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Abstract: Human infants are highly sensitive to social information in their visual world. In laboratory
settings, researchers have mainly studied the development of social information processing using
faces presented on standard computer displays, in paradigms exploring face-to-face, direct eye
contact social interactions. This is a simplification of a richer visual environment in which social
information derives from the wider visual field and detection involves navigating the world with
eyes, head and body movements. The present study measured 9-month-old infants’ sensitivities
to face-like configurations across mid-peripheral visual areas using a detection task. Upright and
inverted face-like stimuli appeared at one of three eccentricities (50◦, 55◦ or 60◦) in the left and right
hemifields. Detection rates at different eccentricities were measured from video recordings. Results
indicated that infant performance was heterogeneous and dropped beyond 55◦, with a marginal
advantage for targets appearing in the left hemifield. Infants’ orienting behaviour was not influenced
by the orientation of the target stimulus. These findings are key to understanding how face stimuli
are perceived outside foveal regions and are informative for the design of infant paradigms involving
stimulus presentation across a wider field of view, in more naturalistic visual environments.

Keywords: face processing; infant perception; peripheral vision; visual field; social cognition

1. Introduction

The visual system of the human infant is biased to attend to stimuli that retain typical
characteristics of faces. Accordingly, a preference for schematised face-like configurations
over inverted ones is widely documented in newborns (e.g., [1,2]) and has been reported
even before birth [3]. This predisposition to process and respond to social information can
facilitate learning in social contexts, and it is a core building block of typical socio-emotional
and cognitive development. This early attentional bias towards face-like configurations
becomes more specific in favour of human faces with increasing age, with three-month-olds
preferring photographic faces over schematised configurations [4,5]. By four months of
age, face processing changes from featural to holistic, a developmental change that is
initially orientation-independent and becomes specific to upright faces from seven months
of age [6,7]. Similarly, preference and recognition for facial features progressively improve
through perceptual learning and exposure to faces [8,9]. Over the past decades, there has
been much debate over the origins of face processing, ranging from different developmental
theories to models of the attentional bias for faces and face-like patterns (e.g., [10–14]).

Despite a significant amount of work exploring the development of social information
processing, to date, the bulk of research in this field has relied on images presented between
central and near-peripheral locations (up to 30◦ eccentricity), within the limited visual areas
that can be investigated using standard computer displays. These parameters incorporate
an inherent simplification of the much wider and richer natural environment in which
social information spans the entire visual field. Although central visual areas have higher
spatial resolution compared to peripheral vision [15], the developing human infant can
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nonetheless process a multitude of information presented at higher eccentricities. When
looking at naturalistic scenes, humans are strongly biased towards scenes containing
a person compared to those without any person present [16]. This bias is present in
infants and increases from the ages of 3 to 12 months [17]. In everyday life, orienting
towards a face requires more than eye movements. Often, a combination of head and eye
movements is needed to detect social information and to navigate the wider surrounding
visual environment. Nevertheless, studies of visual information processing have primarily
been constrained to standard screens and paradigms where the head remains fixed and
engaged with foveal processed space. In reality, faces not only appear in the visual field
centrally but can also be presented at different spatial locations, often moving in a dynamic
visual world. In this context, foveation alone is often not enough to attend to visual
information and motor activity increasingly plays a role in orienting behaviours beyond
near-peripheral locations [18,19]. As such, a successful visual orienting behaviour in
naturalistic situations requires the infant to be active and to engage with visual information
across a wide visual array. Notably, newborns move their head and eyes to maintain a
face in view, more so for intact faces compared to scrambled ones [20,21]. In an interesting
adaptation of these studies, one- to five-month-old infants were tested using a rotating chair
that moved away from face stimuli appearing on a screen [21]. In this procedure, infants
had to turn their heads to keep the visual targets in view. This paradigm demonstrated that
the preferential tracking of actual face stimuli over face-like or scrambled ones declined
after one month of age [21]. The authors suggested that newborn infants display orienting
mechanisms favouring peripheral visual information via a predominance of subcortical
structures in the brain, and this behaviour declines between one and two months of
age with the maturation of cortical structures [21,22]. Despite such findings, there has
been surprisingly little research on face processing at high eccentricities beyond the first
postnatal months. Although reflexive orienting to peripheral targets is lessened with age,
the motor abilities of the human infant become progressively refined. The ability to sit and
stand allows the infants to spontaneously and freely navigate a wider visual space and to
actively process a growing amount of information across their visual environment. As such,
exploratory and orienting behaviours can be investigated with fewer motor constraints in
older infants.

In the present study, we investigated infants’ sensitivities to face-like stimuli across the
mid-peripheral visual field. Past literature suggested an expansion of the visual field extent
over the first postnatal year (e.g., [23–26]). Research in the development of infant peripheral
vision has often relied on the presentation of flashing lights. Whilst such stimuli can offer
insight into what information infants can process across their visual fields, they are not
representative of naturalistic and socially relevant stimuli, such as faces. In this study, we
investigated how nine-month-old infants detect and respond to face-like stimuli displayed
in their peripheral field. The infant participants were presented with face-like targets across
a wide field of view covering 120◦ (at three eccentricities per hemifield, namely 50◦, 55◦

and 60◦ to the left and right of the midline) and their orienting behaviour was measured
from video recordings in a detection task. At these high eccentricities, eye movements in
isolation were not enough to detect a visual target. Motor activity, as a combination of head
and eye movements, was required to engage with this task. The face-like stimuli from this
study were produced by spatially filtering natural images of intact faces, whilst controlling
for luminance, contrast and colour to match with the simple low-level Gabor stimuli used
in our prior work [27], which identified the visual limits of 9-month-olds to detect non-
social stimuli to be around 50◦ from the line of sight. In the present study, both upright
and inverted face-like stimuli were presented. Unlike Gabor patches, faces have a typical
orientation and upright faces are more often encountered in our visual world. To the best of
our knowledge, face orientation has never been investigated at the edge of the developing
visual field and it is yet unexplored if the developmental changes in holistic face processing
happen across the visual field. Hence, this study may also provide insight into the face
properties that influence the ability to orient attention across a wide peripheral visual field.
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Further, unlike processing non-social stimuli, the processing of social stimuli had revealed
a left visual field bias associated with right hemispheric dominance for faces [28,29]. This
bias seems to develop between seven and eleven months of age [28]. Whether this tendency
to attend more to faces in the left visual field is present even at the edge of the developing
visual field and can be revealed with face-like targets is yet to be determined. If this side
bias is specific to central stimulus presentation and/or to more salient face stimuli, then no
side difference should be expected. Alternatively, a left visual field advantage may emerge
over the right visual field. Overall, we aimed to understand whether face-like patterns
can elicit different orienting behaviours and capture the infants’ attention better when
compared to other non-social stimuli.

