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Abstract— Eyes play a central role in human-human commu-
nication, for example,in dir ecting attention and regulating tur n-
taking. For this reason, the eyes have been a central topic in
several �elds of interaction study. Although many psychological
�ndings haveencouragedpreviouswork in both human-computer
and human-robot interaction studies,there have beenfew explo-
rations fr om the viewpoint of the timing of gaze behavior. In
this study, the impr essiona person forms fr om an interaction is
regardedto be strongly in�uenced by the feeling of being looked
at which is assumedto be based on the responsivenessof the
other's gazeto the person's one and be the basis of impr ession
conveyance as a communicative being. In this paper, we built
a robot that could move its gaze responsively to its interaction
partner' s one to explore the effect of responsive gaze. In this
paper, we evaluated two primiti ve ways of controlling a robot's
gazeresponsively to its partner and con�rmed that robots with
such responsive gazecould give stronger feeling of being looked
at than oneswith non-responsive gaze.

I . INTRODUCTION

A person's gaze plays several important roles in face-to-
face communication,such as exhibiting one's attentionand
regulatingturn-takingduringconversation,andthereforeit has
beena centraltopic in psychology[1]. How onepersonlooks
at anotherseemsto largely affect what kind of impressionthe
onemakeson the other. For example,people's impressionsof
othersareknown to beaffectedby thedurationof beinglooked
at [2], the otherperson's directionof gazeduring face-to-face
interactions[3], andso on. Thesefactsimply the importance
andthe effectivity of utilizing the gazeof robotsor on-screen
agentsfor communicationwith humans,and therefore,have
encouragedmany researchersto study natural, informative,
andcommunicative gazefor them(for exampleof studieswith
robots[4], [5], [6], [7], [8], [9], [10] andwith on-screenagents
[11], [12], [13]).

Consistentlywith the �ndings in psychology, it is reported
that an on-screenagent can control the user's impression
throughparametersthatcontrolhow it looksat them[4]. It has
beensuggestedthatin face-to-facesituations,a robot'sactions,
suchasmakingeyecontactandfollowing aperson'sgaze,play
an important role in the ability to transferknowledge [5] or
convey its' internalstate[7] to that person.It hasbeenshown
thatgazescanbeusedto regulateturn-takingin conversational
interaction[8], [11], [12]. In previous work, however, gazes

are usually moved using �x ed parametersso as to reproduce
statisticallysimilar gazebehavior with humans'one.In other
words,the gazebehaviors wereindependentof their partner's
one.

On the other hand, a human tends to move his/her gaze
not independentlyof but responsively to the partner's gaze
(ex. eye direction after-effect [14]). Such responsivenessof
gaze seemsto affect what kind of impressionis perceived
by the partner. For example, imagine that you get on a bus
andoccasionallyestablisheye contactwith anotherpassenger.
If he/shesuddenlyaverts his/her eyes from you, you would
feel that he/shehad beensecretlywatching at you. Or, you
might feel at easetalking to someoneif he/sheresponsively
staresback at you. Inspired by thesefacts, we assumethat
humansrecognizewhether they are looked at by the other
personbasedon how theotherperson's gazerespondsto their
gaze.Moreover, giving such a feeling of being looked at is
consideredto beanpromisingwayto serve thefeelingof being
attendedto by which humansmight recognizetheotherperson
as their interaction partner, in other words, communicative
being.

Unlike humans,the impressionconveyancewith crudegaze
control of robotsor on-screenagentsis not suf�ciently strong
to expressnon-verbalmessagessuchasthe presenceof com-
municative being for smooth communication,and therefore
needsto be improved. In this paper, we addressthe issue
of using robot gaze that is responsive to the communication
partnerfor vivid face-to-facecommunication.We build a robot
that can exhibit two primitive type of responsive robot gaze
andevaluatetheir effectson partner's feelingof being looked
at by the robot, which is consideredto be the basisof im-
pressionconveyancein face-to-facecommunication,through
comparisonwith non-responsive gazes.The restof this paper
is structuredas follows; we �rst argue our hypothesisabout
responsive gaze,andthenwe describethe methodsfor imple-
mentingresponsive andnon-responsive gaze.After explaining
about our experiments,we summarizethis paperwith some
discussion.



