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While numerous studies have demonstrated that infants and adults preferen-
tially orient to social stimuli, it remains unclear as to what drives such
preferential orienting. It has been suggested that the learned association
between social cues and subsequent reward delivery might shape such
social orienting. Using a novel, spontaneous indication of reinforcement
learning (with the use of a gaze contingent reward-learning task), we inves-
tigated whether children and adults” orienting towards social and non-social
visual cues can be elicited by the association between participants” visual
attention and a rewarding outcome. Critically, we assessed whether the
engaging nature of the social cues influences the process of reinforcement
learning. Both children and adults learned to orient more often to the
visual cues associated with reward delivery, demonstrating that cue—
reward association reinforced visual orienting. More importantly, when
the reward-predictive cue was social and engaging, both children and
adults learned the cue-reward association faster and more efficiently than
when the reward-predictive cue was social but non-engaging. These new
findings indicate that social engaging cues have a positive incentive value.
This could possibly be because they usually coincide with positive outcomes
in real life, which could partly drive the development of social orienting.

1. Introduction

A significant amount of research has investigated humans’ preferential atten-
tion towards social signals such as facial features, emotion, gaze direction,
head orientation and speech [1-4], as such signals are fundamental to day-
to-day social communications and social learning. An important question
about social attention is how humans develop a preference for, and attentional
orienting to, socially relevant signals. Three non-mutually exclusive theories
have proposed different mechanisms underlying social orienting. Firstly,
social stimuli may attract automatic attention, possibly due to a human predis-
position present from birth, that guide an infant’s orienting towards socially
relevant signals such as faces [5,6]. Secondly, social stimuli may possess an
intrinsic hedonic value, which generates pleasure (i.e. primary reinforcement)
and motivates social orienting [7,8]. Thirdly, social stimuli may acquire incen-
tive value through associative learning (i.e. secondary reinforcement) [9]. In
other words, humans might preferentially orient to social signals because
they usually predict subsequent reward deliveries in daily life [10].

Such associative learning has been shown to influence visual attention in the
non-social domain. In early development, infants orient faster and look longer
towards a colourful shape that is predictive of the delivery of a reward (i.e. ani-
mated cartoon or pictures) [11,12]. Similarly, several studies showed that
non-social visual stimuli (i.e. shapes), associated with a positive outcome
(i.e. monetary or pictures), influence attentional selection in adolescents and
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adults [12-17]. This demonstrates that, when associated
with a positive outcome, non-social visual stimuli influence
selective orienting throughout the lifespan.

Associative learning has also been shown to influence
visual attention in the social domain. Infants’” attention has
been shown to be modulated by the learned association
between non-social stimuli and the appearance of an audio-
visual outcome, when the stimuli are repeatedly preceded
by communicative signals such as an adult addressing infants
[18]. In a recent study, non-social stimuli (i.e. shape), pre-
viously associated with a positive social feedback elicited
attentional capture in adults [19], demonstrating that the
association between the display of stimuli and accompanying
social signals can also modulate adults’ gaze behaviour. By
contrast, other studies suggested that social signals, unlike
primary reinforcers, do not always trigger preferential orient-
ing. Infants have been shown to preferably follow others’
gaze, and to look longer to a face gazing at an object com-
pared with a face gazing away from an object, only when
the gaze shift was preceded by a period of eye contact or
infant directed speech [20,21]. This suggests that preferential
orienting depends on infants’ preference for informative
social signals. Infants also orient faster towards a stimulus
that is non-social but predictive of the delivery of a reward
[11], despite the presence of a visual social distractor, such
as a smiling face. Similarly, adults have been shown to
attend less to the eye region compared to the mouth region
when watching someone talk [22] suggesting that attending
to social signals is context-dependent.

The evidence presented above seems to be consistent with
the hypothesis that the incentive value of social stimuli, or
the experienced association between social signals and sub-
sequent reward delivery, can account for the preferential
orienting towards social stimuli, or at least part of it. However,
no prior study has directly tested this hypothesis by measuring
the spontaneous gaze of the participants. Do adults and chil-
dren preferentially attend to social signals because they are
more likely to predict positive outcomes? If so, do social signals
displaying more engaging features, such as positive affect or
referential action, attract attention because they are more
likely to be associated with positive outcomes in real life?

To address these questions, the current study investigated
whether a reward-predictive cue modulates spontaneous
visual orienting differently depending on whether it has
social and engaging characteristics compared with non-
social and/or non-engaging features. To achieve this aim, a
gaze-contingent learning paradigm was devised, in which
the visual fixation on one of two alternative cues triggers
the delivery of a reward, and fixation on the other alternative
triggers the delivery of a penalty. In order to evaluate the
influence of the social versus non-social signals, and enga-
ging versus non-engaging signals, those cues were
associated with the reward or penalty in different conditions.
Based on previous research looking at different social enga-
ging cues, such as happy versus negative facial expressions
[23], and referential versus non-referential head turns [24],
the engaging stimuli in our study were defined as positive
audio-visual signals with a reorienting of the stimuli
toward the location of subsequent reward delivery. By con-
trast, the non-engaging stimuli were defined as negative
audio-visual signals with a reorienting of the stimuli away
from the location of subsequent reward delivery. Concretely,
the engaging social cues included positive emotional facial

expression and voice, and referential head turn, i.e. head n

orientation cueing towards the location of the reward. The
non-engaging social cues consisted of negative emotional
facial expression and voice, and non-referential head turn,
i.e. head orientation cueing away from the location of the
reward. We additionally created corresponding non-social
cues (engaging and non-engaging), which consisted of
videos of two dynamic spheres containing an arrow. These
stimuli closely matched the respective social cues in terms
of spatio-temporal dynamics as well as affective and referen-
tial contents, in order to control for any effect of low-level
features. The engaging non-social cues consisted of lighter
colour change and positive non-social sound, followed
by referential turn of an arrowhead towards the reward.
The non-engaging non-social cue consisted of darker
colour change and negative non-social sound, followed by
non-referential turn of an arrowhead away from the reward.

