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ABSTRACT 

Author: Karla Patricia Molina Valenzuela 

Title: Face-Sensitive Event-Related Potentials: Age-Related Changes, 
Race Effect, Contact, And Implicit Bias 

Institution: Florida Atlantic University 

Thesis Advisor: Dr. Gizelle Anzures 

Degree: Master of Arts 

Year: 2022 

Early face-sensitive event-related potentials (ERPs) are modulated by age and race-of-

face. Individual differences in implicit bias and race experience influence such race 

effects, but this remains largely unexplored. Thus, we examined children’s and adults’ 

P100s and N170s to own- and other-race faces and their relation with race experience and 

implicit racial bias. Children showed larger and more delayed P100s and N170s than 

adults. Also, 8- to 10-year-olds displayed earlier P100s to other-race faces, while 5- to 7-

year-olds showed earlier left N170s to own-race faces. In adults, greater own-race 

experience was associated with delayed left N170s to own-race faces. Greater own-race 

bias was associated with earlier right P100s to own-race faces in 5- to 7-year-olds and 

smaller left P100 to N170 peak-to-peak amplitudes to own-race faces in 8- to 10-year-

olds. Individual differences in age, race experience, and implicit racial bias should be 

considered when examining ERPs to own- and other-race faces.  
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INTRODUCTION 

Faces are one of the most important visual and social stimuli humans encounter 

since birth: they provide us with information about gender, race, age, emotions, identity, 

and even social properties (e.g., aggressiveness, honesty). Thus, the study of face 

processing has gathered considerable attention (see Oruc et al., 2019 for an overview), 

revealing deficits in face recognition ability in which certain face characteristics (e.g., 

race, age) influence recognition accuracy. The present research examines neurotypical 

children’s and adults’ event-related potentials (ERP) to faces to shed light into the (1) 

age-related changes in face processing, (2) development of the cross-race recognition 

deficit, and (3) relationships between implicit biases as well as interracial contact and 

ethnicity effects on ERP responses. Next, a review of the literature on the development of 

face recognition, cross-race recognition deficit, implicit racial bias, and interracial contact 

is provided.  

Development of Face Recognition Ability  

Face Recognition Ability During Infancy: Behavioral and Neuroimaging Evidence 

An important area of research concerns the development of face recognition 

throughout the lifespan. Based on empirical evidence from newborns, some researchers 

argue that specialized mechanisms for face recognition are already in place at birth. For 

instance, only minutes after birth, infants track and prefer static or moving faces  

compared to other visual stimuli of similar complexity (Quinn & Slater, 2003). Only 
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hours after birth, they can distinguish their mother’s face from that of a stranger’s (e.g.  

increased looking time to the mother’s face; Bushnell, 2001). Moreover, brain injuries 

one day after birth can result in face recognition deficits, suggesting that face-sensitive 

cortical areas are present early (Farah et al., 2000). Also, researchers have provided 

evidence of the heritability of face processing ability (Zhu et al., 2010).  

An alternative view posits that face recognition expertise results from increased 

experience with faces since infancy (Simion et al., 2003). Support for this observation 

comes from findings that newborns are attracted to congruent stimuli (i.e., the 

arrangement of the inner elements matches the shape of the outer contour; Simion et al., 

2003) with more elements in the upper part (Turati et al., 2002), regardless of whether 

they are faces or not. It so happens that faces constitute the most interesting stimuli in the 

infants’ environment (i.e., more elements in the upper part, three-dimensional, change 

expressions; Simion & Di Giorgio, 2015) and thus, receive more attention, resulting in 

increased experience and specialization.  

Still, other researchers propose that, much like speech, the development of face 

recognition depends on both nature and experience: specific structures in the brain can 

become specialized for face processing and only do so if increased exposure to particular 

faces occurs (Nelson, 2003). For example, young infants can discriminate among face 

exemplars from other species (e.g., monkeys, see Pascalis et al., 2002), but, as they age, 

this ability declines and specializes in human faces exclusively, as they are more relevant 

and frequent in the infants’ environments (Simion et al., 2003). Moreover, specialization 

for faces from a particular ethnic group with which newborns interact the most appears 
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months after birth (Anzures et al., 2013; Scott et al., 2007), demonstrating experience-

driven specialization. 

This perceptual narrowing is evidenced in the gradual specialization of cortical 

regions for face processing during infancy (Scott et al., 2007). Indeed, positron emission 

tomography (PET), ERP, and near-infrared spectroscopy (NIRS) studies reveal brain 

regions already specialized for face processing during the first year of life (see Simion & 

Di Giorgio, 2015 for a review). Researchers propose that the improvement in 

discriminating stimuli frequently encountered (e.g., own-species or own-race faces) could 

be explained by Hebbian learning (i.e., neural circuits are strengthened with repeated use) 

whereas the decline in discriminating stimuli encountered less frequently (e.g., other-

species or other-race faces) could be explained by synaptic pruning (Scott et al., 2007). 

In a nutshell, infants can recognize faces under certain circumstances (e.g., frontal 

and ¾ views), notwithstanding the immaturity of their visual system (e.g., poor visual 

acuity) and the complexity of face stimuli; but their face recognition ability is not as 

sophisticated as that of adults’ (Hole & Bourne, 2010; Mondloch et al., 2003; Valentin & 

Abdi, 2003; see Simion & Di Giorgio, 2015 for a review).  

Face Recognition Ability During Childhood and Adolescence 

Evidence from Behavioral Research 

Neurotypical children’s and adolescents’ performance in face recognition tasks 

(e.g., identity sorting, immediate identification, delayed identification, and matching 

tasks) significantly improves with age (de Heering et al., 2012; Hills & Lewis, 2018; 

Humphreys, 2017; Kinnunen et al., 2013; Laurence & Mondloch, 2016; Pezdek et al., 

2003), less so during mid-adolescence (Hills & Lewis, 2018; Kinnunen et al., 2013), but 
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with improvements seen as late as 33 years of age (Susilo et al., 2013). Familiar face 

recognition seems to reach maturity around six years of age, whereas unfamiliar face 

recognition continues to improve across childhood and adolescence (Humphreys, 2017; 

Laurence & Mondloch, 2016). Also, school-aged children as young as four are able to 

recognize unfamiliar faces despite configural and featural changes (Freire & Lee, 2001). 

Additionally, although paraphernalia and natural variations in appearance impair 

unfamiliar face recognition in young children (e.g., 4 years of age), their detrimental 

effect on recognition accuracy gradually lessens with age (Freire & Lee, 2001; Laurence 

& Mondloch, 2016). The above evidence suggests that face recognition ability (specially 

for unfamiliar faces) follows a prolonged developmental trajectory, reaching maturity 

during young adulthood.  

This protracted development has been attributed to either changes in face 

perception per se (e.g., face/domain-specific perceptual development theory) or in 

general cognitive factors (e.g., general cognitive development theory). Proponents of the 

latter argue that the face perception system reaches maturity early in childhood (i.e., early 

maturation hypothesis; Crookes & McKone, 2009; Mardo et al., 2018) and improvements 

seen afterwards exclusively result from the development of general cognitive factors, 

such as visual attention and memory. On the other hand, supporters of the domain-

specific perceptual development theory (see Crookes & McKone, 2009 for a review) 

claim that the improvements seen in performance in face tasks are mainly due to changes 

specific to the mechanisms underlying face perception during childhood, adolescence, 

and even young adulthood (i.e., late maturation hypothesis; de Heering et al., 2012; 

Laurence & Mondloch, 2016; Susilo et al., 2013).  
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Specifically, age-related changes in the face perception system could be 

qualitative (i.e., core aspects of face processing present in adults are absent in children) or 

quantitative (i.e., core aspects of face processing are present since early childhood but 

immature; see Crookes & McKone, 2009 for a review). As of now, it has been 

established that core aspects of face processing (e.g., holistic processing) are present 

since early childhood (see Crookes & McKone, 2009 for a review) and thus, no 

qualitative changes occur in face perception during childhood and adolescence. Instead, 

quantitative age-related changes drive the protracted development of face recognition 

ability (de Heering et al., 2012; Kinnunen et al., 2013; Laurence & Mondloch, 2016; 

Susilo et al., 2013).  

Evidence from fMRI Research 

Neurophysiological research can help elucidate the nature of the developmental 

changes seen in face recognition. Functional MRI (fMRI) studies have revealed face-

sensitive areas (e.g., areas that show higher response or more activation for faces as 

compared to non-face objects) in the brain that interact to allow face recognition, referred 

to as the face processing network (see Behrmann et al., 2016; Lopatina et al., 2018 for 

reviews; Zhen et al., 2013). In the adult brain, a total of 25 face-sensitive brain areas have 

been identified and grouped into a hierarchical face-processing network (Zhen et al., 

2013). The occipital face area (OFA, an area in the inferior occipital gyrus), fusiform face 

area (FFA, an area in the fusiform gyrus), and superior temporal sulcus (STS) comprise 

the core face-processing network, which tends to show stronger responses to faces in the 

right hemisphere (Behrmann et al., 2016; Lopatina et al., 2018; Zhen et al., 2013). An 

extended face processing system has also been identified, comprising frontal and parietal 
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regions (e.g., the bilateral inferior temporal gyrus, right middle frontal gyrus, right 

precentral gyrus, right intraparietal sulcus, right supramarginal gyrus, lingual gyrus, right 

thalamus, right frontal pole, right orbital frontal cortex, left inferior frontal gyrus, left 

lateral occipital cortex, bilateral superior temporal sulcus, bilateral paracingulate gyrus, 

and bilateral insular cortex; Behrmann et al., 2016; Zhen et al., 2013). Other brain regions 

involved in face recognition include the hippocampus (stimulus recollection), amygdala 

(processing of emotion in face expressions), insula (processing emotion of faces), and the 

perirhinal cortex (processing face familiarity), to name a few (see Behrmann et al., 2016; 

Lopatina et al., 2018 for reviews).  

 As evidence of the protracted development of face recognition ability, fMRI 

research has revealed that the structural and functional connectivity of the brain face-

processing network does not reach maturity until late adolescence, with changes being 

observed even in early adulthood (Behrmann et al., 2016; Lopatina et al., 2018). For 

example, there are increases in the size and face-selectivity of the core face-processing 

regions, more prominently over the right hemisphere, as well as weaker or non-existent 

connections between face-processing regions in children and adolescents as compared to 

adults (Behrmann et al., 2016). Recently, Gomez et al. (2017) provided evidence of 

microstructural proliferation in the fusiform gyrus during childhood, which could 

contribute to the improvements in face processing seen during this time.  

Evidence from Electroencephalography 

 Electrophysiological studies have also provided evidence in support of specialized 

brain mechanisms for face processing (see Olivares et al., 2015 for a review). The 

excellent temporal resolution of human electroencephalography (EEG) makes it ideal to 
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study face perception since face detection and categorization are accomplished within 

approximately 200 milliseconds after stimulus onset (Rossion, 2014). EEG electrodes 

placed on the scalp measure electrical activity generated by the brain. Particularly, ERP 

research allows us to study the temporal course of face processing and the speed and 

order at which different stages (e.g., face detection, face recognition) occur. ERPs are 

segments of EEG data time-locked to specific stimuli/events that reflect the changes in 

the activity of populations of neurons that respond to the same stimuli in synchrony, in 

other words, neural activity associated with specific cognitive processes (Jacques & 

Rossion, 2006). These segments of EEG data averaged across many trials and 

participants yield grand average waveforms with positive and negative peaks that are 

associated with components or effects of interest (Newman, 2019). Different ERP 

components reflect distinct stages of processing and have characteristic timings, polarity, 

scalp distribution, and eliciting stimuli (Newman, 2019). The non-invasiveness of this 

technique allows its use in infants, children, and adult populations, making it a popular 

choice for developmental studies aiming to shed light onto how different stages of face 

processing change with age (Banaschewski & Brandeis, 2007).  

ERP responses to face stimuli have been studied with intracranial (Allison et al., 

1994) and non-invasive (Bentin et al., 1996) recordings, revealing electrophysiological 

markers of face processing such as the P100, N170, and N250 (Olivares et al., 2015; 

Rossion, 2014). Most of the existing research has been conducted in adult samples, 

focusing on early components (P100, N170) and whether they are face-sensitive (see 

Olivares et al., 2015 for a review). Less research is available on the developmental 

trajectory of ERP responses to faces (Anzures et al., 2022; Itier & Taylor, 2004a; Kuefner 
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et al., 2010; Miki et al., 2015; Taylor et al., 1999) and findings are sometimes 

inconsistent. In the following paragraphs, a detailed account of the available research on 

face-sensitive ERP components (i.e., P100, N170) and how they change from childhood 

to adulthood is provided.  

The P100 response. The first ERP response to visual stimulation is a positive 

peak that appears approximately 100 ms after stimulus onset and reflects processing of 

low-level features of stimuli (Di Lorenzo et al., 2020; see Olivares et al., 2015 for a 

review). The P100 has been reported to be a face-sensitive response, with an earlier and 

more positive peak for faces as compared to nonface stimuli (Hileman et al., 2011; Itier 

& Taylor, 2004b; Kuefner et al., 2010) and believed to originate in the posterior 

extrastriate cortex (see Olivares et al., 2015 for a review). It also tends to be earlier and 

smaller for upright than inverted faces (Itier & Taylor, 2004a, 2004b) and larger over the 

right hemisphere for faces (Itier & Taylor, 2004b). Moreover, the P100 is sensitive to 

task demands –with more complex tasks eliciting earlier P100s– and stimuli salience –

with more biologically relevant stimuli (e.g., faces, animals) evoking either earlier or 

larger P100s (Taylor, 2002). 

