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Abstract. When designing systems that support remote instruction on physical tasks in
the real world, one must consider four requirements: 1) participants must be able to take
appropriate positions, 2) they must be able to see and show gestures, 3) they must be
able to organize the arrangement of bodies and tools and gestural expression sequentially
and interactively 4) the instructor must be able to give instructions to more than one
operator at a time GestureLaser and GestureLaser Car are systems we have developed
In an attempt to satisfy these requirements GestureLaser 1s a remote controlled laser
pointer that allows an instructor to show gestural expressions referring to real world
objects from a distance Gesturelaser Car is a remote controlled vehicle on which the
GestureLaser can be mounted. Experiments with this combination indicate that it satisfies
the four requirements reasonably well and can be used effectively to give remote
instruction. Following the comparison of the GestureLaser system with existing systems,
some implications to the design of embodied spaces are described
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Introduction

We propose a new system, the ‘GestureLaser system', which allows us to mnstruct
multiple operators at a remote site. The goal of this system is to facilitate remote
instruction on physical tasks in the real world, such as repair and maintenance of
mechanical devices, laboratory classes, medical treatment, etc. At the same time,

we want to clarify the requirements and problems in the design of remote
instruction systems for multiple operators in the real world.

In this paper, we consider the basic elements required to support instruction on
physical tasks in the real world Py reviewing conversational analysis and
ethnomethodological studies of work places. We then introduce GestureLaser and
GestureLaser Car. Based on observation of remote collaboration experiments, we
show that GestureLaser and GestureLaser Car are effective 1 supporting remote
instruction on physical tasks in the real world By comparing GestureLaser
system with other systems that have been proposed up to now, we clarify factors
that should be considered when designing a system that supports collaborations
by multiple operators in the real world.

Collaboration in the Real World

Most current groub'ware uses fixed computers and fixed TV monitors to mediate
communication This means that shared objects have to appear on such monitors.
In other words, the work area 1s confined to what can be captured by a stationary
camera, and displayed on a flat screen Other shared objects are usually limited to
computer data such as drawings and ‘texts, which are stored n a common
database. “

On the other hand, there are many tasks that require operators to share
physical objects and their disposition 1n the real world. In fact most of our tasks
such as laboratory classes, machinqry assembly, furniture reparr, etc., require us
to collaborate using the human body and physical tools. In this paper, we consider
a system that can support an instructor to direct multiple operators at remote sites,
as required 1n remote medicine, remote education and so on.

What, then, is necessary to support remote instruction on physical tasks in the
real world? In order to get an answer to this question, we would like to review
some ethnomethodological studies.

Conversational analysis and ethnomethodological studies of workplaces
(Heritage, 1997, Goodwin, 1994) are strongly interested in problems of
instruction and collaborative work m the real world. Their main interest is to
explain how pammpants organize human actions interactively and sequentially
For example, when B answers A' s question, B displays how B understood A's
question Through this sequential understanding mechanism, conversation is
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organized interactively and sequentidly (Heritage, 1997).

According to Heath these mechanisms are dso relevant in bodily interaction.
Hesth says that "The emergent and sequential organization of interaction is dso
relevant to how we might consder the contextua or in Stu significance of visud
conduct and the physical properties of human environment” (Heeth, 1997)

For example, A says to B 'take this and & the same time points to an object
(perhaps abook on the table). A's pointing connects with A's utterance ‘take this
At the same time pointing is organized not only by A's utterance but dso by B's
utterance and bodily movements. A's paointing is done & the time and space when
and where B can see A's pointing to the book. When B sees A's pointing to the
book, B turns his body to the direction of the book and says 'okay'. B's body
movement and utterance digplay his understanding of A's utterance and gedture
After that A draws awvay A's hand which pointed to the book By withdrawing the
hand, A displays A's understanding of B's understanding to dl participants,
including B (Goodwin, 1994; Goodwin, 1998). Gedtures, including pointing, are
connected with utterances They are paformed and monitored in an arrangement
of bodies and tools. In collaborative work, participants maintain and reorganize
arrangements of bodies and tools interactively to monitor their pointing and other
work (Kendon, 1990).

According to Goodwin (Goodwin, 1994), when ingruction is given faceto-
face, operators move their bodies into gppropriate postions, which dlow them to
see the shared artifact The ingtructor likewise moves in such away that his view
of the shared object is not obstructed by the operators and makes sure that the
operators are watching hisher gestures while they are given indructions. The
operators in turn express their understanding using words and gestures while they
are performing their tasks During such sequences an ingructor and operators not
only use words, but dso gestures, and body arrangement. It should be noted that
body arrangement is not static, but changes dynamically during collaboration.

These resources can be monitored naturally when participants are talking face-
toface When they have to collaborate via video-mediated communication
sysems, however, such resources easly become disembodied (Heeth et 4.,
1991)

In order to dleviate this problem, we must design new video-mediaed
communication sysems that can embody participants behavior (Kato et d., 1997)
How is it possible to embody participant's interactions via video communication?
Basad on the above mentioned ethnomethodological studies and our own gudies
on video mediated communication, we formulate the following four requirements
for asystem intended to support remote ingruction in the red world.

(1) Arrangement of bodiesand toolsrequirement: The arrangement of bodies
and tools should be appropriate for monitoring other participants behavior for
both ingtructor and operator. In particular, (i) the operator should be ableto see
where the ingtructor is pointing; (ii) the ingtructor should be able to see that the