There is mixed evidence of an advantage for faces at high eccentricities in adult
participants. Research with adults has found that the peripheral recognition of faces seems
mostly eccentricity-dependent, with a decrease in recognition performances at increased
eccentricities that is not predicted by visual acuity and size scaling according to cortical
magnification, i.e., the reduced density of photoreceptors processing a visual stimulus at
a more peripheral location [30,31]. Further, some neuroimaging evidence supports a face
bias in favour of the central visual field, with faces activating visual areas corresponding
with the central visual field as opposed to scenes that showed stronger activation in areas
representing the peripheral visual field (e.g., [32,33]). Nevertheless, some authors argued
that this brain differential activation is not evident if faces and buildings of a scene are
rescaled according to cortical magnification [34]. Some behavioural evidence has suggested
that face or building superiority at peripheral locations depends on the task demands [35].
Even though there may be a central visual field bias for faces, an advantage for peripheral
face vs. other object detection has been reported at higher eccentricities [36]. Similarly, the
speed of processing in a categorisation task was better for human faces presented across
a wide visual field up to 80◦ eccentricity compared with animals and vehicles, even in
crowded conditions [37]. As it stands, an advantage for faces in peripheral vision is still
debatable and may depend on the task.

If there is an advantage for detecting or processing faces at high eccentricities, as
some adult studies have suggested, we would expect infants to be successful at detecting
peripheral schematic faces at 50◦ and beyond. Understanding visual field sensitivities
in response to face-like configurations would enable us to determine what sort of visual
information can capture infants’ attention across the visual field and, in turn, be further
processed for ongoing learning.

2. Materials and Methods
2.1. Participants

Twenty-two 9-month-old infants were recruited from a large database of volunteer
families living in the surroundings of Lancaster, United Kingdom. Four infants were
excluded from the final sample due to fussiness (n = 2) and parental interference during
the procedure (n = 2). Eighteen infants (10 females) with a mean age of 270.83 days
(SD = 9.72 days; range = 8 months and 15 days to 9 months and 15 days) constituted
the final sample. All infants were born at term (>37 weeks) with normal birth weight
(>2.5 kg) and had no history of neurological or other medical conditions. Eye infections
or vision impairments were among the criteria that excluded participation in this study.
Parental informed consent was obtained for each infant prior to the beginning of the
study. Participating families received GBP 10 as travel compensation and a storybook
to thank them for taking part in this research. The protocol of the study was reviewed
and approved by the Faculty of Science and Technology Research Ethics Committee of
Lancaster University (Ethics approval reference no. FST19010). This research followed the
principles and ethical standards expressed in the Declaration of Helsinki.
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2.2. Stimuli

Stimuli consisted of either central or peripheral visual images displayed on a uniform
grey background. The central stimulus was a white Gaussian blob presented within a
900 ms Gaussian temporal envelope such that 100% contrast was attained after 450 ms.
Peripheral stimuli were monochromatic face-like stimuli. These stimuli were obtained
from a black and white female face used in [38]. Both the upright and inverted face stimuli
were adapted for this study. The original background of the face stimuli was removed and
stimuli were filtered with a spatial frequency of 0.55 cycles per degree (cpd) using MATLAB
(version 2018a; MathWorks, Natick, MA, USA). This specific spatial frequency was chosen
as it has been already adopted to present peripheral targets at the edge of the visual field
both with adults [39] and infants [27]. Peripheral targets were presented within a 900 ms
Gaussian temporal envelope such that the maximal contrast was attained in the middle of
their presentation time at 450 ms. Figure 1 shows the filtered face-like stimuli at maximal
contrast. All stimuli subtended a 5.88◦ visual angle when viewed from a 40 cm distance and
occupied a 180 × 180-pixel area. The stimuli were presented along the horizontal meridian.
The overall luminance of the stimuli matched with the background luminance of the screen
(within 25 cd/m2). This ensured that participants did not respond to the peripheral targets
due to an abrupt luminance change. Overall, the luminance, spatial frequency, colour and
contrast of the face-like stimuli matched with the Gabor stimuli presented in a prior study
investigating the limits of peripheral information processing [27]. The visual presentation
of each stimulus was randomly paired with an auditory tone. A total of eight beep sounds
were adopted (the same sounds were used in [27]).
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Figure 1. The upright (a) and inverted (b) face-like stimuli presented as peripheral targets (bottom
row). Stimuli were obtained by filtering the upright and inverted faces used in [38] (top row) with a
spatial frequency of 0.55 cpd.

2.3. Apparatus and Procedure

Participants sat on their caregiver’s lap at approximately 40 cm from the centre of a
49-inch Samsung LC49HG90DMM curved monitor with a screen resolution of
3840 × 1080 pixels (120.30 cm width and 52.55 cm height without stand). Monitor contrast
and brightness were set to 50%. This curved screen covered 126◦ Field Of View (FOV)
in total and was placed on a table whose height was adjusted so that the infant’s line of
sight corresponded to the horizontal meridian of the screen. Lights were switched off and
the room was only lit by the computer screen. The infant participant’s behaviour was
recorded with a hidden video camera above the screen and the experimental procedure was
simultaneously recorded with a video camera behind the participant. Black felt covered the
area around the monitor and the cameras to minimise light scatter. The two video cameras
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fed into a TV monitor and a digital video recorder that the experimenter could monitor and
that were located behind a room divider. The same room set up, equipment and procedures
had been used in [27]. Caregivers were instructed to keep their infant in a stable upright
position and to maintain the set distance from the screen. They were also instructed to avoid
any verbal and non-verbal interference with the testing procedure. The experimental proce-
dure started with the presentation of the central stimulus for 900 ms repeated three times
in quick succession, lasting 2.7 s in total. Once this central attention grabber faded away,
a peripheral face-like target appeared at one of three eccentricities in the mid-peripheral
visual field: 50◦, 55◦, 60◦, either on the left or on the right visual hemifield. Each eccentricity
corresponds to the visual angle between the centre of the central stimulus and the centre of
the peripheral target. The peripheral target appeared three times in quick succession as the
central stimulus (fading in and out 3× at 900 ms each). A total of 24 trials were presented
with an inter-trial interval of 500 ms, as in [27]. Eccentricity (50◦, 55◦, 60◦), side (left and
right) and target orientation (upright and inverted) were semi-randomised across trials.
The experimental procedure lasted around 4 min. The study was programmed in MATLAB
using the Psychophysics Toolbox extension, version 3 [40,41].