 The handful of studies that have examined the developmental trajectory of the 

P100 response to faces revealed increases in amplitude during infancy (Conte et al., 

2020; Di Lorenzo et al., 2020), followed by decreases during childhood and well into late 

adolescence (Anzures et al., 2022; Batty & Taylor, 2006; Hileman et al., 2011; Itier & 

Taylor, 2004a; Kuefner et al., 2010; Miki et al., 2015; O’Connor et al., 2005). While 

there is no evidence of changes in P100 latency during infancy (Di Lorenzo et al., 2020), 

earlier P100 responses have been measured during childhood and adolescence relative to 
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adulthood, with the largest decreases taking place between 9 and 12 years of age 

(Anzures et al., 2022; Hileman et al., 2011; Kuefner et al., 2010). Regarding age-related 

changes in topography, the P100 becomes more lateralized until it reaches adult-like 

patterns around 16 years of age (Kuefner et al., 2010). Specifically, the largest amplitude 

is measured at occipital areas (O1/2) in childhood (Batty & Taylor, 2006; Kuefner et al., 

2010) and at parietal-occipital sites (PO7/8) in adolescents, possibly due to increases in 

head size (Kuefner et al., 2010). These developmental changes have been attributed to 

improvements in general cognitive development, since similar age-related changes were 

seen in P100 responses to nonface stimuli (Kuefner et al., 2010).  

 The N170 response. The P100 is followed by a negative potential peaking 

approximately 170 ms after stimulus onset which has been the focus of most EEG 

research on face perception: the N170 (Bentin et al., 1996; reviewed in Olivares et al., 

2015). It is believed to generate from multiple sources, including the inferior temporal 

gyrus, posterior STS, and fusiform gyrus (Bindemann et al., 2008; Schweinberger et al., 

2002; reviewed in Olivares et al., 2015). Moreover, the N170 is sensitive to faces in 

infants, children, and adults, with significantly more negative amplitude and earlier 

latencies for human faces than houses (Eimer, 2000), cars (Bentin et al., 1996; Caldara et 

al., 2003; Kuefner et al., 2010), butterflies (Bentin et al., 1996; Bentin & Deouell, 2000), 

painted eggs (Amihai et al., 2011), animal faces (Bentin et al., 1996; de Haan et al., 

2002), and other nonface objects (Bentin et al., 1996; Caldara et al., 2003; Ito et al., 2004; 

Kuefner et al., 2010; but see Schweinberger et al. [2004]). The N170 is also more 

negative over the right hemisphere (Batty & Taylor, 2006; Bentin et al., 1996; Caharel et 

al., 2009; Itier & Taylor, 2004b, 2004a; Kuefner et al., 2010; O’Connor et al., 2005; 



 
 

 10 

Taylor et al., 1999) and at posterior temporo-parietal areas (Batty & Taylor, 2006; Bentin 

et al., 1996; Caharel et al., 2009) in children and adults. 

Despite extensive research on the role of the N170 in face processing, there is still 

debate about the specific processes it reflects. It seems that this component reflects 

automatic face processing activity that takes place even when faces are not relevant to the 

task (Bentin et al., 1996; Bentin & Deouell, 2000). Bentin et al. (1996) first proposed that 

the N170 reflects the process of structurally encoding faces, which leads to face 

representations later used for face recognition (Eimer, 2000; Jacques & Rossion, 2006). 

Alternatively, it has been argued that the N170 reflects a process preceding structural 

encoding, in which the characteristics of face stimulus are detected (i.e., face detection; 

Amihai et al., 2011). Rossion (2014, p. 312) proposed that “rather than a single process, 

many processes are probably engaged during the N170 time window.” 

One of those processes might be face recognition. On the one hand, reports of the 

N170 not being sensitive to face repetition (e.g., Heisz et al., 2006; Kaufmann et al., 

2008; Schweinberger et al., 2002; Schweinberger et al., 2004) or familiarity (Amihai et 

al., 2011; Bentin & Deouell, 2000; Eimer, 2000) suggest that this ERP does not reflect 

the process of accessing face representations in memory. Particularly, Amihai et al. 

(2011) found similar repetition effects in the N170 for identical and different faces, which 

was interpreted as evidence of the N170 not being involved in face individuation, 

otherwise the repetition effects would have been larger for identical as compared to 

different faces.  

On the other hand, there is evidence that the N170 decreases in amplitude after 

face stimulus repetition, even after controlling for viewpoint (Caharel et al., 2009; 
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Campanella et al., 2000; Itier & Taylor, 2002; Jacques et al., 2007; Jacques & Rossion, 

2006; Wiese, 2012), indicating that the N170 might reflect the early stages of processing 

face identity. In addition, the modulation of the N170 by face inversion (i.e., more 

negative and more delayed N170s to inverted vs upright faces; de Haan et al., 2002; 

Eimer, 2000; Itier & Taylor, 2004b, 2004a; Jacques et al., 2007; Walker et al., 2008) has 

been interpreted as evidence of the involvement of the N170 in face recognition, since 

face inversion hampers this ability. Moreover, recently, Besson and colleagues (2017) 

proposed that the brain activity associated with individual face recognition should be seen 

around 150 ms after stimulus presentation. Since this period of time corresponds to the 

onset of the N170, it might be that this component reflects the early stages of individual 

face recognition.  

Despite most of the research on the N170 being conducted in adult samples, 

developmental studies are available. A face-sensitive “infant N170” or N290 thought to 

reflect the encoding of faces has been measured over occipitotemporal sites as early as 

four months after birth (Conte et al., 2020; de Haan et al., 2002, 2003; Di Lorenzo et al., 

2020). Researchers propose that the N290 gradually becomes more like the adult N170, 

with increases in amplitude starting during infancy (Conte et al., 2020). Indeed, source 

analyses have found similar cortical generators (i.e., middle fusiform gyrus) for the infant 

and adult N170 (Conte et al., 2020). Studies with children suggest that the N170 

continues to develop until young adulthood. Specifically, its latency significantly 

decreases from childhood (approximately 270 ms) to adulthood (approximately 160 ms), 

more rapidly between ages 8 to 11, while its amplitude becomes more negative over the 

right hemisphere, with major changes seen after 15 years (Itier & Taylor, 2004b; Kuefner 
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et al., 2010; Miki et al., 2015; Taylor et al., 1999). Even by late adolescence, the N170 

tends to be more positive and delayed than that measured in adults (Taylor et al., 1999). 

Moreover, some researchers have found an N170 with two peaks in children ages 8 to 11, 

which becomes one peak by early adolescence (Miki et al., 2015); it has been suggested 

that the second peak might be the N250 in young children (Kuefner et al., 2010). In sum, 

the developmental research confirms the protracted development of this ERP response to 

faces, with the N170 not reaching maturity until adulthood. A similar developmental 

pattern was found for N170 responses to nonface stimuli, indicating that these changes 

might not reflect changes in face perception per se, but in general cognitive processes 

(Kuefner et al., 2010). 

Importantly, all but a few (see Anzures et al., 2022; Kuefner et al., 2010) of the 

studies on age-related changes in N170 responses to faces have measured N170 baseline-

to-peak amplitudes, which is a measure of the voltage of an ERP component at its peak 

relative to the baseline. In developmental studies, using baseline-to-peak amplitude as a 

metric is problematic because the amplitude of the first visual component (i.e., P100) 

influences the amplitude of subsequent ones (e.g., N170). In that sense, the more positive 

the P100, the less negative the N170 (Anzures et al., 2022). Given that the P100 response 

significantly decreases in amplitude from childhood to adulthood (Anzures et al., 2022; 

Batty & Taylor, 2006; Hileman et al., 2011; Itier & Taylor, 2004a; Kuefner et al., 2010; 

Miki et al., 2015; O’Connor et al., 2005), more negative N170s will be more likely in 

adults (who have smaller P100s in average) than in children (who have more positive 

P100s in average). Indeed, the majority of the available research have reported 

significantly more negative N170s in adults than in children (Itier & Taylor, 2004b; 
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Kuefner et al., 2010; Miki et al., 2015; Taylor et al., 1999), but because baseline-to-peak 

measures of amplitude have been employed, it is difficult to determine how much of 

these findings is attributable to P100 age-related changes. Thus, if we aim to compare 

N170s across age groups, it is important to account for the age-related changes observed 

in the P100.  

P100 to N170 peak-to-peak amplitude measures allows to examine changes in the 

N170 across age groups more accurately by subtracting out carryover effects from 

changes in the P100. Previous research using peak-to-peak measures of amplitude found 

that the P100 to N170 peak-to-peak amplitude tends to be larger for face than non-face 

stimuli (Kuefner et al., 2010), larger over the right hemisphere relative to the left 

hemisphere (Anzures et al., 2022; Kuefner et al., 2010), larger in children than in adults 

(Kuefner et al., 2010), and not modulated by face race (Anzures et al., 2022). 

Differential Processing of Own- and Other-Race Faces 

Evidence from Behavioral Research 

 While most individuals are proficient in face recognition, this expertise is not 

equal for all categories of faces. Indeed, abundant behavioral evidence has revealed a 

cross-race recognition deficit: individuals show poorer recognition memory for other-race 

faces as compared to own-race faces (see Meissner & Brigham, 2001; Oruc et al., 2019; 

Sporer, 2001a, 2001b for reviews). Note that, hereinafter, the term race used to refer to 

research participants or face stimuli solely alludes to differences in face physiognomy. 

Moreover, the term Asian refers to East Asian unless otherwise specified, while the term 

White refers to European heritage.  
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This cross-race recognition deficit has been replicated across different ethnicities 

(e.g., Black, White), in both laboratory (see Meissner & Brigham, 2001 for a review) and 

natural settings (see Sporer, 2001b for a review). A cross-race recognition deficit has 

been observed in infants (Anzures et al., 2013, 2019; Scott et al., 2007), children 

(Anzures et al., 2014; Pezdek et al., 2003; Tham et al., 2017), adolescents (Pezdek et al., 

2003; Walker & Hewstone, 2006), and adults (see Meissner & Brigham, 2001 for a 

review; Pezdek et al., 2003). The negative consequences of this deficit are also 

ubiquitous, influencing social interactions and eyewitness misidentifications (see Sporer, 

2001b for a review), which account for approximately 70% of wrongful convictions in 

the United States (The Innnocence Project, 2021).  

Proposed Mechanisms Underlying the Cross-Race Recognition Deficit 

Research to date has confirmed that differential experience with members of own- 

and other-race groups results in differential recognition memory for own- and other-race 

faces. There is also evidence that increased interracial contact can mitigate the cross-race 

recognition deficit (Singh et al., 2021), but the specific mechanisms by which race 

experience affects recognition accuracy remain unclear. Some argue that individuals 

display superior face recognition for own-race faces due to a developed perceptual 

expertise resulting from increased social contact with them (i.e., perceptual learning 

models; see Meissner & Brigham, 2001 for a review). This perceptual expertise for own-

race faces might lead to different encoding, with own-race faces being processed in a 

more efficient, configural manner whereas other-race faces are processed in a less 

efficient, featural manner (Tanaka et al., 2004). A cross-race recognition deficit has also 

been found in the processing of featural information (see Mondloch et al., 2010; Wang et 



 
 

 15 

al., 2015). Alternatively, developed perceptual expertise for own-race faces might lead to 

differential representations of own- and other-race faces in the face space (Valentine et 

al., 2016), so that other-race faces are more clustered and thus, more difficult to 

individuate.  

An alternative view posits that poorer face memory for other-race faces is 

explained by sociocognitive factors. That is, individuals tend to categorize own- and 

other-race faces differently, which leads to different encoding strategies. For instance, 

Levin (2000) proposed that while same-race faces are individuated, other-race faces are 

encoded based on race category (i.e., feature selection hypothesis), which hampers 

individuation and recognition memory. Likewise, Sporer (2001a) proposed that decreased 

motivation to individuate faces that we identify as belonging to social out-groups (e.g., 

other-race faces) results in impaired recognition memory.  

Further, the categorization-individuation model (CIM; Hugenberg et al., 2010) 

attempts to reconcile the perceptual expertise and sociocognitive theories of the 

mechanisms underlying the cross-race recognition deficit. The CIM proposes that 

impaired recognition memory for other-race faces is multiply determined by social 

categorization (i.e., social categories signal the need to attend to race vs individuating 

characteristics for other-race faces, hampering individuation and thus, recognition), 

motivation (i.e., motivation to individuate same-race faces but not other-race faces), and 

individuation experience (i.e., heightened experience with same-race faces facilitates 

their individuation; Hugenberg et al., 2010). 

Evidence from Neuroimaging Research 

Functional Magnetic Resonance Imaging (fMRI) 
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Neurophysiological research can inform the debate on the mechanisms underlying 

the cross-race recognition deficit. Existing research has demonstrated that differential 

processing of own- and other-race faces can be observed in face-sensitive brain regions. 