We made three predictions. Firstly, based on previous
research, we predicted that both children and adults would
attend more frequently to the cues that trigger the reward deliv-
ery. Secondly, compared with social but non-engaging cues,
we predicted that socially engaging cues would influence
cue-reward learning, either because (i) social engaging cues
habitually predict the subsequent delivery of a positive outcome
in real-life, or (ii) because engaging social cues are preferably
selected in the environment due to their intrinsic hedonic
value or due to automatic orienting. These two alternatives
can be dissociated in the condition in which socially engaging
cues do not trigger the reward delivery, with the former pre-
dicting slower cue—reward learning and the latter predicting
preference towards engaging cues over non-engaging cues.
Finally, we predicted that adults, like children, would be influ-
enced by socially engaging cues but could achieve the task more
efficiently and/or more rapidly than children, as they may be
more experienced with cue—reward associations.

2. Methods

(a) Participants

Four groups of 16 children (35 females, M: 3.31 years, s.d.: 0.24)
and four groups of 16 adults (43 females, M: 28.20 years, s.d.:
7.71) completed the study. An additional 11 children and 10
adults were excluded from the analyses because of (i) refusal to
remain seated facing the monitor (one child), (ii) refusal to face
forward in the high-chair (five children), (iii) staring in the
middle of the screen for more than 5 min (two adults) or (iv) fall-
ing asleep in front of the screen (two adults), (v) poor eye tracker
calibration (two children, three adults) and (vi) equipment failure
(three children, three adults). The exclusion rate for children is
within the typical range of eye-tracking studies with young
children, as reported in a meta-analysis in infant study [25].
The exclusion rate for adults is similar to the adult dropout
rate reported in a study using a comparable gaze-contingent
paradigm [12]. Children were recruited by advertising in
parent friendly magazines. They were offered a t-shirt or a col-
ouring book for their participation, and their parents were
reimbursed for their travel expenses. Adults were recruited
via the University’s experiment management system and
were remunerated with credits or a financial compensation of
£8. The procedure was approved by the Research Ethics Com-
mittee of the Department of Psychological Sciences, Birkbeck,
University of London.
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trial start
(until participant gazes
towards one cue)

contingent response of
the visually selected cue
(1-2 seconds)
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Figure 1. Sequence of events in a single trial. A trial starts with the first frame of two cues displayed on each side of a screen (two faces looking downward in the
social condition (a), and two discs with a downward-pointing arrow in the non-social condition (b)). Looking at one of the two cues for a minimum of 400 ms
triggers the display of the corresponding cueing video sequence. In the social condition, when fixated, an engaging person greets and turns towards the frame while
the other non-engaging person moans and turns away from the frame. In the non-social condition, an engaging disc displays an arrow associated with a winning
jingle ding and the arrow then points towards the frame while the other non-engaging disc displays an arrow associated with a failing jingle dong and the arrow
then points away from the frame (b). Depending on whether the engaging or non-engaging cues are reward predictive or not, a reward (animated cartoon) or a
penalty (blank screen) is then displayed in the middle of the screen for 6 s (see electronic supplementary material, video S1 for cueing sequences). (Online version in

colour.)

(b) Apparatus and task

The gaze contingent task was created using MatLab [26], the Psy-
chophysics Toolbox extensions [27-29] and Tobii Analytics
Software Development Kit [30]. The participants’ gaze was
recorded during the task via an eye tracker Tobii TX300
(120 Hz sampling rate, 23-inch monitor, situated 60 cm away
from the participants). The task consisted of the display of two
dynamic cues (width/height: 11.5°/8.7°) presented on each
side of a picture representing the frame of a television, and
depending on the participant’s response, either a reward or a
penalty (width/height: 21.3°/11.8°) presented in the centre of
the frame (figure 1). Each trial started with the presentation of
both the reward-predictive and the non-reward-predictive cues
in a non-responsive initial display. The participants’ fixation on
one of the two cues for a minimum of 400 ms triggered the dis-
play of the corresponding video sequence of the cue, which was
followed by either the display of the reward (popular animated
cartoon) or the penalty (blank screen) for 6 s. At the end of the
reward or penalty delivery, two cues resumed their initial
states (e.g. faces/arrows pointing down), seamlessly starting
the next trial. The cues were displayed for an unlimited
amount of time until a participant gazed at one of the two
cues. On average, it took 1.2s for the participants to trigger
one of the two cues. The task consisted of a total of 40 trials.
Two conditions were implemented to investigate the influence
of the social nature of the cues (social or non-social cues).
The engaging nature of the reward-predictive cues (engaging
or non-engaging cues) was investigated in each social and
non-social condition across participants.

