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Abstract

From early ages, gaze acts as a cue to infer the interests, be-
haviours, thoughts and emotions of social partners. Despite
sharing attentional properties with other non-social direc-
tional stimuli, such as arrows, gaze produces unique effects.
A spatial interference task revealed this dissociation. The
direction of arrows was identified faster on congruent than
on incongruent direction-location trials. Conversely, gaze
produced a reversed congruency effect (RCE), with faster
identifications on incongruent than congruent trials. To
determine the emergence of these gaze-specific attentional
mechanisms, 214 Spanish children (4—17 years) divided into
6 age groups, petformed the aforementioned task across
three experiments. Results showed stimulus-specific devel-
opmental trajectories. Whereas the standard effect of arrows
was unaffected by age, gaze shifted from an arrow-like ef-
fect at age 4 to a gaze-specific RCE at age 12. The orienting
mechanisms shared by gaze and arrows are already present
in 4-year olds and, throughout childhood, gaze becomes
a special social cue with additional attentional properties.
Besides orienting attention to a direction, as arrows would
do, gaze might orient attention towards a specific object that
would be attentionally selected. Such additional components

may not fully develop until adolescence. Understanding
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gaze-specific attentional mechanisms may be crucial for

children with atypical socio-cognitive development.

KEYWORDS

attentional orienting, development, gaze following, social attention,
socio-cognitive development, spatial congruency effect

INTRODUCTION

Undoubtedly, eyes play an essential role in social cognition. From birth, the features of the human visual
system allow newborns to attend preferentially to eyes (Farroni et al., 2005; Shultz et al., 2018) and, with
time and social experience, gaze will gain certain attentional qualities. As early as 2—5 days old, babies
can discriminate between averted and direct gaze, showing preference for the latter (Farroni et al., 2002,
2004). A few months later, around the fourth month of life, babies learn to identify gaze direction and
use it as an attentional cue (Emery, 2000; Farroni et al., 2002; Frischen et al., 2007a; Hood et al., 1998;
Vaidya et al., 2011). During the first 2 years of life, gaze becomes an increasingly specific cue as infants
learn not only to follow its direction but also to look for the object the gaze is looking at. For instance,
at 6 months, babies can follow their mother's gaze but do not accurately detect the objects she is looking
at. In the following months, infants will refine this ability, being able to follow the adult's gaze to look
at the gazed at objects within their visual field by 12 months and beyond it by 18 months (Butterworth
and Jarrett, 1991). Thus, gaze direction provides important social information about the focus of inter-
est of others, which is central to joint attention. Some of these joint attention acts emerge in the first
6 months of life and continue to develop until 3 years of age (Mundy et al., 2015). Indeed, joint atten-
tion has been studied from diverse perspectives, given its importance in socio-cognitive and language
development. Although its core definition is present in most articles, that is, two people attending to
the same object or event, some variations have been incorporated in its definition, blending different
levels of social attention into the same term (Siposova & Carpenter, 2019). Overall, gaze following is
a remarkable milestone in socio-cognitive development and understanding its underlying attentional
mechanisms could be crucial, especially for those children with atypical social development. Therefore,
in this study, we aim to explore the specific attentional mechanisms of gaze and their developmental
trajectory in childhood.

To understand the particularities of gaze processing, a considerable amount of literature has been
conducted with adults comparing gaze to other non-social stimuli that also orient attention such as
arrows. Traditionally, gaze and arrows have been compared using standard cueing paradigms, revealing
that both stimuli produce analogous effects (Blair et al., 2017; Brignani et al., 2009; Ristic et al., 2002).
These results reflect the attentional orienting mechanism that gaze and arrows, as directional cues, have
in common (Marotta et al., 2019): both stimuli orient attention in a particular direction where pro-
cessing is enhanced, leading to similar facilitation effects. Still, gaze generates specific and additional
social effects distinct from those shared with arrows. For instance, Ishikawa et al. (2020) showed that
threatening priming enhanced the cueing effect of gaze but not that of arrows. Likewise, several social
factors modulate the gaze cueing effect, such as the ethnic group membership of the gaze cue (Zhang
et al., 2020; for a review, see Dalmaso et al., 2020).

Consistent with early childhood data indicating that gaze becomes an increasingly accurate cue about
other people's attentional focus, some experiments have shown a dissociation between arrows and gaze.
For instance, Marotta et al. (2012) distinguished two types of attentional selection mechanisms elicited
by arrows or gaze cues. In their experiment, adult participants had to detect a target that could appear
inside one of two rectangles at either end. A directional cue, a pair of eyes or arrows, were presented at
the centre of the screen pointing at one rectangle's end. Not surprisingly, both cues produced identical
cueing effects: faster detection of cued targets compared to uncued ones (i.e. presented on the opposite
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rectangle). However, when the target appeared on the opposite end of the cued rectangle, only arrows
facilitated target detection (as compared to the similar end of the non-cued rectangle). Arrows seem
to direct attention to a general direction, enabling the processing of the whole pointed object. Hence,
targets placed anywhere within the object could be rapidly detected. Conversely, gaze directed attention
to the specific area of the rectangle at which it is looking. Gaze would not only orient attention but also
would fulfil attentional selection at the gazed location. While arrows indicate which direction to attend
to, eyes go further, completing the selection of the specific object of attention.

Another distinct aspect of gaze is related to Inhibition of Return (IOR), which comprises a slowing
down in the detection of stimuli that appear in pre-cued and, hence, previously attended locations. IOR
usually follows a sudden spatial peripheral cue (e.g. a flashlight) that captures attention at a location or
object where, after a long enough Stimulus Onset Asynchrony (SOA), a target is presented. Responses to
this previously cued location are slower than at other uncued ones. Similar to peripheral cues, gaze can
also produce IOR effects but not arrows. By using a central face as a cue, IOR can be found at the gazed
location when the SOA is long enough (2400 ms; Frischen & Tipper, 2004) and an intervening event is
presented between cue and target (Frischen et al., 2007b). However, IOR effects caused by peripheral
cues seem to follow a different developmental path than gaze-induced IOR. While 6-month-old infants
already present IOR with peripheral spatial cues (Clohessy et al., 1991), gaze-induced IOR emerges at
9 years of age (Jingling et al., 2015). Moreover, Marotta et al. (2013) found that people with Autism
Spectrum Disorder (ASD), who exhibit IOR following spatial cues, did not show the effect when it
was gaze induced. These findings could support the hypothesis that distinctive characteristics of gaze
direction are based on social aspects, which is precisely the core deficit of people with ASD, a complex
neurodevelopmental disorder characterized by social cognition impairments.

Specific gaze properties, as a directional cue, have also been observed at a cerebral level, partic-
ularly in the Superior Temporal Sulcus (STS). This area shows specific activation by extracting gaze
direction information compared to arrows, non-directional symbolic cues, and even non-directed eye
movements (Hooker et al., 2003; Materna et al., 2008). Moreover, STS activity is linked to goal-directed
gaze, showing differential activation based on whether gaze is directed at an object (Pelphrey et al.,
2003). Experiments along these lines comprised participants observing an avatar who could gaze at
an object or an empty spatial location. STS showed increased activation when the avatar looked at the
empty location instead of the object. According to the authors, it could reflect a high processing de-
mand caused by the violation of the participant's expectation about the avatat's goal, that is, to look at
the object (Pelphrey et al., 2004, 2005). While this differential activity of the STS is already present in
7—10-year-old children (Mosconi et al., 2005), adults with ASD do not show it (Pelphrey et al., 2005).
Hence, these results would further support the idea of extra social effects linked to gaze direction.

Within this context, over the last decade, a spatial interference paradigm has clearly and repeatedly
dissociated the effects of gaze and arrows (Cafladas & Lupiafiez, 2012; Marotta et al., 2018). In these
studies, adult participants had to identify the direction (right or left) signalled by social (gaze) or non-
social (e.g. an arrow or a triangle) stimuli. The direction indicated by the stimulus could be congruent or
incongruent with its location on the screen, so a pair of arrows or eyes displayed on the right, pointing
or looking to the right, would constitute a congruent trial; while pointing or looking to the left would
constitute an incongruent trial. Thus, unlike studies where gaze is a central cue (e.g. gaze cueing exper-
iments) or acts as an irrelevant distracting stimulus (Ricciardelli et al., 2013), gaze direction constitutes
the target in this paradigm, being necessary to process it for the effect to appear (Narganes-Pineda
et al., 2018). Data have consistently shown that the spatial congruency effect typically found in the
literature (faster and more accurate responses to congruent than to incongruent trials) is only produced
by non-social stimuli like arrows. Surprisingly, the congruency effect was in the opposite direction with
gaze, producing faster and more precise responses to incongruent than to congruent trials. That is why
authors who found the effect for the first time called it Reverse Congruence Effect (RCE) (Canadas &
Lupianez, 2012).

