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Abstract With an increase in their capabilities, robots startgaze in social situations will provide a measure for evaluat
to play a role in everyday settings. This necessitates a stépg whether robots are perceived as social agents rather tha
from a robot-centered (i.e., teaching humans to adapt wsdpbnon-intentional machines. This could help decide which be-
to a more human-centered approach (where robots integrataviors a robot should display in order to be perceived as a
naturally into human activities). Achieving this will inease  social interaction partner.

the effectiveness of robot usage (e.g., shortening theréme
quired for learning), reduce errors, and increase usempacce
tance. Robotic camera control will play an important role
for a more na'ltural and easier-to-.interpret behavior,' owinq Introduction

to the central importance of gaze in human communication.

This study is intended to provide a first step towards im-; 1 Roles of Gaze
proving camera control by a better understanding of human

gaze behavior in social situations. To this end, we regster gaze plays a central role in human everyday life. On the
the eye movements of humans watching different types ofne hand, it provides feedback about the success and failure
movies. In all movies, the same two triangles moved aroundg particular (motor) actions, that is, it contributes tsen
in a self-propelled fashion. However, crucially, some @& th jng goal achievement in online action control. On the other,
movies elicited the attribution of mental states to the tri—gaze plays also a role in human-human interactions. In such
angles, while others did not. This permitted us to directlysjiyations, gaze is closely coupled to attention [1,2],-con
distinguish eye movement patterns relating to the attribuyeys intent [3], regulates social interactions [4], andsedi
tion of mental states in (perceived) social situationsmfro as a pointer to objects of shared interest [5]. Even though it
the patterns in non-social situations. We argue that amettgs |ess immediately apparent that gaze is functionally nec-
understanding of what characterizes human gaze patternsgdsary in this context, it is clearly socially mandatoryr Fo
social situations will help shape robotic behavior, make itexample, a robot bar tender could serve a drink with camera
more natural for humans to communicate with rObOtS, an@yes averted from the customer, but this would be incon-
establish joint attention (to certain objects) between&usn  sjstent with what the customer expects in such a situation.
and robots. In addition, a better understanding of humagn the other hand, fixating (“staring at”) the customer all
the time would be experienced as discomfort. Up to now,
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“agency”, that is, as possessing a face or showing continvould humans also describe object locations relative to “in
gent interactive behavior [6]. Infants use this gaze-feilgy  tentional” robots, in the same way as they take other humans
behavior to learn (to predict) where interesting events aras reference points for localizing objects [15]?
likely to occur and computational models are available of In fact, humans have a tendency to attribute goals even
the acquisition of gaze-following behavior [7,8]. Later in to artifacts [16], and understanding the behavior of others
life, eye gaze cues nearly automatically attract attertiion as being goal-driven can be seen as a first step to develop-
looked-at locations or objects, and lack of this behavia haing socially meaningful interactions. Thus, the fact that h
been linked to disorders such as autism [9]. mans have a preference for “teleological explanationss als

The social function of gaze is not restricted to increasingvith regard to the behaviors of artifacts, suggests that hu-
comfort. Rather, social gaze is also relevant when commuman roles can be taken by robots. Classical examples for
nication is needed for task achievement. Thus, for exampléttribution of social or human roles to non-human entities
robot cameras mimicking human eye movements can imnclude the computer “therapist” ELIZA of Joseph Weizen-
prove communication about common goals in joint work sit-Paum [17], which - despite its simple conversation rules -
uations, as for instance in an assembly task in which humarg®nvinced some people to be a human; or the Clever Hans, a
and robots have to communicate about the next (task) stdpPrse that was attributed arithmetic capabilities, eveng
to perform (e.g., the next object to approach etc.). Humanit only reacted to subtle cues of its coach. A more recent
gaze-like behavior would be a natural way to achieve thiglemonstration is the robot Kismet [3], which - despite not
communicative goal. However, to implement such behaviop€ing very close to human morphology - provides some of
in robots, many open questions remain to be answered cofh€ facial features necessary for conveying emotions [18].
Cerning the issue of Socia|-gaze control in humans. Moreover, even artifacts that dlsplayed even less Sir‘ty'rlari