I I . HYPOTHESIS ON RESPONSIVE ROBOT GAZE

Humangazeis assumedto convey one'sattention,emotions,
feelings,andsoon [1]. Suchimpressionconveyancewith gaze
is consideredto be basedon the feeling of being looked at.
If onepersonis looking at another, the otherclearly seesthat
they arebeinglookedat.However, simplystaringis notalways
suf�cient for a robot to make someonefeel they are being
lookedat.For example,if a personanda robotarefacingeach
other, the robot cankeeplooking at the personsimply by not
moving, but this makesthe robot seemlike a �x ed object.As
a result, the impactof its gazebecomesweak.Therefore,we
would like to addressthe issuehow to strengthenthe effects
of robot's gaze.

A. Effect of respondingto the other's gaze

The following four effectsareregardedasbeingcausedby
the responsive robot gaze.

(1) Whentherobotalternatesbetweenlooking at theperson
andlooking elsewhere,thatmovementmakestheperson
moreawareof the directionof the robot's gaze.

(2) The fact that the robot has demonstratedits ability to
look elsewheremakestheactionof looking at theperson
seemmorevolitional.

(3) Respondingto changesin gaze direction presupposes
that the robot must be paying attentionto the person,
and so strengthensthe feeling that the robot is looking
at the person.

(4) It hasbeensuggestedthatpeoplerecognizewhetherthey
are being looked at basedon the correlationbetween
their gaze and the other person's gaze [15]. Changing
the robot's gaze direction in responseto the person's
gazecreatessucha correlation,andthereforemakesthe
personfeel that they arebeing looked at.

As a resultof above effects,the feelingof beinglooked at by
the robotwould bestrengthened,andwould bemoreeffective
at vivid impressionconveyancewith gaze.

B. How to respondto the partner's gaze

A following responseand an averting responseare two of
the representative waysof respondingto thepartner's gaze.In
a following response,therobotshifts its gazesoasto shareits
attentionwith its partner. Thiscreatesa feelingthattherobotis
imitating the person.If it keepsfollowing gaze,he/shewould
feel the feeling of being looked at and might feel somehow
threateneddue to being imitated for so long. On the other
hand,in an averting response,the robot shifts its gazeso as
to avoid its partner's gaze,looking directly at themonly when
they lookedaway. Althoughthepersonwouldseldomestablish
eye contactwith the robot, he/shewould still feel the feeling
of being looked at.

The robot is expected to be able to give its interaction
partnervarious impressionby combiningsuchfollowing and
averting responses.Since one simple following or averting
responsecannotbe optimal for all situations,the robot should
have a mechanismto switch betweenthem. In this paper,

however, we focus on evaluatingthesetwo simple responses
to con�rm the effect of responsive gazeas the �rst step.

I I I . IMPLEMENTATION OF RESPONSIVE ROBOT GAZE

In this section,we introducethe control methodsfor robot
gaze. Two of them are responsive to the partner's gaze
while the remainingtwo are non-responsive, to be usedfor
comparison.

A. Responsivegaze

With a following responseor anavertingresponse,therobot
changesthetargetof its visualattentiondependingon what its
partneris looking at. Therefore,it movesits gazein response
to the partner's gaze.In this paper, detectingwhat a personis
looking at is accomplishedby usinga wearablegazedetection
device.

Note that, for the smoothnessof the robot motion, it
ignoresthepartner'sgazechangeuntil 0.5secondshavepassed
since the robot last changedits gaze. In the analysisof the
experiment,robots with thesetwo kinds of responsive gaze
behaviors are labeledas the responsivegroup.