For instance, an fMRI study by Golby et al. (2001) revealed greater activation in the 

fusiform gyrus, specifically in the FFA, for own-race than other-race faces, which was 

significantly correlated with superior memory for own-race faces in a face recognition 

task. Kim and colleagues (2006) also reported greater activation in the bilateral FFA for 

own-race (i.e., Korean) than other-race (e.g., White) unfamiliar faces. Further, greater 

activation of the amygdala for other-race faces (e.g., Black) has been measured among 

White participants (Cunningham et al., 2004).  

Electroencephalography 

EEG evidence has confirmed that own- and other-race faces are processed 

differently, helping elucidate which stages of face processing are affected by face race. 

Wiese and colleagues (2012), for example, reported significant correlations between the 

behavioral cross-race recognition deficit and amplitude modulations on the N170 and 

N250 responses. However, controversial evidence exists regarding how ERP responses to 

faces are affected by face race.  

The P100 response. This ERP component has been found to be modulated by 

face race. When White children and adults passively viewed White and Asian faces while 

their EEG activity was recorded, larger P100 responses were seen for other- than own-

race faces (Anzures et al., 2022; Anzures & Mildort, 2021). Similarly, He et al. (2009) 

observed larger P100 amplitudes for Black (i.e., other-race) than White (e.g., own-race) 

faces among White adults while completing a gender categorization task. However, 
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smaller P100s were recorded from the same participants during the same gender 

categorization task for Asian (i.e., other-race) than White (e.g., own-race) faces (He et al., 

2009), suggesting that not all other races modulate this component in the same way. 

Herzmann et al. (2011) asked participants to recognize White and Asian faces and found 

smaller P100 responses for the latter. Similarly, Herzmann (2016) asked participants to 

identify and categorize Asian, Black, and White faces according to race and recorded less 

positive P100 responses for Asian than White faces, but similar P100 amplitudes for 

Black and White faces. Over the right hemisphere, longer-latency P100s for other-race 

(i.e., Asian) than own-race (e.g., White) faces have been recorded from children (Anzures 

& Mildort, 2021). These differences in P100 responses to own- and other-race faces have 

been attributed to differential allocation of attention (Anzures & Mildort, 2021; He et al., 

2009; Herzmann et al., 2011) or to low-level differences (e.g., skin color) between own- 

and other-race faces (Anzures & Mildort, 2021). In contrast, other researchers have 

reported no modulation of P100 amplitude or latency by face race when participants were 

engaged in face identification (Herrmann et al., 2007; Herzmann, 2016) or race 

categorization (Herzmann, 2016; Sun et al., 2014) tasks.  

Note that the studies that have found no significant difference in P100 amplitude 

or latency for own- and other-race faces have used grayscale images of faces (Herrmann 

et al., 2007; Herzmann, 2016; Sun et al., 2014) whereas most of the studies that reported 

differences in P100 responses to own- and other-race faces used color pictures (Anzures 

et al., 2022; Anzures & Mildort, 2021; He et al., 2009; but see Herzmann, 2016; 

Herzmann et al., 2011). Given that the P100 response is sensitive to low-level 

characteristics of stimuli (e.g., skin color, contrast; Olivares et al., 2015), it makes sense 
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that using color images of faces resulted in differential processing at the P100 level. 

Thus, differences in stimulus characteristics might be contributing to some of the mixed 

findings described above.  

Recently, Anzures et al. (2022) found that White adults who displayed better 

recognition proficiency for other-race faces also had larger P100 responses to other-race 

faces than those who had poorer recognition proficiency, possibly due to more cognitive 

resources being devoted to the processing of other-race faces. Therefore, differences in 

other-race recognition proficiency across participants might be a factor contributing to 

the inconsistent findings regarding the effect of face race on P100 amplitude, at least 

among White adults.       

 The N170 response. Other-race faces evoked more negative peaks than own-race 

faces among White (Anzures & Mildort, 2021; He et al., 2009; Herrmann et al., 2007; 

Herzmann, 2016; Ran et al., 2014; Senholzi & Ito, 2013; Walker et al., 2008; Wiese, 

2012; Wiese & Schweinberger, 2018) and Asian (Wiese et al., 2012) individuals. 

However, others have reported the opposite pattern, with own-race faces eliciting more 

negative N170s (Senholzi & Ito, 2013). The infant N170 or N290 has also been found to 

be modulated by face race, with nine-month-olds Whites showing significantly larger 

N290s to own- than other-race faces (Balas et al., 2011), confirming that differential 

processing of own and other race faces begins in infancy. Moreover, N170 latency seems 

to be modulated by face race, with reports of more delayed N170s for other-race than 

own race faces (Anzures & Mildort, 2021; Ran et al., 2014; Stahl et al., 2008). In 

contrast, Herzmann et al. (2011) reported shorter-latency N170s to other-race faces over 

the left hemisphere, which they attributed to faster processing of featural characteristics 



 
 

 19 

of other-race faces. In children, more delayed N170s to own-race faces have also been 

reported (Anzures et al., 2022). Still, others have found no modulation of N170 amplitude 

or latency by face race (Anzures et al., 2022; Caldara et al., 2003; Caldara et al., 2004; 

He et al., 2009; Ito et al., 2004; Lv et al., 2015; Sun et al., 2014), suggesting that 

differential processing of own- and other-race faces begins at later stages of face 

processing.  

 Importantly, Senholzi and Ito (2013) explained that our goals as perceivers 

influence our initial face processing; thus, the mixed findings regarding the effect of face 

race on the N170 amplitude and latency could be explained by differences in 

experimental tasks across studies. In that sense, when White participants were engaged in 

face identity judgments, their N170s were more negative for other- as compared to own-

race faces, possibly due to increased processing demands to individuate faces that are 

typically processed superficially. This is consistent with previous studies that employed 

face identification tasks and reported similar results (e.g., Anzures & Mildort, 2021; 

Herrmann et al., 2007; Herzmann et al., 2016; Ran et al., 2014; Walker et al., 2008; 

Wiese et al., 2012; Wiese, 2012). Instead, when Senholzi and Ito (2013) asked 

participants to categorize faces by race, their N170 responses were more negative for 

own- than other-race faces, which are generally individuated even in situations where 

processing at the category level would suffice (but see Caldara et al., 2004; He et al., 

2009; Herzmann, 2016; Lv et al., 2015; Sun et al., 2014,; Wiese, 2012 for examples of 

studies that used categorization tasks but observed different results). Lastly, when asked 

to simply view faces and detect butterflies, White participants’ N170 responses were 

similar in amplitude for own- and other-race faces, in line with previous reports of no 
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modulation of the N170 by face race in studies using passive viewing tasks (e.g., Caldara 

et al., 2003; Ito et al., 2004). Wiese et al. (2012) also emphasized the impact of the 

experimental context on the N170 ethnicity effects, specifically the perceptual salience of 

the race-of-face in a given task. In essence, active tasks or tasks that highlight race might 

be more sensitive to race effects (Caldara et al., 2003). As a matter of fact, the studies 

that have reported race effects on N170 responses to own- and other-race faces employed 

face identification and categorization (by race and gender) paradigms.  

Differences in participants’ implicit racial bias could also explain the mixed 

findings, in the sense that less positive views of other-race groups could impact the way 

other-race faces are processed. For instance, White adults who had stronger racial biases 

towards their own-race also had larger P100-to-N170 peak-to-peak amplitude to other-

race faces, maybe due to additional processing of race information from other-race faces 

as compared to own-race faces (Anzures et al., 2022; Anzures & Mildort et al., 2021). 

Meanwhile, 8- to 10-year-olds who had stronger biases favoring the own race had smaller 

P100-to-N170 peak-to-peak amplitudes for other-race faces, which might reflect more 

superficial processing of other-race face features relative to own-race faces.  

Moreover, variability in other-race recognition proficiency across participants 

could contribute to the mixed findings on the effect of face race on N170 amplitude and 

latency. Indeed, poorer other-race face recognition performance was associated with 

larger P100-to-N170 peak-to-peak amplitude for other-race faces among White adults 

(Anzures & Mildort, 2021), which may be due to more cognitive resources being 

allocated to the processing of other-race faces relative to own-race faces. Interestingly, 

among White adults with stronger preferences towards their own race, being more 
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proficient at other-race face recognition was associated with delayed N170 responses for 

other-race faces relative to own-race faces (Anzures and Mildort, 2021), suggesting that 

implicit racial bias and other-race recognition proficiency interact to affect face 

processing.  

Further, individual differences in levels of interracial contact could also explain 

the inconsistent findings about the modulation of the N170 by face race since people who 

reported more individuating experience with members of the other race also had more 

similar N170 amplitudes for own- and other race faces relative to people with less 

interracial contact (Walker et al., 2008). Accordingly, Wiese and Schweinberger (2018) 

recommend that studies on race effect should always measure participants’ interracial 

contact to better understand N170 race effects.       

The Role of Race Experience  

The importance of experience with other-race individuals in reducing or 

eliminating the cross-race recognition deficit has been proposed long ago (Goldstein & 

Chance, 1985; Meissner & Brigham, 2001). Available evidence has confirmed that 

increased interracial contact is significantly associated with better recognition memory 

for other-race faces throughout the life span (Hancock & Rhodes, 2008; Meissner & 

Brigham, 2001; Singh et al., 2021; Wiese et al., 2012). Recently, Singh et al. (2021) 

reported that interracial contact explains approximately 2.18% of the variation in the 

cross-race recognition deficit, although this small effect might be due to large variations 

in interracial contact operationalization and cross-race recognition deficit measurement.  

For instance, growing up in racially-diverse environments (Tham et al., 2017) as 

well as increased individuating contact with other-race faces during childhood and 
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adolescence (Walker & Hewstone, 2006) eliminates the cross-race recognition deficit for 

other-race faces encountered frequently, and reduces it for less experienced ones. In 

addition, intensive individuating training with other-race faces significantly improved 

recognition accuracy for them (Goldstein & Chance, 1985). Interestingly, McKone and 

colleagues (2019) proposed that there are critical periods for face recognition ability as 

for language acquisition; that is, reduction, and even elimination of the cross-race 

recognition deficit can result from heightened interracial contact that occurs before the 

age of 12. After, intensive training is required (McKone et al., 2019). However, Singh 

and colleagues’ (2021) meta-analysis of 207 samples over the last four decades revealed 

that, although interracial contact might be more effective in mitigating the cross-race 

recognition deficit if it occurs before 18 years of age, it is still effective in doing so 

during adulthood and throughout the life span.   

One way in which researchers assess race experience is through self-reported 

questionnaires (Singh et al., 2021). A variety of self-reported scales evaluating quantity 

and quality of contact exists, and researchers have pointed out the need for a valid and 

reliable instrument that allows to consistently measure interracial contact in the field 

(Singh et al., 2021). Typically, participants are asked about the number of individuals 

from own- and other-race groups they interact with (Ito et al., 2004; Walker et al., 2008; 

Walker & Hewstone, 2006; Wiese & Schweinberger, 2018) and the frequency of those 

interactions, for example, in hours per week (Wiese et al., 2012; Wiese & Schweinberger, 

2018). Meanwhile, the quality of interactions with own- and other-race individuals is 

assessed by asking about the types of activity participants perform with own- and other-

race individuals (e.g., play sports together, work together, offer help/solace/advice; 



 
 

 23 

Herrmann et al., 2007; Walker et al., 2008; Walker & Hewstone, 2006; Wiese et al., 

2012; Wiese & Schweinberger, 2018), the number of best friends from another race 

group (He et al., 2009), and the intensity of such contact (e.g., acquaintance, very close; 

Ito et al., 2004). While some argue that it is mainly quality of interracial contact that 

significantly impacts recognition memory (Valentine et al., 2016), others found that both 

quantity and quality of interaction are positively correlated with recognition memory 

(Hancock & Rhodes, 2008; McKone et al., 2019; Wiese et al., 2012). 

To quantify respondents’ experience with own- and other-race individuals, data 

from self-reported scales are used to compute an interracial contact score. Since the 

operationalization of contact varies greatly in the field (see Singh et al., 2021 for a 

review), the way in which cross-race contact scores are computed also varies. In some 

cases, researchers utilize individual measures such as the number of other-race friends 

(He et al., 2009) or the existence of current or former contact with other-race individuals 

in a personal or official manner (Herrmann et al., 2007) as indexes of interracial contact. 

Others employ separate measures of social contact (i.e., amount of exposure to own- and 

other-race individuals) and individuating experience (i.e., type and quality of relationship 

with own- and other-race individuals) as indices of cross-race contact (Walker & 

Hewstone, 2006; Walker et al., 2008; Wiese et al., 2012). Still, other researchers have 

asked participants to list the number of other-race acquaintances and the level of contact 

with each on a 7-point Likert scale. Then, a contact score was computed by multiplying 

the number of acquaintances by the level of contact (Ito et al., 2004).   

Alternatively, researchers average (or add up, e.g., Sporer et al., 2007) 

participants’ responses to several scale items to obtain an individual, composite score 
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(i.e., accounts for quality and quantity of contact) that represents overall self-reported 

experience with each race. If the survey items follow different response scales, the values 

are standardized (i.e., z-scored) before computing the composite score (e.g., Skinner & 

Rae, 2019; Sporer et al., 2007). Then, to obtain an individual score for interracial 

experience, the difference between contact with the own- and other-race is calculated. 

