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Abstract. This paper presents a study that examines whether gaze hints provided by a robot tutor influences the behavior of children in a card matching
game. In this regard, we conducted a within-subjects experiment, in which
children played a card game “Memory” in the presence of a robot tutor in two
sessions. In one session (Help), the robot tutor gives gaze hints to help children
ﬁnd matching cards and, in the other session (No_Help), the robot tutor does not
provide help to the children. Gaze hints involved looking toward the correct
matching cart. We analyzed the child-robot interaction regarding execution
performance, gaze behavior, and level of engagement. Children performance
was measured using the number of trials and overall time used to complete the
game. We found that children used signiﬁcantly fewer trials in the Help condition than in the No_Help condition. In addition, there were more instances of
mutual gaze in the Help condition than in the No_Help condition. These ﬁndings suggest that designing a robot with dynamic gaze increases the effectiveness of the robot tutor as a helping agent.
Keywords: Gaze in HRI  Gaze perception  Games with social robots 
Robots for (special) education, Joint attention design of human-robot
interactions

1 Introduction
The adoption and use of social robots in education and intervention programs for children
with autism has grown considerably in the last decade [3, 4, 6]. The potential beneﬁts of
social robots in this domain have been discussed in numerous studies [6, 9, 12]. For
example, robots can provide personalized interactions by adapting to the cognitive and
affective needs of children, robots can provide repetitive feedback, which is challenging
for individual teachers in classrooms, and they have been shown to elicit interest from
children [11]. Though there are many prospective beneﬁts of social robots as mentioned,
their successful implementation requires that robots provide appropriate and intuitive
interactions with human users. Thus, the design of the social interaction between humans
and robots is becoming critical.
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Eye gaze behavior has been reported as a signiﬁcant nonverbal cue and is considered essential for the establishment of mutual acknowledgment in human communication [10, 14]. An important communicative property of gaze, in particular, is its
ability to direct attention to objects of interest [16]. Moreover, psychological studies
indicate that, at a very young age, infants (from the age of three months) can follow the
gaze of their parents or their caregivers [5]. Such gaze following behavior facilitates the
formation of joint attention, which is essential for children’s development and learning
[10, 16]. Subsequently, joint attention is considered to be the foundation of the theory
of mind and perspective taking, which are important in early childhood social cognition. Therefore, being able to understand and provide gaze cues is an important aspect
in developmental robotics. Most remarkably, both psychologists, Astington and
Jenkins [2], and roboticists, Dautenhahn [9]; Krämer et al. [15], draw on the theories of
mutual understanding to explain how humans and robots may acquire the ability to
represent each other’s mind.
Prior studies have addressed the effects of gaze in human-robot interaction [1, 8].
However, to date, it is still not yet established the extent to which children can read,
understand, and attribute meaning or intentions from a robots’ gaze. To address the
gaps mentioned above, we developed an interaction task to examine the effects of gaze
hints exhibited by a social robot NAO, with children in a task-oriented activity. Our
objective was to determine whether gaze hints from the robot tutor can direct the
attention of children and, thus, influence their selections in a card game task. Based on
the nonverbal theories of gaze [13, 14], we hypothesize that gaze hints will direct the
attention of the children, either implicitly or explicitly to the matching card and, thus,
children will perform better with the help of the robot tutor than without help. We
further projected that occurrences of mutual gaze and joint attention would facilitate the
effectiveness of the robot tutor as a helping agent.

