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Face race and sex impact visual fixation strategies for upright
and inverted faces in 3- to 6-year-old children
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strategies were recorded using eye tracking to determine the extent to which face
race and sex/gender impact a key index of face processing in 3- to 6-year-old children
(n = 47). Children viewed male and female upright and inverted White and Asian faces
while visual fixations were recorded. Face orientation was found to have robust effects
on children’s visual fixations, such that children exhibited shorter first fixation and
average fixation durations and a greater number of fixations for inverted compared
to upright face trials. First fixations to the eye region were also greater for upright
compared to inverted faces. Fewer fixations and longer duration fixations were found
for trials with male compared to female faces and for upright compared to inverted
unfamiliar-race faces, but not familiar-race faces. These findings demonstrate evidence
of differential fixation strategies toward different types of faces in 3- to 6-year-old chil-
dren, illustrating the importance of experience in the development of visual attention

to faces.
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1 | INTRODUCTION

2017; Xiao et al., 2013). However, extensive experience with some
groups of people relative to others is also thought to contribute to

The ability to process and recognize faces is important for social inter-
actions throughout life. In the first year of life, infants use faces as a
tool for learning about the visual and auditory world, building a foun-
dation for complex social interactions. However, learning from faces
during development is limited to the people infants interact with most,
including their primary caregivers (Rennels & Davis, 2008; Sugden
et al., 2014). Extensive experience with a few individuals in the first
years of life is thought to lead to enhanced face processing for faces
within these highly familiar groups, including faces of the same race
and sex/gender as the primary caregivers (e.g., Liu et al,, 2011; Quinn
et al., 2002, 2019; Ramsey et al., 2005; Ramsey-Rennels & Langlois,
2006; Righi et al., 2014; Sangrigoli & de Schonen, 2004; Tham et al.,

face processing biases and result in impaired recognition, identifica-
tion, and discrimination of faces from unfamiliar groups (for reviews,
see Markant & Scott, 2018; Scherf & Scott, 2012; Scott et al., 2007).
One theoretical account (Scherf & Scott, 2012) proposes that the
mechanisms of developmental change for face processing include
both continuities and discontinuities driven by relevant experi-
ence and developmental tasks or goals (e.g., language development,
the formation of an attachment relationship, or the increase in same
age friendships). In infancy, face processing is enhanced for faces that
share features or characteristics with the primary caregiver. How-
ever, the extent to which these experience-dependent caregiver biases

continue to impact face processing in childhood is not known. The
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current investigation seeks to understand whether race and sex/
gender experience-dependent face processing biases found in infancy
are also present during childhood.

The other- or own-race effect (ORE) refers to a processing bias
toward faces within one’s own race compared to faces within a differ-
ent race (for reviews, see Bothwell et al., 1989; Meissner & Brigham,
2001). The ORE emerges during the first year of life and is driven by
experience with the faces developing infants see and interact with the
most (Ge et al., 2009; Lee et al., 2017; Lindsay et al., 1991; Markant &
Scott, 2018; Scherf & Scott, 2012). Thus, face biases based on race are
driven by faces within one’s environment, which may not be the same
as one’s “own” race (Scherf & Scott, 2012). For example, Korean adults
who were adopted into White families as children showed increased
recognition for White than Korean faces, but Korean adults raised in
Korea exhibited better recognition of Korean faces (Sangrigoli et al.,
2005). Similarly, Asian children who had been adopted into White fam-
ilies as infants equally recognized White and Asian faces (de Heering
et al.,, 2010). These findings suggest that meaningful experience plays a
salient role in the development of face processing biases.

Previous work in adults (for review, see Kawakami et al., 2018) and
infants (e.g., Gaither et al., 2012; Liu et al., 2011; Wheeler et al., 2011)
has shown differences in visual attention when viewing own- compared
to other-race faces. For example, using eye tracking, adults were shown
to attend more to the eyes of own-race faces and more to the nose
and mouth of other-race faces (Goldinger et al., 2009; Kawakami et al.,
2018). Adults also more actively scan own-race compared to other-
race faces as indexed by fewer and longer fixations and more frequent
saccades (Goldinger et al., 2009; Wu et al., 2012). For adult face recog-
nition, only one to two fixations are required for accurate recognition
performance and these fixations are typically located between the eyes
(Hsiao & Cottrell, 2008). However, small differences in first fixation
location have been reported when both Asian and White adults viewed
faces from multiple races (Or et al., 2015). In addition, varying the first
fixation may impact recognition. For example, both White and Black
adults show better recognition for Black faces when guiding the first
fixation to the tip of the nose compared to between the eyes. However,
for White faces better recognition was shown after guiding the first
fixation to a point between the eyes compared to the tip of the nose
(Hills et al., 2013b). These findings suggest that the first fixation to a
face may impact subsequent recognition and that face experience may
play animportant role in first fixation location. Based on previous adult
work, the first fixation may be an important driver of attentional and
perceptual processing and may impact recognition. However, to date,
no studies have examined the first fixation during face processing in
childhood.

In children, face processing biases related to race are also present
(Anzures et al., 2013; e.g., Golarai et al., 2021; Pezdek, 2003; Tham
et al, 2017). Eye-tracking work has shown cultural differences in
visual fixations between English and Chinese 7- to 12-year-old chil-
dren such that English children preferentially fixated the eye region
and Chinese children fixated the nose region of both White English
and Chinese faces (Kelly et al., 2011). Similarly, the proportion fixation

duration to the eye region of Chinese faces was decreased relative to
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White faces in Chinese 4- to 7-year-old children and adults (Hu et al.,
2014).