The RCE has been repeatedly found using real faces (Cafadas & Lupiafiez, 2012; Jones, 2015; Torres-
Marin et al., 2017) or two isolated eyes (Marotta et al., 2018). Despite the robustness of the RCE, its exact
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nature is not clear. To date, all explanatory hypotheses have been related to social features that gaze, but
not arrows, would possess. For instance, it has been tested with faces expressing emotions (Jones, 2015).
Findings replicated the RCE and revealed that the emotion expressed by the looking face could modulate it:
the RCE was larger with happy and angry faces than with fearful, sad or neutral ones. This emotional mod-
ulation suggests that the RCE is at least partially rooted in social processes. Moreover, both the effect and
its emotional modulation have been investigated on populations with atypical emotional processing, such as
individuals with gelotophobia (people with a disproportionate fear of being laughed at by others) (Torres-
Marin et al., 2017), and people with high (vs. low) traits of ASD (Marotta et al., 2021). Despite both groups
presenting an RCE, no emotional modulation was found in people with high traits of either gelotophobia or
ASD, in contrast to people with few traits of gelotophobia or ASD respectively.

Altogether, the evidence suggests that attentional mechanisms shared by directional stimuli may
coexist with other additional effects of gaze linked to its social nature. A better comprehension of how
and when differences between social and non-social stimuli arise might yield new insights into socio-
cognitive development. The RCE could be a valuable tool to learn about the attentional particularities
of gaze, and tracing its developmental path could be especially useful to understand it. Nevertheless, all
the aforementioned RCE studies have been conducted with adults.

Thus, the major goal of this study was to determine how and at which age differences in arrows and
gaze processing emerge with this paradigm. In the present study, we aimed at using the spatial interfer-
ence procedure to measure the RCE as an index of gaze processing maturity. Given the early onset of
gaze following skills, we expected that some differential congruency effects between arrows and gaze
(standard for arrows and reversed for gaze) would be already present in preschoolers. However, assum-
ing that social aspects underlie the RCE observed with gaze, its magnitude was supposed to increase
with social experience. Consequently, only older children were expected to show a RCE similar to that
of adults (Cafiadas & Lupiafiez, 2012; Marotta et al., 2018).

EXPERIMENT 1

To explore the emergence and development of the effect, four groups of children in consecutive stages
of child development — pre-school, middle and late childhood — were tested. The youngest group of
tested children were 4 years old to ensure that they could properly solve the spatial conflict (Bellagamba
et al.,, 2015; Carlson, 2005). Also, at that age, joint attention skills are fully developed (Mundy et al.,
2007). From there on, consecutive age groups corresponding to different developmental stages were
selected.

Method
Participants

We collected data from 103 typically developing children belonging to four different age groups: 4, 5,
6 and 10 years of age (see sample descriptives in Table 1). Families were reached through two primary
charter schools, and signed informed consent and assent to participate in the study were obtained from
parents and children respectively. Seven children performed the experimental task in the laboratory
during a school visit, and the rest of them conducted it at their school in a separate room reserved for
the study, all under similar experimental conditions. Children who wanted to participate were taken to a
well-lit and quiet room equipped with a table, a chair and a computer. The exclusion of participants was
based on information from parents and teachers. The exclusion criteria were having any psychological
ot neurological disorders, including autism spectrum disorder, intellectual disability, attention-deficit/
hyperactivity disorder or dyslexia. Once the task was completed, we offered a sticker or a stamp to the
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TABLE 1 Sample descriptives in Experiments 1 and 2

Mean (SD) age in

Grade N years Male Female
2° grade of infant school 22 4.2 (0.43) 9 13
3° grade of infant school 24 5.3 (0.48) 14 10
1° grade of primary school 27 6.2 (0.42) 15 12
5° grade of primary school 25 10.5 (0.51) 10 15
1° grade of secondary school 60 12.5 (0.50) 31 29

Note: School grades correspond to the Spanish educational system.

child as a reward for their participation. Both this and the following two experiments were conducted
under the ethical standards of the 1964 Declaration of Helsinki (last update: Seoul, 2008), as part of
a larger research project, which has been positively evaluated by the University of Granada Ethical
Committee (175/CEIH/2017).

A minimum sample size of 20 participants per group was decided according to a priori power anal-
ysis using the software GPower (Faul et al., 2007). We took the effect size obtained in Marotta et al.
(2018), n = .54, as a reference for the critical Target Type X Congruency interaction for which we
wanted to investigate its developmental time course, assuming a significance level of .05 and a power
of .95. This analysis showed that a minimum of eight participants per group was necessary for it to
show a significant interaction. Given that we expected the effect to be weaker in younger children, we
collected data from a minimum of 20 participants per group. In this experiment and all the following
ones, data from participants for whom for any reason less than 24 trials per condition were available,
and data from participants who did not achieve at least 60% overall accuracy (being 50% chance level),
were eliminated from the total sample (4.8%) prior to any analysis. After exclusions, 22, 24, 27 and 25
children remained in each age group of 4, 5, 6 and 10 respectively.

Apparatus and stimuli

The experimental task was designed and running by using E-prime 2.0. This software allows us to con-
trol stimulus presentation, timing and data collection. All stimuli were presented on a standard personal
computer with a 562 X 735 pixel resolution.

Since the RCE has been found with both isolated eyes and faces (Cafiadas & Lupianez, 2012; Marotta
et al.,, 2018), we presented full faces to make the task engaging for children. Stimuli comprised two
full-colour photographs, one female and one male, looking to the right or left with a neutral emotional
expression, and two horizontal black arrows also pointing to the right or the left (see stimulus exam-
ples on Figure 1a). Face stimuli were obtained from the Karolinska Directed Emotional Faces (images
id AM25NES and AF2INES) (Lundqvist et al., 1998), and eye directions were modified with Adobe
Photoshop CS6. The main criteria for selecting these two specific faces for this study was how clearly
gaze direction could be detected (i.e. because of the size and shape of the eyes). Both faces and arrows
had been previously used in studies with the same paradigm (e.g. Marotta et al. 2021).

Procedure
We closely followed the procedure of preceding studies (Canadas & Lupiafiez, 2012; Marotta et al., 2018)

with some modifications to adapt the task to age-related special requirements. Children were seated ap-
proximately 60 cm from the computer screen with the experimenter placed next to them. As in previous
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FIGURE 1 Schematic representations of the experimental procedure. Noze. Panel A: Representation from left to right
of the sequence of an incongruent trial of each Target Type. The male face (ID: AM25NES) was obtained from Karolinska
Directed Emotional Faces (Lundwvist et al., 1998). Minions cartoons were one of the eight cartoons used as feedback for the
4- and 6-year olds. They were displayed after the correct answers in the practice block and during breaks in the experimental
block. Instead, children over 6 years of age watched a cartoon of an okay hand gesture. The red letter ‘x” was used both in
practice and experimental blocks as feedback after an incorrect response for the entire sample. The speaker icon represents
auditory feedback. Panel B: Picture of the polypropylene board used to cover the keyboard of 4—6-year-old children in
Experiments 1 and 3

studies, they had to discriminate, as fast and accurately as possible, to which direction (right or left) faces
or arrows were looking at or pointing to by pressing either the left or the right key on the keyboard (2’
and ‘up arrow’ respectively) with their corresponding hand. Those keys were selected because they were
symmetrically separated on the keyboard of the computer used.