2 Related Work
A lot of gaze research in human-robot interaction has taken a human-centered approach
to examine the ability of humans to read, perceive, and interpret social cues exhibited
by a robot gaze. For example, Mutlu and Colleagues [18], the authors consider the
extent to which people can understand and attribute meaning to leakage signals using
Geminoid and Robovie platforms. The authors claim that, in general, the gaze cue led
to better performance on a task, and even better with Robovie than with Geminoid.
Mwangi and colleagues [19] examined how people perceive gaze cues and head angles
directed towards different target positions on a table when a human and NAO robot are
facing each other as in board game scenarios. This study showed that when the head
pitch angle is higher (24 ± 2) and the depth is less, approximately 20 cm from the
robot, participants detect the positions with good accuracy for this particular robot.
Gaze has also been used to create more efﬁcient interactions with robots [1, 7, 17,
24]. For example, Yoshikawa et al. [24] show that responsive robot gazes induce
stronger feelings of being looked at compared to non-responsive gazes. A lot of work
has also addressed the role of gaze in physical human-robot interaction to support
collaborative work and as a mechanism to control turn-taking. For instance, in a
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dictation task, Palinko et al. [21] found that mutual gaze is an efﬁcient means of
controlling turn-taking with human partners with different needs. Yamazaki et al. [23]
also demonstrated the importance of gaze timing in turn-taking interactions. Further, in
a handover setting where the robot handed bottles to human subjects, [17] empirical
evidence reveals that gaze cues can improve hand over timing and the subjective
evaluation of the robot.
Several studies have explored how human behaviors differ in interactions with
robots compared to humans. For instance, using a word-learning task [25], a
micro-level analysis shows that participants spend more time gazing at the face of the
robotic agent than at the human’s face when naming objects. Boucher et al. [7] studied
gaze effects in human-human and human-robot interaction on task completion. Their
ﬁndings demonstrate that human participants can use the gaze cues of a human or of a
robot partner in a physical interaction. The differences in how human behavior changes
in interaction with humans compared to the robots has been attributed to many factors:
for example, the novelty effect of the robot [20, 25], the robot’s gaze being very overt
with large head motions compared to more natural gaze movements that are much more
subtle [20] as humans mostly use their eyes without much head movement.

3 Method
3.1

Participants

The participants were eighteen typically developing children, aged between 4 and 11
years. Ten of the participants were boys and the other eight were girls. A picture of the
experimental setting can be seen in Fig. 1.

Fig. 1. Experimental setting for the experiment. Child interacting with the NAO robot in a card
matching task. An experimenter is present at the session to support the child if necessary, this
setting is typical for child-robot interaction sessions.

3.2

Experimental Setup

The setup included a humanoid robot NAO developed by Aldebaran Robotics [22], a
personal computer, a webcam, and a game. The participant and a NAO robot sat on the
two sides of a table facing each other. The table is approximately 80 cm in width, and
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the height of the table is 72 cm. A board grid with the card positions is ﬁxed on the
table. The layout has 18 squares (8 * 8 cm) organized in six (6) columns and three
(3) rows. The 18 squares correspond to 18 card positions for the game. The squares are
10 cm apart in depth (y-axis) and 6 cm apart in width (x-axis). The layout is 600 mm
in width and 900 mm long. To develop the game, we used Java Programming Language. Each card was labeled with a unique card code, and placed in a ﬁxed position on
the board layout marked with a head pitch and yaw angle on the computer layout. The
algorithm was applied such that, after scanning the code of the selected card, the robot
head angles shifted to the card position of the chosen card, then to the face of the
participant (assumed at NAO’s initial position), and then to the location of the
matching card.
3.3

Procedure and Conditions

The children were asked to ﬁnd matching pairs of cards on the table. In the beginning,
the cards were laid face down on the board, and the child was required to ﬁnd matching
pairs of cards by turning the ﬁrst one and then guess the matching one. If the two cards
turned face up were identical (a pair), the child continued to a new try. Otherwise, the
child turned the cards face down and made a new try/move. The game ended when the
child found all the matching pairs.
Two experimental conditions, Help and No_Help, were executed by the robot tutor.
In the help condition, the tutor provided gaze hints to help the participant ﬁnd the
matching cards. While introducing the game, the robot tutor informed the children that
it would help them. However, the tutor did not explicitly reveal the modality it would
use to help. In the Help condition the tutor remained silent the entire session; when the
child turned the card upwards, the tutor looked at the flipped card followed by the
glance to the child’s face and then to the matching card. In the No_Help condition, the
robot tutor remained silent and only looked at the child.
When each child completed a session, he/she left the room to allow the experimenter to re-arrange the game and was later welcomed back (approximately after four
minutes) for the next session. At the end of each session, the robot verbally thanked the
child. During the experiment, both the experimenter and the researcher were present in
the room in each session. The researcher sat in a corner in front of a big screen,
remained silent for the entire duration, and tracked and recorded the actions of the child
during the game from the webcam display. To control the robot, the researcher scanned
on the keyboard the numbers corresponding to the cards picked by children so the robot
could then execute the corresponding to this particular card position head movements.
After both sessions, the experimenter asked each child a few post-experiment questions
on whether they noticed the help cues from the tutor and, if they did, whether that
influenced their choice of cards.
3.4