Although experience-dependent face processing biases related to
race appear to be quite robust, race biases do not occur in vac-
uum. Other face characteristics, including sex/gender (Pickron et al.,
2017), age (Heron-Delaney et al., 2017; Wiese, 2012), and emotion
(Malsert et al., 2020; Vogel et al., 2012), may interact with face race
and result in multifaceted processing differences. For instance, at
3-4 months of age an own-race advantage was present for female,
but not male faces, but at 8-9 months of age an own-race advan-
tage was present for both male and female faces (Tham et al., 2015).
In addition, 12-month-old infants did not show evidence of forming
category representations by sex/gender for other-race faces (Damon
et al., 2022). Finally, 5- to 6-year-olds raised in a multiracial population
exhibited an own-race recognition effect for male faces, but recognized
female faces equally from multiple race groups (Tham et al., 2017).
These findings suggest, as predicted by Scherf and Scott (2012), that
different attributes of faces, including face race and face sex, may inter-
act and lead to discontinuous, qualitative changes in face processing
throughout development.

Face processing biases related to sex/gender have been extensively
investigated during infancy. Infants typically show a preference for
looking at female faces (Lee et al., 2013; Quinn et al., 2002, 2019;
Ramsey-Rennels & Langlois, 2006) and this preference is thought to
be driven by experience with primarily female faces during the first
year of life (Rennels & Davis, 2008). This experience-based explana-
tion is also supported by work that showed infants who were primarily
cared for by a male caregiver exhibited a looking preference for male
faces (Quinn et al., 2002). Sex/gender face biases have also been shown
in adolescents (e.g., Picci & Scherf, 2016) and adults (e.g., Herlitz &
Lovén, 2013; Motta-Mena et al., 2016; Wright & Sladden, 2003). How-
ever, at some point during development a bias toward faces of the
same sex as an infant’s primary caregiver (e.g., Quinn et al., 2002) gives
way to an own-gender bias in adulthood (most notably for females)
(e.g., Herlitz & Lovén, 2013; Motta-Mena et al., 2016; Wright &
Sladden, 2003). Children show preferences for same-gender friend-
ships throughout early childhood (LaFreniere et al., 1984), which may
contribute to the shift from a caregiver bias to a peer face processing
bias (Picci & Scherf, 2016). However, the developmental timing of this
shift and its interaction with race processing biases is largely unknown.

One way to examine the development and interaction of multiple
face processing biases is to use a task that has been widely used as an
index of expert processing in adults. The upright versus inverted faces
task measures aspects of holistic and expert processing as shown by
impaired processing of inverted faces relative to upright faces while
controlling for low-level perceptual features (Farah et al., 1995; Freire
et al., 2000; Mardo et al., 2018). This marker of enhanced face process-
ing develops across the first several years of life (e.g., de Haan et al.,
2003; Kato & Konishi, 2013; Sangrigoli & de Schonen, 2004; Schwarzer,
2000; Turati et al., 2004; Valentine, 1988; Xu & Tanaka, 2013; Yin,
1969) and is impacted by experience (for review, see Cashon & Holt,
2015). Using an inversion task, 5- to 8-year-olds recognized upright

faces better than inverted faces across multiple species (i.e., human and
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nonhuman primate faces; Pascalis et al., 2001). Similarly, 3- to 5-year-
old children were better at recognizing a previously learned upright
compared to inverted face (Sangrigoli & de Schonen, 2004). However,
an “inverted inversion effect” has also been reported such that 2- to
4-year-old children were quicker to identify a target face in the
inverted than the upright orientation, suggesting an early reliance
on featural processing (Brace et al, 2001). Moreover, after being
habituated to a face and then asked to remember the learned face
when paired with a novel face, children showed greater recognition
deficits between inverted compared to upright own-race faces than
between inverted compared to upright other-race faces (Sangrigoli &
de Schonen, 2004).

Eye-tracking has also been used to examine differences between
upright and inverted faces. Adults tend to primarily fixate the nose and
mouth regions of inverted faces and the eyes of upright faces (Xu &
Tanaka, 2013), and the upper half of both upright and inverted faces
(Barton et al., 2006; Man & Hills, 2016). In adults, directing the first
fixation to the eyes for both upright and inverted faces decreases the
recognition advantage for upright compared to inverted faces relative
to directing the first fixation to the mouth (Hills et al., 2013a). Infants,
however, disproportionately scan the eye region regardless of face ori-
entation (Oakes & Ellis, 2013). These findings suggest that infants and
adults exhibit different fixation strategies when viewing upright and

inverted faces and these strategies are malleable in adults.

1.1 | The current investigation

Both face processing biases (race, gender/sex) and inversion effects
develop across the first years of life and are thought to be experi-
ence dependent (for reviews, see Cashon & Holt, 2015; Scherf & Scott,
2012). However, our understanding of the developmental trajectory of
face processing biases is limited due to the lack of work examining early
childhood. In the present investigation, the primary research goal is to
examine how face race and sex/gender impact young children’s face
processing. To this end, the present investigation uses multiple mea-
sures of visual fixations (first fixation duration, first fixation location,
average fixation duration, and fixation number) to examine the extent
to which 3- to 6-year-old children differentially fixate and attend to
upright and inverted faces that vary by race and gender/sex.

Using measures of visual fixations allows for making inferences
about several aspects of visual attention, including visual orienting,
attention shifting, and efficiency (e.g., Arizpe et al., 2012; Kato &
Konishi, 2013; Schlesinger et al., 2007). Here, aspects of visual orient-
ing were examined with first fixation duration and the proportion of
first fixations to each interest area (left eye, right eye, nose, or mouth).
Measures of first fixations have previously been used to examine visual
orienting, and the location and duration of the first fixation can pro-
vide useful information about attention to faces (Arizpe et al., 2012;
Hsiao & Cottrell, 2008). Left and right eyes were analyzed separately
due to previous reports suggesting that both adults (Butler et al., 2005;
Guo et al., 2012) and children (5 years and older: Aljuhanay et al., 2010;
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Balas & Moulson, 2011) demonstrate a gaze bias toward the left side of
faces, suggesting right hemispheric specialization for face processing.
Further, average fixation duration has been used to measure how
efficiently information is gathered from a face (Kato & Konishi,
2013), while fixation number is thought to reflect shifts in attention
(Schlesinger et al., 2007). These measures will be used to index fixa-
tion strategies and to examine the extent to which differences in face
race and sex/gender impact visual fixations as well as the face inversion

effect.