This difference score quantifies respondents’ racial experience, such that positive scores 

indicate more extensive contact with members of the own race as compared to contact 

with members of the other race, while negative scores indicate more extensive contact 

with members of the other race as compared to contact with members of the own race 

(Correll et al., 2021; Davis et al., 2016; Dickter et al., 2015; Hancock & Rhodes, 2008; 

Handley et al., 2021; Wong et al., 2020).  

Increased interracial contact reduces the behavioral cross-race recognition deficit 

(see Meissner & Brigham, 2001 for a review), but is it associated with more similar 

processing of own- and other-race faces at the level of the P100 and N170 ERP 

responses? To date, the direct relationship between ERP ethnicity/race effects (i.e., 

differences in ERP amplitudes and/or latency to own- and other-race faces) and race 

experience has not been sufficiently explored. A study by Walker et al. (2008) 

demonstrated that participants who reported more individuating experience with other-

race faces tended to have more similar N170 amplitudes to own- and other-race faces.  

The Role of Implicit Bias 

 Although interracial contact is an important factor influencing perception of own- 

and other-race faces, researchers agree that it is not the only one (Tanaka et al., 2004). 

Indeed, differential processing of own- and other-race faces might also be influenced, 
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directly or indirectly (see Meissner & Brigham, 2001) by individuals’ racial bias. Bias 

refers to attitudes and stereotypes that operate consciously (i.e., explicitly) or 

unconsciously (i.e., implicitly), guiding behavior and judgments towards others in an 

automatic manner (Blair et al., 2004; Greenwald & Banaji, 1995).  

Implicit biases towards social groups seem to be present as early as six years of 

age (Baron & Banaji, 2006). Even when individuals explicitly do not agree with a 

stereotype or attitude, their behavior can be influenced by it implicitly (Greenwald & 

Banaji, 1995). Specifically, explicit and implicit measures tend to be less correlated with 

each other for socially sensitive (e.g., racial prejudice) as compared to nonsensitive (e.g., 

math and arts) issues, possibly due to social desirability and motivation factors (see Fazio 

& Olson, 2003 for a review; Greenwald et al., 1998). For instance, negative stereotypes 

towards African Americans among White Americans were much more common when 

evaluated with implicit than with explicit measures (Cunningham et al., 2004; Phelps et 

al., 2000). In that sense, explicit measures allow for participants to mask their attitudes 

towards a social object (Blair et al., 2004), while implicit evaluations avoid these issues 

by not revealing what is actually being evaluated. Importantly, there seems to be more 

agreement between implicit and explicit measures of racial biases in young children (e.g., 

age six) than in older children (e.g., age 10) and young adults (Baron & Banaji, 2006; 

Rae & Olson, 2017). 

The Implicit Association Test (IAT) is widely used to evaluate “socially 

significant automatic associations” that explicit measures may fail to detect (Greenwald 

et al., 1998; p. 1465), be it due to individuals’ lack of awareness of or unwillingness to 

express such attitudes (Fazio & Olson, 2003). The IAT assesses implicit biases by 
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measuring the latency of individuals’ responses to associations between target concepts 

(e.g., White, African American, women/men) and attributes (e.g., pleasant, unpleasant) 

under the assumption that stronger associations between two concepts will result in faster 

pairing (Fazio & Olson, 2003; Greenwald et al., 1998). When compared with other 

automatic evaluation measures, the IAT has been found to be more sensitive to 

evaluations of racial preference (Greenwald et al., 1998). 

Over the years, the IAT has effectively measured implicit racial bias. For 

instance, Greenwald et al. (1998) reported that White Americans showed more positive 

attitudes towards stereotypical White names, despite explicit measures suggesting no 

racial preference. Positive implicit biases towards Whites vs Blacks have been 

consistently reported (Cunningham et al., 2004; Fazio & Olson, 2003; Phelps et al., 

2000), even after controlling for color biases towards white and black and familiarity 

with White or African American populations (Smith-McLallen et al., 2006). 

Curious about the origins of racial biases, researchers have studied the 

development of in-group/out-group preferences. There is evidence that, by age six, 

children tend to show more implicit positive and negative social evaluations of in-group 

and out-group members, respectively, even when groups are arbitrarily assigned 

(Dunham & Emory, 2014). The development of a child-IAT by Baron and Banaji (2006) 

proved successful at measuring implicit pro-White/anti-Black biases in children as young 

as six. Similar to the original IAT, the child version measures the strength of automatic 

associations between concepts based on response latency. However, Baron & Banaji’s 

(2006) child IAT used children’s faces instead of adults’, voice recordings instead of 

printed words, and verbal instead of written instructions. Since then, child-friendly IATs 
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have gained popularity in developmental research on race-related social evaluations and 

other versions have been developed (Rae & Olson, 2017). More recently, the observed 

pro-White implicit biases have been confirmed by Rae and Olson (2017), who found 

racial biases that remained stable from six to ten years of age, predicted race-related 

behavior, and were positively correlated with explicit measures of racial preference.  

  Research has shown that implicit, but not explicit, racial biases are associated 

with differential processing of in- and out-group faces. Phelps et al. (2000), for example, 

revealed increased activity in the amygdala for Black (i.e., outgroup) faces among White 

Americans, which significantly correlated with implicit measures of pro-White/anti-

Black biases, but not with explicit evaluations (i.e., Modern Racism Scale). Cunningham 

et al. (2004) also reported that, among White participants, increased activity in the 

amygdala for Black vs White faces and increased activity in the bilateral fusiform area 

for White vs Black faces were associated with stronger pro-White biases as measured by 

the IAT.  

 Regarding ERPs, only a few studies have investigated the relationship between 

implicit racial biases and differential ERP race effects. None of them found direct 

correlations between P100 responses and implicit racial biases towards own (i.e., White) 

and other (i.e., Asian, Black) race groups (Anzures et al., 2022; Anzures & Mildort, 

2021; He et al., 2009). As for the N170, Ito et al. (2004) did not find a significant 

association with explicit, self-reported racial biases (i.e., Modern Racism Scale). He et al. 

(2009) also found no correlation between N170 amplitude or latency and IAT measures. 

However, Anzures and Mildort (2021) reported that stronger pro-White implicit biases 

resulted in more negative N170 responses to other-race faces (i.e., Eastern Asian), and 
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more delayed N170s among those who also displayed better other-race recognition 

proficiency. In line with these findings, Anzures and colleagues (2022) reported that 

stronger biases towards participants’ own race were associated with larger N170 

amplitudes to other-race faces in adults.
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THE PRESENT STUDY 

The above review of the literature reveals that although significant progress has 

been made in the field of face processing, several areas demand more attention. To fill in 

the identified gaps in the literature, we recorded White children’s and adults’ P100 and 

N170 responses to White (i.e., own-race) and Asian (i.e., other-race) faces while they 

completed a face identification task. We then examined age and face race modulations of 

ERP responses to own- and other-race faces. In addition, the relationships between ERP 

race effects and racial experience (as measured by a self-reported questionnaire) as well 

as implicit racial bias (as measured by a child-friendly IAT) were investigated. We aimed 

to answer the following research questions: 

1. Are there age-related changes in early, face-sensitive ERP responses (i.e., 

P100 and N170)? 

Previous research has revealed age-related changes in P100 and N170 responses 

to faces (e.g., Hileman et al., 2011; Taylor et al., 1999). These investigations, besides 

being scarce, have mostly employed baseline-to-peak measures of amplitude, ignoring 

the influence of developmental changes in the P100 on subsequent components. Thus, the 

present study will contribute to the limited available evidence by comparing school-aged 

children’s and adults’ ERP responses to faces while using peak-to-peak measures of 

N170 amplitude. Moreover, this will be the first study to compare children’s and adults’ 

ERP responses to faces in the context of a face identification task. Based on the available 

literature, we had the following hypotheses: 
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a. Children will show more positive and more delayed P100s than adults 

(e.g., Anzures et al., 2022; Hileman et al., 2011; Kuefner et al., 2010). 

b. Children will show more delayed N170s and larger P100 to N170 peak-to-

peak amplitudes than adults (Anzures et al., 2022; Kuefner et al., 2010; 

Taylor et al., 1999). 

2. Does stimulus race modulate face processing at the level of the P100 and 

N170 responses? If so, does differential processing change with age? 

 Examining age-related changes in ERP responses to own- and other-race faces 

sheds light into the development of the mechanisms underlying the cross-race recognition 

deficit and the process of perceptual narrowing. Abundant behavioral research on the 

cross-race recognition deficit from infancy to adulthood is available (see Meissner & 

Brigham, 2001; Oruc et al., 2019; Sporer, 2001a, 2001b for reviews). Yet, research on the 

ERP responses to own- and other-race faces has focused almost exclusively on adults, 

yielding conflicting results. To our knowledge, only two studies have focused on samples 

other than adults: Balas and colleagues (2011) studied infants and Anzures et al. (2022) 

studied school-aged children. The present investigation will be the second to compare 

school-aged children’s and adults’ ERP responses to own- and other-race faces while 

they process face identity. Given evidence that both children and adults show differential 

recognition memory for own- and other-race faces (Anzures et al., 2014), the following 

predictions are made for both age groups: 

a. Own-race faces will elicit smaller and earlier P100 responses than other-

race faces (Anzures & Mildort, 2021). 
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b. Own-race faces will elicit smaller and earlier N170 responses than other-

race faces (Anzures & Mildort, 2021; Senholzi & Ito, 2013). 

3. Are differences in experience with own- and other-race individuals 

associated with P100 and N170 race effects in children and adults?  

 The relationship between face processing and social factors such as interracial 

contact has not been sufficiently explored. Behavioral research has confirmed that 

increased social experience with other-race individuals mitigates the cross-race 

recognition deficit (Goldstein & Chance, 1985; Meissner & Brigham, 2001; Singh et al., 

2021). However, the direct relationship between quantity and quality of interracial 

contact and differential ERP responses to own- and other-race faces remains largely 

unexplored. Thus, the present research will be the first to investigate the relationship 

between race experience and children’s and adults’ ERP responses to own- and other-race 

faces in the context of a face identification task. We had the following hypotheses for 

children and adults: 

a. Greater relative contact with the other race (indexed by negative race 

experience difference scores) will be associated with larger and delayed 

P100 responses to other-race faces (indexed by negative difference scores 

for P100 amplitudes and latencies to own- and other-race faces). 

b. Greater relative contact with the other race (indexed by negative race 

experience scores) will be associated with larger and delayed N170s for 

own-race faces (indexed by negative difference scores for N170 

amplitudes and latencies to own- and other-race faces; Walker et al., 

2008).  
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4.  Are implicit racial biases associated with P100 and N170 race effects in 

children and adults?  

 The influence of implicit racial biases on ERP responses to own- and other-race 

faces is also largely unexplored. Two studies (Anzures & Mildort, 2021; He et al., 2009) 

examined this relationship in adults, yielding mixed results. Only one study has done so 

from a developmental perspective (Anzures et al., 2022). Therefore, the current research 

contributes to the existing literature by being the second study examining the relationship 

between implicit racial bias and ERP race effects in children and adults in the context of a 

face identification task. We made the following predictions for children and adults: 

a. Implicit racial bias will not be associated with P100 race effects (Anzures 

et al., 2022; Anzures & Mildort, 2021; He et al., 2009). 

b. Implicit racial bias favoring the own-race will be associated with larger 

and delayed N170s to other-race faces (indexed by negative difference 

scores for N170 amplitudes and latencies to own- and other-race faces; 

Anzures et al., 2022).
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METHODS 

Participants 

Initially, 42 White children (12 males total) were recruited from mailing lists and 

local recruitment events (e.g., YMCA, Sugar Sand Park events) and received $40 in gift 

certificates for their participation. They were sorted into two age groups: younger 

children (n = 21, ages 5 to 7) and older children (n = 21, ages 8 to 10). Forty-two White 

undergraduate students (18- to 25-year-olds, half females) were also recruited from 

Florida Atlantic University and received course credits for their participation.  

Participants who reported a family history of Autism Spectrum Disorder (ASD) 

were excluded. In addition, only those who completed all tasks (i.e., EEG face 

identification task, IAT, and race experience questionnaire) and had more than 30 usable 

trials of EEG data were included in the final analyses. After applying the exclusion 

criteria, our final sample included 33 adults, 21 children ages 8 to 10, and 18 children 

ages 5 to 7.  

The Edinburgh Handedness Questionnaire was administered: approximately 86 

and 83% of adults and children, respectively, were right-handed. The handedness score 

was used to determine which hand the participant should use to respond to the tasks.   

Stimuli 
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Implicit Association Task 

Face stimuli consisted of color photographs of full-front adult faces displaying a 

neutral expression and direct eye gaze (see Appendix A). Ten faces were presented: five  

White (three females) and five Asian (i.e., Chinese; three females). Non-face stimuli 

consisted of ten nice (e.g., flower, laughing emoji, partying emoji, rainbow, and thumbs 

up) and not-so-nice (e.g., wilted flower, grumpy emoji, angry emoji, rain, and thumbs 

down) objects (see Appendix B). Face and non-face stimuli always appeared at the center 

of the screen on a gray background.  

Additional images were always presented in the screen’s top corners to remind 

participants of the stimuli categories. For instance, during blocks II, III, IV, and V, an 

averaged White face and an averaged Asian face (individual White/Asian faces averaged 

together) were presented. During blocks I, III, and V, a happy and an unhappy face were 

presented for the nice and not-so-nice categories, respectively.  