In situations such as those outlined above, human gaziith human morphology have been shown to evoke social
control can be used as a model of robotic camera contrditerpretations [14]. For example, Heider and Simmel [14]
to increase interaction efficiency. An additional advaatag cOUd engender social interpretations by presenting smpl
of a better understanding human social-gaze control is rél€0Metric shapes, two moving triangles and a disc that fol-
lated to robot evaluation. There is as yet no agreed standal@ved different trajectories. Despite their simplicity, virtue
for assessing how human-like a robot is perceived [10]. ArOf their movements, these simple geometric forms gave rise
guably, however, based on knowing how human gaze pa{p an |nte!rpretat|on, on t.he part of the onlookers', |n.hu'man
terns change in social, as compared to non-social, sitstio 'terms. This effgct qf particular moveme.nts un.foldlng !nelm
indices can be developed that reflect whether a robot is pefS remarkable in view of the fact that simply increasing the
ceived as a social agent rather than a pre-fixed machin¥'.5ual_ S|m|Ia_r|ty of artificial agents _to humans d_oes not-nec
Thus, our general aim to achieve an improved understan@ssarily achlgve the same end. Evidence for this comes from
ing of how gaze patterns change in social compared to nofl€uro-cognitive studies.
social situations translates in two closely related gdafe
is to implement the knowledge gained about social-gaze pat: 7 pifferential Processing of Biological and
terns in robotic camera control. The other goal is to dengn-Bijological Information
rive indices from this knowledge that permits the human-
likeness of robots to be evaluated. Humans process visual information differently depending

Despite the relevance of gaze in dynamic situations andn whether it is seen as biolocial or non-biological in ori-
the many studies that examined gaze patterns in differemin. At first, it appeared that the difference in processiiag w
task contexts [11-13], most studies looked at gaze patteraused by differences in the visual information provided. A
changes irstatic social situations. For static social situa- key finding in experimental psychology is that observing the
tions, faces and, in particular, eyes have been shown to kation of others has a direct influence on motor processing,
strong attractors for the onlooker’s gaze [11]; thatisnsti  rather than just on visual perception (see, e.g., [19])yOnl
lus aspects associated with social agents (such as faegs) ptecently, some studies have also looked at the influence of
a prominent role in determining gaze behavior. In more dy-observed artifacts’ actions on human action processing. Fo
namic situations, however, certain patterns of stimulugeno instance, Kilner and colleagues [20] had participants per-
ment unfolding in time can give rise to neutral objects beingorm repeated horizontal (left-right) or, respectivelgrt-
perceived as intentional agents [14]. As robots are tylyical cal (up-down) movements while they watched either another
employed in dynamic contexts, these are the kind of situahuman or a robot performing movements that were either
tions that need further exploration - because in such situazongruent (the same as) or incongruent (different to) with
tions robots, too, can be attributed mental states, inéent, their own movement direction. It turned out that incongtuen
goals. This will change the expectations that humans wilmovements of observed humans, but not of observed robots,
have of robots and how tasks are represented. For examplacreased the variance of the performed movements. This



was interpreted within the framework of the mirror neuron1.3 Non-Eye Movement Measures of Intentionality
theory [21]. Ascription

Mirror neurons are neurons that fire during action ob-

servationand execution. Some theories also relate them 1932] had participants segment animations involving two mov
social understanding [22,23]. In the study of Kilner and col ing stimuli into parts. Different groups of participants nee
leagues, presumably only human actors, but not robots, agjyen different types of information as to how the anima-
tivated the mirror neurons and therefore, in case of actiofgns were created. The interpretation either suggestee so
incongruity, interfered with the movement actually to be-pe jntentions behind the stimuli's movements, or that the move
formed. In the robot movements, by contrast, some biologments were randomly generated. One intentional interpreta
ical features critical for activating the mirror neuron sys tjgn was, for example, that the two stimuli represented the
tem seemed to have been missing. Similarly, Pozzo and cahovements of two players of a chasing game. It was found
leagues [24] showed that humans could better predict th@yat participants’ segmentation decisions were more drive
final position of a moving dot that disappeared behind an ochy pottom-up visual features in the non-intentional than in
cluding surface if the dot followed a biological (ratherttha the intentional conditions. In the latter conditions, thayw

a non-biological) movement profile, which presumably pern which participant segmented the animations was presum-
mitted them to rely on a forward model for prediction (seeab|y influenced by the (top-down) story information pro-
also [25]). vided to them.