1) Following gaze: Thefollowing gazeof a robot is moved
so as to share its attention with its partner. A robot with
followinggazelooksat thepartnerwhenhe/sheis lookingback
at the robot,andit follows the other's gazedirectionif he/she
looks at somethingelse. In the analysisof this experiment,
robotswith following gazeare labeledas following group.

2) Averting gaze: The averting gazeof a robot is moved
so asto avoid its partner's gaze,looking directly at themonly
when they looked away. A robot with averting gaze avoids
the partner's gazeif he/shelooks at the robot. Meanwhile,it
looksat him/herif he/shelooksaway at somethingelse.In the
experiment,avoiding gazewas implementedas the gazeshift
from looking at the subjectfaceto looking at either objects.
In the analysisof this experiment,robotswith averting gaze
are labeledas the avertinggroup.

B. Non-responsivegaze

With a independentgazeor a 100%staring gaze,the robot
either changesgazedirection independentlyof the partneror
doesnot changeit at all. In the analysisof this experiment,
robotswith thesebehaviors are labeledas the non-responsive
group to comparewith the responsiveone.

1) Independentgaze: The independentgazeof a robot is
moved so as to be independentof the partner's attention.A
robot with independentgazechangesits target to be looked
at independentlyof the partner's target. It is implementedby
switching betweentracking the partner's face and tracking
other objectsat variable time intervals which are randomly
determined.Note that it doesnot changeits target until at
least0.5 secondshave passedsinceit last changedits target.
In the analysisof this experiment,robots with independent
gazeare labeledas the independentgroup.



(a) Looking at a subjectin front of it

(b) Looking at a subject in right-
side

(c) Looking at the right object

Fig. 1. Samplesof the robot face during looking at (a) a subjectwho is
in front of it, (b) a subjectwho looks at it from right-side,and (c) the right
object

2) 100%staring: The 100%staring gazeof a robot is di-
rectedsoasto keeplooking at thepartner's face.A robotwith
100%staring gazekeepsvisually tracking the partner's face.
The facetracking is implementedby using imageprocessing
to extract the person's faceandmoving the neckandeyes to
keep the face in the centerof the image. In the analysisof
this experiment,robotswith 100%staring gazearelabeledas
the 100%staring group.

IV. EXPERIMENT

To testtheeffectof responsive robotgaze,wehired39naive
subjects(20maleand19 female)andconductedanexperiment
with them. They were college studentsor graduatestudents
whoseagesrangedfrom 18 to 24. The averageagewas20.8
while the standarddeviation was1:5.

A. ExperimentalSetup

A communicationrobot (Robovie-R2, ATR Robotics)was
usedfor theexperiment.Although it has17 DOFsasa whole,
only six DOFswereused,that is, the panand tilt axesof its
neck, and the pan and tilt axes of its both eyes. The unit of
its eye is composedof a CMOS camera,infra-red pass�lm,
and servo motors for eye movement.The infrared pass�lm
is attachedwith the centerof a white, hollow eyeball. The
eyeball is coveredwith a transparent,semi-roundacrylic resin
to resemblea humaneye (seeFigures1). The height of the
robot was 1100 [mm] while the horizontal and vertical size
of its face was 270 [mm] and 200 [mm], respectively. The
diameterof the eyeswasabout70 [mm].

The robot drives the motorsof its neckandeyesbasedon
the sensorydatafrom its CMOS camerasin both the left and
right eyes, and from a gazedetectiondevice (EMR-8B, Nac
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Gaze controller

Fig. 2. The robot gaze controller which receives sensorydata from its
camerasandgazedatafrom the gazedetectiondevice worn by a subject,and
drives its servo motorsto move its gaze

ImageTechnologyInc.) worn by the subject(seeFigure 2).
The gazedetectiondevice shinesinfrared light on a person's
eyesandrecordsthere�ection while it simultaneouslycaptures
an imageof the person's frontal view with a cameramounted
on the person's head.The re�ected infrared imageis usedto
calculatethe person's focusingpoint in his/herfrontal view.