2 | MATERIALS AND METHODS

All methods and procedures used in this study were reviewed and
approved by the University Institutional Review Board. Data collection
for this study occurred between March 15, 2017 and November 15,
2019.

2.1 | Participants

Forty-nine child participants were recruited for this study via an exist-
ing database of parents who agreed to be contacted for research.
Parents of all children gave written informed consent before partici-
pating, and all children who were able gave verbal assent. Parents were
paid $10 for participation and children were given a small toy. Of the
49 children recruited, two were not included in the final sample due
to equipment failure (n = 1) or equal exposure to both races used as
stimuli in this study (n = 1).

The final sample consisted of 47 children ages 3-6 years old (mean
age = 4.37 years, 26 females). This sample size is based on previous
reports examining children’s face processing (e.g., Pascalis et al., 2001;
Picozzi et al., 2009; Sangrigoli & de Schonen, 2004). All participants
were typically developing, right-handed, had no history of neurological
problems, and had normal or corrected to normal vision. Of the final
sample, 38 children racially identified as White (80.8%), five identified
as Asian and White (10.6%), two identified as Asian (4.2%), one identi-
fied as White and Pacific Islander/Hawaiian (2.1%), and one identified
as White and American Indian/Alaska Native (2.1%). Three of the chil-
dren who had racially identified as White also ethnically identified as
Hispanic or Latinx (6.4%).

Prior to visiting the laboratory, caregivers were asked to com-
plete a questionnaire regarding prior experience (i.e., with whom the
child spends the majority of their time) and demographic informa-
tion (Table 1). Caregivers’ responses were used to determine each
child’s most familiar race (the race with which they have had the
most experience). Of the 47 primary caregivers, 41 completed the
questionnaire. For those children whose parents did not complete
the questionnaire, the child’s own race was classified as their most
familiar race (n = 6; Asian = 1; White = 5). In the final sample, 41 chil-
dren were coded with White faces as their most familiar race (87.2%),
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TABLE 1 Participant demographics

N
Sex
Male
Female
Race
White
Asian
White and Asian
White and Hispanic
White and Pacific Islander/Hawaiian
Primary caregiver
Mother
Father
Both equally
No response
Combined Family Income per year
<$45,000
$45,000-$75,000
>$75,000
Does not wish to disclose/No response
Parents’ highest level of education
Doctoral degree (at least one parent)
Master’s degree (at least one parent)
4-year college degree or professional degree (at least one parent)
High school graduate (at least one parent)
No response
Participant’s siblings
Older (at least one)
Younger (at least one)
Both older and younger

None

and six (12.8%) were coded with Asian faces as their most familiar
race.

The questionnaire was also used to determine the participant’s pri-
mary caregiver, based on percentage of time spent with each caregiver
in an average week. Almost all primary caregivers were the biological
parent of the child (n = 1 adoptive or surrogate parent). The majority
of children’s parents indicated that their mother was the primary care-
giver (n = 26) or that both a mother and a father spent equal time with
the child (n = 12). A small percentage (n = 3) of the parents noted that
the father spent more time with the child in an ordinary week. As noted,
there were six participants whose caregiver did not complete the ques-

tionnaire and therefore we do not have data regarding caregiving

FARRELL ET AL.
Participant age (years)
3 4 5 6 Total
20 12 12 3 47
7 5 1 21
13 7 4 2 26
17 9 9 1 36
0 1 1 0 2
2 2 1 0 5
1 0 0 2 3
0 0 1 0 1
9 8 7 2 26
2 1 0 0 3
7 8 2 0 12
2 0 3 1 6
0 1 2 0 3
5 2 1 0 8
11 9 6 2 28
4 0 3 1 8
6 4 4 0 14
9 7 3 1 20
3 1 1 1 6
0 0 1 0 1
2 0 3 1 6
4 0 0 0 4
7 11 7 1 26
4 1 5 2 12
5 0 0 0 5

experience. Other information from the experience questionnaire is

presented in Table 1.

2.2 | Stimuli

Stimuli included static images of four White and Asian female or male
faces. White faces were selected from the NimStim face stimulus set
(Tottenham et al., 2009), and Asian faces were from the CUHK Face
Sketch database (Wang & Tang, 2009). Both face sets have data related
to validity and reliability of the stimuli and models with neutral expres-

sions were selected based on these reports. All faces were shown from
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FIGURE 1 Stimuli,design, and areas of interest (AOls). (a) Example stimuli used for this task include upright and inverted White and Asian,
male, and female faces. White faces were from NimStim face stimulus set (Tottenham et al., 2009), and Asian faces were from the CUHK Face
Sketch database (Wang & Tang, 2009). Due to publication limitations, the NimStim face examples above were not the faces used in the task.