However, in more recent studies [26,27], even a mov- While th findi ilustrate the infl f top-d
ing dot with a non-biological movement profile has been, e these Tindings ustrate the influence ot top-down

found to interfere with movement execution. One interpre-Informaltlon on (the explicit measure of) participants’ seg

tation offered by Kilner and colleagues was that the mir_mentatlon deC|S|on.s,.these were explicitly Teq“'red by th?
ask. However, explicit measures such as this would make it

ror system only responds if the observed stimuli combinecﬁ] dt tributi fintentionality i -
with the observed movement patterns are sufficiently famil- ard o assess atiributions ot intentionality in real- e

iar - which was assumed to be the case for moving dotd1arios without impacting on the nature of the task. Arguably

but not for robots. The relevance of physical attributesiof v examining observers’ gaze pehawour would prowde for a
sual information is further questioned by a number of find—Iess intrusive way to make this assessment, which is why the

ings that point to the importance of abstract “features”, inpresent stu<_jy focu_sr_ed on i.m plicit eye mgvement measures.
particular, the goals or interpretations, of actions far &c- Further, wh_He _partlup_ants in [32] l_J_sed d_|ff_erent segnaent
tivation of the mirror neuron system [28]. In the study of tion strategies in Fhe dlfffrgnt C?ndltlohs’ |t.|s notrgalear
Gazzola and colleagues, a robot action was found to act}/_vhetherthey attributed “minds” to trtimuli or to theper-

vate the mirror neuron system only if the observed actior?onswhO created them. Of course, this is not a shortcoming

had a familiar goal. The predominant influence of interpre—Of [32] which was designed to address a different question;

tation, versus that of sheer morphological similarity, was howeyer, it would be_a problem with regard to the current
derscored by Stanley and colleagues [29], who reported th .e.stlon.' Thgrefore, n the prgsent study, we used rather ar
the same moving dot stimuli did or did not lead to interfer-tI |C|al_an|maF|onfs which per_mltte_d us to control whether or

ence depending on whether participants were made to bQ—Ot mind atiribution to the stimuli occurred.

lieve that the dot motion was biological or non-biologiaal i

origin. This also fits well with the proposal of Biocca and

colleagues [30] that mental models are activated when in-

telligent behavior is detected. Interestingly, they lidkbe

activation of the mental model to the feeling of social pres-

ence.

Taken together, these findings suggest that whether & Examining Eye Movements in the Context of Social

not an “intentional stance” [31] is taken depends not so mucﬁ‘gents

on similarity to humans, but rather on other factors. Ar-

guably, therefore, it would be advantageous to investigat&hat eye movements, too, are influenced by the goals of an
human information processing in the context of dynamicobserver has been very well documented in natural situa-
social situations. An improved understanding of how hu-ions [33]. Furthermore, the value of rewards to be found
man information processing differs between social and nonat new fixation location has been shown to be an important
social situations would allow us to derive behavioral iradic factor for saccadic target selection [33, 34]. Given theatep
tors for conditions in which a robot is perceived as a sociatlency of eye movements on task context and reward, one
agent and, based on these, tailor the robots to meet the neaglsuld also expect to find different gaze patterns in social
of their human interaction partners. compared to non-social contexts.



2.1 Earlier Studies of Eye Movement Control in the tend the results of [37] by also analyzing the gaze positions

Context of Social Situations relative to moving triangles and comparing them between
movies for which mind attribution did or did not occur. This

A first step in examining eye movement differences duringoermitted testing whether social content really leads toemo

interactions with interactive robots and non-interactys ~ eye movements being directed to (social) agents. As this is a

was taken by Dautenhahn and colleagues [35]. They meaovel approach, data analysis is inevitably more exployato

sured the gaze durations of children with autism who weréghan one would ideally wish.