2.4. Data Processing and Coding

Video recordings were coded offline to measure the orienting behaviour of the infant
participant in response to the appearance of a visual target in their mid-peripheral visual
field. Video recordings included the multi-camera view of the stimulus presentation and
the participant’s face side by side. Videos were processed using ELAN software, version
5.9 [42,43]. For each video, a timeline was created so that each central and peripheral target
presentation time (48 intervals per participant) was saved as an annotation that could be
easily retrieved and evaluated without searching the stimulus from the video. At this point,
each video was zoomed in to allow the coders to see only the infant’s face without being
aware of the peripheral target location on each trial. First of all, trial validity was assessed
by evaluating the head and eye positions for each central stimulus annotation. For a trial to
be valid, the participant must be oriented towards the centre of the screen at the offset of
the central stimulus presentation, before the peripheral target appears. If this condition
was met, the trial was valid and the coder could proceed to the coding of the behaviour
in response to the appearance of the peripheral target. The coder assessed whether the
participant (a) oriented towards their left hemifield with eye and/or head movements
before the next trial began; (b) oriented towards their right hemifield with eye and/or head
movements before the next trial began; or (c) had no response or kept staring at the centre
for the entire peripheral target presentation, looked up or down or clearly away from the
screen. Instances in which the participant could orient towards both hemifields during the
peripheral target presentation were rare but, if this was the case, the first clear orientation
towards one hemifield was coded. We used the first behavioural response that could be
coded from the neutral head and eyes position to ensure that the eccentricity value of the
peripheral target was reliable. Once all the valid trials were blindly coded, the behaviours
were compared with the target locations and classified either as Detection—if the direction
of the orienting behaviour matched the hemifield of appearance of the peripheral target—or
as No Detection—if the direction of the orienting behaviour did not match the hemifield
of appearance of the peripheral target or if there was no orienting response (behaviour
(c)). In this paradigm, detection indicated that the target was perceived and caused an
overt behaviour. An equal number of semi-randomised trials at each location and in each
hemifield controlled for random orienting behaviours and possible biases in spontaneous
eye movements. The coding was accurate to the video frame level, which was 25 frames
per second. While the primary blind coder judged all the video recordings, a second
independent and blind coder coded a random proportion of the video recordings (8 videos,
44.44%). Cohen’s kappa was performed to determine interobserver agreement. Near perfect
agreement was obtained between the two coders’ judgements, both when they evaluated
trial validity and peripheral target detection. Specifically, 93% observed agreement and
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k = 0.86 were obtained judging trial validity, whereas 96% observed agreement and k = 0.92
were obtained judging the dependent variable of this study, namely the detection behaviour
of the infant participant in response to the peripheral target presentation.

2.5. Analysis and Statistics

Detection rates per eccentricity and stimulus orientation were compared across par-
ticipants. Data were analysed using generalised linear mixed models (GLMMs) with the
lme4 package [44] implemented in R, version 3.5.2 [45]. GLMMs have provision to consider
the multilevel structure of the data set and, importantly, to incorporate the unbalanced
structure of the repeats following the exclusion of invalid trials (for advantages in using
GLMMs, see [46]). Detection rates were considered as a dependent measure, with log odds
of detection as the model outcome. To account for the within-subject design, participant
number was included as a random factor. In addition, Sex was included in the model as
a categorical fixed factor at the individual level, whereas Eccentricity, Side and Stimulus
orientation were included as categorical fixed factors at the trial level. Confidence intervals
(95% CI) were calculated using the Wald method. Models were evaluated from the simplest
to the more complex and were compared by the Likelihood Ratio Test (LRT) and Akaike
Information Criterion (AIC).

3. Results

A total of 206 valid observations were obtained, with an average of 11.44 (47.67%)
valid trials per participant. Notably, 100% of the investigated orientation behaviours
included a combination of eye and head movements that allowed the infant to orient
towards the peripheral targets appearing at very high eccentricities. Typically, the saccadic
eye movement began slightly before the start of the head movement (55.48% of orientation
behaviours) or the eye and head movements were concurrent with each other (43.84% of
orientation behaviours). A propensity to move the head before the eyes was extremely
rare (0.68% of orientation behaviours). Individual differences played a role in movement
timings, with large between-subject variability of eye and head movement tendencies,
although this had no relationship with detection outcomes. In fact, the proportion of
orientation behaviours in which the eye component preceded the head component ranged
from a maximum of 100% to a minimum of 9% of individual orienting behaviours.

We evaluated what factors improved detection rates of peripheral face-like stimuli.
The null model only including random effects (AIC = 283.15, LogLik = −139.57) was
significantly improved by the inclusion of Eccentricity as a fixed effect (AIC = 258.25,
LogLik = −125.13, X2(2) = 28.89, p < 0.001). The inclusion of both Eccentricity and Side
as fixed effects further improved the Eccentricity model (AIC = 255.96, LogLik = −122.98,
X2(1) = 4.29, p = 0.04). Including Eccentricity, Side and Orientation did not improve the
Eccentricity and Side model (AIC = 257.89, LogLik = −122.94, X2(1) = 0.07, p = 0.79).
Similarly, including Eccentricity, Side, Orientation and Sex did not improve the Eccentricity
and Side model (AIC = 258.01, LogLik = −122.01, X2(1) = 0.07, p = 0.79). An Eccentricity per
Side interaction term was also added to the model but it did not improve the Eccentricity
and Side model (AIC = 257.80, LogLik = −121.90, X2(2) = 2.16, p = 0.34). Thus, we retained
the model with lowest AIC that provided the most parsimonious explanation of the data,
namely the Eccentricity and Side model (Table 1).

