

o |o| o |o|>|wjo| > o w

13

w

14
15

16

17

> |0 | @ |>»0

18

10 LCD &M T TO&ME DORIEHF
Fig.10 An example of participants’ dialogue
under LCD condition
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Fig.11 An example of participants’ dialogue
under Lumisight condition
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