(b) Example of two individual trials, including the randomly varied fixation star prior to the trial and the attention-getting animation that appeared
after the trial. Children pressed a key on a keyboard if they “found Dory.” (c) Example AOls for one face. AOls were created around the face

(yellow), the eyes (blue), the nose (green), and the mouth (red).

the front and were unfamiliar to the participants. The four photos used
were either a White male, White female, Asian male, or Asian female.
One photo of each type was presented as an upright photo, and one
of each type was inverted by rotating the face 180 degrees, creating
a total of eight face conditions (Figure 1a). All photos were cropped in
a standard oval to remove any hair or surrounding external features,
converted to grayscale, and equated (within a range) for luminance and
contrast using the SHINE toolbox (Willenbockel et al., 2010). These
changes to the face stimuli were designed to discourage reliance on
any salient external features and control for differences related to
low-level visual features within and across races. The faces were then
placed on a black square using Adobe Photoshop. Each stimulus was
15.5 cm x 15.5 cm on the screen and subtended a visual angle of 14.72
degrees (14° 43’ 0.19”) horizontally and vertically when viewed from
adistance of 60 cm. Stimuli were presented using SR Research Experi-
ment Builder (SR Research Ltd, Mississauga, Ontario, CA) on a 17-inch

ViewSonic monitor.

2.3 | Apparatus

Participants sat in a height-adjustable chair approximately 60 cm away

from the 17-inch ViewSonic LED flat-screen monitor with the following

features: 160° (H) 160° (V) viewing angle, 1000:1 contrast ratio, 5 ms
response time, 1280 x 1024 resolution, and 250 cd/m? brightness. An
EyeLink 1000 Plus Remote camera eye tracker (SR Research Ltd, Mis-
sissauga, Ontario, CA) was placed at the bottom of the screen to record
visual fixations during free exploration of the stimuli. The SR EyeLink
1000 Plus eye-tracking system uses a real-time and timing-sensitive
operating system, allowing for low variability. The eye-tracking cam-
era recorded the reflection of an infrared light source on the cornea
relative to the pupil at a frequency of 1000 Hz. Fixation location and
duration were recorded during free exploration of the stimuli with an
average accuracy of 0.5° using a 16-mm lens and a 940-nm infrared
illuminator. Each fixation was defined by a threshold of 100 ms in a dis-
persion region of 1 degree of visual angle. A target sticker was placed
on the participant’s forehead to track their head position if the pupil
could not be captured (i.e., during blinks), with a 1 ms blink recovery

time, and allowed for free movement during the task.

24 | Procedure
Participants and a caregiver came into the laboratory and chil-
dren first completed an electroencephalogram task (not reported

here). Participants then completed the eye-tracking task that was
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presented as a “Finding Dory” game. During the eye-tracking task,
the child sat in a height-adjustable chair in front of a computer
screen, while a caregiver sat in a chair behind the child. Two exper-
imenters were present throughout the task; one experimenter con-
trolled the task and eye tracker, while the other experimenter sat
next to the child and redirected their attention to the screen as
needed.

The eye tracker was first calibrated to focus on the participant’s
right pupil by asking the child to follow colorful moving targets that
appeared at three locations on the screen in a random order. The right
eye was chosen to be in line with previous reports (e.g., Oakes & Ellis,
2013) and for consistency. The Eyelink HV3 calibration type was used,
with the three calibration points forming a triangle on the top middle,
bottom left, and bottom right corners of the screen (SR Research, Mis-
sissauga, Ontario, Canada). The calibrated area within this triangle fully
covered the size of the face stimuli. A fixation at a calibration target
was judged as correct if the spatial pattern of recorded gaze location
corresponded with the pattern of calibration targets being presented.
Calibration accuracy was validated by examining errors between the
participant’s measured fixation location and the target location. Cal-
ibration and validation were repeated if the deviation was greater
than 1°.

After successful calibration, the task began. Before each trial, a drift
check was performed to ensure continued calibration accuracy. Chil-
dren fixated on a randomly positioned grayscale star on the screen for
approximately 300-400 ms, while the experimenter pressed a key to
check that the fixation data matched the target location, triggering the
presentation of the stimuli when the participant looked at the screen.
A within-subject design was used such that each child was exposed to
eight trial types corresponding to the eight experimental conditions:
race (familiar, unfamiliar), sex (male, female), and orientation (upright,
inverted). Stimuli were presented centrally, in a pseudorandom order,
with the constraint that the same face could not appear twice in a row.
Stimuli were presented until the child fixated the face for 2000 ms.
After 2000 ms of accumulated fixation time to the face, the face dis-
appeared, one of several animated characters from the movie “Finding
Dory” appeared, and children were asked to press the space bar when
they “found” Dory. Children were given a sticker to add to a sticker
book every time they correctly identified Dory. The game was intended
to encourage attentiveness throughout the task. After the response,
the next trial began with a randomly positioned star (described above).
Fixation data (e.g., average fixation duration; fixation number) were
collected until the 2000 ms threshold of accumulated fixation time
to the face was reached. Children completed an average of 44 trials
(range = 20-55 trials, SD = 8.85), with an average total trial duration
of 5.05s (range =2.19-12.935,SD = 1.39s).

2.5 | Data processing
To analyze participants’ visual fixations, five areas of interest (AOls)

were defined for each face: the whole face, left eye, right eye, nose, and

mouth. When the eyes were taken together, the three internal AOls

FARRELL ET AL.

(eyes, nose, and mouth) were equal in size and each covered 8% of the
total area of the face, together covering 24% of the face (Figure 1c).
Based on previous reports, fixations to the left and right eyes were ana-
lyzed separately (Arizpe et al., 2012; Barton et al., 2006). Trials were
only included in final analyses if there was at least one fixation onto
any of the internal interest areas. If the participant fixated only on the
“whole face” AOI, but never onto any of the internal AOls, the trial
was excluded. After excluding 103 trials for which participants did not
fixate on an internal AOI, there was a total of 1899 trials included in
the analyses, or an average of 40 trials per participant (range = 18-53,
SD = 8.92). Of the 103 excluded trials, there was no difference between
facerace (57 familiar race trials excluded; 46 unfamiliar) or sex (57 male
trials excluded; 46 female). Participants were more likely not to fixate
an internal AOI for upright (95 trials excluded) compared to inverted
(eight trials excluded) faces. There was also no relation between partic-
ipant age and the number of trials excluded due to lack of internal AOI
fixations (r=.015,p =.31).