Face Identification Task 

Participants were presented with color photographs of adult target faces 

displaying direct eye gaze, varying viewpoints (i.e., full-front and ¾ views), and a 

smiling or neutral expression. Four target identities were presented, one in each block: 

Pam (White female), Kyle (White male), Ann (Chinese female), and John (Chinese 

male). The face stimuli did not contain hair, ears, paraphernalia, make-up, or facial hair 

(see Appendix C). They were all approximately the same size and brightness and always 

appeared at the center of the screen.  

The distractor/non-target faces consisted of 20 White and 20 East Asian (i.e., 

Chinese) faces (half males; see Appendix D). The same 40 non-target faces were 
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presented in all four blocks. They were the same size and brightness and appeared in the 

same location as the target faces. The interstimulus interval consisted of a colored oval of 

the same size and in the same location as the face stimuli. 

Procedure 

 The present research was approved by the Florida Atlantic University Institutional 

Review Board (Appendix E). Written informed consents were collected from participants 

and their legal guardians, if underaged, after telling them about the tasks they would 

complete and what was required of them. Questionnaires were also administered to 

collect demographic data, information on family history of ASD and prosopagnosia, 

participants’ handedness, and their experience with White and Asian individuals.  

During the lab session, participants completed an Implicit Association Task, a 

face identification task while their eye movements were recorded (not included in the 

present study), a face identification task while EEG was recorded, and a race experience 

questionnaire. The order in which the tasks were completed remained consistent across 

participants. Additionally, adults completed a second IAT task (same number of blocks 

and trials as the IAT completed by children) with good (adore, cheer, glorious, happy, 

and lovely) versus bad (dirty, hatred, nasty, pain, and poison) words instead of nice 

versus not so nice pictures. Face stimuli were identical to the ones described in the above 

task. However, the adult IAT task will not be examined in this paper.  

Implicit Association Task 

Participants were instructed to categorize target items by pressing either a yellow 

(left side) or blue (right side) button on a response box. They categorized (I) nice versus 

not-so-nice images, (II) White versus Asian faces, (III) White faces and nice images 
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versus Asian faces and not-so-nice images, (IV) White faces versus Asian faces -opposite 

race-button pairings from block II-, and (V) Asian faces and nice images versus White 

faces and not-so-nice images -opposite face race-picture category pairing from block III. 

The order in which blocks III and V appeared was counterbalanced across participants.   

First, participants received instructions and saw examples of the stimuli 

categories. Next, stimuli were presented sequentially and remained on the screen until the 

participants entered a response. A red X appeared as feedback for incorrect trials. 

Participants completed 20 trials of blocks I and II, 80 trials (40 practice and 40 critical 

test trials) of blocks III and V, and 40 trials of block IV.   

PsychoPy version 1.90 was used to administer the task on a 24” monitor. 

Participants sat 60 cm away from the monitor. The order of the face race and non-face 

image pairing was counterbalanced across participants, with half of the participants 

viewing White faces paired with nice images first and the other half viewing Asian faces 

paired with nice images first.  

Race Experience Questionnaire 

 A self-reported questionnaire was administered to evaluate participants’ level of 

social contact and individuating experience with White and East Asian individuals. 

Questions about quantity of contact asked participants to rate their amount of contact 

with East Asian and White individuals on a scale from 1 “very little” to 7 “very 

extensive.” Regarding individuating experience, participants were asked to report the 

number and last names of East Asian and White close friends.  
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Face Identification Task 

 The task was presented on a 27” monitor using E-Prime. Participants sat 

approximately 50 cm away from the monitor and completed four blocks of the 

identification task. Prior to each block, they were familiarized with one of four target 

identities: Pam (White female), Kyle (White male), Ann (Asian female), or John (Asian 

male). They were instructed to look at him/her very carefully and try to remember 

him/her. The familiarization stage consisted of sequentially presenting three different 

photos of the target identity with a neutral (two images) and a smiling (one image) 

expression at varying viewpoints (i.e., full-front and ¾ views) for five seconds each. 

Next, the three photos previously shown were presented simultaneously on the screen for 

five seconds (see Appendix F).  

 After familiarization with the target identity, participants completed a short 

practice task. First, they were presented with the three photos of the target identity once 

again for five seconds. Subsequently, they saw a sequence of 12 faces (three target faces), 

each presented for 1000 ms and followed by an interstimulus interval (colored oval) of 

1300, 1400, or 1500 ms. Participants were instructed to press the down-arrow key 

whenever they saw the target face.  

 After the familiarization and practice tasks, participants completed 48 trials of the 

identification task in which they saw face stimuli one at a time, including target (eight 

trials) and non-target (40 trials, 20 White and 20 Asian) faces. Each face was presented 

for 1000 ms, followed by an interstimulus interval (colored oval) of 1300, 1400, or 1500 

ms. Participants were instructed to press the down-arrow key whenever they saw the 
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target identity. No feedback was provided. The same non-target stimuli was used across 

all four blocks, presented in a random order.  

Target stimuli were included to provide participants with a task and to encourage 

face individuation in a context that required face identification. However, only ERP 

responses to nontarget faces were be analyzed, which explains the higher frequency of 

nontarget stimuli. Focusing on the nontarget faces, which did not require a key press, 

ensures that the ERPs elicited by these stimuli are not influenced by increased 

attention/arousal to stimuli that do require button presses or by brain activity associated 

with giving a motor response (i.e., response-related activity; Newman, 2019).  

EEG recording and analysis  

During the face identification task, participants wore a 64-channel cap that 

covered their scalps. Conductive gel was injected to the electrodes to facilitate 

conductance of the electrical signal from the scalp to the electrodes. Continuous EEG was 

recorded using Brain Vision Recorder with a sampling rate of 500 Hz. Task instructions 

were provided at the beginning of each block, and participants were asked to minimize 

movement as much as possible. Participants’ faces were videotaped after obtaining 

consent to facilitate offline manual artifact rejection.   

 Offline, the EEG signal was filtered (0.1-30 Hz bandpass filter) to reduce artifacts 

due to movement and environmental noise. The data were also re-referenced to an 

average reference and baseline corrected (100 ms). Moreover, 650 ms epochs were 

generated, starting 100 ms before face stimuli onset (to ensure that prior to the event of 

interest the conditions were neutral and comparable across participants and categories). 

The segmented data were divided into two categories: nontarget Asian faces and 
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nontarget White faces. Manual artifact detection was conducted in all electrode channels; 

trials with ocular and movement artifacts as well as trials in which participants looked 

away from the screen were removed. A minimum of 30 artifact-free trials were required 

for each condition (i.e., Asian and White faces) for each participant; only two participants 

(i.e., one adult, one 5-year-old) did not meet this inclusion criterion. After trial rejection, 

the segmented data were averaged across channels by face race (i.e., Asian and White 

faces) for each participant.  

For each participant, the averaged data was visually inspected to identify the scalp 

sites at which each ERP component was largest over each hemisphere. Thus, instead of 

measuring the ERP components from the same electrode site from all participants, each 

component was first measured at each individual electrode site within regions of interest 

and, for each participant, the maximal values for each peak were selected to represent the 

left and right P100 and N170. This approach ensures that the maximum P100 and N170 

amplitudes are captured for participants of all ages, accounting for individual differences 

in head size and brain morphology (Jetha et al., 2012; Zheng et al., 2011), which is 

relevant considering that ERPs were recorded using electrode caps with fixed electrode 

positions. 

The P100 was identified as the largest positive peak within the parieto-occipital 

regions of the left (O1, PO3, PO7, P3, P5, P7) and right hemispheres (O2, PO4, PO8, P4, 

P6, P8) between 85 and 185 ms and 65 and 150 ms post-stimulus onset in children and 

adults, respectively. This is consistent with previous research reporting that the P100 

tends to be maximal at occipital and parieto-occipital sites (Caharel et al., 2009; 

Campanella et al., 2000; He et al., 2009; Herzmann, 2016; Itier & Taylor, 2004b; Kuefner 
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et al., 2010; Ran et al., 2014). P100 latency was measured at the electrode site where the 

component was maximal over each hemisphere.  

The N170 was defined as the largest negative peak within the parieto-occipital 

regions of the left (TP9, TP7, P1, P3, P5, P7, PO3, PO7, O1) and right hemispheres 

(TP10, TP8, P2, P4, P6, P8, PO4, PO8, O2) between 135 and 290 ms and 115 and 215 

ms post-stimulus onset in children and adults, respectively. This is in line with previous 

reports of the N170 being largest in amplitude over laterotemporal, temporoparietal, and 

parietooccipital sites (Batty & Taylor, 2006; Caldara et al., 2004; Herzmann, 2016; Itier 

& Taylor, 2002; Itier & Taylor, 2004b; Ran et al., 2014; Schweinberger et al., 2004). 

N170 latency was measured at the electrode site where the component was largest over 

each hemisphere.   
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RESULTS 

Attention Check 

Participants’ behavioral responses to the target identities (e.g., Pam, Kyle, Ann, 

and John) were examined to determine whether they remained attentive throughout the 

identification task. In average, adults, 8- to 10-year-olds, and 5- to 7-year-olds responded 

correctly to approximately eight, seven, and six out of the eight targets in each block, 

respectively, suggesting that they were following instructions and remained attentive 

throughout the task.  

P100 and N170 Responses to Face Stimuli 

P100 and N170 amplitudes and latencies to own- and other-race faces over the 

right and left hemispheres were averaged for each age group (Tables 1 and 2). The P100 

to N170 peak-to-peak amplitude (P100 – (N170)) was used instead of baseline-to-peak 

N170 amplitude for all subsequent analyses. A difference score was obtained for each 

ERP component over each hemisphere by calculating the difference between ERP 

responses to White and Asian faces (ERP responses to White faces - ERP responses to 

Asian faces). This difference score is an index of ERP ethnicity/race effects (i.e., 

differences in ERP responses to own- and other-race faces). Positive scores indicate 

larger responses to own-race faces, negative scores indicate larger responses to other-race 

faces, and a score of zero indicates similar responses to own- and other-race faces. 
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The data were explored to identify outliers and significant deviations from 

normality prior to running inferential statistical analyses. For each age group, outliers 

were defined as baseline-to-peak/peak-to-peak amplitudes and latencies greater than 2.5 

standard deviations (SDs) from the group mean. To determine whether outliers 

influenced the results, analyses were conducted with and without the extreme data points. 

Bonferroni corrections were used to adjust for multiple comparisons. If the assumption of 

homogeneity of variances was violated, the Games-Howell multiple comparison test was 

used.  

Age and Race Effects on ERP Responses to Own- and Other-race Faces 

 Multiple mixed ANOVAs were conducted with face race (i.e., White or East 

Asian) and hemisphere (i.e., right or left) as the within-subject factors and age group (i.e., 

5- to 7-year-olds, 8- to 10-year-olds, or 18- to 25-year-olds) as a between-subjects factor.

P100 amplitude, P100 latency, P100 to N170 peak-to-peak amplitude, and N170 latency 

were the dependent variables.  

P100 amplitude  

There was a main effect of hemisphere, F(1, 69) = 13.32, p < .001, ηp2 = .16, 

suggesting significantly larger P100 amplitudes over the right hemisphere (M = 27.66, 

SD = 6.87) relative to the left hemisphere (M = 25.11, SD = 7.30; Figure 1). There was no 

significant main effect of face race on P100 amplitude (p = .10). The main effect of age 

group was significant, F(2, 69) = 154.32, p < .001, ηp2 = .82 (Figure 2). Games-Howell 

multiple comparison tests revealed significant differences between the three age groups, 

with larger P100 amplitudes in 5- to 7-year-olds (M = 38.60, SD = 6.24) than in 8- to 10-

year-olds (M = 31.27, SD = 6.23; p = .02). P100 amplitudes in both groups of children 
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were significantly larger than in the adults (M = 9.29, SD = 6.20; p values < .001). None 

of the two-way or three-way interactions were significant (p values > .21). The results did 

not change when outliers (i.e., one adult, one 8-year-old, one 10-year-old) were excluded 

(see Table 3).  

P100 latency  

There was no significant main effect of hemisphere on P100 latencies (p = .44). 

We observed a significant main effect of age, F(2, 69) = 30.53, p < .001, ηp2 = .47 

(Figure 3). Bonferroni multiple comparison tests revealed significant differences between 

P100 peaks in adults (M = 95.96, SD = 9.93) and in children ages 5 to 7 (M = 116, SD = 

9.97) and 8 to 10 (M = 112.60, SD = 9.94; p < .001), but not between both groups of 

children (p = .87). The main effect of face race was significant, F(1, 69) = 4.79, p = .03, 

ηp2 = .07. The interaction between face race and age group was also significant, F(2, 69) 

= 3.45, p = .04, ηp2 = .09, driven by earlier latencies for Asian faces (M = 109.81, SD = 

9.81) relative to White faces (M = 115.38, SD = 12.19) in children ages 8 to 10 (Figure 

4), but similar latencies to Asian and White faces in children ages 5 to 7 (M = 114.27, SD 

= 9.80 and M = 117.72, SD = 12.22, respectively; p = .14) and adults (M = 96.58, SD = 

9.82 and M = 95.33, SD = 12.18; p = .47). The interactions between hemisphere and face 

race, hemisphere and age group, as well as hemisphere, face race, and age group were not 

statistically significant (p values = .31, .31 and .60, respectively).  