playing with either a robot or a (toy) truck. Unfortunateip

clear differences were found. Furthermore, eye movements

are known to differ in several respects between individual$ 2 Experiment

with and without autism [36]; therefore, eye movements of

individuals with autism would not provide a gOOd model for In the experiment, 12 healthy participants watched differ-
eye movement control in humans in general. AlSO, itis unent movieS, each d|sp|ay|ng two triang|esy a |arge (about
clear what role the children attributed to the toy/robot. 4°) red and a smaller (aboufRblue one, that moved in a
[11] investigated the influence of the social content of‘self-propelled” manner for about 18 seconds. Earlier stud
pictures on observers’ gaze behavior, where the social cores had shown that these movies could be grouped into either
tent was manipulated by varying the number of people dea random, goal-directed, or theory-of-mind condition [37,
picted in different scenes. Birmingham found that, increas38]; henceforth, these will be referred to by the terms non-
ing the number of humans in a scene led to an increase Bocial, goal, and social, respectivélfach condition con-
gazes directed to the eyes of the humans. Importantly, thisined four movies. Movies in the goal condition typically
increase was found only when the humans were depicted tead to interpretations that involve interactions, forraypde,
be engaged in activities like playing cards or reading a bookhe small triangle is following the large triangle, or theotw
underscoring the importance of perceived social behavior otriangles move in a symmetric fashion. Social movies typi-
eye movement control. However, only static pictures wereally evoke mentalizing descriptions. An example would be
used in these experiments, so that it remains unclear whétat the large triangle is trying to motivate the small tgkn
would happen in more dynamic contexts typical for robotto move out of the house, while the small triangle seems to
action. be afraid of the outside. By contrast, movies from the non-

An investigation of eye movement patterns in the consocial condition are described mostly in terms of physical
text of dynamical stimuli was conducted by Klein and col-movements, e.g., the triangles are floating around. See be-
leagues [37]. They examined mean fixation durations anpW for further descriptions of the animations.
counts while participants watched movies of two triangles.  In the present study, participants were asked to watch
Some of the movements of the triangles gave rise to intethe movies attentively in order to report at the end what had
pretations that made reference to the concept of “mind”happened. These reports were only used to check that par-
Movies that were interpreted in terms of mind states, i.e.ticipants had indeed concentrated on the movies (i.e., they
of one triangle “agent” exhibiting behavior that is relatedwere not further analyzed). Instead, the focus lay on the dif
to the state of the other “agent”, were associated with botference in gaze patterns among movies from the different
longer fixation durations and a reduced number of fixationsconditions.

Thus, this study yielded a first description of differential

eye movement pat_terns between social and non_—somal 55-.2.1 Materials and Procedure

uations. However, it did not provide a more detailed anal-

ysIs Qf gaze control in social, as c_ompargd 0 non'SOC"’:IIIDarticipants’ eye movements while watching the movies were
.S”“‘f"“.o’?s' In particular, for modelling social gaze behav.recorded using an SR-Research (Canada) Eyelink 1000 sys-
ior, it is important to understand where humans direct thel[em (see Fig. 1). The sampling frequency of the eye tracker

gaze. No suchinformation was provided by [37]. Also, Wher\Nas 1000 Hz, and its accuracy is typically better thar 6f5

used as an evalua.t Ve measure of S.OC@ (gs compared \t/?sual angle. All 12 participants had normal or corrected-t
non-social) interactions, fixation duration is likely to to®

o . normal vision and received either monetary compensation or
coarse a measure: it is strongly influenced by the movement

iy S N . . course credits in exchange for their time. The movies they
velocities of the stimuli (“agents”), which may not provide

viewed were the Frith-Hag@panimations as used by [37,38],

good cue to “agency”. This problem is at least partly CIrCUM-gh ortened to 18 seconds each while preserving the essential

yented py addmonal_ly obtaining measures _O_f f|xat|o_n Ioca'story. The long version of the movies can be viewed under
tion, which are less influenced by the specific velocity pro-
files employed. Because of the importance of eye measures. Thjs terminology refers to the perception of the trianglesasal

in social contexts, the current study was designed to exagents, i.e., whether mind attribution to the triangles czoumot.
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Fig. 2 Snapshots of the social film “mocking”. A typical description
for this film would be that the blue triangle mocks behind thekba
of the red one. When the red one turns and looks at the bluggtea
the blue triangle pretends to do something else only to follewéd
triangle afterwards again.