Utilizing the fixation data from each trial, four dependent vari-
ables were chosen to examine both visual orienting and attention. To
measure visual orienting, the first fixation onto an interest area was
recorded. For each trial, the first fixation was defined as the first fixa-
tiononto aninternal AOI; fixations toward any other area on the screen
prior to fixating on an internal AOI were removed. First fixation dura-
tion was calculated by averaging the duration of the first fixation onto
an AQOI for each condition within each participant. First fixation loca-
tion was calculated as a proportion by dividing the number of trials
per condition where a participant first fixated on each AOI by the total
number of trials for that condition for each participant (see Bindemann
etal, 2009).

In addition, the number of fixations for each trial was counted and
the duration of all fixations was averaged for each condition within
participants. These averages spanned the total trial duration that var-
ied across participants. Fixation number and average fixation duration
were analyzed separately because increases or decreases in total fixa-
tion duration may be related to either (a) longer fixation durations or
(b) a greater number of fixations (e.g., Elhamiasl et al., 2022). By mea-
suring both, information about visual strategy use and attention can be
inferred.

Prior to analysis, outliers were identified and removed. The means
and standard deviations were calculated separately for each of the
four dependent measures, and any values that were 3 or more stan-
dard deviations away from the mean were removed. Any participant
with one or more condition identified as an outlier was removed from
that analysis. An average of 3.8 participants were removed from each
analysis, leaving a range of 41-47 participants for each analysis. The
number of participants included in each analysis are reported in the

results section.

2.6 | Statistical analyses

Separate 2 (face sex: male or female) x 2 (face race: familiar or unfa-

miliar) x 2 (face orientation: upright or inverted) repeated-measures
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FIGURE 2 Scatterplot of each dependent variable by age, collapsed across conditions. No significant age differences were present for first
fixation duration (left), average fixation duration (middle), or fixation number (right) (rs =.06-.21, ps = .16-.68).

ANOVAs were run for first fixation duration, average fixation duration,
and fixation number. For first fixation location, the four predetermined
interest areas (left eye, right eye, nose, and mouth) were also used
as a repeated measures independent variable, resulting in a 2 (face
race: familiar, unfamiliar) x 2 (face sex: male, female) x 2 (face orien-
tation: upright, inverted) x 4 (AOI: left eye, right eye, nose, mouth)
repeated-measures ANOVA.

Results were Bonferroni corrected for multiple comparisons for
each analysis, and any significant interactions were followed up using
Bonferroni-corrected paired comparisons. Both corrected (p.) and

uncorrected (p,) values are reported.

3 | RESULTS

3.1 | Age differences

Age was included in the analyses as a continuous variable, measured in
months, and age differences were examined using Pearson’s r correla-
tions. No significant correlations with age were found for first fixation
duration, average fixation duration, or fixation number (rs = .06-
.21, ps = .16-.68) (Figure 2). Difference scores were then calculated
for each face group (i.e., upright-inverted, female-male, and familiar
race-unfamiliar race) to determine whether age differentially impacts
fixations across conditions. No significant condition differences with
age were present (rs = .013-.16, ps = .274-.931). Given the lack of
significant changes across age, all subsequent analyses were collapsed
across age.

3.2 | First fixation duration

Forty-one participants were included in the first fixation duration
analysis after six participants were marked as outliers (M > 3 SDs)
and removed. A significant main effect of face orientation (upright,
inverted) was found (F(1,40) = 11.349, p = .002, %2 = .221), such
that there were longer first fixations to upright (M = 524.024,
SEM = 22.199) than inverted (M = 443.677, SEM = 18.457) faces
(Figure 3a).

3.3 | First fixation location

There were no outliers for first fixation location and so all 47 par-
ticipants were included in the analysis. There was a significant main
effect of AOI (F(3, 44) = 30.676, p < .001, »% = .425). Follow-up tests
revealed that the highest proportion of first looks was toward the
nose (M =0.431, SEM = 0.022) compared to the right eye (M = 0.141,
SEM =0.016), left eye (M =0.220, SEM = 0.020), and mouth (M =0.208,
SEM = 0.015) (all uncorrected ps < .001, all corrected ps < .01), as well
as a greater proportion of first looks to the mouth than the right eye
(py, =.008, p. =.048). There were no differences between the left and
right eye (p, =.016, p. =.096), or between the left eye and the mouth
(b, =.660, p. = 1.00) (Figure 3b).

The main effect of AOIl was qualified by a significant interac-
tion between AOI and face orientation (F(3, 44) = 39.883, p < .001,
72 = .498). Follow-up tests revealed significant differences in first fixa-
tion locations between upright and inverted faces for every AOI, with
a greater proportion of first looks to the left and right eye for upright
compared to inverted faces (uncorrected ps < .001, corrected ps < .01),
and a greater proportion of first looks to the nose and mouth for
inverted compared to upright faces (uncorrected ps < .001, corrected
ps < .01) (Figure 3c). Follow-up tests also revealed that for upright
faces, the majority of first looks were to the eyes (right eye: M = 0.228,
SEM = 0.030; left eye: M = 0.355, SEM = 0.034) and nose (M = 0.325,
SEM = 0.030), with a significantly lower proportion of first looks to the
mouth than the other three AOIs (uncorrected ps < .001, corrected
ps < .01), and no differences between the eyes or nose. For inverted
faces, most first looks were to the nose (M = 0.538, SEM = 0.027) and
mouth (M = 0.325, SEM = 0.029), with a greater proportion of first
looks to the nose than all three other AOls (uncorrected ps < .001, cor-
rected ps < .01), and a greater proportion of first looks to the mouth
than either eye (uncorrected ps < .001, corrected ps < .01), but no
difference between the eyes (p, =.056, p. =.896) (Figure 3d).