(c) Stimuli

Four different types of dynamic cues (social engaging, social non-
engaging, non-social engaging and non-social non-engaging)
were created (figure 2 and electronic supplementary material,
video S1). The social cues consisted of female actors with face
and shoulders visible (figure 2a). The non-social cues consisted
of spheres containing an arrow (figure 2b). Since both reward-
predictive and non-reward-predictive cues were non-responsive
at the beginning of a trial (figure 2c—f ), the initial display of the
cues was characterized by different features to allow differen-
tiation and recognition: in the social condition, two different
identities were used (but with similar neutral expression) and in

the non-social condition, the two spheres had two different col-
ours (but otherwise similar features). We also attempted to
minimize the potential animacy or agency cues portrayed by the
non-social stimuli, because these cues could inadvertently elicit
perception of social agency and generate social cognition such as
gaze following [31,32]. The video sequences of the cues consisted
of three comparable main phases. The first phase corresponded to
an initiation of response to the participants’ gaze. More specifi-
cally, when the participant gazed at one of the cues, the cue
initiated a response: the females’ eyes (in the social condition) or
the arrow inside the spheres (in the non-social condition) moved
toward the direction of the participant (i.e. directly out of the
screen). The second and third phases corresponded to a respon-
sive audio-visual display, as well as a cueing movement, which
differentiate between engaging and non-engaging stimuli. More
specifically, in the engaging stimuli, the social cue consisted of a
person displaying a smile associated with the positive exclamation
‘hello” and the head turning towards the location of the sub-
sequent reward delivery (figure 2¢). Similarly, the non-social cue
consisted of a sphere displaying a bright colour change associated
with the sound ‘ding’ and the arrow turning towards the location
of the subsequent reward delivery (figure 2k). In the non-engaging
stimuli, the social cue consisted of a person displaying a frown-
ing expression associated with the negative exclamation ‘hum’
and the head turning away from the location of the subse-
quent reward delivery (figure 2i). Similarly, the non-social cue
consisted of a sphere displaying a dark colour change associated
with the sound ‘dong’ and the arrow turning away from the
location of the subsequent reward delivery (figure 2j; electronic
supplementary material, video S1).

The engaging and non-engaging stimuli used in the social and
non-social conditions were carefully designed to be as spatially
and temporally matched as possible in their audio-visual
dynamics, affective signal (second phase) and referential signal
(third phase). The vocal and non-vocal sounds used in the social
and non-social conditions include features that are commonly
characterized to convey positive and negative signals. For the
social condition, two commonly used exclamations (‘hello” and
‘hum’) have been selected to contrast positive and negative utter-
ances. For the non-social condition, two non-social sounds ‘ding’
and ‘dong’ were used to convey positive and negative signals. To
further validate the stimuli, we asked 15 adults (age, M = 23.85
years, s.d. = 5.53 years, 11 females), who were naive to the pur-
pose of the study and different from the participants taking part
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Figure 2. Stimuli used in both social and non-social conditions and for both engaging and non-engaging cues. Three different faces (a) and three different spheres
(b) were employed in pairs and counterbalanced across participants. A trial started with the initial display of the cues remaining still until the participants’ gaze
(c—1). When gazed at, the engaging or non-engaging sequence of each cue would be displayed for both social (g) and (/) and non-social conditions (h) and ( ;).

(Online version in colour.)

in the main experiment, to rate the two non-social sounds on a
nine-point scale from very negative (—4) to very positive (4), as
well as from very non-engaging (—4) to very engaging (4). The rat-
ings were converted from —4 to 4 to an ordinal scale of 1-9.
Wilcoxon signed-rank tests confirmed that the sound ‘ding” was
rated significantly more positively (M = 6.47, s.d. = 1.92) than
the sound ‘dong’” (M = 3.40,s.d. = 2.29, Z = 2.31, p = 0.021). Simi-
larly, the sound ‘ding’ was rated significantly more engaging
(M =6.67, s.d. =2.19) than the sound ‘dong” (M =4.00, s.d. =
1.96, Z = 2.85, p = 0.005).

(d) Design and procedure

A full between-subject design was employed, to make sure that
each participant experienced only one combination of a cue
and a reward. This design was selected to avoid a possible
carry-over effect. Indeed, a learned association between a certain
type of cue and reward delivery in a previous task might gener-
ate inadvertent value attribution to such a cue, which could affect
learning in subsequent tasks. Participants started the task after a
child-friendly gaze-contingent calibration that consisted in the
presentation of bouncing animations at the four corners and
the centre of the screen. Participants were instructed to watch
and keep watching the screen, but no further instruction was

provided. The cues were presented in the same location five
times in a row to allow expectation to develop, but switched to
the opposite side in every five trials to control for any potential
spatial bias. Although the reaction of both engaging and non-
engaging cues were only displayed if the participants gazed at
the respective cues, the participants were exposed to the video
sequences of both engaging and non-engaging cues from the
very beginning of the task (see electronic supplementary
material). In both social and non-social conditions, three different
pairs of cues (figure 24,b) and four different cartoons were used,
which were counterbalanced across participants. To assess any
preference for either cues at the beginning and at the end of
the task, a pre, and post-test consisting in the display of the
two cues were presented for 10 s. Following the end of the exper-
iment, the participants were asked feedback questions
investigating awareness of the gaze contingency and appreci-
ation of the cartoon reward (see electronic supplementary
material).

(e) Measures

To assess reward learning, the participant’s first gaze shifts
(rewarding first looks) in which a fixation of at least 400 ms dur-
ation landed on the reward-predictive cue, were analysed in
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Figure 3. Moving average of the proportion of rewarding first looks (moving average of 10 consecutive trials) in both social (¢ and b) and non-social conditions
(c and d) for both children (a and ¢) and adults (b and d). Statistical analyses were carried out using four independent 10-trial blocks (1—10, 11-20, 21-30 and
31-40 trials blocks, see the results section for details). Engaging reward predictive cue in dark grey. Non-engaging reward predictive cue in light grey. Solid black
lines: average of the proportion of rewarding first looks of 10 consecutive trials; dark grey and light grey shaded areas: standard errors.

both social and non-social conditions, and for both types of
rewarding cue (engaging and non-engaging). In order to assess
learning over the course of the task, four 10-trial blocks, in
which the reward-predictive cue was presented an equal
number of times on each side of the screen, were selected.
Additionally, the proportion of looking time towards the
reward-predictive cue at pre-test and post-test was calculated
for the first 5s (looking time towards the reward-predictive
cue divided by the total looking time towards both the
reward-predictive and penalty-related cues).