Percentage top time, however, was derived only for the red
Fig. 1 Experimental setup. Participants sat comfortably in achairan(}“angle; the small sizé O_f the_blue trlgngle renderfad this
watched the movies on a computer screen. Head stability wasvadhie Measure unreliable for this obje@&lue timewas the time
by means of a chin rest. eye gaze was within a circle of &round the center of grav-
ity of the blue triangle, divided by triangle time. Tiper-
. . centage middle timeas the time gaze was directed within
http://ww.icn. ucl.ac. uk/dev_group/ o . . . .
. . . 1° around the middle position between both triangles di-
ufrith/research. ht m#ani mati ons. . s . .
. . . . vided by trial time. Finally, a regression was calculated to
As an illustration, Fig. 2 depicts snapshots from the so- . : .
e . examine whether the horizontal and vertical components of
cial film “mocking”. . ,
- L the eye movements were less dependent on the triangles
Each participant saw all twelve movies in random order. . . : .
: . . rpovements during social movies. For the regression, each
After each movie, participants were asked to describe what ~ . o . .
movie was divided in four parts, each 4.5 seconds in length.
they had seen. ) .
Subsequently, for each part, a regression of the horizontal
positions of the eyes. was run, using as regressors an in-
tercepti, the horizontal position of the red triangle’s center
All reported measures were first calculated for each movi((%)f masse,, the horizontal position of the blue trlangle S cen-
L . . . ter of masse,,, and an error terma; 5, and 3, are weighting
and participant separately, prior to averaging across @sovi parameters:

from the same condition.

2.2.2 Data analysis

Te :i+ﬂrxr+ﬂb$b+e
Temporal Variables

Mean fixation duratiorwas the average length of periods An analogous regression was run for the vertical position of
without blinks and saccades, that is, when the tracked ey&€ eyeg.:

was open, eye velocity was below%aOacceleration below Ye =1+ Bryr + Boyp + €

8000, and eye movement amplitudes were smaller tharThe crucial measure here was the proportion of accounted-

0.5°. Similarly, fixation countsvere calculated by counting for varianceR?. R? values were first averaged across all four
the number of fixation periods that were interrupted by garts and then across andy, to derive at the final mea-

blink, saccade event, or the end of the movie. sure of explained variance. For each measure, a repeated-
measures ANOVA with the factor movie condition (non-
Spatial Variables social, goal, social) was calculated to examine for a génera

Trial timewas defined as the length of the animation moviesinfluence of the type of movie. Except for Blue time, this
Triangle timewas the time eye gaze fell within a circle 6f 3 influence was followed up by planned comparisons between
around the center of gravity of the red or blue triangle, rethe goal and non-social and the social and goal conditions.
spectively.Top (mid) timewas the time eye gaze was within As for Blue time, the percentage for each movie condition
a circle of T around the top (middle) of the triangle (The was tested against 50% using Bonferroni-corrected t-tests
top position was the edge with the longest sides.) &  Whenever necessary, Greenhouse-Geisser corrections [39]
centage triangle timavas then given by were used, though for ease of communication only the non-

triangle time corrected degrees of freedom are reported below.

100 * - .
trial time
) . 2.2.3 Results
while percentage top timeas calculated by
top time Temporal Variables

100 %

top time + mid time’ Fig. 3 displays the mean differences in fixation duration and



fixation counts among the three movie conditions. Mean fix-
ation durations were longer for movies in the social com- &
pared to the non-social and goal conditions, while thedatte
two conditions showed little difference in fixation duratio
Similarly, fixation counts were highest in the non-sociad an
lowest in the social condition, with the goal condition apai
being similar to the non-social condition. This pattern was
reflected statistically in significant main effects of cdrati
for fixation durations £'(2, 22) = 4.62M SE = 1534.63p
< .05) and fixation countsH(2, 22) = 4.29,M SE = 9.93, 0
p < .05), and in significant differences between social anc
goal movies (fixation durationf'(1, 11) = 10.27, M SE =
1676.54p < .05; fixation counts# (1, 11) = 8.92 M SE =  Fig. 3 Mean fixation durations and counts (and 95% confidence inter-
13.72,p < .05), but no significant differences between non-a's) for social, goal, and non-social movies.
social and goal movied+{(1, 11) =1.38p > .10; F < 1).

Spatial Variables
Fig. 4 - Fig. 8 show the results of the location analyses »
Participants looked longer at the triangles in social mevie @
compared to the other two conditions. In fact, this increas-& ®
in looking time was nearly linear from non-social through '; %0
goal to social movies (Fig. 4). Statistically, this was odwr 80 | I
orated by a significant main effect of conditioR (@, 22) =
60 1

I o5 .

100 @ Fixation Duration | 20
O Fixation Counts

300 H

HH —eo—

200 1

Mean Fixation Counts

Mean Fixation Duration (ms

Non-Social Goal Social

Film Content

100

33.53,MSE =76.14,p < .05; goal vs. non-sociaF'(1, 11)
=10.55,M SFE = 106.71,p < .05; social vs. goalf'(1, 11)
=65.93,MSE =56.76,p < .05).