3.4 | Average fixation duration

Forty-four participants were included in the average fixation duration

analysis after three participants were identified as outliers (M > 3 SDs)
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FIGURE 3 Differences in first fixation duration (a) and proportion of first looks to each AOI (b-d). Within each bar, each participant’s mean
proportion of first looks to that AOI is marked with a dot, the black line represents the overall mean for that AOI, and the white box represents the
95% confidence interval. *p < .05, **p < .01, ***p < .001. (a) Collapsing across face race and sex, there were longer first fixations to upright than
inverted faces. (b) Collapsing across all face types, the majority of the first looks were to the nose, and there were no differences between the
proportions of first looks to the eyes or mouth except for more first looks to the mouth than the right eye. (c) Comparing upright and inverted faces
(averaged across face race and sex), there was a greater proportion of first looks to the eyes in upright compared to inverted faces, and a greater
proportion of first looks to the nose and mouth in inverted compared to upright faces. (d) Looking at the pattern of first fixations between upright
and inverted faces, we see mostly first looks to the eyes and nose in upright faces and the nose and mouth in inverted faces.

and removed. Like for first fixation duration, a significant main effect
of face orientation (upright, inverted) was found (F(1,43) = 18.333,
p < .001, n2 = .299), such that there were longer average fixation
durations to upright (M = 447.913, SEM = 10.076) than inverted
(M =425.332,SEM = 9.581) faces (Figure 4a).

This main effect of face orientation was qualified by an interaction
between face orientation and race (F(1,43) = 4.131,p = 048,72 = .088),
and follow-up tests revealed greater fixation durations toward upright
(M =454.408, SEM = 11.14) than inverted (M = 421.498, SEM = 10.4)
unfamiliar-race faces (p, <.001, p. <.01), but no significant differences
between upright and inverted familiar-race faces (p, =.093, p. =.372),
upright familiar-race compared to unfamiliar-race faces (p, = .038,
p. =.152), or inverted familiar-race compared to unfamiliar-race faces
(by =.276,p. = 1.00) (Figure 4a).

There was also a main effect of face sex (male, female)
(F(1,43) = 6.752, p = .013, 2 = .136), such that there were longer

average fixation durations to male (M = 442.692, SEM = 9.541) than
female (M =430.553, SEM = 9.965) faces (Figure 4a).

3.5 | Fixation number

Forty-two participants were included in the fixation number analy-
sis after five participants were marked as outliers (M > 3 SDs) and
removed. A main effect of face orientation (upright, inverted) was
found (F(1,41) = 5.107, p = .029, 772 = .111), such that there were
more fixations to inverted (M = 11.884, SEM = 0.330) than upright
(M =11.352, SEM = 0.290) faces (Figure 4b).

The main effect of orientation was qualified by a significant inter-
action between orientation and race (F(1,41) = 10.242, p = .0083,
72 = .200). Follow-up tests revealed more fixations to upright
familiar-race (M = 11.792, SEM = 0.356) than upright unfamiliar-race
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unfamiliar-race faces compared to inverted unfamiliar-race faces, but no difference between upright and inverted familiar-race faces (middle).
There were also longer fixation durations for male compared to female faces when collapsing across orientation and race (bottom). (b) Collapsing
across face race and sex, there was a greater number of fixations to inverted faces compared to upright faces (top). This was qualified by race, with
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more fixations to inverted than upright unfamiliar-race faces, but no differences between upright and inverted familiar-race faces (middle). There
were also more fixations to female than male faces when collapsing across face race and orientation (bottom). Within each bar, each participant’s
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**p <.001
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(M =10.912, SEM = 0.290) faces (p, = .003, p. =.012), but no differ-
ence between inverted familiar- and unfamiliar-race faces (p, = .270,
p. = 1.00) (Figure 4b).

Follow-up tests also revealed more fixations to inverted
(M = 12.095, SEM = 0.396) than upright (M = 10.912, SEM = 0.290)
unfamiliar-race faces (p, = .002, p. = .008), but no difference between
inverted and upright familiar-race faces (p, = .851, p. = 1.00)
(Figure 4b).

There was also a main effect of face sex/gender (male, female)
(F(1,41) = 4.881, p = .033, 172 =.106), such that there were more fix-
ations for female (M = 11.840, SEM = 0.318) than male (M = 11.396,
SEM =0.291) faces (Figure 4b).

4 | DISCUSSION

Face processing biases (e.g., race, gender/sex) develop and change
across the first years of life and are thought to be experience depen-
dent (Scherf & Scott, 2012). However, our understanding of the
developmental trajectory of face processing biases is limited due to
the lack of work examining early childhood. The primary aim of this
investigation was to examine how face race and sex/gender impacts a
key index of face processing, the inversion effect, using eye tracking
in 3- to 6-year-old children. This work has several important findings.
First, there was no evidence of age differences for first fixation dura-
tion, average fixation duration, or fixation number. Second, the first
fixation location differed and was longer in duration for inverted com-
pared to upright faces. Third, average fixation durations were longer
for upright compared to inverted unfamiliar-race face trials and for
male compared to female face trials. Finally, the fixation number was
greater for upright familiar-race compared to unfamiliar-race face tri-
als and for female compared to male face trials. These findings highlight
the visual strategies children use when viewing faces and the results
can be interpreted within a developmental framework highlighting the
presence of both continuities and discontinuities based on experience
and task goals (Scherf & Scott, 2012).