When the extreme data points (i.e., one 8-year-old, one 9-year-old, three 6-year-

olds) were excluded, the main effect of face race was no longer significant (p = .15). The 

other findings were not changed by excluding the outliers (see Table 3).  

P100 to N170 peak-to-peak amplitude 
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We observed a main effect of hemisphere, F(1, 69) = 8.41, p = .01, ηp2 = .11, with 

significantly larger P100 to N170 peak-to-peak amplitudes over the right hemisphere (M 

= 41.80, SD = 10.52) than in the left hemisphere (M = 38.01, SD = 12.81; Figure 5). 

There was also a significant main effect of age group, F(2, 69) = 101.95, p < .001, ηp2 = 

.75 (Figure 6). Games-Howell multiple comparison tests revealed that adults (M = 17.85, 

SD = 10) had significantly smaller P100 to N170 peak-to-peak amplitudes than both 

groups of children (p < .001). Also, we found significantly different P100 to N170 peak-

to-peak amplitudes between children ages 5 to 7 (M = 56.84, SD = 10.01) and 8 to 10 (M 

= 45.03, SD = 9.99; p = .02). The main effect of face race was not significant, F(1, 69) = 

0.43, p = .52. None of the two-way and three-way interactions were statistically 

significant (p values > .22).   

When the outliers (i.e., two adults, two 6-year-olds) were excluded, the difference 

in P100 to N170 peak-to-peak amplitudes between both groups of children became only 

marginally significant (p = .06). There was also a trend towards a significant main effect 

of face race, F(1, 65) = 3.41, p = .07, ηp2 = .05, suggesting significantly larger P100 to 

N170 peak-to-peak amplitudes for Asian (M = 38.62, SD = 8.49) than White (M = 37.73, 

SD = 7.67) faces. The rest of the findings did not change when the outliers were removed 

(see Table 4).  

N170 latency 

 There was no significant main effect of hemisphere or face race (p values = .54 

and .66, respectively). The main effect of age group was significant, F(2, 69) = 65.41, p < 

.001, ηp2 = .66 (Figure 7). Games-Howell multiple comparison tests revealed 

significantly earlier N170 latencies in adults (M = 148.71, SD = 23.15) than in children 
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ages 5 to 7 (M = 216.42, SD = 23.16) and 8 to 10 (M = 206.12, SD = 23.14; p < .001). No 

significant differences in N170 latency were found between both groups of children (p = 

.47). The interactions between hemisphere and age group and hemisphere and face race 

were not statistically significant (p values = .39 and .66, respectively). The two-way 

interaction between face race and age group was significant, F(2, 69) = 4.70, p = .01, ηp2 

= .12 as well as the three-way interaction between face race, age group, and hemisphere 

F(2, 69) = 3.14, p = .049, ηp2 = .08. Bonferroni comparisons of the simple main effects 

showed significantly earlier N170s to Asian (M = 191.90, SD = 40.14) than White (M = 

209.80, SD = 36.61) faces in 8- to 10-year-olds over the left hemisphere only (p = .03). In 

5- to 7-year-olds, we observed significantly earlier N170s to White (M = 202.78, SD = 

35.72) than Asian (M = 202.67, SD = 39.16) faces over the left hemisphere only (p = .02; 

Figure 8). No significant differences were found between adults’ N170 latencies to White 

and Asian faces over the right (M = 146.14, SD = 29.24 and M = 146.41, SD = 28.55, 

respectively; p = .94) or left (M = 150.62, SD = 38.14 and M = 149.86, SD = 41.76, 

respectively; p = .91) hemispheres. 

After removing the outliers (i.e., four adults, one 9-year-old) the two-way 

interaction between face race and age group remained significant, F(2, 64) = 4.19, p = 

.02, ηp2 = .12, driven by significantly earlier N170 latencies to White (M = 209.72, SD = 

25.75) than Asian (M = 223.11, SD = 24.23) faces in children ages 5 to 7 only (p = .02); 

N170 latencies for White and Asian faces were not significantly different in adults (M = 

148.38, SD = 25.74 and M =148.14, SD = 24.23, respectively; p = .96) or children aged 8 

to 10 (M = 211.25, SD = 25.76 and M = 203.30, SD = 24.19; p = .13). The other findings 

did not change after removing the outliers (see Table 4).  
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Race Experience 

Participants’ responses to the race experience questionnaire (Table 5) were z-

scored (i.e., standardized) given the different response scales and averaged for each race. 

Next, an index of race experience was computed for each participant by subtracting the 

average experience with East Asian (i.e., other-race) from the average experience with 

White (i.e., own-race) individuals. Negative scores indicate greater experience with 

members of the other race, positive scores indicate greater experience with members of 

the own race, and a score of zero indicates balanced race experience.  

Children’s and adults’ race experience  

At the group level, 5- to 7-year-olds (M = 3.37, SD = 1.44), 8- to 10-year-olds (M 

= 3.14, SD = 1.39), and adults (M = 2.23, SD = 1.29) reported more relative experience 

with members of the own race, as indicated by positive race experience difference scores. 

A one-way ANOVA with age group as a between-subjects factor revealed a significant 

main effect of age, F(2, 69) = 5.15, p = .01. Multiple comparison tests revealed 

significant differences between 5- to 7-year-olds’ race experience difference scores and 

those of adults (p = .02), but not those of 8- to 10-year-olds (p = 1). There was a trend 

toward significant differences between adult’s and 8- to 10-year-olds’ race experience 

difference scores (p = .06). 

Relationship between race experience and ERPs to own- and other-race faces 

To explore the relationship between race experience and ERP ethnicity effects, 

participants’ race experience differences scores were entered into a bivariate correlation 

with their ERP difference scores.  

P100 amplitude 
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Pearson correlations between race experience difference scores and difference 

scores for P100 amplitudes to own- and other-race faces were nonsignificant in adults (p 

values > .47) or children (p values > .24; Table 6). Removing the outliers (i.e., one adult) 

did not change the results (see Table 7).  

P100 latency 

Pearson correlations between 5- to 7-year-olds’, 8- to 10-year-olds’, and adults’ 

race experience difference scores and difference scores for P100 latencies to White and 

Asian faces over the right and left hemispheres were nonsignificant (p values > .25, .15, 

and .53, respectively; Table 6). Analyses in which the outliers (i.e., two 6-year-old, one 

9-year-old, one 10-year-old, one adult) were removed showed a marginally significant

negative correlation between race experience difference scores and differences in P100 

latencies to own- and other-race faces over the left hemisphere in children ages 8 to 10 (r 

= -.44, p = .05). This suggests that more relative experience with own-race (or other-race) 

individuals is associated with earlier latencies for own-race (or other-race) faces over the 

left hemisphere. All other correlations remained nonsignificant after excluding the 

outliers (Table 7).  

P100 to N170 peak-to-peak amplitude 

Pearson correlations between 5- to 7-year-olds’, 8- to 10-year-olds’, and adults’ 

race experience difference scores and difference scores for P100 to N170 peak-to-peak 

amplitudes to own- and other-race faces over the right and left hemispheres were 

nonsignificant (p values > .55, .18, and .12; Table 8).  

Removing the outliers (i.e., one 6-year-old, two adults) from the analyses revealed 

a marginally significant positive correlation between adults’ race experience difference 
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scores and difference scores for P100 to N170 peak-to-peak amplitudes to White and 

Asian faces over the left hemisphere only (r = .33, p = .07). It seems that, for adults, as 

relative experience with individuals of the own race (or the other race) increases, N170 

adjusted amplitudes to own-race (or other-race) faces over the left hemisphere also 

increase. The rest of the findings did not change when outliers were removed (see Table 

9).  

N170 latency 

Pearson correlations between race experience difference scores and difference 

scores for N170 latencies to own- and other-race faces over the right and left hemispheres 

were nonsignificant in adults (p values > .14), children ages 8 to 10 (p values > . 34), and 

children ages 5 to 7 (p values > .75; Table 8). Removing outliers (i.e., two adults, two 9-

year-olds, two 6-year-olds) revealed a significant positive correlation between adults’ 

race experience difference scores and difference scores for N170 latencies to own- and 

other-race faces over the left hemisphere (r = .38, p = .03; Figure 9), suggesting that as 

relative experience with individuals of the own race increases, N170 latencies to own-

race faces over the left hemisphere also increase relative to latencies to other-race faces. 

The rest of the findings did not change when outliers were removed (see Table 9).  

Implicit Racial Bias 

Implicit racial bias scores (D) were computed for each participant by calculating 

the difference between response times for incongruent trials (i.e., trials in which “nice 

things” are paired with other-race faces) and congruent trials (i.e., trials in which “nice 

things” are paired with own-race faces) in two critical blocks. Then, that difference was 

divided by the pooled standard deviation. Practice and test trials were averaged together 



 
 

 49 

when calculating the difference as recommended by Richetin et al. (2015). Incorrect 

responses were substituted by a value equal to 2 SDs above the mean correct response 

time. Table 10 shows participants average IAT scores per age group: scores of zero 

indicate no implicit racial bias, negative scores indicate racial bias favoring members of 

the other race, and positive scores indicate racial bias favoring members of the own race. 

IAT scores 

 A one-way ANOVA with age groups as the between-subjects factor revealed that 

there was a significant main effect of age group, F(2, 69) = 3.19, p = .047. Multiple 

comparison tests revealed significantly higher IAT scores in adults (M = .37, SD = 0.40) 

than in children ages 5 to 7 (M = .10, SD = 0.45, p = .04) and 8 to 10 (M = .11, SD = 0.50, 

p = .04). There were no significant differences between IAT scores in both groups of 

children (p = .90).   

One-sample t-tests were conducted to determine whether participants showed 

statistically significant implicit biases (Table 10). Adults’ IAT scores differed 

significantly from zero, showing significant implicit biases favoring their own race, t(32) 

= 5.34, p < .001, d = .93. However, children did not show significant implicit racial 

biases, t(38) = 1.40, p = .17. 

Relationship between implicit racial bias and ERPs to own- and other-race faces 

To examine the relationship between participants’ implicit racial bias and their 

ERP ethnicity effects, Pearson correlations were conducted between participants’ IAT 

scores and their difference ERP scores. 

P100 amplitude  
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 Table 11 shows that there were no significant correlations between IAT scores 

and difference scores for P100 amplitudes to own- and other-race faces over the right and 

left hemispheres in children or adults (p values > .08). Removing the outliers (i.e., one 

adult) did not change the results (Table 12).  

P100 latency 

Table 11 shows that there were no significant correlations between IAT scores 

and difference scores for P100 latencies to own- and other-race faces over the right and 

left hemispheres in children (p values > .16) or adults (p values > .39). Removing the 

outliers (i.e., two 6-year-olds, one 10-year-old, one adult, one 9-year-old) revealed a 

significant negative correlation between 5- to 7-year-olds’ IAT scores and difference 

scores for P100 latencies to own- and other-race faces over the right hemisphere only (r = 

-.53, p = .03; Figure 10). This suggests that higher IAT scores indicative of larger own-

race bias are associated with earlier P100 latencies to own-race faces relative to other-

race faces over the right hemisphere in 5- to 7-year-olds. All other correlations remained 

nonsignificant (Table 12).  

P100 to N170 peak-to-peak amplitude 

We observed a marginally significant and a significant negative correlation 

between IAT scores and difference scores for N170 adjusted amplitudes to own- and 

other-race faces over the left hemisphere in children ages 5 to 7 (r = -.45, p = .06) and 8 

to 10 (r = -.51, p = .02; Figure 11), respectively. This suggests that larger own-race bias 

is associated with smaller P100 to N170 peak-to-peak amplitudes to own-race faces 

relative to other-race faces over the left hemisphere in children 5 to 7 and 8 to 10. The 

other correlations were not statistically significant (p values > .18; Table 13).  
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Once outliers (i.e., one 6-year-old, two adults) were removed, the marginally 

significant correlation between IAT scores and difference scores for N170 adjusted 

amplitudes to own- and other-race faces over the left hemisphere in children ages 5 to 7 

became nonsignificant. The other correlations did not change (see Table 14).  

N170 latency 

Table 13 shows that there were no significant correlations between IAT scores 

and difference scores for N170 latencies to own- and other-race faces over the right and 

left hemispheres in children (p values > .11) or adults (p values > .31). Removing the 

outliers (i.e., two adults, two 9-year-olds, two 6-year-olds) did not change the results (see 

Table 14). 
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DISCUSSION 

 The present study examined P100 and N170 responses to own- and other-race 

faces in White children and adults to shed light on how these ERPs change across age 

groups, how they are influenced by face stimulus race, and their relationship with race 

experience and implicit racial bias. Next, we discuss our findings in light of the available 

literature on these topics.  

