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ABSTRACT 
Gaze is an important nonverbal cue in human - human 
communication, for example, in communicating direction 
of attention. Therefore, presumably being able to 
understand and provide gaze cues is an important aspect in 
robot’s interactive behavior. While there is considerable 
progress, as regards the design of social gaze cues for 
robots, there is little that has been done to examine the 
ability of humans to read and accept help signals from a 
robot's gaze.  In this study, we examine how people 
perceive gaze cues and head angles directed towards 
different target positions on a table when human and NAO 
robot are sitting against each other as in board game 
scenarios. From the results, we show that when the head 
pitch angle is higher (24±2) and the depth is less, 
approximately 20 cm from the robot, participants detected 
the positions with good accuracy. Unexpectedly, the 
locations on the left of the robot were detected with lower 
accuracy. In conclusion, we discuss the implications of this 
research for design of interaction settings between human 
and a robot that is intended for social and educational 
support. 
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INTRODUCTION 
Nowadays, robots are showing more potential to be 
effectively incorporated into many social settings, for 
example in educational and therapeutic facilities for 

children and nursing homes for the elderly [1]. 
Accordingly, the design of intuitive human-robot 
interaction in these settings is becoming crucial. Providing 
nonverbal cues in an intuitive manner is crucial for the 
successful application of robots in these settings. Gaze, in 
particular, is an important nonverbal cue. Gaze facilitates a 
number of functions in social interaction such as turn-taking 
activities, communicating direction of attention [2, 3, 4]. 
Importantly, gaze reading and attending to gaze direction or 
head orientation cues of another person facilitates the 
formation of joint visual attention to objects in the 
surrounding and subsequently helps to create shared 
attention [5]. Prior work showed that gaze improves 
interactions with robots and thus being able to understand 
and provide gaze cues is an important aspect of human-
robot interaction [6].  

While human-robot interaction research has made 
considerable progress in finding out how to provide social 
gaze cues with robots [6, 7, 8, 9], studies are yet  to explore 
the ability of humans to read, and accept help cues from a 
robot's gaze. In addition, robots capabilities differ 
significantly from those of humans, and hence their ability 
to communicate gaze information. Therefore to increase the 
effectiveness of robot gaze behaviors, it is important, to 
establish how people perceive gaze cues while interacting 
with a robot. For this experiment we use NAO robot 
platform from Aldebaran [10]. NAO has minimal facial 
features with static mouth and eyes, and its face bear a 
resemblance to a child's face. Due to its minimalistic design 
and perception capabilities, NAO robot has been adopted 
widely for research focused on interactions with children 
with autism spectrum disorders, either for therapeutic or for 
general educational/pedagogical purposes.  Because NAO 
lacks movable eyes and therefore has to turn its entire head 
to look at something, it is necessary, to establish how 
people perceive gaze cues while interacting with the robot.   

The overall aim of our research is to examine how different 
timing strategies of gaze influence human behavior, 
particularly in the context of children to robot interactions. 
As a step toward this goal, we have developed an 
experimental task, using a board game where a human 
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and 18 on a post-it and placed it where they perceived the 
robot was looking on the layout. Each trial lasted for about 
5 minutes. 

RESULTS 
We recorded the number of correct perceptions for each 
card location. The count of correct perceptions included all 
the post-its placed inside the square position and those 
surrounding in a distance less than or equal to 1cm. For the 
post-its that were placed more than 1cm from the intended 
card locations, these were regarded as wrong perceptions.  
Figure 3 shows the results of the gaze perception 
experiment, on how human observers judged where NAO 
was looking and the intended card locations. From the 
graph it is clear that people are better able to perceive 
correctly the square positions more for the card locations 
that are in the row that is closest to NAO i.e. when the head 
pitch angle is higher (24±2); less depth in the y direction) 
which is approximately 20 cm from NAO. The ability to 
perceive seems to lessen with the increase in depth. For 
example, the number of participants who perceived the gaze 
correctly decreases rapidly when the rows are far from 
(NAO). The number of correct perceptions is lower in Row 
2 compared to Row 1 and continues to lessen for the third 
row, which is approximately 60 cm away from NAO for 
this layout 
 
An interesting observation from the result is when NAO 
robot is looking at positions on its right the participants are 
better able to perceive more than when the robot is gazing 
at the locations on its left. Observers were also able 
correctly to perceive the positions in the middle of the 
layout more. Observations also show that participants 
understand head yaw angles quite better as opposed to head 
pitch angles for this robot. However, with the increase in 
depth, the perception of yaw information seems to lessen. A 
study in [13] indicates that the perception of pitch gaze 

component directions depends on the communicative 
method, however, the yaw component does not rely on the 
communication method 

CONCLUSION 
Being able to understand and provide gaze cues is an 
important aspect especially for robots intended for 
educational and developmental support. In this report, we 
present a preliminary study conducted to examine how 
human observers perceive where NAO is looking. Our goal 
was to find out if gaze cues provided by a robot can direct 
the attention and influence the choices of the human 
partner. In this initial experiment, we tested whether gaze 
cues from the robot tutor communicate accurately enough 
card location in a card board game.  
  From the results: it is clear that people can follow the 
orientation of NAO head and its movements to judge gaze 
direction. Thus, head orientation has a significant influence 
on gaze direction perception especially with a robot such as 
NAO, which has fixed eyes. However, it’s hard to use head 
angles alone to distinguish objects on the table if they are 
very close. Since human observers can clearly perceive 
NAO gaze cues when the depth is less; it is, therefore, 
effective to place the objects closer to NAO, for example, 
reduce the number of rows or increase the spacing between 
objects for the distant rows from the robot. Consequently, 
this will improve the accuracy of perception and the overall 
effectiveness of the use of a social robot in these settings. 
Unexpectedly, we found that the locations on the left of the 
robot (right of the human participants) were detected with 
lower accuracy by the participants. This finding needs to be 
further investigated in follow-up experiments. 
   Future work involves examining the temporal aspects of 
gaze in human–human interactions to build more realistic 
interactive robot gaze behaviors. Moreover, using human 
studies is a promising approach as the robots are intended 

 

Figure 3.  Gaze perception results; the number of participants who perceived the robot gaze correctly for each card location. 
Row 1; Row 2; Row 3. 
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for interaction with humans. Further analysis of head 
movement’s impact on gaze perception with a robot is 
necessary. In future, we also plan to combine NAO head-
directions behaviors, other social cues such as body posture 
derived from Time and Flow Effort of Laban Movement 
Analysis [14]. In our future experiments, we will include 
more human-like eyes, to explore how more articulated 
eyes will improve interactions in social settings. 
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