The present results showed no age-related differences for visual
fixations while children, from 3 to 6 years of age, viewed upright and
inverted faces that varied by race and sex/gender. These findings may
suggest that the current measures of visual fixations and the inversion
effect are mature by 3 years of age. However, it is also possible that
future work with more participants at each age, or using longitudinal
samples, could show significant age-related differences. Several other
studies have also reported no age-related differences for the inversion
effect after 12 months of age (for review, see Cashon & Holt, 2015).

In the current study, the first fixation was typically directed to the
eyes and nose of upright faces and to the nose and mouth of inverted
faces (see Figure 3d). However, across upright and inverted faces, there
was also a greater proportion of first fixations toward the nose than
toward the eyes or mouth. Further, there were no differences in first
fixations toward the left compared to the right eye, suggesting the
left side face bias present in adults (e.g., Butler et al., 2005) may not
be present, for the first fixation, for 3- to 6-year-old children. In this

FARRELL ET AL.

investigation, children fixated a randomly located fixation star prior to
the presentation of the face, allowing for analysis of the first fixation
without the influence of a biased start position (Arizpe et al., 2012).
Given that the initial two fixations are thought to be most important
for recognition (Hsiao & Cottrell, 2008), it is unsurprising that the first
fixation would be directed toward the center of the face in order to
efficiently gather information. For inverted faces, children may have
naturally looked more toward the larger interest areas, as the AOlIs for
each eye were smaller than the nose or mouth (4% of the face area com-
pared to 8%). However, if this were the case, one would expect greater
looking to the larger interest areas for both upright and inverted faces.

The pattern of first fixations reported here are consistent with evi-
dence from adults but differ from infants’ fixation patterns when view-
ing upright and inverted faces. That is, adults direct their visual atten-
tion toward the top half of the stimuli and not to a specific facial feature
(Barton et al., 2006; Man & Hills, 2016), whereas infants have been
shown to focus on the eye region regardless of stimulus orientation
(Oakes & Ellis, 2013). However, recent findings show a general looking
preference toward the upper visual field compared to the lower visual
field in infants (Tsurumi et al., 2023), which may explain the differences
infirst fixation location between upright and inverted faces. Moreover,
previous work with adults shows that the location of the first fixation is
predictive of recognition accuracy, with best recognition performance
when the first fixation is directed to the eyes (Hills et al., 2013a).

The first fixation duration was also greater for upright faces rela-
tive to inverted faces, suggesting that selecting and sustaining visual
attention is impacted by face inversion in 3- to 6-year-old children. The
current inversion effects may reflect disrupted processing of inverted
faces, as is typically reported in adults (Valentine, 1988), but suggest
this disruption may be driven by the first visual fixation. The longer
duration first fixations to upright faces relative to inverted faces may
indicate enhanced selective attention and encoding for highly experi-
enced stimuli. Our findings suggest that the first fixation may be an
important contributor to the face inversion effect in children. Future
work should examine whether the first fixation is also important for
face identity discrimination and recognition in children.

In line with previous work, results suggest that the first fixation may
be important for visual selective attention, which enhances learning
for attended information and suppresses irrelevant information (Kast-
ner et al., 1999; Markant et al., 2015, 2016). To further examine the
impact of face orientation on visual fixations, a spatial cueing task could
be used to measure inhibition of return or the suppression of a cued
stimulus in favor of the noncued stimulus after a delay. In 9-month-old
infants, spatial cueing to own- and other-race faces led to face dis-
crimination regardless of face race (Markant et al., 2016), suggesting
that selective attention drives face encoding above and beyond long-
term experience with faces. One avenue of future research would be
to examine inhibition of return in older children to determine whether
these effects are stable across development.

Further, there were shorter duration and a greater number of fix-
ations for inverted relative to upright face trials, suggesting more
frequent shifts in attention for inverted faces and more efficient
processing for upright faces (Kato & Konishi, 2013). The presence
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of the face inversion effect indicates 3- to 6-year-old children are
differentially processing upright versus inverted faces, suggesting
adult-like first-order configural/holistic processing of faces (Maurer
et al., 2002). Although behavior was not measured in the present
investigation, the current results appear to support the classic adult
inversion effect with greater efficiency for processing upright faces,
rather than the inverted inversion effect reported in children (Brace
et al., 2001). Further, the differences in fixation duration and fixation
number between upright and inverted face trials were driven by the
unfamiliar-race faces. While this finding is unexpected, it is possible
that these results are task and measure dependent. Future studies
should aim to include both visual fixations and behavioral measures
to more intricately piece together the mechanisms underlying these
differences.

While face race impacted the face inversion effects, there were no
main effects of race or interactions between race and sex. The absence
of a main effect for face race is inconsistent with previous work show-
ing a shorter duration and greater number of fixations for familiar-race
compared to unfamiliar-race faces in both children and adults (e.g.,
Goldinger et al.,2009; Hu et al., 2014; Wu et al., 2012). Although incon-
sistent, the stimuli used here were highly controlled by converting
all faces to grayscale, removing hair and other external features, and
equating (within a range) the luminance and contrast of faces across
races. It is possible that previously reported race-dependent differ-
ences in adults and children may be explained by the presence of these
low-level stimulus differences.

The importance of disproportionate levels of experience with indi-
viduals of the same race as one’s primary caregiver (Scherf & Scott,
2012) is highlighted by the greater number of fixations to familiar-
race compared to unfamiliar-race faces for the upright condition but
not the inverted condition. Unlike when faces are upright, when faces
are inverted children do not readily differentiate between the familiar
and the unfamiliar race. This interpretation is supported by previ-
ous work in which 3- 5-year-old children recognized upright own-race
faces better than upright other-race faces but showed no differences
for inverted faces (Sangrigoli & de Schonen, 2004).