Results revealed that detection rates were mostly explained by target eccentricity, with
detection rates dropping at high eccentricities, particularly at 60◦. Targets appearing at
50◦ and 55◦ both led to good detection performances that did not significantly differ from
each other, with targets appearing at 55◦ (M = 66.10, SE = 6.47) expected to have a 0.59 unit
decrease in log odds of detection compared to 50◦ (M = 77.80, SE = 5.40, 95% CI = −1.35,
0.18). Performances significantly dropped at 60◦ (M = 31.80, SE = 6.38), with a 2.01 unit
decrease in log odds of detection compared to targets appearing at 50◦ (95% CI = −2.81,
−1.22). In addition, Side had a partial role in explaining the detection rates results. Overall,
better detection rates were obtained for targets appearing on the left side. In fact, targets
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appearing on the right side (M = 51.40, SE = 6.00) were expected to have a 0.66 unit decrease
in log odds of detection compared to targets appearing on the left side (M = 67.10, SE = 5.75,
95% CI = −1.29, −0.03; Figure 2).

Table 1. The generalised linear mixed effects model (GLMM) results.

Fixed Effects

Estimate SE 95% CI Z p

Intercept 1.58 0.37 0.85, 2.31 4.24 <0.001 ***

Eccentricity (55◦) −0.59 0.39 −1.35, 0.18 −1.50 0.13

Eccentricity (60◦) −2.01 0.41 −2.81, −1.22 −4.95 <0.001 ***

Side (Right) −0.66 0.32 −1.29, −0.03 −2.04 0.04 *

Random Effects

Variance SD 95% CI

Intercept 0.20 0.45 0, 1.04
Note. Significance code *** p-value [0, 0.001], * p-value [0.01, 0.05]. Confidence intervals calculated using the Wald
method. R model equation: Detection ~ Eccentricity + Side + (1|Participant).
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Figure 2. The detection rates of face-like targets across eccentricities in the left (blue) and right
(orange) hemifields. Error bars represent +/− 1 SE.

The contribution of valid trials was similar across eccentricities and sides and this
factor did not explain these results. In more detail, 71 valid trials were obtained at 50◦ (31
on the left and 40 on the right side), 68 valid trials were obtained at 55◦ (34 left and 34 right
trials) and 67 valid trials were obtained at 60◦ (33 left and 34 right trials). A few more valid
trials on the right side were localised at 50◦ where detection performance was at its peak.
Thus, this could have favoured detection rates on the right side and does not explain better
overall performances on the left side. In this model, the proportion of the outcome variance
due to individual differences, as expressed by the Interclass Correlation Coefficient (ICC),
was 5.77%. Post hoc analyses were conducted on the effects that significantly influenced the
model. Post hoc pairwise comparisons with Tukey’s adjustment for multiple comparisons
confirmed no difference between detection rates of peripheral targets appearing at 50◦

and 55◦ (95% CI = −0.33, 1.50), whereas significant differences emerged between targets
appearing at 50◦ and 60◦ (95% CI = 1.06, 2.97), and also between 55◦ and 60◦ (95% CI = 0.52,
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2.34). Further, detection rates of targets appearing on the left side marginally differed from
targets on the right side (95% CI = 0.03, 1.29).

4. Discussion

This work aimed to explore face-like stimuli detection at the edge of the developing
visual field. The developmental mechanisms behind face detection and processing have
thus far been mostly investigated between central and near-peripheral locations, with
exploration at high eccentricities absent from the literature. We presented 9-month-old
infants with schematic face patterns appearing in the mid-peripheral visual field (50◦, 55◦

and 60◦, to the left and right side of a central location) in a detection and orientation task.
Our results suggested that detection is heterogeneous across the visual field, with detection
rates mostly explained by eccentricity. Specifically, detection progressively decreased with
increasing eccentricities, with good detection rates from 50◦ to 55◦ and a significant drop
at 60◦. Overall, detection performances were slightly better for targets appearing in the
left hemifield.

In everyday life, we deal with faces entering the visual field at various locations.
A combination of head and eye movements is often required to bring faces into foveal
view, enabling further processing and social interaction. Nevertheless, most laboratory
paradigms have studied the perceptual and cognitive mechanisms behind this social
orienting behaviour using standard computer displays where eye movements alone could
process the limited visual space under investigation. In the present task, infants always
combined head and eye movements to orient towards the peripheral targets appearing
at high eccentricities. In line with past adult data [18,19], the timing of the eye and head
components of the orienting behaviour showed large variability between subjects. Further,
the current study showed that 9-month-old infants could detect face-like configurations at
high eccentricities, up to about 55◦ in their visual field. The decreasing detection rates at
larger eccentricities may be explained by a developing peripheral vision. Visual acuity in the
mid-peripheral visual field does not seem fully mature, as the developed adult visual field
extends to around 95–110◦ eccentricity [39]. This is in line with past evidence that reported
peripheral vision developed across the course of the first postnatal year (e.g., [23,25]). It is
of note that the current stimuli were carefully matched with the background luminance
and the stimuli faded in and out, gradually reaching maximal contrast. As such, in this
paradigm the orientation could not be due to abrupt low-level changes in the visual field
such as luminance changes, flashing or flickering of the stimuli. It is possible that more
salient images—such as coloured photographs of real faces—can be detected even further
in the visual field, but utilising those in the present study would have confounded low-
and high-level visual feature processing with the consequence that we would not be able to
make conclusions concerning the drivers behind infant orienting behaviours.