3. Results

(a) Chance level comparisons

To investigate whether the performance of each group for each
reward-predictive cue and block was different from chance
level, the proportions of rewarding first looks were compared
against a probability of 0.5. In the social condition with enga-
ging cues, both groups of children and adults performed above
chance level during the last three blocks (all ;5 > 3.30, all p <
0.005, all d > 0.82, figure 3a,b, dark grey line). However, in the
social condition with non-engaging cues, the group of children
performed above chance level only during the third block
(5 =2.78, p=0.014, d = 0.69, figure 3a, light grey line) and
a similar trend was observed during the last block (f;5=
1.98, p=10.066, d =0.49). The group of adults performed
above chance level only during the last block (t15 =2.34, p =
0.033, d = 0.58, figure 3b, light grey line). In the non-social con-
dition with both engaging and non-engaging cues, both
groups of children and adults performed above chance level
during the last three blocks (all t;5 > 3.16, all p < 0.006, all
d > 0.79, figure 3c,d). In addition, the analyses of the pro-
portion of looking time revealed that the group of adults
looked significantly longer at the rewarding-predictive cue
than the penalty-predictive cue at post-test but not at pre-
test. This was not the case for the group of children, possibly
because of a strong side bias, which could mask any preferen-
tial looking for the reward-predictive cue at post-test
(electronic supplementary material, figures Sla—d). The
details of this analysis as well as an additional side bias analy-
sis during pre-test and post-test are reported in the electronic
supplementary material.

(b) Generalized estimating equation analysis
To examine the participants” performance over the course of
the task, the first looks were entered in a generalized

estimating equation analysis. The model was built with a
binomial distribution, a logit link function, an unstructured
correlation matrix and a robust estimator. For each trial, the
participants’ gaze shift towards the rewarding cue was
coded as 1. If the participants gazed at the non-rewarding
cue the trial was coded as 0. The factor block (blocks 1, 2, 3
and 4) was entered as within subject factor. The age
(adults/children), the social nature of the cues (social/non-
social) as well as the engaging nature of the cues (enga-
ging/non-engaging) were entered as between-subject
factors in the model. A follow-up model estimated the effects
of the interactions among the factors.

The analyses revealed a significant main effect of block
(Wald X%a) = 81.51, p <0.001). The participants learned the
cue—reward association and looked more frequently at the
reward-predictive cue in the three last blocks compared
with the first block (the proportion of choices towards the
rewarding cues significantly increased over blocks, block 1
versus block 2, block 3 and block 4: all p < 0.001, block 2
versus block 3 and block 4: all p < 0.004 and block 3 versus
block 4: p = 0.235).

A significant main effect of the engaging nature of the
cues (Wald X%U =22.04, p <0.001) as well as a significant
two-way interaction between the social nature and engaging
nature of the cues (Wald X(Zl) =13.42, p < 0.001) were found.
Follow-up contrasts revealed that the participants performed
better with engaging reward-predictive cues than with non-
engaging reward-predictive cues in the social condition
(p <0.001, figure 3a,b) but not in the non-social condition
(p=0.315, figure 3c,d). Participants made more rewarding
choices when the cues were social and engaging compared
to when the cues were non-social and engaging (p = 0.011).
By contrast, they made less rewarding choices when the
cues were social and non-engaging compared to when the
cues were non-social and non-engaging (p = 0.005).

There was no overall effect of age (Wald X%1) =210,p=
0.147) but a significant two-way interaction between age and
the engaging nature of the cues was found (Wald )(%1) =436,
p = 0.037). Indeed, the group of adults made more rewarding
choices when the reward-predictive cues were engaging than
the group of children did (p=0.007). By contrast, both
groups of children and adults performed similarly when the
reward-predictive cues were non-engaging (p = 0.876).
There was no significant two-way interaction between age
and the social nature of the cues or three-way interaction
between age, the social nature of the cues and the engaging
nature of the cues (all Wald /\’%1) < 1.95, all p > 0.163).
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In addition, the analyses revealed two significant two-
way interactions between block and the engaging nature of
the cues (Wald X23) =12.80, p=10.005) and between age
and block (Wald {3 = 10.63, p = 0.014) as well as two sig-
nificant three-way interactions between block, the social
nature of the cues and the engaging nature of the cues
(Wald )(%3) = 15.06, p = 0.002) and age, block and the social
nature of the cues (Wald X%3) =21.97, p <0.001). Finally, a
marginal four-way interaction between block, age, the
social nature of the cues and the engaging nature of the
cues (Wald X(23) =731, p=0.063) was found. Planned
follow-up contrasts revealed that, in the social condition,
the groups of children made more rewarding choices when
the cues were engaging compared to when they were non-
engaging for the three last blocks 2, 3 and 4 (all p < 0.021)
but not during the first block (p=0.623) whereas the
groups of adults made more rewarding choices when the
cues were engaging compared to when they were non-
engaging from the very first block (all p < 0.009). In the
non-social condition, neither of the groups of children and
adults showed differences in their choices towards the enga-
ging and non-engaging cues in any of the blocks (all p >
0.098). No other interactions were significant.

4. Discussion

It is fundamental for social, cognitive and affective neuro-
science to identify the underlying the
development of selective attention to social cues. To our

mechanisms

knowledge, this study, using a novel gaze-contingent reward
learning task, demonstrates for the first time that the nature
of social signals affects how young children and adults learn
cue—reward associations and adjust their visual attention
towards relevant cues accordingly. The results show that
both groups of children and adults learned to fixate more
often on the cues associated with a subsequent reward deliv-
ery. Both groups of children and adults were able to learn
the cue-reward association in the social and non-social con-
dition for both types of engaging and non-engaging cues.
The results clearly demonstrate that both young children and
adults can learn, through their gaze behaviour, the association
between a visual cue and a rewarding outcome. Critically, both
groups of children and adults learned the cue-association more
rapidly and more efficiently when the reward-predictive cues
presented social and engaging signals than when the cues
were social but non-engaging. Finally, the group of adults
made more rewarding choices compared to the group of chil-
dren, when the reward-predictive cues were social and
engaging than social and non-engaging. Additionally, the
group of adults did so from the very beginning of the task
whereas the group of children showed differences in reward-
ing choices only from the second block. This is in line with
our hypothesis predicting that adults would perform more
efficiently and more rapidly than children, as they may be
more experienced with cue—reward associations.