The host computer(PentiumIV, 2.8GHz) on the robot re-
ceives the image of the person's frontal view and the gaze
dataincluding his/herfocusingpoint from the gazedetection
device. Image processingis done for the received image to
�nd the robot's facein the person's view. Then, it calculates
whetherthe personis looking at the robot or at otherobjects
basedon the result of image processingand the gaze data.
The host computeralso receives the imagesfrom the CMOS
cameraswith infrared pass�lm in the robot's eyes. Then, it
calculatesthepositionof theperson's faceasthecenterregion
of infrared light re�ected by the person's face.

Basedon theperson's gazewith respectto the robot's face,
the robot determineswhetherto look at the person's faceor
at other objects.In the caseof looking at the person's face,
the host computerfeedsthe control signalsto the motorsof
thenecksoasto facewith thesubjectandthevisual feedback
controlsignalsto themotorsof eyessoasto keepthepartner's
facein thecenterof theimages.Figure1(b) shows anexample
appearanceof the robot faceduring looking at the faceof the
subjectwho looks at it from right-side.In the other caseof
looking at the objects,it feedscontrol signal to the motors
of neckandeyesto faceto otherobjects.The control signals
to face to the other objects were pre-speci�ed becausethe
positionsof them were �x ed in this experiment.Figure 1(c)
shows anexampleappearanceof therobotfaceduringlooking
at the right object.



Fig. 3. An examplescenefrom this experiment,wherea subjectis wearing
a gazedetectiondevice andsits acrossfrom a robot at a deskwith two dice
on it

B. Procedure

Before the interactionwith the robot, the experimenterlet
a subject wear the gaze detectiondevice and calibratedit.
The experimenterdid not explain that the device was used
for the gaze control of the robot, but only that it was used
for analysisof human-robotinteractionafter the experiment.
Then,thesubjectwastold thathe/shewould sit acrossfrom a
robot thatdid not talk becauseit couldnot hearbut could look
around,and he/shewould have to evaluatethe robot after an
interactionof about70 seconds.To avoid having the subject
keephis/herfocus on the robot's face,in which casehis/her
gazewould not move, he/shewasalso instructedthat whena
bell wasrung,he/sheshouldlook at eitherof two dice on the
table betweenthe subjectand the robot (seeFigure 3). This
regulationwasexplainedasbeingfor theonlinecalibrationof
the gazedetectiondevice. The calibrationand all instruction
were done before the subjectsaw the robot or dice on the
table.

Once the subject sat across from the robot, the robot
began its gaze control. For the �rst eight seconds,it stared
at the person's face. Then, it moved its gaze using one of
four methodsdescribedearlier until 70 secondshad passed.
After the 70 seconds,the subjectwas asked to answerthe
questionnaireabouthis/herimpressionsof the robot.

V. RESULTS AND DISCUSSION

In the experiment,subjectswereasked to sit acrossfrom a
robot which usedone of the four gaze controlling methods
listed in section III. At each sessionwith a subject, we
collecteddata of both the subject's and robot's gaze during
interactionaswell astheanswersfrom thequestionnaire.Note
that eachsubjectexperiencedonly one of four gaze control
methods.Thenumberof thesubjectsfor eachmethodsis listed
in Table I.

TABLE I

THE NUMBER OF SUBJECTS FOR EACH METHOD

Method Male Female Total
Following 5 4 9
Averting 3 4 7

Independent 6 9 15
100%staringa 6 2 8

TABLE II

AVERAGE AND STANDARD DEVIATION OF TIME FOR STARING AT THE

PARTNER' S FACE FOR 60 SECONDS OF INTERACTION

Method Staringtime by Staringtime by
the robot [sec] subjects[sec]

