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Abstract—Infants turn their own eyes to others’ focus of
attention. This action is called joint visual attention. It is known
that the action develops from reflexive to intentional. In the early
developmental process, it is pointed out that infants become
intentional agents. We constructed a computational model to
study intentional agency. The computational model has two
main mechanisms. One is to form a memory of relationships
between directions of others’ gaze and objects gazed at. The
other is to associate the direction of others’ gaze with a target
object. We suppose that the mechanisms realize an immature
intentional agency. To demonstrate the mechanisms, we develop
a robot to implement the computational model, and construct an
experimental environment for human-robot interaction. We first
test the experimental environment with the robot which produces
only reflexive action. As a result, a participant in the test showed
actions to explore the gaze object of the robot simply because
the robot turned to face a different area from the person’s gaze.
From the result we noticed a problem. When the robot gazes
at a different object than the one the person looked at, we
cannot distinguish between two possible causes. One is a mistaken
reading of the person’s gaze. The other is an association with a
different target object from the person’s gaze. We propose a
solution to solve the problem by using a measurement device for
the focus of the person’s gaze, and discuss a working hypothesis
to demonstrate the function of our constructed mechanisms.

We have investigated the mechanisms of intentional agency
through construction of a computational model which assumes
formation of mental states. But we have not yet implemented
the computational model to the robot. In order to demonstrate
the function of the computational model, we developed a robot
and started an experiment on human-robot interaction.
In this paper, first we provide a brief description of the computational model, and describe the actions which are produced
by the computational model. Next, we explain an experimental
environment in which people interact with the robot. Finally,
we discuss our working hypothesis to demonstrate the function
of our constructed mechanisms of forming intentional agency.

I. I NTRODUCTION

II. C OMPUTATIONAL MODEL OF FORMING INTENTIONAL

Joint visual attention is an action of communicative eye
gaze, which is a basic ability of social communication. Joint
visual attention is defined operationally as “looking where
someone else is looking [2].” While this action begins as
a reflexive action, then infants understand and share others’
attention in terms of their intentions [4]. Further, Tomasello
claims that infants first become intentional agents, before
understanding others’ attention [5]. However it is difficult to
distinguish immature intentionality from reflexive action by
observation, because intentionality is a problem concerning
the infant’s internal states.
A methodology called cognitive developmental robotics [1]
helps us to understand subjective problems as an objective
system by constructing models and operating them with robots.
Nagai et al. have conducted experiments based on this approach [3]. In the research, a robot learns an action, to look
in the direction of a person’s gaze through visual interaction.
However, the action is confined to a reflexive action, because
inner growth such as intentionality does not occur in the robot.
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In joint visual attention, infants perceive the parent’s gaze
and move their own gaze focus. To construct the computational
model with mental states, internal mechanisms are important.
We suppose that the formation of intentional agency can be
realized by appropriately combining two modules. A learning
module for intentional action is serially connected with an
innate module for reflexive action (Figure 1). The learning
module has two mechanisms. One is to form a memory of
relationships between directions of others’ gaze and objects
gazed at. The other is to associate the direction of others’
gaze with a target object. In our system, outputs of the learning
module work as gaze targets of the system (see [6] for details).
The innate module for reflexive action does not have internal
states such as gaze targets.
Our system shows some different actions in exploratory
activity from reflexive action. For example, if the system is in a
situation with a few objects located in the same direction of the
others’ gaze, the system decides the target object depending
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Fig. 2. An experimental environment of human-robot interaction. A person
sits in front of the robot(1), and looks at the four rubber balls(2). The
measurement device of the gaze focus(3), a scene camera(4), and marks(5)
for calibration are located in front of the person.

on interaction with the others. If the target object is not located
in the gaze area, the system explores the target object which
relates to the others’ gaze closely. But the system for reflexive
action gazes at objects randomly after the system turns to face
directions of others’ gaze.
III. H UMAN - ROBOT INTERACTION TO DEMONSTRATE THE
COMPUTATIONAL MODEL

We guess that internal mechanisms which produce internal
states such as gaze targets, may let people feel intentionality.
This is a function of the internal mechanism which develops to understand others’ intentions and to share them. To
demonstrate the function, we have started an experiment with
human-robot interaction. In Figure 2, the robot is a visualmotor system which consists of a stereo camera (PGR Bumblebee2), a pan-tilt drive (TRACLabs Biclops), and a controller
(personal computer). The robot measures the positions of four
rubber balls (red, green, yellow, blue) and human faces by
using OpenCV. A person sits in front of the robot. We use a
measurement device for the focus of the person’s gaze (Tobii
X120).
We prepare two robots. One is to produce reflexive action
(the reflexive robot, hereafter). The other is to produce intentional action (the intentional robot, hereafter). We first test
the experimental environment by using the reflexive robot. A
person participating in the test interacts freely with the robot.
As a result, the person showed actions to explore the object
of the robot’s gaze simply because the robot turned to face
a different area from the person. From the result we noticed
a problem. When the robot gazes at a different object than
the one the person looked at, we cannot distinguish between
two possible causes. One is a mistaken reading of the person’s
gaze. The other is an association with a different target object
from the person’s gaze while the intentional robot interacts
with the person.
Our study attempts to clarify the influence of mechanisms
for intentional action. But the method to identify an object
with a person’s gaze has ambiguity, particularly in a situation
in which a few objects are located in the same direction of the
person’s gaze. To solve this problem, we use a measurement

device for the focus of the person’s gaze. The measurement
device can always measure the person’s gaze focus.
Using information from the measurement device, we implement two kinds of actions at the reflexive robot. The reflexive
robot always gazes either at the same object as the person
(action A) or it gazes at a different object from the person’s
gaze with constant probability (action B). The intentional robot
often gazes at a different object (action C) which is associated
with the person’s gaze, but this is not decided randomly.
The difference between actions A and C is remarkable. The
reflexive robot and people always gaze at the same object,
and the intentional robot sometimes gazes at different objects
from people. In contrast, the actions B and C are only slightly
different. Both robots sometimes see different objects from
people. The reflexive robot gazes at objects in stochastic
fluctuations, and the intentional robot decides the gaze object
depending on interaction with people. We will investigate to
what degree people feel the intentionality of action of each
robot using some methods such as an analysis of a series of
gaze objects, questionnaires, and interviews. The investigation
of the differences among three actions will demonstrate the
function of the constructed mechanisms.
IV. C ONCLUSION
We study the internal states of intentional agency as a
difference of mechanisms. To demonstrate the function of the
mechanisms, we constructed an experimental environment for
human-robot interaction. The reflexive robot gazes at objects
randomly after the robot turns to face directions of person’s
gaze. In contrast, the intentional robot gazes at an associative
object which is not determined by stochastic fluctuations, but
depends on interaction with the person. Our hypothesis is
that people may feel intentionality more strongly toward the
intentional robot. But to demonstrate this hypothesis, the first
test of experimental environment demonstrated the necessity
of correct identification of the object of the person’s gaze. In
our experimental environment, the measurement device for the
focus of the person’s gaze is to be a solution.
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