As illustrated in Figure 1a, trials began presenting a coloured central cross as a fixation point during
1000 ms. Then, the target was presented until a response was given or until 4000 ms if no response was
emitted (2000 ms in Marotta et al., 2018). Unlike Marotta et al. (2018), target type was presented ran-
domly on a trial-by-trial basis, so that either a face or a pair of arrows could appear on each trial. This
decision was based on previous studies (Narganes-Pineda et al., 2020) in which the RCE was found with
a within-block manipulation of stimuli presentation. We used the within-block task design since finding
the RCE under these conditions, that is, participants responding randomly to one of two stimuli, would
indicate a sufficiently robust effect as to occur even on a trial-by-trial basis. Each target could appear to
the left or the right of the central fixation point, and they could look at or point to either side, creating
two congruency conditions: congruent trials in which both location and direction matched (e.g. two
arrows on the left pointing to the left), and incongruent trials in which they did not (e.g. two arrows on
the left pointing to the right).
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First, a practice block was conducted with eight trials randomly selected from the different trial
types, each of them followed by a 1000-ms audio-visual feedback. After hits, one out of eight cartoon
characters appeared accompanied by a pleasant sound. After incorrect responses, a cartoon of a red let-
ter X appeared together with a failure sound. In case the practice block was insufficient to understand
the task, it could be repeated.

After practice, children performed 128 trials (64 per target type) divided into 4 identical experimen-
tal blocks. During these blocks, only the error feedback was provided to make the task as efficient as
possible. However, a display with a randomly appearing cartoon character and the pleasant sound was
presented every 16 trials. These pauses, especially in the youngest children, proved to be essential to
encourage them to continue by seeking to see the remaining characters and to rest for as long as the
experimenter considered necessary. Since the feedback was age adjusted, it had to be slightly changed
for the 10-year-old group. Cartoons might be too childish for the older participants, leading to a lack of
motivation or rejection of the task. To prevent that, a simple sketch of a hand making an ‘okay’ gesture
replaced cartoon characters. Besides, they had pauses every 32 instead of 16 trials.

It is important to note that a certain level of finger movement control is required to select and press a
particular key on a computer keyboard. For preschoolers, this may be an added and unrelated difficulty.
To avoid these potential problems, for children from 4 to 6 years old, we covered the keyboard with a
manufactured white polypropylene board that only exposed the two corresponding response keys (see
Figure 1b). In addition, we inserted a square black foam rubber into each hole to facilitate access to the
actual key, which was a few millimetres below the board. On the one hand, these adaptations facilitated
the display and selection of the correct key, avoiding possible errors due to difficulties with fine motor
skills. On the other hand, it also allowed children to rest their hands on the laptop without unintention-
ally pressing other keys.

Design

We used a 2 (Target Type: arrows vs. gaze) X 2 (Congruency: congruent vs. incongruent) X 4 (Age
group: 4, 5, 6 and 10 years old) mixed factor design. Age was manipulated between participants, while
the other two variables were manipulated within participants. Both reaction time (RT; in ms) and the
percentage of errors were used as dependent variables.

Results

All statistical analyses for the current experiment and the two subsequent ones were conducted with
the free statistical package JASP software version 1.12. for Windows. The level of significance was set
at 0.05.

A repeated measure analysis of variance (ANOVA) was carried out for each of the dependent vari-
ables: RT and accuracy (percentage of errors). In both cases, Age (4, 5, 6 and 10 years) was treated as a
between-participants factor and Congruency (congruent vs. incongruent) and Target Type (arrows vs.
gaze) as within-participants ones.

For the RT analysis, incorrect responses (10%) were not considered. To prevent extreme scores from
biasing our conclusions, trials that exceeded three standard deviations of the average mean in each
group were also excluded; thus, this criterion was customized for each group of age eliminating 10%,
6%, 5% and 4% of trials, respectively, for the groups of 4-, 5-, 6- and 10-year olds. Means and SDs of
both dependent variables for each experimental condition are presented in Table 2.

The ANOVA performed on mean RTs revealed a main effect of Age (I(3, 94) = 88.33, p < .001,
n; = .74). A post-hoc Bonferroni test showed significant differences between all groups, proving that
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children became progressively faster as age increased (1501, 1253, 1045 and 724 ms of overall RT ar-
ranged in ascending order of age), with large differences between groups.

Data for error rates were consistent with those of the RT showing a main effect of Age (F(3,
94) = 18.04, p < .001, r]; = .37). Post-hoc Bonferroni comparisons revealed that 4-year-old children

made many more errors than the rest of the groups. Error rate decreased on subsequent age groups with
no significant differences between 5-6 and 6-10 years old (20, 10, 5 and 2% arranged in ascending
order of age).

As might be expected, data obtained from pure RT and error rates revealed large group differences
in overall speed and accuracy. These age-related improvements in ability level could lead to a problem-
atic interpretation of the process of interest (Draheim et al., 2019; Hedge et al., 2018). For instance, an
overall reduction in the RT could mask how significant the congruency effect is over age. In order to be
able to make proper group comparisons, mean RT were transformed into proportional RT, a commonly
used RT transformation in studies based on age-related differences (Bialystok et al., 2008; Colcombe
et al.,, 2005; de Bruin & Sala, 2018). For each participant, mean RT of each experimental condition was
divided by their overall reaction time, so that any condition differences should be interpreted based on
the participant's average responses. In other words, proportional RT values for each condition represent
how much slower or faster had the participant responded in relation to their overall RT. For example,
a proportional RT of 0.5 would mean that participant was 50% faster in answering on that condition
compared to their task's average RT. Contrary, a proportional RT of 1.5 would mean that the partic-
ipant was 50% slower on that condition. The same transformation was applied to error rates values.
Henceforward, all analyses were performed with proportional RT and error rates as dependant variables.

Proportional reaction time

For proportional RTs, the ANOVA reported main effects of Target type (F(1, 94) = 250.72, p < .001,

= .73) and Congruency (I(1, 94) = 69.20, p < .001, n, = 42). Participant responses to arrows
were 16% faster than to gaze, and 4% faster to congruent than to incongruent trials A significant
Congruency X Target Type interaction was also found (F(1, 94) =35.7, p <.001, 77 =.28),as well as a
Congruency X Age interaction (F(3, 94) = 3.51, p = .018, 77 =.10). Most 1mportantly, the analysis re-
vealed a significant three-way Target Type X Congruency X Age interaction (F(3, 94) = 3.38, p = .021,
n; = .10). Separate ANOVAs for each Target Type were performed to further understand their interac-
tive effects.

For arrows, just a significant main effect of Congruency (F(1, 94) = 131.06, p < .001, n = .58) in-
dependently of age (F(3, 94) = 1.03, p = .383, ;1 = .03) was found. As observed in Figure 2 all groups
showed a significant standard congruency effect so that all participants responded faster to congruent
than to incongruent trials.

Unlike arrows, the gaze's congruency effect changed with age (F(3, 94) = 4.51, p = .005, n; =.13). As
displayed in Figure 2, 4-year olds presented a standard congruency effect (F(1, 21) = 9.07, p = .007;

= .30) that disappeared over the subsequent groups. While 4-year-old children showed an identical
effect regardless of Target Type (F(1, 21) < 1), a clear Congruency X Target Type was observed in the
oldest group (F(1, 24) = 51.01, p < .001, r]; =.68). It should be noted that at the age of 10, the congruency
in response to the gaze was reversed, although not significantly (F(1,24) = 1.35, p = .25, n,= .053).

Proportional error rates

For proportional error rate, the ANOVA revealed a main effect of Congruency (F(1,94) =76.15, p < .001,
n; = .45). Children committed fewer errors on congruent than on incongruent trials. No other main
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FIGURE 2 Proportional Reaction Time (RT) as a Function of Congruency for Each Target Type and Age Groups

in Experiment 1. Noze. A proportional RT equal to 1 represent the average RT. Values above or below this number would
indicate faster or slower responses, respectively, related to the average. Asterisks (*) represent a significant difference between
congruency condition (p < .05) obtained from repeated measures ANOVA. Errors bars represent the standard error of the
mean

effects were found. However, the Target Type x Age interaction was significant (F(3, 94) = 5.06,
p=.003, n; = .14), finding that while 5-year-old children had a higher error rate responding to arrows
than to gaze, the opposite pattern was found in the oldest group. None of these differences were found
in the two remaining groups. Congruency by Target type interaction was likewise statistically significant
(F(1,94) = 4.69, p = .033, ;1]2) =.05), showing that arrows had a larger congruency effect than gaze, both
in the standard direction. Neither the Age x Congruency interaction (F(3, 94) < 1), nor the three-way
interaction of Age, Congruency and Target Type (F(3, 94) < 1) were significant.

Discussion

Once again, evidence shows differences in attentional processing based on the social or non-social
nature of the target. First, gaze produces a slowdown in overall RT compared to arrows. According to
previous literature, it could indicate deeper and more complex processing of gaze (Hietanen et al., 2000).
It is noteworthy that the two stimuli display a completely different developmental trajectory. Despite
slightly dectreasing over age, the arrow's congruency effect remains similar in all age groups, so that all
children respond faster to congruent than to incongruent trials. Conversely, gaze switches from a sig-
nificant standard congruency effect at age 4 to no effect from age 5 to 10.