Following 41.9 � 6.7 45.7 � 5.4
Averting 18.0 � 7.3 48.0 � 8.4

Independent 41.9 � 6.9 42.2 � 7.9
100%staring 59.0 � 1.1 47.5 � 11.6

A. Observationof Interactions

Figure 4 shows examplesof the gaze transitionsof the
subjectand the robot which indicate their targets of visual
focus. A positive (negative) value meansthat the subjector
the robot was focusing on the left (right) die while zero
meanshe/sheor it wasfocusingon thepartner's face.Looking
at an example from following group (see Figure 4(a)), we
can seethat the robot succeededin performing a following
responsewhere it responsively looked back at the subject
when he/shelooked at the robot's face,and it followed the
subject's gazewhen looking at one of the dice. We can see
an example of the interactionin averting group (seeFigure
4(b))whereit responsively lookedaway from thesubjectwhen
he/shelookedat the robot's face,andit lookedbackwhenthe
subjectlookedaway from therobot.In theotherexamplefrom
the independentgroup (seeFigure 4(c)), we can seethat it
succeededin performingindependentgazecontrol, changing
the target of focus independentlyof the subject's gaze.The
eye movementof the robot could occur in 100 % group due
to the headmovementof subjects.Note that the amountof
eye movement in 100% staring group was measuredas the
standarddeviation of thepostureof eachaxis,that is 2.2 [deg]
in the pan axis of right eye, 2.3[deg] in the pan axis of left
eye, and1.0 [deg] in the tilt axis of both axes.

Table II shows the list of the averageand the standard
deviation of total time the robot spentlooking at the subject
as well as total time the subjectspent looking at the robot
for a 60 secondperiod,that is, from 8 secondsto 68 seconds
from the beginning of the interaction.As we can seefrom
the list, the control parametersof the independentgroupwere
tuned so as to make the robot look at the subject for the
sametotal amountof time as thoseof the following group.
Thereis nosigni�cant differencein total time thesubjectspent
looking at the robot betweencontrolling methods(ANOVA,
F (3; 35) = 1:09; p = 0:37).

Figure5 shows thedistribution of theaveragereactiontime
of the robot, which is de�ned as the averageinterval of time
from whenthesubjectchangeshis/hergazeto whenthe robot
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Fig. 4. Examplesof the transitionof gazebetweenthe subject's faceand
theobjectson the tablein (a) the following groupand(b) theavertinggroup,
and(c) the independentgroup

changesits gaze.Notethat thecaseswhereit changedits gaze
after more than � ve secondwere eliminated from the data
whencalculatingthe averagebecausethey werenot regarded
as responsive movement.As we can seefrom the graph,the
robot had a more rapid responseto the subject's gazein the
following and averting group comparedto the independent
group.

B. The feelingof being looked at

It was predictedthat (1) robots that changethe focus of
their visual attentiongive their partnersa strongerfeeling of
being looked at than robots that do not changetheir gaze
direction,and that (2) robotswith responsivegazegive their
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(c) Independent
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Fig. 5. Histogramsof the averagereactiontime of the robot in eachcontrol
method:(a) following, (b) averting, and(c) independent

partnersa stronger feeling of being looked at than robots
with independentgaze control. We conducteda statistical
analysison the averagescorefor the question“Did you feel
like the robot was looking at you?” as an indicator of the
feeling of being looked at. Note that the subject answered
the questionon a scale of one to seven, where high value
correspondsto a strong feeling of being looked at and vice
versa.For sucha priori comparison,we appliedtheprocessof
reverseHelmertcontrastfor four groups,that is, thefollowing,
averting, independent, and100%staring group,in that order.

We call a group that consistsof following, averting, and
independentgroupsthe gaze-changinggroup.By contrasting
the gaze-changing group with the 100% staring group, we
con�rmed that the gaze-changinggroup gave subjectsa sig-
ni�cantly strongerfeeling of being looked at than the 100%
staring group(p = 0:001) (seeFigure6). Therefore,it seems
thatsubjectshadastrongerfeelingof beinglookedat by robots
in thegaze-changinggroupthanby robotsin the100%staring
group.Notethatwe did not seesigni�cant interactionbetween
genderandmethodsof gazecontrol.