A different pattern emerged for percentage top time. The §
social and goal movies exhibited a higher percentage ofto s 50
time compared to the non-social condition, while differing
only little between each other (Fig. 5). Accordingly, while Film Content
there was a significant main effect of condition, only theFig. 4 Mean percentage trial time (and 95% confidence interval) for
comparison involving the non-social condition reached sigsocial, goal, and non-social movies.
nificance ¢'(2, 22) = 20.46,p < .05; goal vs. non-social:

F(1, 11) = 38.53 M SE = 56.61,p < .05; social vs. goal:
F(1,11) = 2.48 M SE = 42.69,p > .10).

tage Gaze With

Non-Social Goal Social

During movies of the non-social and goal conditions, 100
gaze was more often directed to the blue rather than there 5 99 1
triangle. This ratio was more balanced for the social condi g 80 1
tion (see Fig. 6). Statistically, there was a main effectwfc o 701 ®
dition, and Blue time differed significantly from 50% except 3 gg | i
in the social condition.K(2, 22) = 13.57MSE =37.92,p S 10| i
<.05;#(11) =3.93p3 < .05;(11) =6.98p3 < .05,£(11) = £ 30 |
-.81,p3 > .10 for the non-social, goal, and social conditions, § 20 1
respectively). 2 40
As can be seen from Figure 7, the time that was sper 0 ‘ ‘ ‘
fixating midway between the two triangles increased signifi- Non-Social Goal Social
cantly across the three conditiorfs(@, 22) = 228.72M SE Film Content

=10.68,p < .05; goal vs. .non-sociaIF(l, 11)= 352.78, iy 5 Mean percentage top time (and 95% confidence interval) for
MSE =9.30,p < .05; social vs. goal#'(1, 11) = 194.23, social, goal, and non-social movies.

MSE =25.08,p < .05).
Finally, horizontal and vertical eye positions were sig-
nificantly less determined by the locations of the triangies
social movies compared to the non-social and goal movies'(1, 11) < 1; social vs. goal:F'(1, 11) = 47.56, MSE
(F(2,22) =37.65MSE <1, p < .05; goal vs. non-social: <0.01,p < .05). This difference in explained variance is
shown in Figure 8.
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Film Content Fig. 8 Mean proportion of variance (and 95% confidence interval) ac

Fig. 6 Mean percentage blue time (and 95% confidence interval) focounted for by the triangle positions for social, goal, and-soaial

social, goal, and non-social movies. movies, combined across horizontal and vertical gaze positions.

0 20 of various types of information [43] is required. For exam-
3 ple, [43] reported an increase in average fixation duration
S 40 during cartoon viewing when the caption was provided in
f %0 | { advance of, rather than after, the picture. The authors at-
N tributed this to the increased processing demands when in-
(g 20 | I tegrating text and picture, which lead to longer average fixa
= tion durations. Clearly, social situations are situatimhgre

;C: 10 | additional sources of information, besides the physical in
< [ ] formation, are to be integrated. This makes processing more
& complex in social conditions, thus increasing fixation dura

Non-Social Goal Social tions.
Film Content In addition to this temporal variation, spatial differeace

Fig. 7 Mean percentage time spent midway between both trianglegvere Obser_ved as _We”_' The eyes remam‘_a(_j longer on the tri-
(and 95% confidence interval) for social, goal, and non-sosities. ~ angles during social films and gaze position was more of-
Note that these values do not have to add up to 100% with thoea giv ten placed at corner junctions of the red triangle which lay
in Figure 4 - as, due to the adopted size of the regions of inteaest i, jts respective heading direction. Additionally, paigiants
fixation |n-beth.3en.the two trlangle.s could in some extreme calses «dwelled” for more balanced amounts of the time on the red
be counted as fixating one of the triangles. . >

and blue triangles as well as the region between both. Fur-

ther, gaze position was less dependent on the triangles loc
2.3 Discussion tions. Thus, these measures permit movies with mentalizing