 Our first goal was to contribute evidence of age-related changes in face-sensitive 

ERP responses to faces. In general, the examined ERP correlates of face processing were 

modulated by age. We observed the largest P100 responses in 5- to 7-year-olds (38 µV), 

followed by 8- to 10-year-olds (31 µV), and adults (9 µV), all significantly different from 

each other. This confirms our hypothesis regarding changes in P100 amplitude with age 

and is consistent with previous reports that the P100 tends to decrease in amplitude as age 

increases (Anzures et al., 2022; Batty & Taylor, 2006; Hileman et al., 2011; Itier & 

Taylor, 2004a; Kuefner et al., 2010; Miki et al., 2015; O’Connor et al., 2005). Similar 

developmental changes have been observed in P100 responses to non-face stimuli 

(Kuefner et al., 2010), which suggests that these age-related changes in P100 amplitude 

might be due to general cognitive improvements in processing low-level features of 

stimuli. The smaller amplitudes as age increases seem to be an index of more efficient 

processing of low-level features of faces (e.g., skin tone), thought to result from 
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decreases in gray matter volume and synaptic density following synaptic pruning (Itier & 

Taylor, 2004b; Kuefner et al., 2010). Alternatively, it has been proposed that changes in 

head size and scalp conductivity might explain the larger P100 amplitudes in children, 

since their scalp tissue has been found to be more conductive due to a higher amount of 

ions and water as compared to calcified bones in adults (Kuefner et al., 2010).  

 Regarding P100 latency, as expected, we observed significantly earlier P100s in 

adults than in both groups of children. Specifically, P100 latencies decreased linearly 

from 5 to 7 (116 ms), to 8 to 10 (112 ms), and to 18 to 25 (96 ms) years of age. The 

difference in P100 latency between 5- to 7-year-olds and 8- to 10-year-olds was not 

significant, suggesting that the greatest decreases in latency are seen during adolescence. 

As previously reported by Itier and Taylor (2004b), P100 latencies do not tend to change 

drastically between 8 and 15 years of age. Our findings are consistent with previous 

research that found decreases in P100 latency as age increases (Anzures et al., 2022; 

Hileman et al., 2011; Kuefner et al., 2010), indicating faster processing of low-level 

features in adults than in children. These age-related improvements in processing speed 

might be due to age-related increases in myelination in brain regions that subserve visual 

processing (Kuefner et al., 2010) as well as to increased overall experience with faces in 

adults (Hileman et al., 2011).  

Also as expected, we found significantly smaller P100 to N170 peak-to-peak 

amplitudes in adults (18 µV) than in children ages 8 to 10 (45 µV), and 5 to 7 (59 µV). 

That there were no significant differences between younger and older children’s P100 to 

N170 peak-to-peak amplitudes suggests that major decreases in amplitude take place 

during adolescence. These findings agree with previous reports of more negative N170 
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amplitudes as age increases (Itier & Taylor, 2004b; Kuefner et al., 2010; Miki et al., 

2015; Taylor et al., 1999) and contribute to the small number of studies that have used 

peak-to-peak instead of baseline-to-peak amplitudes. It seems that even when carryover 

effects from developmental changes in P100 amplitude are subtracted out, the pattern of 

increased negativity with age is still observed. Changes in brain maturation such as 

synaptic pruning and age-related improvements in efficiency of structural face encoding 

could be contributing to the smaller N170s in adults, as discussed for the P100.  

Confirming our prediction, we observed significantly earlier N170s in adults (147 

ms) than in 5- to 7-year-olds (210 ms) and 8- to 10-year-olds (212 ms). This is consistent 

with previous literature reporting decreases in N170 latencies as age increases (Itier & 

Taylor, 2004b; Kuefner et al., 2010; Miki et al., 2015; Taylor et al., 1999). That N170 

latencies were not significantly different between both groups of children suggests that 

greater changes in the speed of processing faces take place between 11 and 18 years of 

age, although Kuefner et al. (2010) did not find significant decreases in N170 latencies 

after age 4. It has been speculated that decreases in N170 latencies as age increases are 

possibly related to developmental changes (e.g., myelination) in areas of the brain that 

participate in face processing (Miki et al., 2015), which seem to become more sensitive 

and proficient for faces as experience with them accumulates over time.  

Moreover, P100 and N170 amplitudes showed right hemisphere lateralization, 

with significantly larger amplitudes over the right as compared to the left hemisphere. 

These findings add to abundant evidence of a right hemisphere dominance for P100 (Itier 

& Taylor, 2004b; Kuefner et al., 2010) and N170 (Batty & Taylor, 2006; Bentin et al., 

1996; Caharel et al., 2009; Itier & Taylor, 2004b, 2004a; Kuefner et al., 2010; O’Connor 
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et al., 2005; Taylor et al., 1999) amplitudes to faces as early as 4 years of age. Similarly, 

fMRI research has revealed greater activation of face processing networks over the right 

relative to the left hemisphere (Behrmann et al., 2016; Lopatina et al., 2018; Zhen et al., 

2013). Together, these neuroimaging findings indicate that the right hemisphere is more 

involved in face processing.  

Although the interaction between hemisphere and age group was not significant in 

the present study, a pattern was observed at the group level in which N170 amplitudes 

were slightly larger over the left hemisphere (60 ms vs 57 ms in the left and right 

hemispheres, respectively) in the younger children, but larger over the right hemisphere 

in the older children (47 vs 41 µV in the right and left hemispheres, respectively) and 

adults (19 vs 15 µV in the right and left hemispheres, respectively). For the P100, the 

right > left hemisphere asymmetry seemed to be in place even in the youngest children 

(39 vs 37 µV in the right and left hemispheres, respectively). These findings suggest that 

right lateralization of face processing begins early in childhood, as previously reported by 

Taylor et al. (1999), perhaps with some components (e.g., P100) becoming lateralized 

earlier than others (e.g., N170). Future research with larger samples could further explore 

the changes in right > left hemisphere asymmetry during childhood to better understand 

how the right hemisphere dominance comes to be.  

In sum, our hypotheses regarding age-related changes in P100 and N170 

responses were all confirmed: we found larger and delayed P100 in children as compared 

to adults as well as larger P100 to N170 peak-to-peak amplitudes and longer N170 

latencies in children than in adults. Most researchers reporting similar findings had done 

so in the context of simple viewing or categorization tasks, but we contribute novel 
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evidence that similar changes in ERP responses are observed in the context of face 

identification. Importantly, greater age-related changes in the processes reflected by the 

P100 and N170 seem to occur after 10 years of age, given the nonsignificant differences 

between 5- to 7-year-olds’ and 8- to 10-year-olds’ P100 and N170 latencies. These 

findings are consistent with previous literature that found improvements in face 

recognition accuracy and speed of processing until 33 years of age (Susilo et al., 2013) as 

well as with fMRI research that revealed that the structural and functional connectivity of 

the brain face-processing network does not reach maturity until late adolescence, with 

changes being observed even in early adulthood (Behrmann et al., 2016; Lopatina et al., 

2018). In addition, that we could measure both ERP components even from the younger 

children and saw a right lateralization starting in childhood supports the idea that the 

protracted development of face processing involves quantitative changes in the 

mechanisms underlying this cognitive process (Itier & Taylor, 2004b; Taylor et al., 

1999). However, the present data cannot rule out the possibility that the observed age-

related changes in P100 and N170 responses might result from general cognitive 

improvements rather than improvements in the mechanisms underlying face processing 

per se. Future studies comparing age-related changes in these ERP responses to face and 

nonface stimuli can help determine the origins of these changes.  

Our second objective was to examine face-sensitive ERP responses to own- and 

other-race faces in children and adults. Mainly, P100 and N170 latencies, but not 

amplitudes, were significantly modulated by face race in children only. Contrary to our 

expectations, 8- to 10-year-olds showed earlier P100s to Asian faces than to White faces, 

indicating that they allocate visual attention to Asian faces faster than to White faces. 
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Meanwhile, in 5- to 7-year-olds and adults, P100 latencies were similar for own- and 

other-race faces, suggesting no differences in speed of attention deployment to own- and 

other-race faces. Anzures and Mildort (2021) also found differences in P100 latencies to 

own- and other-race faces, but they recorded P100s from adults during a simple viewing 

task and found the opposite pattern: delayed P100s for other-race faces. Levin (2000) 

proposed that differential processing of own- and other-race faces might result from 

differential motivation to process them and Herzmann et al. (2011) suggested that 

differences in P100 responses to own- and other-race faces might stem from differences 

in motivation. In a simple viewing task there are no explicit instructions as to how to 

process face stimuli, thus perceivers might be more motivated to process ingroup faces, 

leading to the delayed P100 responses to other-race faces reported by Anzures and 

Mildort (2021). Meanwhile, in the present study, participants were explicitly instructed to 

pay close attention to the faces and to identify them. In this context, the added demand to 

individuate other-race faces that are not typically individuated might result in the earlier 

P100 latencies observed for Asian faces, perhaps in an effort to extract as much featural 

information as possible from them to aid in future identification. It has also been 

suggested that in an active task (e.g., face identification, racial categorization), race tends 

to become more salient (Caldara et al., 2003), and thus other-race faces might attract 

attention faster than more familiar, own-race faces, eliciting earlier P100 responses. Yet, 

Herrmann et al. (2007) and Herzmann (2016) found that P100 latencies were not 

modulated by the stimulus race even during face identification and race categorization 

tasks. 
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N170 latencies over the left hemisphere were also modulated by face race in 5- to 

7-year-old children. The left N170 has been found to be more sensitive to changes in

facial features than the right hemisphere (which seems to be equally sensitive to featural 

and configural changes; Scott & Nelson, 2006). In that sense, differences in N170 

latencies to own- and other-race faces exclusively over the left hemisphere may be 

indicating differences in the speed of processing face features of own- and other-race 

faces. Specifically, as expected, 5- to 7-year-olds showed significantly earlier N170s to 

White faces relative to Asian faces, confirming our hypothesis and suggesting faster 

processing of featural information from own-race faces relative to other-race faces. At 

that age, children tend to rely more on featural face processing because configural 

processing is still developing during early childhood (Mondloch et al., 2002). Then, 

increased focus on face features might take place for both own- and other-race faces, but 

perhaps own-race faces, which tend to be more familiar and typical, elicit faster 

processing than less familiar, outgroup faces. In line with this finding, previous studies 

have also reported delayed N170s to other-race than own-race faces in adults (Anzures & 

Mildort, 2021; Ran et al., 2014; Stahl et al., 2008) and children (Anzures et al., 2022).  

However, the present findings contrast with Herzmann et al.’s (2011) reports of 

earlier N170s to other-race faces over the left hemisphere in adults, possibly due to faster 

processing of featural characteristics of other-race faces relative to own-race faces. 

Unlike in younger children, adults tend to rely more on configural processing (Mondloch 

et al., 2002) for faces they have developed perceptual expertise for (e.g., own-race faces) 

as a result of increased experience with them (Tanaka et al., 2004) and/or higher 

motivation to individuate them (Levin, 2000). However, other-race faces tend to fall 
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outside this developed perceptual expertise and are processed more superficially, that is, 

at the featural level (Tanaka et al., 2004). There is also evidence that, when presented 

with other-race faces, people tend to extract information from face features that are 

“outgroup defining” rather than individuating them (Levin, 2000). All in all, featural 

processing seems to be the default approach to processing other-race faces in adults; thus, 

it makes sense that it began earlier in Herzmann et al.’s (2011) adult participants. For 

younger children, however, featural processing tends to be more relied on for all faces, 

but own-race faces might elicit faster featural processing because they are ingroup and 

more familiar.   

Contrary to our expectations, P100 amplitude was not modulated by the stimulus 

race; that is, we observed similar P100 amplitudes for Asian and White faces in 

participants of all ages. Previous research by Herrmann et al. (2007), Herzmann (2016), 

and Herzmann et al. (2011) support our findings. It has been suggested that these studies 

found no differences in P100 amplitude to own- and other-race faces because they used 

gray-scaled images of faces, thereby reducing differences in low-level characteristics 

such as skin tone that differentiate between the face stimuli. However, the present study 

employed color images and still found no modulation of P100 amplitude by face race. 

Previous research that have found larger (He et al., 2009; Herzmann, 2016) or smaller 

(Anzures et al., 2022; Anzures & Mildort, 2021; He et al., 2009) P100s to own-race faces 

relative to other-race faces have attributed them to differential attention allocation to 

own- and other-race faces. Indeed, more positive P100 responses have been associated 

with higher motivation/attention (Hillyard & Anllo-Vento, 1998). Accordingly, the 

similar P100 amplitudes to White and Asian faces in our study could be the result of 
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similar levels of attention/motivation to process own- and other-race faces, which would 

not be surprising given that participants were instructed to pay attention and identify both 

own- and other-race faces. In contrast, in a context in which there are no explicit 

instructions regarding how faces should be processed (e.g., simple viewing task), 

differences in attention allocation to own- and other-race faces might be observed.  