Prior perimetry studies have reported mixed results in terms of the extent and charac-
teristics of the developing visual field. Some studies have implied a developing peripheral
vision during the entire first postnatal year [23], whereas other studies have reported
adult-like performances around six months of age [26,47]. This is likely due to different
testing procedures and stimuli adopted across studies, with most studies using highly
salient stimuli such as flashing lights and variable procedures. In the present study, we
paid particular attention to the low-level visual features of the peripheral targets to ensure
that detection was not guided by low-level abrupt changes in the visual field. Further, this
study adopted the same testing procedures, paradigm and low-level visual features of the
peripheral targets (colour, contrast, spatial frequency and luminance) already used in a
prior study presenting Gabor patches as peripheral targets [27]. Even though both investiga-
tions found heterogeneous performances across the developing visual field and decreased
detection performances at higher eccentricities, detection was better with schematic faces
than with Gabor patches at each investigated mid-peripheral eccentricity. In particular,
while detection rates dropped below chance with Gabor patches presented at 55◦ [27], the
drop was at 60◦ using face-like targets. This would suggest that, although peripheral vision
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is still developing, stimulus type can enhance detection and attentional mechanisms even
at the edge of the developing visual field. Given that the low-level visual features of the
peripheral targets were comparable, the structural configuration of the face patterns likely
played a relevant role in detection performance.

This face advantage beyond foveal presentations is in line with past adult behavioural
evidence, such as a more efficient detection of peripheral faces compared with objects
or other animals [37]. Intriguingly, the authors investigated high eccentricities up to
80◦, whereas most studies investigating peripheral processing did not go beyond near-
peripheral locations (up to 30◦ eccentricity). The current data provide evidence of a pop-out
attentional response to faces at high eccentricities even during infancy. This advantage may
be due to a rapid pre-attentive mechanism for faces that is activated prior to orientation
and fixation, as suggested by past findings [16,36]. At the neural level, this is likely the
same subcortical visual pathway that enables rapid detection and reaction to faces and
threatening social information, which is evident in the newborn [22,48] and has residual
activity in adults [48–50]. Such a mechanism is critical to quickly detect biologically relevant
information and guide the infant’s exploratory behaviour.

Interestingly, infants’ detection performances were not influenced by the orientation of
the target stimulus. At high eccentricities, both upright and inverted face-like stimuli were
equally salient and yielded comparable detection rates, independent of their orientation.
This finding is in line with past infant research which theorised that initial orienting
mechanisms and attention-getting mechanisms are not influenced by face orientation [51].
The authors presented 6-month-old infants with circular visual arrays including faces and
other objects and found a pop-out effect for faces compared to non-face objects. The first
look direction towards faces was not influenced by face orientation, with both upright and
inverted faces attracting participants’ first looks. In contrast to this, the authors found an
orientation effect when measuring attention-holding mechanisms, i.e., those mechanisms
involved in maintaining the infant’s attention once the visual target has been detected [51].
As such, an orientation effect could be evident from measures such as looking duration,
number of fixations or saccadic reaction times (see, for instance, [51] for an investigation
using the number of fixations in infancy, [52] for a study measuring saccadic latencies in
infancy or [49] for a study using saccadic reaction times with adults). In the present study,
looking duration and other measures in the time domain were not easily assessable as
both clear fixations towards the target on screen and more general orientations towards
the correct hemifield indicated detection. Future studies may address whether attention-
holding mechanisms show an advantage for upright face-like patterns compared to inverted
patterns even at high eccentricities. As it stands, we provide evidence that orienting to
faces appearing at the edge of the visual field is guided by some general facial structural
features; this is consistent with past infant findings on a face orientation bias at near-
peripheral locations [51]. Peripheral vision has a role in rapid orienting towards changes
and threats entering the visual field. As such, a rapid orienting response that is not too
selective in terms of stimulus orientation may be an optimal solution before faces are further
processed. Research with adults has also found no difference in both accuracy and in target-
directed saccades to upright and inverted faces presented at peripheral locations in circular
arrays [53]. An accuracy difference in favour of upright faces emerged only following some
practice with upright faces before the task [53]. Similarly, past research found a happy-face
advantage in adults’ peripheral vision that was not affected by stimulus inversion [54].

The current investigation also showed that detection performances are slightly influ-
enced by the target side, with increased detection rates for filtered faces appearing in the left
hemifield compared to the right hemifield. This does not seem to be explained by the contri-
bution of valid trials by side and eccentricity. Interestingly, this side effect was not evident
when presenting infants with Gabor patches in the same paradigm [27]. This behavioural
advantage for face-like stimuli appearing in the left visual field is in line with a left visual
field bias for face processing developing within the first postnatal year [28,55] and may
reflect an emerging functional cerebral dominance in the right hemisphere (e.g., [29,56–58]).
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Past research has mostly focused on an early bias to attend towards the left hemiface [28,55],
which has also been linked with left social positioning biases and cradling behaviours that
favour right hemisphere processing [59–61]. Interestingly, the present study provided some
preliminary indication of lateralisation of face processing at high eccentricities, beyond
centrally presented faces and side biases within the face. Although side had a marginal
role compared to eccentricity in explaining the detection rates, this bias may emerge from
or soon after 9 months of age [28,62]. Future investigations may address whether this
effect is more pronounced in older infants and whether there may be a neural correlate of
a left visual field superiority for detection of face patterns at the edge of the developing
visual field.

5. Conclusions

Sensitivities to face-like stimuli are unequal at the edge of the visual field of 9-month-
old infants. Detection progressively decreased at higher eccentricities, with successful
detection rates up to about 55◦ in the mid-peripheral visual field. Infant performance further
suggested a marginal influence of target side, with an advantage for stimuli appearing in
the left hemifield. Compared with a past investigation adopting identical procedures and
low-level visual features of the non-face peripheral targets, the present findings revealed
increased peripheral sensitivities to face-like stimuli. Overall, this work suggests that the
spatial boundaries of infant visual attention may be influenced by the stimulus type even
at very high eccentricities. These findings may be informative in developing future studies
investigating wide natural scenes. In conclusion, this is the first study to identify the limits
of infants’ peripheral information processing utilising face-like stimuli across a wide visual
field of over 120◦. The results show that peripheral sensitivities to face-like targets are
mostly predicted by eccentricity.