Data from error rates do not show differential effects between stimuli, revealing a general standard
congruency effect. Considering that the experimental task is quite simple and that several subjects do not
make a single error, the error rate could be a less sensitive measure than RT to capture the effects at hand.

EXPERIMENT 2

Whatever its nature, the RCE has proved to be a robust effect widely replicated in the adult popula-
tion (Cafiadas & Lupiafiez, 2012; Jones, 2015; Marotta et al., 2018, 2019; Torres-Marin et al., 2017). It
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is therefore surprising that, even though the RCE becomes noticeable at 10, it still does not reach sig-
nificance. To complete the developmental trajectory of the effect on late childhood, an older group of
12-year-old children performed the task in this experiment.

Method
Participants

Here, we collected data from a group of 60 typically developing 12-year-old children whose families
were also reached from one school of our first experiment (see sample descriptives in Table 1). Again,
signed informed consent and assent to participate were obtained from parents and children respectively.
The exclusion criteria were the same as in Experiment 1. This group performed the task during a sched-
uled school visit to our lab under identical experimental settings as previous groups. Although we aimed
at testing 20 participants per group (see Experiment 1), all children visiting the centre were invited to
take part in the experiment.

Procedure

Both stimuli and procedure were identical to Experiment 1. As for the 10-year-olds group of Experiment
1, the task was subtly adapted to make it less childish by modifying the visual feedback and removing
the keyboard cover.

Results

Table 3 displays RT and error rates values. For subsequent ANOVAs, both were transformed into pro-
portional scores. No participants were excluded for not meeting the criteria of accuracy or the minimum
number of trials. One repeated measure ANOVA for each dependant variable (proportional RT and
proportional error rates) was conducted for this group with Congruency (congruent and incongruent)
and Target type as two within-participants variables. As in the first experiment, incorrect responses
(3%) and extreme RT values trials (2%) were excluded from de RT analysis.

Proportional reaction time

The ANOVA performed on proportional RT revealed a main effect of Target Type (F(1, 59) = 508.73,
p <.001, n; =.90), responses being 16% faster to arrows than to gaze. No main effect of Congruency
was found in this group (F(1, 59) < 1). Importantly, however, the Target type X Congruency interaction
was significant (F(1, 59) = 28.39, p < .001, n = .33). As shown in Figure 3, arrows generated a significant
standard congruency effect (F(1, 59) = 11.35, p = .001, n; = .16) with 3% faster responses to congruent
than to incongruent trials. On the contrary, gaze produced a significant reversed congruency effect
(F(,59) = 10.14, p = .002, n; = .15) with 5% slower responses to congruent than to incongruent trials.

It is worth noting that Experiment 2 had a larger sample size than any of the groups of Experiment
1. To verify whether data would be reproduced with a similar number of participants as in Experiment
1, we performed an additional bootstrapping analysis using R Statistical Software (R Core Team, 2021).
We used bootstrapping (100 iterations) to randomly select smaller subsamples of 25 participants with
replacement from the full sample of 60 (see Bernoster et al., 2019 for a similar example of bootstrapping
analysis). This specific number of participants were selected for being the average sample size of the
four groups of Experiment 1. Bootstrapping yields an overview of the number of significant results
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TABLE 3 Mean RTs in ms and percentage of error as a function of congruency for each target type in Experiment 2

Arrow Gaze
A Congruent Incongruent Congruent Incongruent
grg:;lp RT % errors RT % errors RT % errors RT % errors
12 613 (82.18)  0.73(2.26) 628 (79.85)  2.60 (4.12)  725(78.32)  3.75(5.07) 706 (82.32)  4.58(5.99)

Note: Standard deviations are shown in parentheses. These pure values of RT and error rate were transformed into proportional values for the
statistical analysis. RT = reaction time for correct responses.

(based on a significant level of 5%) that would have been obtained with smaller samples across 100 it-
erations. Data showed 95% of significant Congruency X Gaze interaction and 44% of significant gaze's
RCE. Additionally, based on a binomial likelihood function, we estimated the probability of finding
those percentages of significant results (out of 100 iterations) given H1 or HO were true (Lakens & Etz,
2017). Assuming an o = .05 and 1-8 = .80, we obtained a likelihood ratio of 1.22 X 10"°, which indicates
that our 44% of significant results is 1.22 X 10" times more likely when H, is true than when H, is true.
This analysis shows that similar results would have been observed in Experiment 2 with a sample size
similar to that of each group in Experiment 1.

Proportional error rates

The ANOVA performed on proportional error rates revealed a main effect of Target Type (I(l,
59) = 14.61, p < .001, 77;2) = .20), participants committing more errors responding to gaze than to arrows,

and a main Congruency effect (F(1, 59) = 5.62, p = .02, ", = .09), showing a standard congruency effect.
No significant interaction was found (F(1, 59) = 2.67, p = .11).

Discussion

RT data show that 12-year-old children, like younger groups from Experiment 1, manifest a standard
congruency effect responding to arrows. However, this group is the only one with a significant RCE
responding to gaze. Although the effect of gaze differs from that of arrows from the age of 5, an adult-
like RCE does not emerge until the age of 12. Again, the error rate does not seem to capture differences
in the congruency effect, showing an overall standard effect.

In short, the differential effect between arrows and gaze, previously found in the adult population
(Cafiadas & Lupiafiez, 2012; Marotta et al., 2018), appears for the first time in 12-year olds. Considering
the social relevance of gaze from infancy, 12 years of age could be a relatively late age for the RCE to
emerge. In this regard, the absence of differences between arrows and gaze displayed by 4-year olds
could be even more surprising. The intermixed way in which arrows and gaze were presented might
have affected the lack of RCE observed in the youngest children. In the literature with adult popula-
tions, the paradigm has been carried out mostly by presenting the two stimuli separated into counterbal-
anced blocks (Canadas & Lupiafiez, 2012; Marotta et al., 2018). On each block, participants responded
to a single type of stimulus. However, as explained above, the RCE has also been found with a within-
block manipulation of the target type, like in Experiments 1 and 2, with both stimuli being randomly
presented within the same block of trials (Narganes-Pineda et al., 2020). Although the effect is un-
affected by stimulus presentation with adults, besides the effect being larger with the between-block
than the within-block manipulation, it has not been tested with children to date. Particularly in groups
of younger children, the absence of RCE may be due to task-context effects rather than gaze-related



DEVELOPMENTAL CHANGES ATTENDING TO GAZE AND

ARROWS 13

115
1,1 *
1,05

&

= 1

o *

£ 0,95

2

g 09

a
0,85
0,8

Arrow Gaze
12y/o

M Congruent M Incongruent

FIGURE 3 Proportional reaction time as a function of congruency for each target type on 12-year olds from
Experiment 2. Noze. A proportional RT equal to 1 represents the average RT. Values above or below this number would
indicate faster or slower responses, respectively, related to the average. Asterisks (*) represent a significant difference between
congruency condition (p < .05) obtained from the repeated measures ANOVA. Errors bars represent standard error of the
mean

developmental changes. The youngest children may need a longer exposition to gaze, that is, more con-
secutive gaze trials, to show the reversion in the congruency effect.

EXPERIMENT 3

To ensure that our findings were not due to the mixed presentation of the two stimuli types, we repli-
cated the task using a between-block manipulation. In Experiment 3, two groups of children and one
group of adolescents performed the task responding to stimuli in two separated blocks in a counterbal-
anced order.

Method
Participants

A total sample of 57 typically developing participants were recruited from both the same pool as in
Experiment 1 and a high school. In this experiment, groups were composed of three different ages: 4-,
6- and 17-year olds (see sample descriptives in Table 4). As in the previous experiments, signed informed
consent and assent to participate in the study were obtained from families and participants respectively.
The same exclusion criteria as in the two previous experiments were maintained.

Procedure

Groups of 4- and 6-year-old children performed the experiment at their school, while teenagers carried
it out in the lab during a programmed school visit.