These findings suggest that the engaging nature of social
cues convey information that influences both the speed and
efficiency to learn cue-reward association and to adjust
visual orienting. The capacity to use conspecifics’ social signals
should be adaptive for survival and acquisition of knowledge
relevant to the social environment. Indeed, such a capacity can
also be found in several non-human primate species. For

example, capuchin monkeys have been shown to use conspe-
cifics’ emotional expressions towards objects to weigh
whether those objects are worthy of selection or not [33]. Simi-
larly, rhesus monkeys (raised in laboratories settings and not
initially afraid of snakes) show fearful behaviour towards
snake like toys after having repeatedly observed videos of
peers showing fear towards snakes [34], demonstrating the
importance of learning cue—outcome associations.

The gaze behaviour observed in the current study is more
likely to reflect the learning of the association between the
predictive cue and subsequent reward delivery, rather than
the association between the identity of the cueing stimuli
and their engaging or non-engaging reactions, for the follow-
ing reasons. Firstly, participants preferentially fixated on the
social non-engaging reward-predictive cue in the third
block (children) and the fourth block of the task (both chil-
dren and adults), indicating the occurrence of reward
learning, but only later in the task. This indicates that,
when the reward-predictive cue was social and non-
engaging, both groups of children and adults learned to
fixate on the stimulus associated with reward delivery. By
contrast, if children and adults only preferred fixating the
social engaging cue because of its intrinsic hedonic value,
their accuracy would have decreased over time in the con-
dition where the reward-predictive cue was non-engaging,
which did not happen in the current study. Secondly, the
magnitude of the adult participants’ preference for social
engaging and reward-predictive cues were not different
from that of non-social reward-predictive cues. This is incon-
sistent with the prediction derived from the hedonic value
hypothesis that participants should show stronger preference
for social engaging cues than non-social cues.

Similarly, these results are unlikely to be due to an
endogenous attentional shift in the direction of the cue’s
gaze or arrow [35], because the effect of engagement (i.e.
pointing at versus away from the reward) was only present
in the social condition, and not in the non-social condition
in which arrows should have also cued attention [36]. In
addition, a supplementary analysis of the viewing time of
the cartoon reward for both social and non-social conditions
and engaging and non-engaging cues showed no difference
in effective exposure to the rewarding stimulus between
conditions (see electronic supplementary material). This
demonstrates that the non-engaging arrow did not prevent
the learning of cue—reward association by generating an
attentional shift away from the location of the reward delivery.

It is also unlikely that the current results can be fully
explained by the difference in ‘complexity’ between social
and non-social stimuli, which might hinder the deeper encod-
ing and identification of non-social stimuli. Indeed, both
groups of children and adults successfully learned the cue—
reward association in both engaging and non-engaging
non-social conditions, performing above chance level
during the last three blocks of the non-social conditions.
This finding clearly demonstrates that both groups of chil-
dren and adults were able to encode, discriminate and
differentiate between the two non-social stimuli, and acquire
the preference for one (i.e. the rewarding cue) over the other
stimulus. Additionally, both groups of children and adults
made less rewarding choices when the cues were social and
non-engaging compared to non-social and non-engaging.
This is inconsistent with the claim that the differences in
learning between the social and non-social cues could be
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fully attributed to the overall better encoding of faces due to
increased complexity. Indeed, this hypothesis would predict
a better learning with social cues than with non-social cues,
a result not observed in the current study. Instead, this
result could imply that social and non-engaging cues might
slow down the reinforcement learning, which would merit
further investigation.

A limitation of the current study, however, is the imper-
fect matching in sensory dimensions of the social and
non-social stimuli. Despite the fact that the non-social stimuli
were designed to minimize any features which might inad-
vertently elicit agency or animacy perception and generate
social responses, they differ from social stimuli in several
dimensions. Future studies are needed to identify the essen-
tial features in social and engaging stimuli that facilitate the
learning of cue-reward associations. For example, one
could use degraded or inverted images of faces to assess
the key aspects of facial stimuli relevant to the current find-
ings. Similarly, one could also ask whether the language
used in the social engaging condition, compared to the
non-linguistic vocal sound used in the social non-engaging
condition is essential for the facilitation of learning observed
in the social engaging stimuli.

This study provides unique insights regarding how
children learn to attend to communicative social cues. Enga-
ging social cues might inform the presence of rewarding
events in immediate future, and allow more efficient atten-
tional control and decision making. From when they are
born [37], and as they develop until adulthood, children are
(hopefully) more and more experienced with the association
of communicative social signals and subsequent positive out-
comes. As a result, attention to these predictive cues is more
likely to lead to the acquisition of relevant knowledge
and beneficial positive experience. Thus, the capacity to
spontaneously gaze towards relevant social signals is advan-
tageous for obtaining relevant information about rewarding
outcomes during social interactions. Our current finding that
attention is influenced by the rewards associated with positive
social signals could help explain examples of adverse social
learning sometimes observed in negative early family environ-
ments. For example, children from families with harsh
parenting show atypical neural responses towards negative
emotional stimuli [38]. These children have potentially experi-
enced the association of negative stimuli with severe reactions
within the familial setting. These findings suggest that
associative learning may modulate social cue processing.