Author Contributions: Conceptualization, C.C., M.P.S.T. and V.M.R.; methodology, C.C., M.P.S.T.
and V.M.R.; software, C.C.; validation, C.C.; formal analysis, C.C.; investigation, C.C.; resources,
M.P.S.T. and V.M.R.; data curation, C.C.; writing—original draft preparation, C.C.; writing—review
and editing, M.P.S.T. and V.M.R.; visualization, C.C.; supervision, M.P.S.T. and V.M.R.; project
administration, M.P.S.T. and V.M.R.; funding acquisition, V.M.R. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the EU H2020 Marie Skłodowska-Curie Actions (MSCA),
MOTION Innovative Training Network (ITN), grant agreement number 765298, 2017.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Ethics Committee of the Faculty of Science and Technology,
Lancaster University (protocol code FST19010, approved on 24 September 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study prior to their participation.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We are grateful to the volunteer parents and infants for participating in this
study and to all the staff of Lancaster University’s Babylab for assistance. We also thank Viola Macchi
Cassia for providing the face stimuli and David Tolhurst for helping with the bandpass filtering of
the faces.

Conflicts of Interest: The authors declare no conflict of interest. The funder had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.



Brain Sci. 2022, 12, 493 11 of 12

References
1. Johnson, M.; Morton, J. Biology and Cognitive Development: The Case of Face Recognition; Blackwell: Oxford, UK, 1991.
2. Valenza, E.; Simion, F.; Cassia, V.M.; Umiltà, C. Face preference at birth. J. Exp. Psychol. Hum. 1996, 22, 892. [CrossRef]
3. Reid, V.M.; Dunn, K.; Young, R.J.; Amu, J.; Donovan, T.; Reissland, N. The human fetus preferentially engages with face-like

visual stimuli. Curr. Biol. 2017, 27, 1825–1828.e1823. [CrossRef] [PubMed]
4. Turati, C.; Valenza, E.; Leo, I.; Simion, F. Three-month-olds’ visual preference for faces and its underlying visual processing

mechanisms. J. Exp. Child Psychol. 2005, 90, 255–273. [CrossRef] [PubMed]
5. Chien, S.H.-L. No more top-heavy bias: Infants and adults prefer upright faces but not top-heavy geometric or face-like patterns.

J. Vis. 2011, 11, 13. [CrossRef] [PubMed]
6. Cashon, C.H.; Cohen, L.B. Beyond U-shaped development in infants’ processing of faces: An information-processing account.

J. Cogn. Dev. 2004, 5, 59–80. [CrossRef]
7. Cohen, L.B.; Cashon, C.H. Do 7-month-old infants process independent features or facial configurations? Infant Child Dev. 2001,

10, 83–92. [CrossRef]
8. Pascalis, O.; De Haan, M.; Nelson, C.A. Is face processing species-specific during the first year of life? Sci. J. 2002, 296, 1321–1323.

[CrossRef]
9. Quinn, P.C.; Yahr, J.; Kuhn, A.; Slater, A.M.; Pascalis, O. Representation of the gender of human faces by infants: A preference for

female. Perception 2002, 31, 1109–1121. [CrossRef]
10. Morton, J.; Johnson, M.H. CONSPEC and CONLERN: A two-process theory of infant face recognition. Psychol. Rev. 1991, 98, 164.

[CrossRef]
11. Johnson, M.H.; Senju, A.; Tomalski, P. The two-process theory of face processing: Modifications based on two decades of data

from infants and adults. Neurosci. Biobehav. Rev. 2015, 50, 169–179. [CrossRef]
12. Simion, F.; Macchi Cassia, V.; Turati, C.; Valenza, E. The origins of face perception: Specific versus non-specific mechanisms. Infant

Child Dev. 2001, 10, 59–65. [CrossRef]
13. Slater, A.; Quinn, P.C.; Kelly, D.J.; Lee, K.; Longmore, C.A.; McDonald, P.R.; Pascalis, O. The shaping of the face space in early

infancy: Becoming a native face processor. Child Dev. Perspect. 2010, 4, 205–211. [CrossRef] [PubMed]
14. Wilkinson, N.; Paikan, A.; Gredebäck, G.; Rea, F.; Metta, G. Staring us in the face? An embodied theory of innate face preference.

Dev. Sci. 2014, 17, 809–825. [CrossRef] [PubMed]
15. Curcio, C.A.; Sloan, K.R.; Kalina, R.E.; Hendrickson, A.E. Human photoreceptor topography. J. Comp. Neurol. 1990, 292, 497–523.

[CrossRef]
16. Fletcher-Watson, S.; Findlay, J.M.; Leekam, S.R.; Benson, V. Rapid detection of person information in a naturalistic scene. Perception

2008, 37, 571–583. [CrossRef]
17. Kelly, D.J.; Duarte, S.; Meary, D.; Bindemann, M.; Pascalis, O. Infants rapidly detect human faces in complex naturalistic visual

scenes. Dev. Sci. 2019, 22, e12829. [CrossRef]
18. Freedman, E.G. Coordination of the eyes and head during visual orienting. Exp. Brain Res. 2008, 190, 369–387. [CrossRef]
19. Stahl, J.S. Amplitude of human head movements associated with horizontal saccades. Exp. Brain Res. 1999, 126, 41–54. [CrossRef]
20. Goren, C.C.; Sarty, M.; Wu, P.Y. Visual following and pattern discrimination of face-like stimuli by newborn infants. Pediatrics

1975, 56, 544–549. [CrossRef]
21. Johnson, M.H.; Dziurawiec, S.; Ellis, H.; Morton, J. Newborns’ preferential tracking of face-like stimuli and its subsequent decline.

Cognition 1991, 40, 1–19. [CrossRef]
22. Johnson, M.H. Subcortical face processing. Nat. Rev. Neurosci. 2005, 6, 766–774. [CrossRef]
23. Dobson, V.; Brown, A.M.; Harvey, E.M.; Narter, D.B. Visual field extent in children 3.5–30 months of age tested with a double-arc

LED perimeter. Vis. Res. 1998, 38, 2743–2760. [CrossRef]
24. Harris, P.; MacFarlane, A. The growth of the effective visual field from birth to seven weeks. J. Exp. Child Psychol. 1974, 18,

340–348. [CrossRef]
25. Maurer, D.; Lewis, T.L. The development of peripheral vision and its physiological underpinnings. In Newborn Attention: Biological

Constraints and the Influence of Experience; Weiss, M.J.S., Zelazo, P.R., Eds.; Ablex Publishing: Norwood, NJ, USA, 1991; pp. 218–255.
26. Mayer, D.L.; Fulton, A.B.; Cummings, M.F. Visual fields of infants assessed with a new perimetric technique. Investig. Ophth. Vis.