All equipment, task, and stimuli were identical to the two previous experiments, including feed-
back and keyboard modifications for both older (17-year olds) and younger groups (4- and 6-year olds).
Nevertheless, stimuli were presented in two separate and counterbalanced blocks of 64 trials each,
headed by their corresponding practice block of 8 trials.
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Design

A 2 (Congruency: congruent, incongruent) X 2 (Target Type: arrow, gaze) X 3 (Age: 4-, 6-, 17-year-old
groups) design was performed with Congruency and Target Type as within-participants factors and Age
as a between-participants one. Again, the dependent variables were proportional RT and proportional
error rate.

Results

Table 5 displays RT and error rates values. Again, both were transformed into proportional scores for
subsequent ANOVAs. A repeated measure ANOVA was carried out for each of the dependent variables.
In this case, just one participant from the 4-year-old group was eliminated from the sample (1.7%) be-
fore analysis for not meeting accuracy criteria.

Once again, incorrect responses (8.5%) were not considered for RT analysis. Extreme scores were
also excluded under the same aforementioned criteria, eliminating 11, 6 and 3% of trials for the 4-, 6-
and 17-year-old groups respectively.

Proportional reaction time

The ANOVA showed a main effect of Target Type, I(1,53) = 11.31, p = .001, 11; = .18, responses being
8% faster for arrows than for gaze, and a main effect of Congruency, F(1, 53) = 25.58, p <.001, n; = .33,
responses being 4% faster on congruent than on incongruent trials. Moreover, a significant interaction
between Congruency and Age, F(2, 53) = 10.85, p < .001, r]; = .29, as well as Congruency and Target
Type, (1, 53) = 16.9, p < .001 n? = .24, were found. More importantly, all three factors interacted sig-
nificantly (F(1, 53) = 5.43, p = . 007, r]; = .17). Separate ANOVAs for each Target Type were performed,
revealing similar results to Experiment 1. As clearly illustrated in Figure 4, arrows produced a signifi-
cant standard congruency effect across the three age groups. Although Congruency interacted signifi-
cantly with Age (F(2, 53) = 3.78, p = .029, 77; = .13), the effect being larger at age 4 than at 6 or 17, the
standard effect was observed in the three groups (all ps < .05). Gaze analysis also showed a significant
Congruency X Age interaction (F(2, 53) = 12.8, p < .001, #? = .33). However, in contrast to arrows, and
consistent with the two previous experiments, 4- and 6-year olds had a standard congruency effect, F(1,
14) = 4.97, p = .04, n; = .26 and I(1, 20) = 8.13, p = .01, n,= .29, respectively, only adolescents showed
the RCE (F(1, 20) = 13.5, p = .002, n}f = 42).

Proportional error rates

The analysis of proportional error rates showed significant main effects of Target Type (F(1,
53) = 10.71, p = .002, ;1;; = .17) and Congruency (F(1,53) = 44.74, p < .001, ;1; = .46), committing

TABLE 4 Sample descriptives of participants in Experiment 3

Mean (SD) age in

Grade N years Male Female
2° grade of infant school 15 3.9 (0.26) 9 6
1° grade of primary school 21 6.4 (0.54) 15 6
1° grade of high school 20 17 (0.65) 2 18

Note: School grades correspond to the Spanish educational system.
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more errors responding to arrows than to gaze (9.35% vs. 5.70%), and responding to incongruent
than congruent trials (10.66% vs. 4.39%). The only significant interaction was Target
Type X Congruency (F(1,53) = 13.55, p <.001, r]]Z7 =.20), being the congruency effect larger for ar-

rows than for gaze.

DISCUSSION

Findings from Experiment 3 replicate the main results of the two prior experiments. Again, while all
groups present a standard congruency effect responding to arrows, the effect of gaze changes across
age groups. Opposite effects are observed in the youngest and the oldest groups of children: a standard
congruency effect on 4-year olds and the RCE on 17-year olds. Thus, the age-related differences only
observed for eye-gaze seem to be independent of stimuli presentation (within vs. between blocks).

However, data from 6-year-old children differ from the age equivalent group in Experiment 1, as a
standard congruency effect was observed also for gaze in this group. The between-block manipulation
of stimuli could have improved the signal-to-noise ratio, as children were exposed to the same stimu-
lus across trials. In addition, the potential attentional demands of an intermixed presentation, such as
shifting the attentional focus on different perceptual features from trial to trial (Jaswal & Logie, 2013),
would be diminished. In any case, data from both Experiments 1 and 3 agree that gaze produces the
same effect as arrows in 4-year olds, no matter whether the two stimuli are presented in different blocks
of trial or mixed within the same block. Importantly, the RCE, a critical signal of mature processing of
gaze, does not appear until late childhood. Thus, the response to gaze would change from the preschool
years onwards, possibly mediated by further development of specific gaze-related attentional qualities
that will ultimately lead to the RCE. Those mechanisms, for example, gaze quality to direct attention to
a specific object that will be attentively selected, could be immature in 6-year olds, who would therefore
exhibit for gaze an inconsistent pattern of either no effect or an arrow-like standard effect.

It should be mentioned that, even though the RCE is clear in adolescents from Experiment 3, they
were not age matched to the sample of Experiment 2. Nevertheless, since 12-year olds showed the RCE
even with an intermixed presentation of stimuli, they would probably also show it with a blocked one,
where the consecutive presentation of the same stimulus would increase effect size (e.g. see Marotta et.
al., 2018, for a between-block manipulation, and Narganes-Pineda et. al., 2020, for a within-block one).

GENERAL DISCUSSION

Gaze provides essential information for socio-cognitive development. From a very early age, it acts as
a cue to infer the interests, behaviours, thoughts and emotions of social partners. However, as a direc-
tional stimulus, it shares attentional orienting properties with other non-social stimuli, such as arrows
(Brignani et al., 2009; Marotta et al., 2019). Therefore, to investigate specific processing of gaze, it is
important to use appropriate paradigms to dissociate the processing of social orienting cues from that of
non-social ones. Segregating the singular effects of gaze from those shared with non-social directional
stimuli will shed light on the role of gaze on cognitive development.

In this line, the core aim of our study was to determine how and when additional social compo-
nents of gaze arise by tracking arrows and gaze differences across age. In particular, we looked for the
emergence of the reversed congruency effect (RCE) typically observed with gaze, in contrast to arrows.
Results show a completely different developmental path of the congruency effect observed with each
stimulus type. The standard congruency effect of arrow remains stable from childhood to early adoles-
cence. Conversely, the effect of gaze changes drastically throughout this period, being indistinguishable
from the effect of arrows in 4-year-old children and disappearing from 5 to 10 years of age (Experiment
1). From the age of 5, gaze could progressively gain specific attentional properties that would eventually
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lead to a RCE at age 12, as observed in Experiment 2. Furthermore, and importantly, these results are
not affected by stimuli presentation since a similar pattern of data was observed both by presenting gaze
and arrows randomly on a trial-by-trial basis (Experiment 1 and 2) and by presenting them separated
into different blocks of trials (Experiment 3).

Our results are in line with the developmental course of other gaze-specific effects described above,
such as gaze-induced IOR. Indeed, Jingling et al. (2015) showed that in 6—8-year olds, in contrast to
older children, a central gaze just triggered facilitatory cueing effects, but no IOR. It is not until the age
of 9 that gaze-induced IOR emerged. In addition, this absence of gaze-induced IOR has been found
in people with Asperger's (Marotta et al., 2013), whose main deficits are related to social cognition.
Similarly, the RCE could reflect a more socially advanced gaze-related mechanism, which would de-
velop during the preschool years and culminate in early adolescence. Interestingly, a recent ERP study
(Marotta et al., 2019) showed that gaze and arrows produce similar congruency effects on early compo-
nents (P1, N1 and N70) and opposite congruency effects on later ones (N2 and P300). This pattern of
data fits nicely with the idea that gaze and non-social stimuli share a similar attentional orienting mech-
anism, as generally observed with the gaze cueing paradigm (Brignani et al., 2009), but gaze contrib-
utes to performance by triggering additional social mechanisms that could develop during childhood.
However, it is unclear what social attentional properties gaze but not arrows acquire during this period.

One possibility could be that gaze develops the ability to not only guide attention but to also select
the object or event to which it is directed. This property of gaze, apparent from early infancy, may be-
come entrenched with age and social experience, eventually producing an extra effect that would lead
to the RCE. This hypothesis is consistent with data from Marotta et al. (2012) who found that arrows
oriented attention in a broad and unspecific direction, while gaze also focused it on the specific location
that had been looked at. Indeed, this is actually what happens in an episode of joint attention which
involves following another person's gaze towards their point of interest.