Finally, there were shorter duration and a greater number of fix-
ations for female compared to male face trials. Although past work
shows mixed results for the direction of face sex/gender effects (e.g.,
Quinn et al, 2002; Ramsey et al., 2005), the current results sup-
port infant findings showing longer fixation durations toward male
faces (Ramsey et al., 2005). However, prior work has mainly examined
face sex/gender effects for infants, with little to no work examin-
ing visual fixations toward male and female faces in children. Our
results demonstrate that children differentiate male and female faces,
suggesting more active scanning for female faces (Kato & Konishi,
2013). Longer fixation durations toward male faces could relate to
novelty or unfamiliarity, and the need for more time to process
male faces (Ramsey et al., 2005). However, it is unclear whether dif-
ferences in visual attention contribute to downstream sex/gender
behavioral biases. Although measures of face recognition are not avail-

able here, the scanning strategies implemented in free exploration
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tasks could provide useful information about how children learn from
different faces. Adult work suggests that more dynamic exploration
patterns are implemented when viewing familiar faces, with more
frequent and shorter fixations characterizing active exploration of
own-race faces (i.e., familiar) versus other-race faces (Wu et al.,, 2012)
and adult (i.e., familiar) versus nonadult faces (Proietti et al., 2015).
Similarly, the present results speak in favor of an active fixation strat-
egy for female faces in children, characterized by more fixations of
shorter duration during trials with female faces. In sum, the differ-
ences reported here likely suggest that female faces continue to be
more salient and/or experienced by preschool-age children than male
faces.

Overall, the current findings show that familiarity with face features
including race and sex/gender impacts fixation strategies, including the
inversion effect. The results presented here provide evidence for an
experience-dependent view of face processing biases and suggest that
visual fixations in early childhood differ for faces that share character-
istics of a child’s primary caregiver compared to faces that do not share
similar characteristics (Scherf & Scott, 2012). Children exhibit shorter
duration and a greater number of fixations when presented with more
familiar face types, such as female compared to male faces or upright
familiar-race compared to unfamiliar-race faces. Children show differ-
ent visual fixation patterns relative to the race and sex of the face, likely
due to greater experience with certain face groups relative to others
(Rennels & Davis, 2008; Sugden et al., 2014). However, the current
results suggest that the first fixation is not impacted by face race or
sex and may be less sensitive to previous experience with face groups.
The first fixation did differ based on face orientation, suggesting that
the face inversion effect in children may be partially carried by the first
fixation, supporting previous literature with adults (Arizpe et al., 2012;
Hills et al., 2013a).

Given the limited sample and stimuli in the present investigation, the
generalization of these findings is limited to the groups and ages exam-
ined. Future work examining visual fixations for race and sex/gender
in other groups or cultures would provide necessary data to deter-
mine whether the current results are sensitive to cultural differences.
Given an extensive body of work suggesting experience is critical for
face processing (for reviews, see Anzures et al., 2013; Lee et al., 2013;
Scherf & Scott, 2012; Scott & Arcaro, in press), children with different
visual experiences should show experience-dependent fixation effects,
inline with the present investigation. Since the present study only used
White and Asian faces and participants, future work would benefit
from inclusion of additional races as well as participants with a variety
of developmental experiences. Further, the present study only included
one face of each type (White male, White female, Asian male, and Asian
female), and thus differences reported here could be related to the indi-
vidual faces used. Including a greater number of faces would increase
the generalizability of the results. Finally, including face stimuli that
have not been converted to grayscale or equated in luminance and con-
trast and comparing results to the current stimulus set may allow for a
better understanding of how stimulus features or task demands impact

visual fixations to faces.
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5 | CONCLUSION

In summary, face race and sex/gender impact visual fixation strategies
and a key index of face processing, the inversion effect, in 3- to 6-year-
old children. Children’s visual fixations differ when faces are presented
in novel positions (i.e., inverted), if they are from a familiar or unfamiliar
race group, or if they appear male or female. The face inversion effect is
carried, at least in part, by the initial fixation to face features, while face
race and sex do not impact the initial fixation, instead emerging over
longer periods of looking. These findings suggest that visual attentional
biases seen in infancy continue into early childhood and are experience

dependent.
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APPENDIX
ANOVA Results

ANOVA results summary

Developmental Psychobiology yp py_L=e

Independent Variable(s)
1. First fixation duration
Orientation

Race

Sex

Orientation x race
Orientation x sex

Race X sex

Orientation X race x sex
2. First fixation location
AOI

Orientation x AOI

Race x AOI

Orientation x Race x AOI
Sex x AOI

Orientation x sex x AOI

Race x sex x AOI

Orientation X race x sex x AOI

df

1,40
1,40
1,40
1,40
1,40
1,40
1,40

3,44
3,44
3,44
3,44
3,44
3,44
3,44
3,44

11.349
0.407
3.061
1.63
143
0.002
1.106

30.767

39.883
1.351
1.967
21
0.963
1.643
0.895

.002
527
.088
209
.239
966
299

<.001

<.001
27
133
114
419
.193
451

Independent Variable(s)
3. Average fixation duration
Orientation

Race

Sex

Orientation x race
Orientation x sex

Race X sex

Orientation X race x sex
4. Fixation number
Orientation

Race

Sex

Orientation x race
Orientation x sex

Race x sex

Orientation X race x sex

df

1,43
1,43
1,43
1,43
1,43
1,43
1,43

1,41
1,41
1,41
1,41
1,41
1,41
1,41

18.333
0.235
6.752
4.131
2771
0.04
0.003

5.107
0.989
4.881
10.242
1.484
3.971
0.034

<.001
.63
.013
.048
.103
.842
.954

.029
326
.033
.003
.23

.053
.855
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