content to be reliably discriminated from those withoutisuc
In the experiment, participants watched films that showedontents. Longer fixation durations on the triangles were ex
two self-propelled moving triangles. As has been demonpected on the assumption that watching social content ac-
strated before, these films typically lead to descriptitrag t tivates a social model, which subsequently prioritizes eye
mainly involve physical terms (non-social movies), refer t movements to the “social agents”, reflected in longer gaze
interactions (goal movies), or evoke mentalizing descriptimes on the triangles. One might speculate that the longer
tions (social movies) [37, 38]. While participants were vatc fixation times on the corners corresponding to the triangles
ing these movies for subsequent report, their eye movemeniteading directions in the social and goal conditions are re-
were recorded. Eye movements play a prominent role in sdated to a preference for looking at the eyes of intentional
cial interactions (e.g., [40,4]) and are therefore weltei agents (e.g., [11]). Interestingly, this was the only measu
to investigating the activation of social interpretatiahg-  in which the goal condition was more similar to the social
ing movies. than to the non-social condition. One reason for this might

Indeed, fixations were significantly longer and less fre-be that humans tend to look at the head of all entities that

quent while watching social movies. This fits well with the seem to show a movement that is goal-directed, whether or
literature, where increases in fixation durations are itegor not the entity is attributed a mind. Goal-directed is meant
when more complex processing [41,13,42], or integratiorhere in the sense of having an end point that is designated



by the observable characteristics of the scene, rathethan visual cues and situational information cues rendered &y th
a non-observable (mental) state. The more balanced disti@&nimations.

bution of gaze time over the red and blue triangles in the  |mportantly, these measures provide a quantitative in-
social condition shows that humans understand that, whegflex of how strongly a movie that is being watched activates
both agents have a “mind” of their own, both agents have t@ocial interpretations. This opens the possibility fomgsi
be observed for a full understanding of the interaction.  such measures to assess alternative designs for artfacts.
This is less necessary in conditions where mind attribuinstance, it could answer questions such as: is it more im-
tion does not occur, because it is sufficient to observe whajortant for evoking social interpretations to construdtan
one agent is doing to understand what is going on in such sikands that are visually similar to human hands, or to move
uations; here, goals are not seen as related to the state of #fhem with a biological velocity profile. One scenario, for ex
other agent. For example, understanding the blue triasigleample, could be that different prototypes of robots perform
action of “hiding” in a social condition requires that one un the same sequence of actions while human observers’ eye
derstands at the same time that the red triangle is |OOkinmovements are recorded. These eye movements can then be
for someone. This is not true for the animation of “fighting” analyzed for the “markers” specified above to gain a mea-
in the goal condition, where understanding the action of ongure of mind attribution. Similarly, these variables - them
triangle does not depend on the state of the other triangle. la|| speed of fixation changes, and the time and location spent
these situations, visual factors, such as the (relatiz€) @i on intentional agents - should be taken into consideration
the triangles, play a larger role, leading to a gaze pret&en when implementing algorithms for robotic camera control.
for the harder-to-detect blue triangle. This is important for providing humans with a more natu-
The time gaze was directed to the middle position beral feeling when they interact with robots. Interestingtiist
tween the two triangles increased significantly from the-noncontext is the observation of [45], that humans are quite ac-
social through the goal to the social condition. This sugges curate in predicting the location of others’ gaze. In future
that the two triangles were perceived more as a commofork, we plan to develop automatic classification routines
group [44] in the goal and social conditions, which madefor distinguishing between gaze patterns in social and non-
fixations to the individual triangles less necessary. social situations. These routines can then be used by a robot
Finally, the stronger influence of triangle location on gazgo select and evaluate its own gaze behavior. The aim will be
position during non-social movies suggests that theofy-ofto develop a robot that, in addition to establishing eye con-
mind processes make eye control less dependent on visuakt [46], is also capable of displaying human-like camera
input and physical events alone, and more dependent on ifhovements in the interaction that follows afterwards.
ternal models of what is happening and where to look next  5ying available more detailed knowledge about the eye
(see [34] for a similar argument in the context of goals). IM-vements of humans in social situations can inspire mod-
portantly, except for top time, all measures differed b&we g5 of rohot camera control, as well as inform how bottom-
social and goal conditions - which demonstrates that they,_gerived information should be complemented by top-down
specifically index social processes. guidance. That is, in a given category of social situations,
~ An interesting question (raised by one anonymous reg,c as making first eye contact, camera control signalsibase
viewer) concerns at what point in time, after the start ofyp, yisyal saliency could be overridden online by knowledge
the movies, the eye movement measures begin to dissocigi\yhere persons would typically look in such situations. In
between animations with social and those with non-sociale example, this would permit eye contact to be maintained

contents. Preliminary analyses of the data obtained wéh thdespite the presence of some salient (e.g., red) objecion th
current animations suggest that the reported measures dgéckground (e.g., green grass).

