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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 is 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 instruct 
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 by 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 in 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 groupvvare 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 is 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 in a common 
database. 

On the other hand, there are many tasks that require operators to share 
physical objects and their disposition in the real world. In fact most of our tasks 
such as laboratory classes, machinery assembly, furniture repair, 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 in 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 in the real world. Their main interest is to 
explain how participants 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 sequentially (Heritage, 1997). 
According to Heath these mechanisms are also relevant in bodily interaction. 

Heath says that "The emergent and sequential organization of interaction is also 
relevant to how we might consider the contextual or in situ significance of visual 
conduct and the physical properties of human environment" (Heath, 1997) 

For example, A says to B 'take this' and at the same time points to an object 
(perhaps a book 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 also by B's 
utterance and bodily movements. A's pointing is done at 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 display his understanding of A's utterance and gesture 
After that A draws away A's hand which pointed to the book By withdrawing the 
hand, A displays A's understanding of B's understanding to all participants, 
including B (Goodwin, 1994; Goodwin, 1998). Gestures, including pointing, are 
connected with utterances They are performed 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 instruction is given face-to-
face, operators move their bodies into appropriate positions, which allow them to 
see the shared artifact The instructor likewise moves in such a way that his view 
of the shared object is not obstructed by the operators and makes sure that the 
operators are watching his/her gestures while they are given instructions. The 
operators in turn express their understanding using words and gestures while they 
are performing their tasks During such sequences an instructor and operators not 
only use words, but also 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-
to-face When they have to collaborate via video-mediated communication 
systems, however, such resources easily become disembodied (Heath et al., 
1991) 

In order to alleviate this problem, we must design new video-mediated 
communication systems that can embody participants behavior (Kato et al., 1997) 
How is it possible to embody participant's interactions via video communication? 
Based on the above mentioned ethnomethodological studies and our own studies 
on video mediated communication, we formulate the following four requirements 
for a system intended to support remote instruction in the real world. 
(1) Arrangement of bodies and tools requirement: The arrangement of bodies 

and tools should be appropriate for monitoring other participants behavior for 
both instructor and operator. In particular, (i) the operator should be able to see 
where the instructor is pointing; (ii) the instructor should be able to see that the 
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operator is orienting himself/herself towards the indicated object as well as the 
pointer, when he/she observing the instructor's pointing; (iii) the instructor 
should be able to reassure the operator by words and actions that the instructor 
is aware of the operator's orientation. 

(2) Gestural expression requirement, The instructor must be able to use freely 
not only verbal expressions, but also body movements and bodily expressions 
(gestures) 

(3) Sequential organization requirement Sequential and interactive organization 
of the arrangement of bodies and tools and gestural expression must be 
possible. 

(4) Multiple operators requirement' All the above should work even when 
several operators are present. , 

We named virtual spaces that satisfy these requirements "embodied spaces" 
By satisfying these requirements, we believe, a system can embody the behavior 
of the participants. 

We used these four requirements to design a video mediated system and 
developed our own embodied space system which we call GestureLaser system. 
We have conducted some experiments with the system 

The analysis of the experiments shown in this paper aims not just to show the 
effectiveness of our system By developing a system and conducting experiments 
with it, we want to find out what kind of resources participants use and how they 
organize their bodies for participation in interaction in this particular video 
mediated communication system (Heath et al, 1992; Heath et al, 1995; Dounsh 
et al, 1992; Nardi et al., 1993). By doing so we will be able to compare our 
system with other systems and design an improved system 

GestureLaser and GestureLaser Car 

Laser Pointers'are convenient devices and quite popular tools for presentations at 
scientific conferences. A speaker can precisely indicate positions and spaces to a 
large audience. Sometimes he/she can show motions and directions by its 
movement. Although these expressions are not as good as real hand gestures, 
when used with verbal explanations, a laser spot can communicate a variety of 
meanings. Since the laser emitter is very small nowadays, a system can be 
implemented small and light enough so that it can be mounted on a mobile 
mechanism and thus permits a large work area. Based on these ideas, we have 
developed a remotely controlled laser pointing system named GestureLaser and 
GestureLaser Car. 
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Figure 1. GestureLaser and GestureLaser Car. Figure 2. Overview of GestureLaser system. 

GestureLaser 

The GestureLaser. is a remote controlled laser spot actuator developed by the 
authors. (Kuzuoka et al., 1998). GestureLaser reflects the laser emitter's ray off 
two orthogonal mirrors into the workspace. 