Sci. 1988, 29, 452–459.
27. Capparini, C.; To, M.P.S.; Reid, V.M. Identifying the limits of peripheral visual processing in 9-month-old infants. Dev. Psychobiol.

2022; in press. [CrossRef]
28. Dundas, E.; Gastgeb, H.; Strauss, M.S. Left visual field biases when infants process faces: A comparison of infants at high- and

low-risk for autism spectrum disorder. J. Autism Dev. Disord. 2012, 42, 2659–2668. [CrossRef]
29. Yovel, G.; Tambini, A.; Brandman, T. The asymmetry of the fusiform face area is a stable individual characteristic that underlies

the left-visual-field superiority for faces. Neuropsychologia 2008, 46, 3061–3068. [CrossRef]
30. Mäkelä, P.; Näsänen, R.; Rovamo, J.; Melmoth, D. Identification of facial images in peripheral vision. Vis. Res. 2001, 41, 599–610.

[CrossRef]
31. Martelli, M.; Majaj, N.J.; Pelli, D.G. Are faces processed like words? A diagnostic test for recognition by parts. J. Vis. 2005, 5, 6.

[CrossRef]
32. Kanwisher, N. Faces and places: Of central (and peripheral) interest. Nat. Neurosci. 2001, 4, 455–456. [CrossRef]

http://doi.org/10.1037/0096-1523.22.4.892
http://doi.org/10.1016/j.cub.2017.05.044
http://www.ncbi.nlm.nih.gov/pubmed/28602654
http://doi.org/10.1016/j.jecp.2004.11.001
http://www.ncbi.nlm.nih.gov/pubmed/15707862
http://doi.org/10.1167/11.6.13
http://www.ncbi.nlm.nih.gov/pubmed/21602555
http://doi.org/10.1207/s15327647jcd0501_4
http://doi.org/10.1002/icd.250
http://doi.org/10.1126/science.1070223
http://doi.org/10.1068/p3331
http://doi.org/10.1037/0033-295X.98.2.164
http://doi.org/10.1016/j.neubiorev.2014.10.009
http://doi.org/10.1002/icd.247
http://doi.org/10.1111/j.1750-8606.2010.00147.x
http://www.ncbi.nlm.nih.gov/pubmed/21562620
http://doi.org/10.1111/desc.12159
http://www.ncbi.nlm.nih.gov/pubmed/24946990
http://doi.org/10.1002/cne.902920402
http://doi.org/10.1068/p5705
http://doi.org/10.1111/desc.12829
http://doi.org/10.1007/s00221-008-1504-8
http://doi.org/10.1007/s002210050715
http://doi.org/10.1542/peds.56.4.544
http://doi.org/10.1016/0010-0277(91)90045-6
http://doi.org/10.1038/nrn1766
http://doi.org/10.1016/S0042-6989(97)00437-9
http://doi.org/10.1016/0022-0965(74)90113-1
http://doi.org/10.1002/dev.22274
http://doi.org/10.1007/s10803-012-1523-y
http://doi.org/10.1016/j.neuropsychologia.2008.06.017
http://doi.org/10.1016/S0042-6989(00)00259-5
http://doi.org/10.1167/5.1.6
http://doi.org/10.1038/87399


Brain Sci. 2022, 12, 493 12 of 12

33. Levy, I.; Hasson, U.; Avidan, G.; Hendler, T.; Malach, R. Center–periphery organization of human object areas. Nat. Neurosci. 2001,
4, 533–539. [CrossRef] [PubMed]

34. Rousselet, G.A.; Husk, J.S.; Bennett, P.J.; Sekuler, A.B. Spatial scaling factors explain eccentricity effects on face ERPs. J. Vis. 2005,
5, 1. [CrossRef] [PubMed]

35. Jebara, N.; Pins, D.; Despretz, P.; Boucart, M. Face or building superiority in peripheral vision reversed by task requirements. Adv.
Cogn. Psychol. 2009, 5, 42. [CrossRef] [PubMed]

36. Hershler, O.; Golan, T.; Bentin, S.; Hochstein, S. The wide window of face detection. J. Vis. 2010, 10, 21. [CrossRef]
37. Boucart, M.; Lenoble, Q.; Quettelart, J.; Szaffarczyk, S.; Despretz, P.; Thorpe, S.J. Finding faces, animals, and vehicles in far

peripheral vision. J. Vis. 2016, 16, 10. [CrossRef]
38. Macchi Cassia, V.; Turati, C.; Simion, F. Can a nonspecific bias toward top-heavy patterns explain newborns’ face preference?

Psychol. Sci. 2004, 15, 379–383. [CrossRef]
39. To, M.; Regan, B.; Wood, D.; Mollon, J. Vision out of the corner of the eye. Vis. Res. 2011, 51, 203–214. [CrossRef]
40. Brainard, D.H.; Vision, S. The psychophysics toolbox. Spat. Vis. 1997, 10, 433–436. [CrossRef]
41. Kleiner, M.; Brainard, D.; Pelli, D.; Ingling, A.; Murray, R.; Broussard, C. What’s new in Psychtoolbox-3? Perception 2007, 36, 1–16.
42. ELAN, Version 5.9 [Computer Software] Nijmegen: Max Planck Institute for Psycholinguistics, The Language Archive. 2020.