The present findings also give weight to the hypothesis
that atypical social attention observed in children with

References

1. Simion F, Valenza E, Umilta C, Dalla Barba B. 1998 3.
Preferential orienting to faces in newborns: a
temporal —nasal asymmetry. J. Exp. Psychol. Hum.
Percept. Perform. 24, 1399—1405. (doi:10.1037/
0096-1523.24.5.1399)

2. Senju A, Hasegawa T, Tojo Y. 2005 Does perceived 00601)
direct gaze boost detection in adults and children 4.
with and without autism? The stare-in-the-crowd
effect revisited. Vis. Cogn. 12, 1474—1496. (doi:10.
1080/13506280444000797)

Smith NA, Gibilisco CR, Meisinger RE, 5.
Hankey M. 2013 Asymmetry in infants’

selective attention to facial features during

visual processing of infant-directed speech. 6.
Front. Psychol. 4, 601. (doi:10.3389/fpsyg.2013.

Vouloumanos A, Werker JF. 2007 Listening to

language at birth: evidence for a bias for speech in 7.
neonates. Dev. Sci. 10, 159—164. (doi:10.1111/].
1467-7687.2007.00549.x)

autism and in infants at risk for autism [39,40] is linked to

atypical reward processing [7,41], which might generate a
barrier for social attention and social learning in this popu-
lation. In this context, the use of social and interactive
stimuli could be a crucial component of the current exper-
imental design. Indeed, atypical gaze behaviour in
individuals with autism is more prominent when they
observe social-dynamic stimuli [42] or interactive stimuli
[43] compared with static stimuli. More generally, it has
been shown that participants who believed to be interacting
with real people judged gaze direction differently from par-
ticipants who did not, suggesting that interactivity between
people influence the perception of social signals [44]. In
addition to the interactive nature of the paradigm used in
the current study, this novel task does not require verbal
instruction, and allows for the assessment of social orienting
and reward learning in young, non-verbal and/or atypical
population such as infants and young children with autism.

5. Conclusion

To our knowledge, this study is the first to demonstrate that
associated reward delivery triggers both young children and
adults’ visual attention towards social signals, while showing
that reward learning is positively affected when the cues are
socially engaging. Our findings suggest that social and enga-
ging cues have positive incentive value, possibly because
they usually co-occur with positive outcomes in everyday
life, which could be a factor driving the development of
social orienting.

Data accessibility. Supporting data are available on the Dryad Digital
Repository: http://dx.doi.org/10.5061/dryad.s64sg [45].

Authors” contributions. A.V., TJ.S. and A.S. conceived and designed the
study. A.V. created stimuli, carried out the testing, curated and for-
mally analysed the data, drafted the manuscript and created the
visualization of the data. T.J.S. and A.S. reviewed and edited the
manuscript. All authors gave final approval for publication.
Competing interests. All authors have no competing interests.

Funding. This work was supported by a UK Medical Research Council
Career Development Award (G1100252) to A.S.

Acknowledgements. We thank all the families, children and adults who
took part in this study. We also thank Marian Greensmith and
Leslie Tucker for their help with recruitment, Ines Mares, Natasa
Ganea, and Luba Prout for their help with the filming of the stimuli
and Irati R. Saez de Urabain and Peter Jones for helpful advices with
implementing the gaze contingent task. We thank the editors and
two anonymous reviewers for their insightful comments and
suggestions.

Goren CC, Sarty M, Wu PY. 1975 Visual following
and pattern discrimination of face-like stimuli by
newborn infants. Pediatrics 56, 544—549.
Johnson MH, Dziurawiec S, Ellis H, Morton J. 1991
Newborns’ preferential tracking of face-like stimuli
and its subsequent decline. Cognition 40, 1-19.
(doi:10.1016/0010-0277(91)90045-6)

Dawson G, Webb SJ, McPartland J. 2005
Understanding the nature of face processing
impairment in autism: insights from behavioral and

[YLT9107 #8T § 205 Y 20id  biorbuiysiigndfranosiesorqdsi


http://dx.doi.org/10.5061/dryad.s64sg
http://dx.doi.org/10.5061/dryad.s64sg
http://dx.doi.org/10.1037/0096-1523.24.5.1399
http://dx.doi.org/10.1037/0096-1523.24.5.1399
http://dx.doi.org/10.1080/13506280444000797
http://dx.doi.org/10.1080/13506280444000797
http://dx.doi.org/10.3389/fpsyg.2013.00601
http://dx.doi.org/10.3389/fpsyg.2013.00601
http://dx.doi.org/10.1111/j.1467-7687.2007.00549.x
http://dx.doi.org/10.1111/j.1467-7687.2007.00549.x
http://dx.doi.org/10.1016/0010-0277(91)90045-6

20.

21.

electrophysiological studies. Dev. Neuropsychol. 27,
403 -424. (doi:10.1207/515326942dn2703_6)
Chevallier C, Kohls G, Troiani V, Brodkin ES, Schultz
RT. 2012 The social motivation theory of autism.
Trends Cogn. Sci. 16, 231—239. (doi:10.1016/j.tics.
2012.02.007)

Behrens TEJ, Hunt LT, Woolrich MW, Rushworth
MFS. 2008 Associative learning of social value.
Nature 456, 245—249. (doi:10.1038/nature07538)
Berridge KC, Robinson TE, Aldridge JW. 2009
Dissecting components of reward: ‘liking’, ‘wanting’,
and learning. Curr. Opin. Pharmacol. 9, 65-73.
(doi:10.1016/j.coph.2008.12.014)

. Tummeltshammer KS, Mareschal D, Kirkham NZ.