Measurements and Hypothesis

The main goal of this experiment is to examine the effect of help on child-robot interaction. In this regard, we formulated two hypotheses: how help will impact children’s
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execution performance of the task and, also how help will affect gaze behavior of the
children.
Hypothesis One (H1): Children will perform better (in terms of time and number of
trials) in the Help condition than in the No_Help condition.
Hypothesis Two (H2): Children will look more into the robot’s face in the Help
condition than in the No_Help condition.
H2.1: There will be more events of mutual gaze in the Help condition than in the
No_Help condition.
3.5

Child-NAO Behavioral System

We developed a coding scheme focused on three aspects: gaze behavior, engagement,
and emotions experienced during the interaction.
Gaze behavior. We created three categories of gaze behaviors as follows:
Child: The observation scheme captures children’ gaze at the Robot face, Card 1,
Card 2, Board, Experimenter, and Elsewhere. “Card 1 and Card 2” refer to the two
cards the participant manipulates while making every trial. Looking at the board
refers to generally gazing at cards on the board, probably when ﬁguring which one
to flip next. Looking elsewhere refers to objects outside the game and its associated
components (robot, board, experimenter), for example, looking at computers,
windows, chairs, doors, or at the roof. Looking elsewhere can indicate moments of
disengagement during the game. In the further analysis, we included the matching
card category to help examine patterns of successful joint attention.
Robot: The robot ﬁrst looks at the card the child flips (Card 1), then at the child’s
face, and ﬁnally looks to the matching card.
Simultaneous gaze: The purpose of the simultaneous gaze analysis is to examine the
interaction between the gaze behavior of the child and the robot. We focus on two
social concepts of gaze, including mutual gaze and joint attention.
Gaze behaviors were deﬁned as states and behaviors by the same subject were
mutually exclusive and exhaustive. During the experiment, we recorded a total of 35
videos using a high-resolution webcam to capture the view of both the robot and the
child, a total of 30 videos of 15 children both in the Help and No_Help condition were
coded and included for analysis. The behaviors for the child and the robot were coded
separately; that is, the researcher ﬁrst coded the videos for child behaviors and then at
the second round for robot behaviors. To code, we used Noldus Observer XT software,
developed and commonly used for behavioral analysis. Reliability checks were performed throughout the coding process through randomly selecting and checking videos.
Engagement: The second part of the scheme focused on the engagement of the child
with the game, the robot, and the experimenter. We deﬁned two categories as states:
(1) disengaged. During coding we marked the attributes of behavior associated with
disengagement such as closing eyes, looking down or head down, the child covering
their face, the child becoming impatient, and looking elsewhere as deﬁned in the gaze
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section; (2) For the engaged state, the assumption was that if the child was not disengaged, i.e. does not exibit either of the above mentioned cues, then she/he was engaged.