Actually, the RCE could be explained similarly. According to Edwards et al. (2020), on incongruent
trials, the eye gaze looks jointly with the participant towards the central fixation point. This joint gaze’
would lead to an attentional selection of the fixation point and, therefore, quick identification of gaze
direction. This would counteract the standard congruency effect also triggered by gaze (Marotta et al.,
2019) to ultimately lead to the observed RCE. Indeed, it has been shown that the reversed congruency
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effect observed with gaze is enhanced by reducing spatial interference (Roman-Caballero et al., 2021).
Alternatively, on congruent trials, gaze goes outward where no object can be selected. Participants
would follow it towards a potential target, even if gaze is irrelevant to the task at hand. This would
produce a kind of ‘joint distraction’ (Narganes-Pineda et al., 2020) as gaze would induce participants
to look for the potential object to select, leading to the slower RT observed for gaze congruent trails
in adolescents, where there is no object to gaze at, compared to incongruent trials, where gaze looks at
the fixation point where participants are also gazing at. Again, this socially induced slowdown would
counteract the spatial congruency effect, leading to slower rather than faster responses on congruent
trials. Indeed, as observed in our Experiments 1 and 3, gaze and arrows produced a similar standard
congruency effect in 4-year-old children. Whereas preschool children already show the attentional ori-
enting mechanisms shared by both stimuli, which are in line with previous studies (Ristic et al., 2002),
the additional social mechanisms triggered by gaze can still be unlearned or immature. In our opinion,
this makes unlikely a joint attention-based explanation of the RCE, as joint attention is supposed to be
fully developed at age 4 (Mundy et al., 2015). Further attentional selection effects generated by gaze,
referred to as joint distraction, may require more time to become established. From the age of 5, as age
and social experience increase, the attentional act of gaze would become more specific and complete,
eventually leading to a ‘joint distraction effect” and, therefore, to the RCE. This process will peak in
early adolescence, a period with notable social changes.

Both our results and the suggested explanation fit with the brain developmental course of gaze-
related areas, such as the STS. This area, which shows specific activation extracting directional infor-
mation from goal-directed gaze (Mosconi et al., 2005; Pelphrey et al., 2003, 2005), reaches its maximum
cortical thickness between 5 and 11 years of age (Sowell et al., 2004) and, during this period, it also
increases activity (Carter & Pelphrey, 2000).

It should be noted that our study is cross-sectional and, therefore, the developmental trajectory can-
not be properly traced. Moreover, although 4-year olds’ data have been replicated in two experiments
with different stimuli presentation, the 6-year-old groups have shown mixed results. Understanding the
developmental course of the attentional effects of gaze, especially between 4 and 12 years of age, will
require additional studies. Another limitation of the present study was the difference in the sample size
of Experiment 2. Although we have attempted to solve the potential methodological concerns by using
an additional bootstrapping analysis, replicating the data with equivalent samples both in the number of
participants and age would be desirable.

On the other hand, obtaining other socio-cognitive measures, such as Theory of Mind skills, would
provide insight into potential moderators of the RCE. Further investigation is needed to test how social
experience affects the observed developmental differences between gaze and arrows. For instance, by
manipulating the identity of faces, that is, adding faces of parents or teachers, we would be able to as-
sess whether, even in the youngest children, the greater social experience would influence the effect of
gaze. In this sense, a next step could be to evaluate the RCE development in populations with atypical
socio-cognitive skills, such as children and adolescents with ASD. It is important to highlight that our
procedure is a simple experimental task where no verbal response is required, making it suitable for
assessing both typically and atypically developing children.

CONCLUSION

The present study suggests that children develop specific attentional mechanisms to respond differ-
ently to gaze than to other non-social directional stimuli such as arrows. Importantly, gaze and arrows
seem to produce common attentional effects up to the early age of 4, but with social experience and
perhaps brain maturation, gaze might gain additional qualities which affect its processing. Gaze direc-
tion becomes a valuable cue about othet's focus of interest that besides orienting attention towatrds a
direction, as arrows would do, can direct attention to a particular object or event, triggering its selection
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automatically. This particular attentional property of gaze, however, would only emerge later in child-
hood or adolescence.

ACKNOWLEDGEMENTS

This tesearch was supported by an FPU fpul6/07124 doctoral grant (Formacién de Profesorado
Universitario) from the Spanish Ministry of Science and Innovation to the first author. Special thanks
to the children and their families for participating in the study, and to the schools and teachers for their
generous support. Finally, thanks to Tao Coll-Martin for his invaluable help and insightful methodo-
logical vision.

CONFLICT OF INTEREST
None of the authors have any financial interest or conflict of interest.

AUTHOR CONTRIBUTIONS

Juan Lupiafez (Conceptualization; Formal analysis; Funding acquisition; Methodology; Project adminis-
tration; Resources; Supervision; Validation; Writing — review & editing) M. Angeles Ballesteros-Duperon
(Conceptualization; Investigation; Methodology; Project administration; Resources; Supervision;
Validation; Writing — review & editing) Belén Aranda-Martin, Ph.D student (Conceptualization; Data
curation; Formal analysis; Funding acquisition; Investigation; Resources; Visualization; Writing — origi-
nal draft; Writing — review & editing).

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on request from the corresponding author.

ORCID

Belén Aranda-Martin @ https://orcid.org/0000-0002-0614-7594

Maria Afﬂge/ex Ballesteros-Duperén ‘2 https://otcid.org/0000-0003-0989-7435
Juan Lupidiiez ' https://orcid.org/0000-0001-6157-9894

REFERENCES

Bellagamba, F., Addessi, E., Focaroli, V., Pecora, G., Maggiorelli, V., Pace, B., & Paglieri, F. (2015). False belief understanding
and “cool” inhibitory control in 3-and 4-years-old Italian children. Frontiers in Psychology, 6, 874. https://doi.org/10.3389/
fpsyg.2015.00872

Bernoster, 1., De Groot, K., Wieser, M. J., Thurik, R., & Franken, I. H. A. (2019). Birds of a feather flock together: Evidence of
prominent correlations within but not between self-report, behavioral, and electrophysiological measures of impulsivity.
Biological Psychology, 145, 112—123. https://doi.org/10.1016/j.biopsycho.2019.04.008

Bialystok, E., Craik, F., & Luk, G. (2008). Cognitive control and lexical access in younger and older bi-
linguals. Journal of Experimental Psychology: Learning Memory and Cognition, 34(4), 859—873. https://doi.org/10.1037/027
8-7393.34.4.859

Blair, C. D., Capozzi, F., & Ristic, J. (2017). Where is your attention? Assessing individual instances of covert attentional orient-
ing in response to gaze and arrow cues. [ision, 1(3), 1-13. https://doi.org/10.3390/vision1030019

Brignani, D., Guzzon, D., Marzi, C. A. A., & Miniussi, C. (2009). Attentional orienting induced by arrows and eye-
gaze compared with an endogenous cue. Neuropsychologia, 47(2), 370-381. https://doi.org/10.1016/j.neuropsych
ologia.2008.09.011

Butterworth G., Jarrett N. (1991). What minds have in common is space: Spatial mechanisms serving joint visual attention in
infancy. British Journal of Developmental Psychology, 9(1), 55—72. https://doi.org/10.1111/j.2044-835x.1991.tb00862.x

Cafadas, E., & Lupiafiez, J. (2012). Spatial interference between gaze direction and gaze location: A study on the eye contact
effect. The Quarterly Journal of Experimental Psychology, 65(8), 1586—1598.