2014 Infants’ selective attention to reliable visual
cues in the presence of salient distractors. Child Dev.
85, 1981-1994. (doi:10.1111/cdev.12239)

Wang Q, Bolhuis J, Rothkopf (A, Kolling T, Knopf M,
Triesch J. 2012 Infants in control: rapid anticipation of
action outcomes in a gaze-contingent paradigm. PLoS
ONE 7, €30884. (doi:10.1371/journal.pone.0030884)
Anderson BA, Laurent PA, Yantis S. 2011 Learned
value magnifies salience-based attentional capture.
PLoS ONE 6, €27926. (doi:10.1371/journal.pone.
0027926)

Anderson BA, Laurent PA, Yantis S. 2013 Reward
predictions bias attentional selection. Front. Hum.
Neurosci. 7, 1—6. (doi:10.3389/fnhum.2013.00262)
Della Libera C, Chelazzi L. 2009 Learning to attend
and to ignore is a matter of gains and losses.
Psychol. Sci. 20, 778—784. (doi:10.1111/j.1467-
9280.2009.02360.x)

Roper ZJJ, Vecera SP, Vaidya JG. 2014 Value-driven
attentional capture in adolescence. Psychol. Sci. 25,
1987—-1993. (doi:10.1177/0956797614545654)
Hickey C, van Zoest W. 2012 Reward creates
oculomotor salience. Curr. Biol. 22, R219—-R220.
(doi:10.1016/j.cub.2012.02.007)

Wu R, Tummeltshammer KS, Gliga T, Kirkham NZ.
2014 Ostensive signals support learning from novel
attention cues during infancy. Front. Psychol. 5, 251.
(doi:10.3389/fpsyg.2014.00251)

Anderson BA. 2016 Social reward shapes attentional
biases. Cogn. Neurosci. 7, 30—36. (doi:10.1080/
17588928.2015.1047823)

Senju A, Gsibra G. 2008 Gaze following in human
infants depends on communicative signals. Curr.
Biol. 18, 668—671. (doi:10.1016/j.cub.2008.03.059)
Senju A, Gsibra G, Johnson MH. 2008 Understanding
the referential nature of looking: infants’

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

preference for object-directed gaze. Cognition
108, 303-319. (doi:10.1016/j.cognition.2008.02.
009)

Vo ML-H, Smith TJ, Mital PK, Henderson JM. 2012
Do the eyes really have it? Dynamic allocation of
attention when viewing moving faces. J. Vis. 12,
1-14. (doi:10.1167/12.13.3)

Farroni T, Menon E, Rigato S, Johnson MH. 2007 The
perception of facial expressions in newborns.

Eur. J. Dev. Psychol. 4, 2—13. (doi:10.1080/
17405620601046832)

Scaife M, Bruner JS. 1975 The capacity for joint
visual attention in the infant. Nature 253,
265-266. (doi:10.1038/253265a0)

Slaughter V, Suddendorf T. 2007 Participant loss
due to ‘fussiness’ in infant visual paradigms: a
review of the last 20 years. Infant Behav. Dev. 30,
505-514. (doi:10.1016/j.infbeh.2006.12.006)
Mathworks Inc. 2014 MatLab. Natick, MA.
Brainard DH. 1997 The psychophysics toolbox.
Spat. Vis. 10, 433—436. (doi:10.1163/
156856897X00357)

Pelli DG. 1997 The VideoToolbox software for visual
psychophysics: transforming numbers into movies.
Spat. Vis. 10, 437-442. (doi:10.1163/
156856897X00366)

Kleiner M, Brainard D, Pelli D, Ingling A, Murray R,
Broussard C. 2007 What's new in Psychtoolbox-3?
Perception 36, 1—16.

Tobii. 2013 Tobii Analytics SDK. Stockholm, Sweden:
Tobii.

Johnson S, Slaughter V, Carey S. 1998 Whose gaze
will infants follow? The elicitation of gaze-following
in 12-month-olds. Dev. Sci. 1, 233—-238. (doi:10.
1111/1467-7687.00036)

Deligianni F, Senju A, Gergely G, Csibra G. 2011
Automated gaze-contingent objects elicit
orientation following in 8-month-old infants.

Dev. Psychol. 47, 1499—1503. (doi:10.1037/
a0025659)

Morimoto Y, Fujita K. 2012 Capuchin monkeys (Cebus
apella) use conspecifics’ emotional expressions to
evaluate emotional valence of objects. Anim. Cogn.
15, 341-347. (doi:10.1007/510071-011-0458-6)
Cook M, Mineka S. 1990 Selective associations in
the observational conditioning of fear in rhesus
monkeys. J. Exp. Psychol. Anim. Behav. Process. 16,
372-389. (doi:10.1037/0097-7403.16.4.372)

Eimer M. 1997 Uninformative symbolic cues may
bias visual-spatial attention: behavioral and

36.

37.

38.

39.

40.

4.

42.

43.

4,

45.

electrophysiological evidence. Biol. Psychol. 46,
67-71. (doi:10.1016/50301-0511(97)05254-X)
Kuhn G, Kingstone A. 2009 Look away! Eyes and
arrows engage oculomotor responses automatically.
Atten. Percept. Psychophys. 71, 314—327. (doi:10.
3758/APP.71.2.314)

Farroni T, Johnson MH, Menon E, Zulian L, Faraguna
D, Gsibra G. 2005 Newborns' preference for face-
relevant stimuli: effects of contrast polarity. Proc.
Natl Acad. Sci. USA 102, 17 24517 250. (doi:10.
1073/pnas.0502205102)

Taylor SE, Eisenberger NI, Saxbe D, Lehman BJ,
Lieberman MD. 2006 Neural responses to emotional
stimuli are associated with childhood family stress.
Biol. Psychiatry 60, 296—301. (doi:10.1016/j.
biopsych.2005.09.027)