4 Results
For this analysis, we considered a total of 15 children (age 6–11; Mean Age = 7.6), for
a total of 15 trials in the Help condition and 15 trials in the No_Help conditions. Three
(3) children were excluded from this analysis owing to the following reasons: one of
the children declined to participate in the second session and the other two were very
young (below age 5) and needed a lot of help from the experimenter to play the game.
From the post-experiment interview, eight (8; approximately 53%) out of the ﬁfteen
(15) children said they noticed the help hints from the tutor while the others (7: 47%)
stated that they did not see the help gaze cues.
4.1

Performance Analysis

To evaluate the effects of gaze hints on children’s performance, we identiﬁed two
measures: (1) Duration: the time it takes participants to ﬁnd all pairs of matching cards
on the table; and (2) Trials: The number of trials required to ﬁnd all matching cards.
A trial consists of choosing two cards. For this analysis, we conducted a repeated
measures ANOVA, with Help_Type (Help vs. No_Help) as the within subject factor.
Duration: There was no signiﬁcant difference in duration of the game between the
Help and No_Help conditions (Help = 167.87 s; No_Help = 169.6 s; F (1,
14) = 0.015, p = 0.905.). Furthermore, there was no signiﬁcant correlation between
noticing gaze and the duration the children took to play the game (p = 0. 530,
two-tailed).
Number of trials: There was a signiﬁcant difference in the number of trials of the
game between the Help and No_Help condition (Help = 14.07 trials; No_Help = 17
trials; F (1, 14) = 5.331, p = 0.03.). Further analysis shows a signiﬁcant correlation
between noticing gaze hints and the number of trials (p = 0.001, two-tailed).
4.2

Behavioral Analysis

The visualization below shows a time event plot of the gazing behaviors of a child and
the robot in the Help condition.
The upper sequence in Fig. 2 shows the behaviors of the child and the bottom
sequence shows the behavior of the robot. Each behavior appears on the visualization if
the behavior is coded at least once in the system. The length of the boxes indicates the
duration and the incidences of similar colored bar rectangles show the frequency of the
occurrences of each behavior. For the gaze behavior of the child we analyzed both the
duration of looking and frequency of gaze as follows: We conducted a repeated
measure ANOVA, with Help Type (Help vs. No_Help) as the within-subject factor.
The paragraphs below report on the results.
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Fig. 2. Visualization of the behaviors of the robot and the child in Help condition. In the plot it
is seen that the gaze behavior of the children co-occurs with the ones of the robot

Eye-gaze analysis: Based on quantiﬁed coded data, the children’s eye gaze frequency
and durations were calculated for each condition (Help and No_Help conditions).
Frequency: There was a signiﬁcant difference in the number of occurrences of looking
at the robot during the game between the Help and No_Help condition: (Help = 14.07
tries; No_Help = 17 trials; F (1, 14) = 5.331, p = 0.03.). However, we found no signiﬁcant differences for the rest of the categories of gaze behavior: looking at card 1,
looking at card 2, looking at the board, looking at the experimenter, and looking
elsewhere.
Duration: The duration was deﬁned as the entire session between the child starting to
play the game and completing it. The percentage shows the ratio of eye gaze duration
to the total time the child took to play the game, as duration varied with every game
session. There was a signiﬁcant difference in eye gaze durations percentages for
looking at the robot between the Help and No_Help conditions (Help = 28.41%;
No_Help = 7.21% duration; F (1, 14) = 14.06, p = 0.002.). Children looked at the
robot signiﬁcantly longer when the tutor was helping than when there was no
help. Similarly, there was a signiﬁcant difference in eye gaze durations for looking at
Card 1 between the Help and No_Help conditions (Help = 21.91% (observation
duration); No_Help = 32.88% (observation duration); F (1, 14) = 18.25, p = 0.001.).
Children looked signiﬁcantly longer to Card 1 when the tutor was not helping than
when the tutor was helping. However, there was no difference in looking duration at
Card 2 in between the two conditions. A plausible explanation for this is given in the
discussions section. In percentage duration for looking at the board (Help = 1.38%;
No_Help = 4.46% duration; F (1, 14) = 3.75, p = 0.073.), children looked longer at
the board when there was no help than when there was help. However, the difference
was not signiﬁcant. There was no signiﬁcant difference in percentage durations of
looking at the experimenter (p = 0.56.) and looking elsewhere (p = 0.65.) between
both conditions.
Mutual Gaze: Mutual gaze was examined as a combination of RLC (Robot: Look at
Child) – CLR (Child: Look at Robot). We found a signiﬁcant difference in the number
of occurrences of the mutual gaze between the Help and No_Help conditions (Help =
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5.53; No_Help = 1.67; p = 0.001.). There were signiﬁcantly more occurrences of
mutual gaze when the tutor was helping compared to the when there was no help.
4.3