Carlson, S. M. (2005). Developmentally sensitive measures of executive function in preschool children. Develgpmental
Neuropsychology, 28(2), 595—616. https://doi.org/10.1207/15326942dn2802_3

Carter, E. J., & Pelphrey, K. A. (2006). School-aged children exhibit domain-specific responses to biological motion. Socia/
Nenroscience, 1(3—4), 396—411. https://doi.org/10.1080/17470910601041382

Clohessy, A. B., Posner, M. 1., Rothbart, M. K., & Vecera, S. P. (1991). The development of inhibition of return in early infancy.
Journal of Cognitive Neuroscience, 3(4), 345-350. https://doi.org/10.1162/jocn.1991.3.4.345


https://orcid.org/0000-0002-0614-7594
https://orcid.org/0000-0002-0614-7594
https://orcid.org/0000-0003-0989-7435
https://orcid.org/0000-0003-0989-7435
https://orcid.org/0000-0001-6157-9894
https://orcid.org/0000-0001-6157-9894
https://doi.org/10.3389/fpsyg.2015.00872
https://doi.org/10.3389/fpsyg.2015.00872
https://doi.org/10.1016/j.biopsycho.2019.04.008
https://doi.org/10.1037/0278-7393.34.4.859
https://doi.org/10.1037/0278-7393.34.4.859
https://doi.org/10.3390/vision1030019
https://doi.org/10.1016/j.neuropsychologia.2008.09.011
https://doi.org/10.1016/j.neuropsychologia.2008.09.011
https://doi.org/10.1111/j.2044-835x.1991.tb00862.x
https://doi.org/10.1207/s15326942dn2802_3
https://doi.org/10.1080/17470910601041382
https://doi.org/10.1162/jocn.1991.3.4.345

20 | ARANDA-MARTIN gr AL,

Colcombe, S. J., Kramer, A. F., Erickson, K. 1., & Scalf, P. (2005). The implications of cortical recruitment and brain morphol-
ogy for individual differences in inhibitory function in aging humans. Psychology and Aging, 20(3), 363-375. https://doi.or
¢/10.1037/0882-7974.20.3.363

Dalmaso, M., Castelli, L., & Galfano, G. (2020). Social modulators of gaze-mediated orienting of attention: A review. Psychonomic
Bulletin & Review, 27(5), 833—855. https://doi.org/10.3758/s13423-020-01730-x

de Bruin, A., & Sala, S. D. (2018). Effects of age on inhibitory control are affected by task-specific features. Quarterly Journal of
Excperimental Psychology, 71(5), 1219-1233. https://doi.org/10.1080/17470218.2017.1311352

Draheim, C., Mashburn, C. A., Martin, ]. D., & Engle, R. W. (2019). Reaction time in differential and developmental research:
A review and commentary on the problems and alternatives. Psychological Bulletin, 145(5), 508—535. https://doi.org/10.1037/
bul0000192

Emery, N. J. (2000). The eyes have it: The neuroethology, function and evolution of social gaze. Newuroscience & Biobebavioral
Reviews, 24(6), 581-604. https://doi.org/10.1016/S0149-7634(00)00025-7

Farroni, T., Csibra, G., Simion, F., & Johnson, M. H. (2002). Eye contact detection in humans from birth. Proceedings of the
National Acadeny of Sciences of the United States of America, 99(14), 9602-9605. https://doi.org/10.1073/pnas.152159999

Farroni, T., Johnson, M. H., Menon, E., Zulian, L., Faraguna, D., & Csibra, G. (2005). Newborns’ preference for face-relevant
stimuli: Effects of contrast polarity. Proceedings of the National Academy of Sciences of the United States of America, 102(47), 17245—
17250. https://doi.org/10.1073/pnas.0502205102

Farroni, T., Massaccesi, S., Pividori, D., & Johnson, M. H. (2004). Gaze following in newborns. Infancy, 5(1), 39—60. https://doi.
org/10.1207/515327078in0501_2

Faul, F.,, Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*Power 3: A flexible statistical power analysis program for the
social, behavioral, and biomedical sciences. Behavior Research Methods, 39(2), 175-191. https://doi.org/10.3758/BF031
93146

Frischen, A., Bayliss, A. P., & Tipper, S. P. (2007). Gaze cueing of attention: Visual attention, social cognition, and individual
differences. Psychological Bulletin, 133(4), 694=724. https://doi.org/10.1037/0033-2909.133.4.694

Frischen, A., Smilek, D., Eastwood, . D., & Tipper, S. P. (2007). Inhibition of return in response to gaze cues: The roles of time
course and fixation cue. VVisual Cognition, 15(8), 881-895. https://doi.org/10.1080/13506280601112493

Frischen, A., & Tipper, S. P. (2004). Orienting attention via observed gaze shift evokes longer term inhibitory effects:
Implications for social interactions, attention, and memory. Journal of Experimental Psychology: General, 133(4), 516—533.
https://doi.org/10.1037/0096-3445.133.4.516

Hedge, C., Powell, G., & Sumner, P. (2018). The reliability paradox: Why robust cognitive tasks do not produce reliable individ-
ual differences. Bebavior Research Methods, 50(3), 1166—1186. https://doi.org/10.3758/s13428-017-0935-1

Hietanen, J. K., Nummenmaa, L., Nyman, M. J., Parkkola, R., & Himaildinen, H. (2006). Automatic attention orienting by
social and symbolic cues activates different neural networks: An fMRI study. Nexrolmage, 33(1), 406—413. https://doi.
org/10.1016/j.neuroimage.2006.06.048

Hood, B. M., Willen, J. D., & Driver, J. (1998). Adult’s eyes trigger shifts of visual attention in human infants. https://doi.
org/10.1111/1467-9280.00024

Hooker, C. 1, Paller, K. A., Gitelman, D. R., Parrish, T. B., Mesulam, M. M., & Reber, P. J. (2003). Brain networks for analyzing
eye gaze. Cognitive Brain Research, 17(2), 406—418. https://doi.org/10.1016/S0926-6410(03)00143-5

Ishikawa, M., Haensel, J. X., Smith, T. J., Senju, A., & Itakura, S. (2020). Affective priming enhances gaze cueing effect. Journal
of Experimental Psychology: Human Perception and Performance, 47(2), 189-199. https://doi.org/10.1037/xhp0000880

Jaswal, S., & Logie, R. H. (2013). The contextual interference effect in visual feature binding: What does it say about the role of
attention in binding? Quarterly Journal of Experimental Psychology, 66(4), 687=704. https://doi.org/10.1080/17470218.2012.712540

Jingling, L., Lin, H. F., Tsai, C. J., & Lin, C. C. (2015). Development of inhibition of return for eye gaze in adolescents. Journal of
Excperimental Child Psychology, 137, 716—84. https://doi.org/10.1016/j.jecp.2015.04.001

Jones, S. (2015). The mediating effects of facial expression on spatial interference between gaze direction and gaze location.
Journal of General Psychology, 142(2), 106—117. https://doi.org/10.1080/00221309.2015.1009822

Lakens, D., & Etz, A. ]. (2017). Too true to be bad: When sets of studies with significant and nonsignificant findings are prob-
ably true. Social Psychological and Personality Science, 8(8), 875—881. https://doi.org/10.1177/1948550617693058

Lundgqvist, D., Flykt, A., & Ohman, A. (1998). The Karolinska directed emotional faces (KDEF). CD ROM from Department of
Clinical Neuroscience, Psychology section, Karolinska Institutet, 91, 630.

Marotta, A., Aranda-Martin, B., De Cono, M., Ballesteros-Duperdén, M. A., Casagrande, M., & Lupiafez, J. (2021). Integration of
gaze direction and facial expression in individuals with high level of autistic traits. [unpublished manuscript]

Marotta, A., Lupiafez, J., Martella, D., & Casagrande, M. (2012). Eye gaze versus arrows as spatial cues: Two qualitatively
different modes of attentional selection. Journal of Experimental Psychology: Human Perception and Performance, 38(2), 326—335.
https://doi.org/10.1037/20023959

Marotta, A., Lupiafiez, ]., Roman-Caballero, R., Narganes-Pineda, C., & Martin-Arévalo, E. (2019). Are eyes special?
Electrophysiological and behavioural evidence for a dissociation between eye-gaze and arrows attentional mechanisms.
Neuropsychologia, 129, 146—152. https://doi.org/10.1016/j.neuropsychologia.2019.03.017