Available online: https://archive.mpi.nl/tla/elan (accessed on 27 February 2022).
43. Brugman, H.; Russel, A. Annotating Multi-media/Multi-modal Resources with ELAN. In Proceedings of the LREC, Fourth

International Conference on Language Resources and Evaluation, Lisbon, Portugal, 26–28 May 2004; pp. 2065–2068.
44. Bates, D.; Mächler, M.; Bolker, B.; Walker, S. Fitting linear mixed-effects models using lme4. J. Stat. Softw. 2015, 67, 1–48. [CrossRef]
45. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,

2018. Available online: https://www.R-project.org/ (accessed on 27 February 2022).
46. Quené, H.; Van den Bergh, H. On multi-level modeling of data from repeated measures designs: A tutorial. Speech Commun. 2004,

43, 103–121. [CrossRef]
47. Lewis, T.L.; Maurer, D. The development of the temporal and nasal visual fields during infancy. Vis. Res. 1992, 32, 903–911.

[CrossRef]
48. Johnson, M.H. Face processing as a brain adaptation at multiple timescales. Q. J. Exp. Psychol. 2011, 64, 1873–1888. [CrossRef]

[PubMed]
49. Tomalski, P.; Csibra, G.; Johnson, M.H. Rapid orienting toward face-like stimuli with gaze-relevant contrast information. Perception

2009, 38, 569–578. [CrossRef]
50. Tomalski, P.; Johnson, M.H.; Csibra, G. Temporal-nasal asymmetry of rapid orienting to face-like stimuli. Neuroreport 2009, 20,

1309–1312. [CrossRef] [PubMed]
51. Gliga, T.; Elsabbagh, M.; Andravizou, A.; Johnson, M. Faces attract infants’ attention in complex displays. Infancy 2009, 14,

550–562. [CrossRef] [PubMed]
52. Valenza, E.; Otsuka, Y.; Bulf, H.; Ichikawa, H.; Kanazawa, S.; Yamaguchi, M.K. Face orientation and motion differently affect the

deployment of visual attention in newborns and 4-month-old infants. PLoS ONE 2015, 10, e0136965. [CrossRef]
53. Brown, V.; Huey, D.; Findlay, J.M. Face detection in peripheral vision: Do faces pop out? Perception 1997, 26, 1555–1570. [CrossRef]
54. Calvo, M.G.; Nummenmaa, L.; Avero, P. Recognition advantage of happy faces in extrafoveal vision: Featural and affective

processing. Vis. Cogn. 2010, 18, 1274–1297. [CrossRef]
55. Guo, K.; Meints, K.; Hall, C.; Hall, S.; Mills, D. Left gaze bias in humans, rhesus monkeys and domestic dogs. Anim. Cogn. 2009,

12, 409–418. [CrossRef]
56. Carey, S.; Diamond, R. Maturational determination of the developmental course of face encoding. In Biological Studies of Mental

Processes; Caplan, D., Ed.; The MIT Press: Cambridge, MA, USA, 1980; pp. 60–93.
57. Kanwisher, N.; Yovel, G. The fusiform face area: A cortical region specialized for the perception of faces. Philos. Trans. R. Soc. B

2006, 361, 2109–2128. [CrossRef] [PubMed]
58. Levine, S.C.; Banich, M.T.; Koch-Weser, M.P. Face recognition: A general or specific right hemisphere capacity? Brain Cogn. 1988,

8, 303–325. [CrossRef]
59. Forrester, G.S.; Davis, R.; Mareschal, D.; Malatesta, G.; Todd, B.K. The left cradling bias: An evolutionary facilitator of social

cognition? Cortex 2019, 118, 116–131. [CrossRef] [PubMed]
60. Giljov, A.; Karenina, K.; Malashichev, Y. Facing each other: Mammal mothers and infants prefer the position favouring right

hemisphere processing. Biol. Lett. 2018, 14, 20170707. [CrossRef]
61. Malatesta, G.; Marzoli, D.; Tommasi, L. Keep a left profile, baby! The left-cradling bias is associated with a preference for

left-facing profiles of human babies. Symmetry 2020, 12, 911. [CrossRef]
62. Davis, R.; Donati, G.; Finnegan, K.; Boardman, J.P.; Fletcher-Watson, S.; Forrester, G.S. Social gaze in preterm infants may act as an

early indicator of atypical lateralization. Child Dev. 2022; Advance online publication. [CrossRef]

http://doi.org/10.1038/87490
http://www.ncbi.nlm.nih.gov/pubmed/11319563
http://doi.org/10.1167/5.10.1
http://www.ncbi.nlm.nih.gov/pubmed/16441183
http://doi.org/10.2478/v10053-008-0065-5
http://www.ncbi.nlm.nih.gov/pubmed/20523849
http://doi.org/10.1167/10.10.21
http://doi.org/10.1167/16.2.10
http://doi.org/10.1111/j.0956-7976.2004.00688.x
http://doi.org/10.1016/j.visres.2010.11.008
http://doi.org/10.1163/156856897X00357
https://archive.mpi.nl/tla/elan
http://doi.org/10.18637/jss.v067.i01
https://www.R-project.org/
http://doi.org/10.1016/j.specom.2004.02.004
http://doi.org/10.1016/0042-6989(92)90033-F
http://doi.org/10.1080/17470218.2011.590596
http://www.ncbi.nlm.nih.gov/pubmed/21812710
http://doi.org/10.1068/p6137
http://doi.org/10.1097/WNR.0b013e32832f0acd
http://www.ncbi.nlm.nih.gov/pubmed/19707166
http://doi.org/10.1080/15250000903144199
http://www.ncbi.nlm.nih.gov/pubmed/32693531
http://doi.org/10.1371/journal.pone.0136965
http://doi.org/10.1068/p261555
http://doi.org/10.1080/13506285.2010.481867
http://doi.org/10.1007/s10071-008-0199-3
http://doi.org/10.1098/rstb.2006.1934
http://www.ncbi.nlm.nih.gov/pubmed/17118927
http://doi.org/10.1016/0278-2626(88)90057-7
http://doi.org/10.1016/j.cortex.2018.05.011
http://www.ncbi.nlm.nih.gov/pubmed/29961539
http://doi.org/10.1098/rsbl.2017.0707
http://doi.org/10.3390/sym12060911
http://doi.org/10.1111/cdev.13734

	Introduction 
	Materials and Methods 
	Participants 
	Stimuli 
	Apparatus and Procedure 
	Data Processing and Coding 
	Analysis and Statistics 

	Results 
	Discussion 
	Conclusions 
	References