By contrastingthe responsivegroup with the independent
one,wesaw thatrobotsin theresponsivegroupexhibitedweak
tendency of giving subjectsa strongerfeelingof beinglooked
at than in the independentgroup (p = 0:084). However, the
independentgroupincludescaseswheretherobotoccasionally
moved its gazein a way that seemedlike it could have been
a responseto the subject.Therefore,to take suchoccasional
responsesinto account,we analyzedtheaverageresponsetime
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TABLE III

SPEARMAN' S CORRELATION COEFFICIENT BETWEEN THE SCORE FOR THE

QUESTION, “ DID YOU FEEL LIKE THE ROBOT WAS LOOKING AT YOU?”

AND THE AVERAGE REACTION TIME TO PARTNER' S GAZE SHIFT DURING

FIRST AND LAST 30 SECONDS OF INTERACTION IN THE independentGROUP

reactiontime reactiontime
in ®rst 30 sec in last 30 sec

correlationcoef®cient -0.69 (**) -0.31
signi®canceprobability 0.004 0.256

N 15 15

of the robots in the independentgroup.As we can seefrom
Figure7 andTableIII, therewasnegative correlationbetween
the averageresponsetime during the �rst 30 secondsandthe
degreeof feelingof beinglooked at in the independentgroup.

Therefore, for further analysis,we divided the indepen-
dent group into an involuntary responsivegroup and an true
independentgroup basedon the averagereactiontime. The
averagereactiontime in the responsivegrouprangedbetween
0:30 � 1:33 seconds.Therefore,the involuntary responsive
group was de�ned as consistingof the casesin which the
averagereactiontime was less than 1:33 secondswhile the
true independentone was de�ned as consistingof remaining
casesin the independentone. Then, we de�ne a group that
consistsof the responsiveand involuntary responsivegroups,
which we call theextendedresponsivegroup,andcontrastedit
with thetrue independentone.We con�rmed thatsubjectshad
strongerfeelingof being looked at for robotsin the extended
responsivegroupthanfor robotsin thetrue independentgroup
(p = 0:009) (see Figure 8). Therefore, regardlessof the
natureof the response,the robot succeededin giving subjects
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you?” with respectto the averagereactiontime to subjects'gazeshift in ®rst
30 secondsof interaction
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Fig. 8. Scorefor the question,“did you feel like the robot was looking at
you?” with respectto the modi®edconditions

a strongerfeeling of being looked at by respondingto the
subject's gaze.

In addition,theredid not seemto be a correlationbetween
the averagereactiontime in the last 30 secondsandthe score
for feeling of being looked at for the independentgroup (see
Table III). Therefore,to createa stronger feeling of being
looked at, it seemsto be important that a robot shows gaze
control responsive to the subject's gazefrom the beginning of
interaction.Implementationof independentgazeis easysince
it doesnot requireobtaining information about the partner's
gaze. However, it is not guaranteedthat a robot with an
independentcontrollerwill alwaysshow aresponsivebehavior.



A responsive gazecontroller, suchasour proposedmethod,is
expectedto show gazecontrol responsive to thesubject's gaze
from the beginning, and thereforeelicit a strongerfeeling of
being looked at.

VI . CONCLUSION

In this paper, we proposedtwo methodsof robot gaze
control that areresponsive to the partner's gazeandevaluated
their effectson thepartner's impressionthroughanexperiment
with 39 subjects.From the statisticalanalysis,we con�rmed
that robotswith responsive gazecontrol succeededin giving
subjectsa strongerfeelingof being looked at than thosewith
non-responsive gaze control. We expect that such a feeling
would be a basisfor conveying vivid impressionusing gaze.
Sincethe suitablegazeresponseto the partneris considered
to dependon what kind control of impressionto be conveyed
andthecontext of interaction,futurework shouldaddressways
to integratethe proposedmethodsof responsive gazecontrol.
Furthermore,the behavior of gazeandone's impressionof it
dependon cultural and personalfactors.Therefore,a robot
needs to adapt its ways of gaze control to its partner's
characteristics,which is also an important issue to address
in the future.
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