One of the authors had previously developed a system for support of remote 
collaboration called GestureCam (Kuzouka et al, 1994). This system consisted of 
a camera and laser pointer mounted on a remote controlled manipulator with three 
degrees of freedom of movement. Since camera and laser pointer were mounted 
on the same manipulator, the pointer could not be moved independent of the 
camera. Although the instructor could move the laser spot, because of technical 
limitations, this could not be done with the precision and ease of GestureLaser, 
while the quality of the camera picture also deteriorated. 

In contrast to this, GestureLaser's pointer is independent of the camera, so that 
the instructor can move the pointer even while the camera remains fixed (Fig.l, 
Fig.2). Because of this, the instructor is able to transmit a variety of expressions 
through movements of the laser pointer. 

We give a short description of the main characteristics of the GestureLaser' 
System. ; 
(1) The laser spot can be moved like a mouse cursor. The instructor controls the 
location of the laser spot with a mouse. Input from the mouse is sent through the 
instructor's computer to the GestureLaser Controller, where it is translated into 
mirror movement. As shown in Fig. 2, the instructor can monitor the position of 
the laser spot as well as objects and operators on an image from a CCD camera. It 
is thus possible for the instructor to treat the laser spot as if it were a mouse cursor 
(Fig. 3a). In this way; the instructor can show various expressions such as rotation 
and direction by a movement of the laser spot. To allow precise pointing even at a 
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distance of 2-3m a stepping motor (Oriental Motor. PMC33BHV2) is used to 
control the mirrors. The smallest step angle is 0.036°, which allows movement of 
the laser spot with a precision of about 1 mm at a distance 2 m, making it appear 
continuous , 
(2) The laser pointer is able to follow fast movements By using a high 
performance stepping motor, and by appropriately adjusting the correspondence 
ratio between mouse motion and laser spot motion, we were able to avoid delays 
in pointer movement. 
(3) One characteristic of the system is that the instructor can increase the 
brightness of the laser spot by pressing the left mouse button to give emphasis. 
When the instructor presses the left mouse button, the laser spot becomes brighter. 
When the mouse button is not pressed the laser spot is dim, but remains visible (cf. 
Fig. 3b). This feature enables the laser spot to show richer expressions For 
example, the instructor can emphasize an expression by making the laser spot 
blink by repeatedly pressing the left mouse button. 
(4) One important aspect of GestureLaser is the fact that it is light and portable It 
can easily be mounted on a transport device that moves it into appropriate 
positions 

© © 

(a) Laser spot moves •' (b) Brightness of the laser spot 
corresponding to the changes corresponding to a 
mouse motion left mouse button 

Figure3 Control of a laser spot . 

» i 

GestureLaser Car ,' 

By conducting numerous preliminary experiments we realized that in order to 
actually use the GestureLaser for instruction in the real world, it is necessary to 
solve the following problems. (1) Sometimes certain areas cannot be viewed by 
the camera either because they are hidden behind objects or because of a 
restricted field of vision. (2) It may be impossible to point at a desired location 
because the laser beam is obstructed by objects or operators. 

When we tried to use GestureLaser in the real world we thus ran into problems, 
because the instructor could not see the object of instruction sufficiently well or 
because the operator could not see the laser spot. We therefore decided to take 

• \g 
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advantage of GestureLaser's lightness and portability and constructed a system 
where it can be moved by remote control. More specifically, we mounted 
GestureLaser on a four-wheeled conveyance, which we call GestureLaser Car. 
This car can move horizontally on rails, controlled by the instructor's keyboard. 
Fig.4 gives an idea of the working space. A rail, comprising a straight part and 
rounded corners at the ends with an overall length of 140 cm is installed at a 
height of approximately 150 cm. It thus becomes possible to change the position 
and angle of the GestureLaser. Operators work and receive instructions in front of 
the rail, while the instructor can watch them on his monitor and give instructions. 

Figure 4 GestureLaser Car and experimental environment. 

Experiments 

We performed experiments to see how subjects performed under remote 
instruction in the real, three-dimensional world using a GestureLaser and a 
GestureLaser Car. 
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Experimental Tasks ( 

As instructors we used 2 students who had practiced the basic use of the setup to 
some extent. The 7 students who worked as operators had no prior knowledge of 
the tasks required. 