fer in how fast they signal the detection and processing of

. . . . However, one caveat remains. While the current stim-
social as compared to non-social material. While measures,. ; )
uli where selected based on the interpretations they evoke

such as middle time, triangle time, and blue time allow dis- oo )
in the observer, these stimuli were less controlled in terms

tinguis.hing. between the conditions after.about 4 second§ cgf their low-level movement characteristics. We attempted
sg'mplmgz it takes 14 .seconds for top time to show a 59 counter this problem by using location information rela-
nificant difference. This suggests that some measures moye . .

. : Ive to the triangles, which should render the measure more
closely reflect relatively early, presumably visual preess

. ) . robust against low-level feature differences than temnipora
that provide cues for social (as compared to non-sociab con " - )

. : . . .~ measures alone. Additionally, we used 4 stimuli per condi-
tents, while others involve more time-consuming updatin

L o Sion. Optimally, physical differences should thereforeeie
of the situational model and the activation of the appropri- .

. . . L . ther representative of the category or cancel out. We cdnten
ate oculomotor tracking routines. This possibility willMea

. . . . that the displayed movements are a representative sample of
to be examined in future studies that systematically vagy th : C
naturally occurring movements of the same type, i.e., inten

2 We thank one anonymous reviewer for this interesting suggestiortional agents do show sudden movement starts and stops.
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However, further studies will have to show whether this as-  Jan Zwickel received his Psychology and Ph.D. degrees
sumption is valid or not. from the Universities of Heidelberg and Leipzig, Germany.
The longer time needed for fixations in the social condi-From 2007 until present, he has been working as a research
tion points to an interesting aspect only alluded to in thefellow in the DFG-funded Excellence Cluster “Cognition
Introduction: perceiving a social actor to be present doefor Technical Systems - CoTeSys” (see www.cotesys.org).
not necessarily enhance the human’s performance. Rathétijs main research interests include human eye movement
as was the case, for instance, with humans observing incogentrol in human-human as well as human-robot interaction
gruent movements in the study of Kilner and colleagues [20scenarios, as well as interference effects in the perfocman
26], using social models to interpret others’ actions can al of instructed motor actions by the concurrent perception of
be detrimental to performance. At the same time, howevebiological/non-biological movements. In 2002, he recdjve
having a good model of the other allows one to make mor@s a coauthor, the distinguished paper award of the 1UI for
accurate predictions. Future challenges will thereforéobe his work on the evaluation of electronic tourist guides.-Fur
investigate more precisely what kind of (robot) implemen-ther, in 2009, he received the Otto-Hahn-Medaille of the
tations help improve human-robot interactions and exactlylax-Planck-Society.
under which circumstances. We propose that eye tracking Hermann J. Miiller received his Psychology degree from
might be a useful technique to help find the right answers. the University of Wirzburg, Germany, and his PhD from
the University of Durham, UK. Following a post-doctoral
fellowship award by the German Research Foundation, he
3 Conclusion worked at the School of Psychology, Birkbeck College, Uni-
i versity of London, UK. In 1997, he was appointed Chair of
Eye movements were compared between movies that digyherimental Psychology at the University of Leipzig. In
or did n_ot evoke mental-states attributions. We argued_thaéooo, he became Chair of General and Experimental Psy-
thes_e kinds of measures could also help to evaluat_e d'ﬁeffhology at the Ludwig Maximilian University (LMU) Mu-
ent implementations of robots. Future research will havg,ich He has a broad range of research interests including:
to show where evoking mental interpretations can be berVisuo—spatiaI attention, adaptive weighting dynamicsiin v

eficial (e.g., when predictions of others’ behavior have tog 4 search, cross-modal processing and motor action, and

be correct) or detrimental (e.g., when simple repetitive ac,qantive control and plasticity of cognitive functions. He
tions have to be performed and interference should be MiNjses a combination of behavioral, neuroscientific, and

imized). Additionally, a deeper understanding of eye move
ment control will permit the development of robots better
tailored for human-robot interaction.

computational-modelling approaches. In 2007, he was aadard
a special LMU Research Professorship, and in 2008 he was
made a member of the LMU Center for Advanced Studies.
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