Marotta, A., Pasini, A., Ruggiero, S., Maccari, L., Rosa, C., Lupiafiez, ., & Casagrande, M. (2013). Inhibition of return in
response to eye gaze and peripheral cues in young people with Asperget’s syndrome. Journal of Autism and Develgpmental
Disorders, 43(4), 917-923. https://doi.org/10.1007/s10803-012-1636-3


https://doi.org/10.1037/0882-7974.20.3.363
https://doi.org/10.1037/0882-7974.20.3.363
https://doi.org/10.3758/s13423-020-01730-x
https://doi.org/10.1080/17470218.2017.1311352
https://doi.org/10.1037/bul0000192
https://doi.org/10.1037/bul0000192
https://doi.org/10.1016/S0149-7634(00)00025-7
https://doi.org/10.1073/pnas.152159999
https://doi.org/10.1073/pnas.0502205102
https://doi.org/10.1207/s15327078in0501_2
https://doi.org/10.1207/s15327078in0501_2
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BF03193146
https://doi.org/10.1037/0033-2909.133.4.694
https://doi.org/10.1080/13506280601112493
https://doi.org/10.1037/0096-3445.133.4.516
https://doi.org/10.3758/s13428-017-0935-1
https://doi.org/10.1016/j.neuroimage.2006.06.048
https://doi.org/10.1016/j.neuroimage.2006.06.048
https://doi.org/10.1111/1467-9280.00024
https://doi.org/10.1111/1467-9280.00024
https://doi.org/10.1016/S0926-6410(03)00143-5
https://doi.org/10.1037/xhp0000880
https://doi.org/10.1080/17470218.2012.712540
https://doi.org/10.1016/j.jecp.2015.04.001
https://doi.org/10.1080/00221309.2015.1009822
https://doi.org/10.1177/1948550617693058
https://doi.org/10.1037/a0023959
https://doi.org/10.1016/j.neuropsychologia.2019.03.017
https://doi.org/10.1007/s10803-012-1636-3

DEVELOPMENTAL CHANGES ATTENDING TO GAZE AND
ARROWS 21

Marotta, A., Roman-Caballero, R., & Lupiafiez, ]. (2018). Arrows don’t look at you: Qualitatively different attentional mechanisms
triggered by gaze and arrows. Psychonomic Bulletin and Review, 25(6), 2254-2259. https://doi.org/10.3758/s13423-018-1457-2

Materna, S., Dicke, P. W., & Thier, P. (2008). Dissociable roles of the superior temporal sulcus and the intraparietal sulcus in
joint attention: A functional magnetic resonance imaging study. Journal of Cognitive Neuroscience, 20(1), 108—119. https://doi.
org/10.1162/jocn.2008.20008

Mosconi, M. W., Mack, P. B., McCarthy, G., & Pelphrey, K. A. (2005). Taking an “intentional stance” on eye-gaze shifts: A
functional neuroimaging study of social perception in children. Newrolmage, 27(1), 247-252. https://doi.org/10.1016/j.
neuroimage.2005.03.027

Mundy, P., Block, J., Delgado, C., Pomares, Y., Van Hecke, A. V., Parlade, M. V., Amy Vaughan Van Hecke, A., & Parlade, M.
V. V. (2015). Individual differences and the development of joint attention in infancy. Psychological Science, 26(9), 1353—1367.
https://doi.org/10.1177/0956797614558717

Narganes-Pineda, C., Chica, A. B., Lupidfiez, J., & Marotta, A. (2018). Explicit vs. Implicit spatial processing in arrow vs. eye-gage spatial
congruency effects. [manuscript submitted for publication]

Narganes-Pineda, C., Hemmerich, K., Marotta, A., Martin-Arévalo, E., Jiménez, L., & Lupiafiez, ]. (2020). Gage elicits social and
non-social attentional orienting: An interplay of shared and nnique conflict processing mechanisms. [manuscript submitted for publication]

Pelphrey, K. A., Morris, J. P., & McCarthy, G. (2004). Grasping the intentions of others: The perceived intentionality of an
action influences activity in the superior temporal sulcus during social perception. Journal of Cognitive Neuroscience, 16(10),
1706-1716. https://doi.org/10.1162/0898929042947900

Pelphrey, K. A., Morris, J. P., & McCarthy, G. (2005). Neural basis of eye gaze processing deficits in autism. Brain, 128(5), 1038—
1048. https://doi.org/10.1093/brain/awh404

Pelphrey, K. A., Singerman, J. D., Allison, T., & McCarthy, G. (2003). Brain activation evoked by perception of gaze shifts: The
influence of context. Neuropsychologia, 41(2), 156-170. https://doi.org/10.1016/S0028-3932(02)00146-X

R Core Team (2021). R: A langnage and environment for statistical computing. R Foundation for Statistical Computing. https://www.R-
project.org/

Ricciardelli, P., Carcagno, S., Vallar, G., & Bricolo, E. (2013). Is gaze following purely reflexive or goal-directed instead?
Revisiting the automaticity of orienting attention by gaze cues. Experimental Brain Research, 224(1), 93—106. https://doi.
org/10.1007/500221-012-3291-5

Ristic, J., Friesen, C. K., & Kingstone, A. (2002). Are eyes special? It depends on how you look at it. Psychonomic Bulletin & Review,
3, 507-513. https://doi.org/10.3758/BF03196306

Roman-Caballero, R., Marotta, A., & Lupiafiez, |. (2021). Spatial interference triggered by gaze and arrows. The role of target
background on spatial interference. Psicoldgica Journal, 42(2), 192-209. https://doi.org/10.2478 /psicolj-2021-0010

Shultz, S., Klin, A., & Jones, W. (2018). Neonatal transitions in social behavior and their implications for autism. Trends in
Cognitive Sciences, 22(5), 452—469. https://doi.org/10.1016/].T1CS.2018.02.012

Siposova, B., & Carpenter, M. (2019). A new look at joint attention and common knowledge. Cognition, 189, 260—-274. https://
doi.org/10.1016/j.cognition.2019.03.019

Sowell, E. R., Thompson, P. M., Leonard, C. M., Welcome, S. E., Kan, E., & Toga, A. W. (2004). Longitudinal mapping of
cortical thickness and brain growth in normal children. Journal of Neuroscience, 24(38), 8223—8231. https://doi.org/10.1523/
JNEUROSCI.1798-04.2004

Torres-Marin, J., Carretero-Dios, H., Acosta, A., & Lupiafiez, ]. (2017). Eye contact and fear of being laughed at in a gaze dis-
crimination task. Frontiers in Psychology, 8, 1-14. https://doi.org/10.3389/fpsyg.2017.01954

Vaidya, C. J., Foss-Feig, J., Shook, D., Kaplan, L., Kenworthy, L., & Gaillard, W. D. (2011). Controlling attention to gaze and
arrows in childhood: An fMRI study of typical development and Autism Spectrum Disorders. Developmental Science, 14(4),
911-924. https://doi.org/10.1111/j.1467-7687.2011.01041.x

Van Mundy, P., Block, J., Delgado, C., Pomares, Y., Van Hecke, A. V., & Parlade, M. V. (2007). Individual differences and the de-
velopment of joint attention in infancy. Child Development, 78(3), 938—954. https://doi.org/10.1111/}.1467-8624.2007.01042.x

Zhang, X., Dalmaso, M., Castelli, L., Fiorese, A., Lan, Y., Sun, B., Fu, S., & Galfano, G. (2020). Social attention across borders:
A cross-cultural investigation of gaze cueing elicited by same- and other-ethnicity faces. British Journal of Psychology, 112(3),
741-762. https://doi.org/10.1111/bjop.12476

How to cite this article: Aranda-Martin, B., Ballesteros-Duperén, M. A., & Lupiafiez, J. (2022).
What gaze adds to arrows: Changes in attentional response to gaze versus arrows in childhood
and adolescence. British Journal of Psychology, 00, 1-21. https://doi.org/10.1111/bjop.12552


https://doi.org/10.3758/s13423-018-1457-2
https://doi.org/10.1162/jocn.2008.20008
https://doi.org/10.1162/jocn.2008.20008
https://doi.org/10.1016/j.neuroimage.2005.03.027
https://doi.org/10.1016/j.neuroimage.2005.03.027
https://doi.org/10.1177/0956797614558717
https://doi.org/10.1162/0898929042947900
https://doi.org/10.1093/brain/awh404
https://doi.org/10.1016/S0028-3932(02)00146-X
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1007/s00221-012-3291-5
https://doi.org/10.1007/s00221-012-3291-5
https://doi.org/10.3758/BF03196306
https://doi.org/10.2478/psicolj-2021-0010
https://doi.org/10.1016/J.TICS.2018.02.012
https://doi.org/10.1016/j.cognition.2019.03.019
https://doi.org/10.1016/j.cognition.2019.03.019
https://doi.org/10.1523/JNEUROSCI.1798-04.2004
https://doi.org/10.1523/JNEUROSCI.1798-04.2004
https://doi.org/10.3389/fpsyg.2017.01954
https://doi.org/10.1111/j.1467-7687.2011.01041.x
https://doi.org/10.1111/j.1467-8624.2007.01042.x
https://doi.org/10.1111/bjop.12476
https://doi.org/10.1111/bjop.12552