There were two kinds of tasks Task 1 was the installation of a PCI board in a 
PCI slot of a personal computer. Task 2 was the assembly of furniture Task 1 
was performed twice with one instructor and one operator (one-on-one) and three 
sessions were conducted Task 2 was performed in a one-on-one session as well 
as in two sessions with two operators (one-on-two). For each session the 
combination of instructor and operator was changed. Instructor and operators 
were placed in separate rooms, but allowed to communicate freely through a 
sound system The instructor could thus accompany pointing with verbal 
instruction. Each session took about 30 to 40 minutes. Several VCRs were used to 
record participants' activities and recorded videos were used for later analysis. 

In the following we would like to demonstrate how instructors and operators 
communicated during remote instructions on physical tasks in the real world We 
perform a detailed analysis of video data from instruction as it occurred during 
our experiments 

First, we analyze the arrangement of bodies and tools when the GestureLaser 
system was used Second, gestural expressions with a remote controlled laser spot 
are analyzed Finally, using a transcript, we analyze how interaction was 
sequentially organized between the instructor and the multiple operators 

Analysis of Experiments (1) — Arrangement of Bodies and Tools — 

We first asked in which position the instructor and operators gave and listened to 
directions and performed tasks. We also analyzed under which circumstances the 
instructor moved the GestureLaser Car. 

The Basic Arrangement 

Fig. 5 shows an example of the position of operator and instructor during 
experiments. The GestureLaser is, off to the side behind the operator while the 
object of instruction is in front. 

It is thus not only possible for the operator to see the laser pointer and the 
indicated object, the arrangement of bodies and tools also allows the instructor to 
recognize that the operator is looking at the object It is realized because pointing 
is projected directly onto an object where it can be seen by a camera. 

This natural body arrangement is not realized with existing video mediated 
communication systems, where it is thus often not easy to determine "what a co-
participant is referring to" (Hindmarsh, 1998). 

•' , "' \ 



247 

Figure 5. Basic arrangement. The instructor (upper right) and the operator (lower left). 

Movement of GestureLaser Car 

The instructor moved the GestureLaser Car when he was trying to capture an 
object outside of the camera's angle of vision or when it was impossible to point 
at an object with the laser, because the operator was in the way. 

In the example shown in Fig. 6, the instructor began instruction only after 
having moved the laser on its conveyance into a position mat avoided the operator 
and made pointing possible. 

By moving the GestureLaser the instructor was able to see objects in a large 
region of three dimensional space and point at these objects with the laser. The 
operators, on the other hand, also moved when the GestureLaser moved and a 
new spot was indicated, in order to better be able to see the laser beam and the 
object pointed at, creating again the previously mentioned basic arrangement. In 
this way the GestureLaser Car mounted GestureLaser was able to satisfy the 
'arrangement of bodies and tools' requirement. 

Figure 6. Movement of GestureLaser Car to change angle. 

Analysis of Experiments (2) — Expressions with a Laser Spot — 

The GestureLaser is designed not only to accurately indicate a location in the real 
world, but also to convey instructions by blinking and movement controlled by a 
mouse. 
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By studying the scenes occurring during actual experiments one realizes that 
there are numerous cases where the dynamic features of the laser pointer, motion 
and blinking, are employed. There are also cases where motion and blinking are 
used at the same time. We call the iexpressions made possible by use of these 
dynamic features of the laser 'gestural expressions'. 

Use of GestureLaser's gestural expressions can be roughly divided into two 
categories: Instances where the instructor is using motion of the laser or blinking 
to achieve movement of the object or operators, and instances where the 
instructor is trying to indicate an object or a particular property of the object by 
tracing with the laser spot or by blinking. 

Directing Motion , 

i) Using pointer movement 

In Fig. 7 the operator was being asked to turn the object, which had been placed 
parallel to the angle of the camera, sideways. The instructor indicated this by 
moving the laser spot in an arc on the floor, as shown by the arrow in the picture. 
The concrete indication of the direction of rotation facilitated the operator's 
comprehension of the instructor's intent; and easily accomplished its aim. We also 
observed cases where the laser moved around at a spot visible to the operator to 
tell the operator to do something there. 

Figure 7. Requesting rotation. Figure 8. Use of blinking. 

ii) Use of blinking , ' ' 
. • J 

Tasks involving movement of the object are not limited to moving the object up, 
left, etc., but also include thirigsilike pushing buttons, making a hole, and 
screwing in a screw. Indicating such actions through laser motion only is difficult. 
In these cases blinking was used. Fig. 8 shows an example where blinking was 
used to indicate when a screw was to be turned. 

iii) Use of blinking and motion at the same time : 

When the object is to be moved, the direction may be up, down, left, or right. 