Chawarska K, Volkmar F, Klin A. 2010 Limited
attentional bias for faces in toddlers with autism
spectrum disorders. Arch. Gen. Psychiatry 67, 178~
185. (doi:10.1001/archgenpsychiatry.2009.194)
Chawarska K, Macari S, Shic F. 2013 Decreased
spontaneous attention to social scenes in 6-month-
old infants later diagnosed with autism spectrum
disorders. Biol. Psychiatry 74, 195-203. (doi:10.
1016/j.biopsych.2012.11.022)

Kohls G, Chevallier C, Troiani V, Schultz RT. 2012
Social ‘wanting’ dysfunction in autism:
neurobiological underpinnings and treatment
implications. J. Neurodev. Disord. 4, 10. (doi:10.
1186/1866-1955-4-10)

Speer LL, Cook AE, McMahon WM, Clark E. 2007
Face processing in children with autism: effects of
stimulus contents and type. Autism 11, 265-277.
(doi:10.1177/1362361307076925)

Chevallier C, Parish-Morris J, McVey A, Rump KM,
Sasson NJ, Herrington JD, Schultz RT. 2015
Measuring social attention and motivation in autism
spectrum disorder using eye-tracking: stimulus type
matters. Autism Res. 8, 620—628. (doi:10.1002/aur.
1479)

Teufel C, Alexis DM, Todd H, Lawrance-Owen AJ,
(layton NS, Davis G. 2009 Social cognition
modulates the sensory coding of observed gaze
direction. Curr. Biol. 19, 1274-1277. (doi:10.1016/j.
cub.2009.05.069)

Vernetti A, Smith TJ, Senju A. 2017 Data from:
Gaze-contingent reinforcement learning reveals
incentive value of social signals in young children
and adults. Dryad Digital Repository. (http://dx.doi.
0rg/10.5061/dryad.s64sq)

[YLT910T #8T g 20s Y 20id  biobuiysigndAianosiedorqdss


http://dx.doi.org/10.1207/s15326942dn2703_6
http://dx.doi.org/10.1016/j.tics.2012.02.007
http://dx.doi.org/10.1016/j.tics.2012.02.007
http://dx.doi.org/10.1038/nature07538
http://dx.doi.org/10.1016/j.coph.2008.12.014
http://dx.doi.org/10.1111/cdev.12239
http://dx.doi.org/10.1371/journal.pone.0030884
http://dx.doi.org/10.1371/journal.pone.0027926
http://dx.doi.org/10.1371/journal.pone.0027926
http://dx.doi.org/10.3389/fnhum.2013.00262
http://dx.doi.org/10.1111/j.1467-9280.2009.02360.x
http://dx.doi.org/10.1111/j.1467-9280.2009.02360.x
http://dx.doi.org/10.1177/0956797614545654
http://dx.doi.org/10.1016/j.cub.2012.02.007
http://dx.doi.org/10.3389/fpsyg.2014.00251
http://dx.doi.org/10.1080/17588928.2015.1047823
http://dx.doi.org/10.1080/17588928.2015.1047823
http://dx.doi.org/10.1016/j.cub.2008.03.059
http://dx.doi.org/10.1016/j.cognition.2008.02.009
http://dx.doi.org/10.1016/j.cognition.2008.02.009
http://dx.doi.org/10.1167/12.13.3
http://dx.doi.org/10.1080/17405620601046832
http://dx.doi.org/10.1080/17405620601046832
http://dx.doi.org/10.1038/253265a0
http://dx.doi.org/10.1016/j.infbeh.2006.12.006
http://dx.doi.org/10.1163/156856897X00357
http://dx.doi.org/10.1163/156856897X00357
http://dx.doi.org/10.1163/156856897X00366
http://dx.doi.org/10.1163/156856897X00366
http://dx.doi.org/10.1111/1467-7687.00036
http://dx.doi.org/10.1111/1467-7687.00036
http://dx.doi.org/10.1037/a0025659
http://dx.doi.org/10.1037/a0025659
http://dx.doi.org/10.1007/s10071-011-0458-6
http://dx.doi.org/10.1037/0097-7403.16.4.372
http://dx.doi.org/10.1016/S0301-0511(97)05254-X
http://dx.doi.org/10.3758/APP.71.2.314
http://dx.doi.org/10.3758/APP.71.2.314
http://dx.doi.org/10.1073/pnas.0502205102
http://dx.doi.org/10.1073/pnas.0502205102
http://dx.doi.org/10.1016/j.biopsych.2005.09.027
http://dx.doi.org/10.1016/j.biopsych.2005.09.027
http://dx.doi.org/10.1001/archgenpsychiatry.2009.194
http://dx.doi.org/10.1016/j.biopsych.2012.11.022
http://dx.doi.org/10.1016/j.biopsych.2012.11.022
http://dx.doi.org/10.1186/1866-1955-4-10
http://dx.doi.org/10.1186/1866-1955-4-10
http://dx.doi.org/10.1177/1362361307076925
http://dx.doi.org/10.1002/aur.1479
http://dx.doi.org/10.1002/aur.1479
http://dx.doi.org/10.1016/j.cub.2009.05.069
http://dx.doi.org/10.1016/j.cub.2009.05.069
http://dx.doi.org/10.5061/dryad.s64sg
http://dx.doi.org/10.5061/dryad.s64sg

	Gaze-contingent reinforcement learning reveals incentive value of social signals in young children and adults
	Introduction
	Methods
	Participants
	Apparatus and task
	Stimuli
	Design and procedure
	Measures

	Results
	Chance level comparisons
	Generalized estimating equation analysis

	Discussion
	Conclusion
	Data accessibility
	Authors’ contributions
	Competing interests
	Funding
	Acknowledgements
	References