Engagement

We examined the percentage levels of engagement during Help and No_Help conditions. From our ﬁndings, there was no signiﬁcant difference in engagement during the
game between the Help and No_Help conditions (Help = 99.38% (Observational
duration); No_Help = 97.89%; p = 0.247.). Similarly, there was also no signiﬁcant
difference in disengagement during the game between the Help and No_Help conditions (Help = 0.62% (Observational duration); No_Help = 2.01% (Observational
duration); p = 0.281).

5 Discussion and Conclusion
In this study, we examined if gaze hints provided by a robot tutor influenced the
behavior of children in Memory game (card matching). We analyzed the child-robot
interaction regarding execution performance, gaze behavior and level of engagement.
The performance was measured through the number of trials, and the overall time to
complete the game. The ﬁndings partially support our ﬁrst hypothesis in that children
used signiﬁcantly fewer trials in the Help condition than in the No_Help condition.
However, there was no signiﬁcant difference in duration taken by children between the
Help and No_Help conditions.
There was no signiﬁcant correlation between noticing the gaze and the game
duration. There are several possible explanations for this. Firstly, as soon as the children noticed that the robot tutor was helping them with gaze hints, they waited until the
robot showed them the matching card, even when they had an idea of where the
matching card was. Secondly, the novelty effect of the robot, which is supported by the
larger duration of looking at the robot even when the number of trials was less,
indicates that the children who noticed gaze could have spent more time looking at the
robot. Another probable reason is the duration of head movements of the robot during
attention shifts from the flipped card to the face of the participant and then to the
matching card. Lastly, a few of the children spent some time asking the experimenter
questions during the game either because of confusion or when they saw the robot
movement and could not interpret what it was doing.
The ﬁndings support hypothesis (H2.1) in that children looked signiﬁcantly longer
at the robot’s face in the Help condition than in the No_Help condition. We also found
that children gazed at Card 1 was signiﬁcantly longer in the No_Help condition as
compared to the Help condition. This could be because of the fact when the children
flipped the ﬁrst card (Card 1) they did not look at it as they knew the robot would
help. Again, interestingly, we found no signiﬁcant difference of eye gaze duration at
Card 2. This could be explained by the fact that in the Help condition, the children were
looking at Card 2 longer to conﬁrm it is the match i.e. the same, since all cards were a
shadue images of dogs. We found negligible percentages of time durations of looking
elsewhere. This result conﬁrms our results on engagement, as we found no signiﬁcant
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differences during the Help and No_Help conditions - there was high of engagement
during both sessions of the game. Results also reveal more events of mutual gaze in the
Help condition than in the No_Help condition. This supports our (H2.2), which further
projected that occurrences of mutual gaze would facilitate the effectiveness of the robot
tutor as a helping agent. In i follow up study, we will analyse the dynamic and
sequential analysis of gaze, which will determine the patterns of timing related to joint
attention. From the subjective feedback we got from the post-experiment interview,
children who noticed the help from the robot regarded the robot as friendly, and they
deﬁned the robot as being “cool”.
The results from this study differ a bit from our previous study with adult participants using similar setting. In the study with adults, we found that the participants
performed better when the tutor was helping than without help [19]. Likewise, in both
settings for the adult and children, most indicated that they expected verbal help from
the tutor. We assume the design of the robot behavior may have led participants to
expect verbal support from the tutor since, in the beginning, the robot verbally gave
instructions to the participant but remained silent during the entire interaction, only
giving gaze clues. In our ongoing analysis, we examine the sequential dynamics of
joint attention gaze including the temporal patterns for this kind of interaction.
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