Also contrary to our expectations, P100 to N170 peak-to-peak amplitudes to 

Asian and White faces in children and adults were not significantly different, suggesting 

that this component was not modulated by face race. Existent research has reported 

similar findings (Anzures et al., 2022; Caldara et al., 2003; Caldara et al., 2004; He et al., 

2009; Ito et al., 2004; Lv et al., 2015; Sun et al., 2014), but others have found that N170s 

tend to be larger for other- than own-race faces, as we had hypothesized (Anzures & 

Mildort, 2021; Herrmann et al., 2007; Herzmann, 2016; Ran et al., 2014; Senholzi & Ito, 

2013; Stahl et al., 2008; Walker et al., 2008; Wiese, 2012; Wiese & Schweinberger, 

2018). Senholzi & Ito (2013) proposed that, when individuals are engaged in face 

identification tasks, the increased amplitudes for other-race faces relative to own-race 

faces might be due to increased processing demands to individuate other-race faces, 

which are typically processed superficially and at the category level. Previous research in 

the context of a face identification task has confirmed Senholzi and Ito’s (2013) findings 

of larger amplitudes to other-race faces (e.g., Herrmann et al., 2007; Herzmann, 2016; 

Ran et al., 2014; Walker et al., 2008; Wiese et al., 2012; Wiese, 2012). In the present 

study, however, there was no differential processing of own- and other-race faces at the 

level of the N170, even though we employed a face identification task, suggesting that 
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similar amount of cognitive resources were allocated to the processing of own- and other-

race faces.  

The present research is the second study that examined ERPs to own- and other-

race faces from a developmental perspective. Thus, we contribute evidence that own- and 

other-race faces are processed differently in children at the ERP level in the context of 

face identification. This is in line with behavioral evidence of differential recognition 

memory for own- and other-race faces since childhood (e.g., Anzures et al., 2014; 

Meissner & Bringham, 2001). At the ERP level, the differential processing appears to 

begin in the early stages of face processing, in which visual attention is deployed to low-

level characteristics of stimuli, and to be restricted to differences in speed of processing. 

Speculations that attention might be allocated differently to own- and other-race faces can 

be further explored using eye-tracking technology to better understand how these faces 

are scanned and how differential allocation of attention could lead to race effects in ERP 

responses to faces. 

We also found similarities and differences in the way children and adults process 

own- and other-race faces. Both children and adults had a tendency to allocate the same 

amount of cognitive resources to the structural encoding of other-race faces, as indicated 

by similar N170 amplitudes to Asian and White faces. Moreover, both children and 

adults seemed to deploy similar levels of attention to own- and other-race faces, as shown 

by similar P100 amplitudes to Asian and White faces. However, while 8- to 10-year-olds 

showed a pattern of faster processing of low-level characteristics of Asian faces (indexed 

by shorter P100 latencies to Asian faces), adults and 5- to 7-year-olds processed own- 

and other-race faces’ low-level characteristics at similar speeds. Also, while participants 
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older than 8 years of age showed similar speed of processing own- and other-race faces’ 

features, 5- to 7-year-olds processed featural information of own-race faces faster than 

that of other-race faces, as indicated by earlier N170s to White faces over the left 

hemisphere.  

The above findings on the effects of face race on ERP responses to own- and 

other-race faces can be better understood by considering participants’ race experience. 

Available evidence suggests that increased interracial contact is associated with improved 

recognition memory for other-race faces (Hancock & Rhodes, 2008; Meissner & 

Brigham, 2001; Singh et al., 2021; Wiese et al., 2012), mitigating the cross-race 

recognition deficit. Research has also found associations between levels of interracial 

contact and differences in ERP responses to own- and other-race faces (Walker et al., 

2008), but only one study has done so from a developmental perspective (e.g., Anzures et 

al., 2022).  

 Then, our third goal was to contribute evidence on whether there is a relationship 

between differences in race experience with own- and other-race individuals and ERP 

ethnicity effects in children and adults. Participants of all ages in our sample reported 

greater relative overall experience with White than Asian people. Contrary to our 

prediction, P100 amplitude and latency ethnicity effects were not associated with 

differences in participants’ experience with own- and other-race people. Thus, differential 

experience with Asian and White individuals does not seem to be contributing to the 

observed earlier P100 latencies to Asian relative to White faces in 8- to 10-year-olds. 

Indeed, no previous research has found associations between P100 ethnicity effects and 

people’s race experience. It might be that the developed perceptual expertise resulting 
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from increased contact with a certain race affect stages of face processing reflected by 

subsequent ERP components. 

 Further, we did not find a significant relationship between differences in N170 

peak-to-peak amplitudes to own- and other-race faces and race experience, which 

partially refutes our hypothesis. This contrasts with Walker et al.’s (2008) findings that 

more individuating experience with other-race faces was associated with larger 

amplitudes to own-race faces relative to other-race faces. On the other hand, N170 

latency ethnicity effects in adults were significantly positively correlated with their race 

experience difference scores, suggesting that as relative experience with individuals of 

the own race increases, N170 latencies to own-race faces over the left hemisphere also 

increase relative to latencies to other-race faces (although this difference was not 

statistically significant in our sample). Participants in our sample might have developed 

perceptual expertise for White faces due to greater overall experience with them. Thus, 

by default, they would process White faces in a more efficient, configural/holistic manner 

(Tanaka et al., 2004). In that sense, their featural processing of White faces might be 

delayed (i.e., longer latencies over the left hemisphere) relative to that of Asian faces, 

which, by default, would be processed in a feature-based manner due to less experience 

with them.  

Beyond race experience, it is likely that several factors might be contributing to 

differences in the processing of own- and other-race faces at the level of P100 and N170 

responses, including task context (e.g., Senholzi & Ito, 2013), race experience (e.g., 

Walker et al., 2008), implicit racial bias (e.g., Anzures et al., 2022), and face recognition 

proficiency (e.g., Anzures & Mildort, 2021). Regarding implicit bias, there is evidence 
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that it can modulate race effects on ERP responses to faces, but only one study has 

examined this relationship in children and adults (Anzures et al., 2022; Anzures & 

Mildort, 2021). Thus, our fourth goal was to evaluate the relationship between children’s 

and adults’ racial bias and ERP ethnicity effects.  

As expected, we found no relationship between implicit racial bias and race 

effects on P100 amplitudes, in line with previous research (Anzures et al., 2022; Anzures 

& Mildort, 2021; He et al., 2009). However, contrary to our expectations, differences in 

P100 latency to own- and other-race faces were associated with 5- to 7-year-olds’ 

implicit racial bias, such that automatic preferences for members of the own race may 

result in faster deployment of attentional resources to faces from the own race over the 

right hemisphere. The implicit measures used in the present study showed no significant 

bias at the group level in children ages 5 to 7, which might explain at least partly why we 

did not see significant differences between their P100 latencies to Asian and White faces. 

Further, it looks like the race effects seen in 8- to 10-year-olds’ P100 latencies to own- 

and other-race faces were not associated with participants’ implicit racial bias.  

 We also observed a relationship between 8- to 10-year-olds’ implicit racial bias 

and differences in N170 peak-to-peak amplitudes to own- and other-race faces over the 

left hemisphere, with own-race bias associated with larger N170 amplitudes to other-race 

faces relative to own-race faces. These findings confirm our hypothesis and contrast with 

He et al.’s (2009) reports of no relationship between IAT scores and differences in N170 

amplitude for own- and other-race faces. However, they are in line with Anzures et al. 

(2022), who proposed that individuals with racial bias tend to extract race information 

from faces even when not instructed to do so, with this processing of additional 
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information leading to larger amplitudes to other-race faces. In the current study, the 

nonsignificant own-race bias in 8- to 10-year-olds at the group level appears to be 

contributing to their marginally significant larger amplitudes to Asian than White faces 

over the left hemisphere. Based on this association, we believe that if we had recruited 

participants with larger own-race bias, the race effect on the N170s would have been 

significant. Further, since this relationship was only significant over the left hemisphere, 

it might be that own-race bias mainly affects featural processing, with more resources 

dedicated to the processing of the features of Asian faces than to their configuration, 

which is a more superficial type of processing. This is consistent with research suggesting 

that poorer recognition memory for other-race faces stems from their encoding at a 

featural, more superficial level (Tanaka et al., 2004). Moreover, Cunningham et al. 

(2004) proposed that larger own-race bias was associated with greater activation of the 

fusiform gyrus to own-race faces, which indicates that preferences for the own race might 

contribute to more superficial processing of other-race faces relative to own-race faces. In 

the case of adults, who showed marginally significant larger N170s to Asian than White 

faces, their implicit bias favoring members of the other race do not seem to be 

contributing to these differences in the processing of own- and other-race faces at the 

N170 level.  

 Regarding the race effects on the N170 latencies, participants’ implicit racial bias 

were not related to them, contrary to our predictions. In line with our findings, He et al. 

(2009) did not find a relationship between differences in N170 latency to own- and other-

race faces and participants’ IAT scores either. These differences in N170 to own- and 
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other-race faces might then be related to factors other than automatic preferences for a 

certain race.  

 In general, race experience and implicit racial bias seem to be contributing to the 

differential processing of own- and other-race faces at the level of the P100 and N170. 

Specifically, race experience contributed to differential N170 latencies to own- and other-

race faces over the left hemisphere in adults. Further, implicit racial bias seemed to also 

contribute to differential N170 amplitudes to own- and other-race faces over the left 

hemisphere in 8- to 10-year-olds. In 5- to 7-year-olds, implicit racial bias was 

contributing to the differential P100 latencies to own- and other-race faces over the right 

hemisphere. It is interesting that these factors mostly correlated significantly with N170 

ERP ethnicity effects over the left hemisphere, which could be pointing out that they 

influence featural processing mainly, as the left-hemispheric N170 has been found to be 

more sensitive to featural changes (Scott & Nelson, 2006). The observed race effects on 

P100 and N170 latencies in 8- to 10-year-olds and 5- to 7-year-olds, respectively, were 

not associated with either race experience nor implicit racial bias.  

The present findings on race effects in P100 and N170 responses to own- and 

other-race faces also highlight the importance of perceivers’ goals when processing faces. 

For instance, in a similar study by Anzures et al. (2022), children’s and adults’ ERP 

responses to Asian and White faces were recorded while they engaged in a simple 

viewing task with no specific instructions on how to process faces. Although the present 

study’s sample was recruited from the same heterogeneous region (i.e., South Florida) 

and showed similar implicit racial biases as Anzures et al.’s (2022) participants, race 

effects on the P100 and N170 responses differed. Therefore, simple viewing tasks in 
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which no specific instructions are given regarding faces might reveal how people 

typically process own- and other-race faces as they encounter them in their daily lives in 

the absence of categorization or identification goals. In such contexts, there seems to be 

differences in the amount of cognitive processes allocated to own- and other-race faces, 

as indicated by differences in P100 and/or N170 amplitudes. On the other hand, tasks as 

the one employed in this study can provide insight into how own- and other-race faces 

are processed when individuals are instructed to identify faces from their own and other 

races. When this is the case, the present findings suggest that differences in processing 

are mainly restricted to the speed at which children process different aspects of own- and 

other-race faces.  

Essentially, people can process other-race faces earlier or later, deeper or more 

superficially, or even similarly than they process own-race faces, depending on their 

goals as perceivers. Therefore, it is important to consider task demands when looking at 

race effects on ERP responses. Moreover, understanding that task demands/goals 

influence ERP responses to own- and other-race faces helps make sense of the seemingly 

conflicting results in the literature on ERP ethnicity effects. 

 Therefore, we add to the literature suggesting that several factors, including race 

experience and implicit racial bias, drive the differential processing of own- and other-

race faces at the level of early, face-sensitive ERP responses. We agree with Wiese and 

Schweinberger (2018) on their recommendation that studies focusing on race effects on 

memory and/or ERP responses should always measure participants’ race experience to 

allow for a better understanding of differential processing of own- and other-race faces at 

the level of face-sensitive ERP responses. We might add based on our findings that 
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measures of implicit racial bias should also be routinely included in such studies. In 

addition, researchers should report sample demographics, especially regarding the place 

participants are recruited from and whether such environment tend to be ethnically 

homogeneous or heterogeneous. This type of information would allow more informed 

comparisons across studies of race effects on face perception.  

Additionally, future studies should examine how factors such as race experience 

and implicit bias relate to differential processing at later stages of face processing 

reflected by the N250 component. Wiese and Schweinberger (2018) noted that larger 

differences in contact with own- vs other-race faces seem to lead to earlier differential 

processing of own- and other-race faces (i.e., N170 ethnicity effects), while more 

balanced racial experience (e.g., in settings with more diverse populations and where 

individuals have long-term contact with other ethnicities) leads to differential processing 

at later stages of face processing reflected by the N250. In that sense, the South Florida 

environment seems ideal to carry out such studies, as there are more opportunities for 

individuals to interact with other ethnicities that in more homogeneous settings. In 

addition, other factors should be considered when attempting to understand differential 

processing of own- and other-race faces, such as recognition proficiency for other-race 

faces, which has been found to interact with implicit racial bias to affect face perception 

(Anzures & Mildort, 2021). Understanding how these social and perceptual processes 

impact the perception of own- and other-race faces can not only elucidate the 

mechanisms underlying the other-race effect, but it can also help us make sense of the 

seemingly conflicting findings in the face perception and race effects literature.  
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Throughout this section, the contributions of the present study have been 

highlighted, but some strengths and limitations should be noted. First, when studying the 

effect of race on face processing and recognition, a cross-race design (i.e., stimulus and 

participant race are both manipulated) is recommended. It would have been ideal to 

include a group of Asian participants to shed light into whether they process own- and 

other-race faces similarly to White participants. Previous studies have highlighted the 

importance of cultural background on the perception of face race (Sun et al., 2014); thus, 

cross-cultural/racial studies with other ethnicities could expand these results. All in all, 

the present findings pertain to the perception of White and East Asian faces by White 

school-aged children (ages 5 to 10) and young adults (ages 18 to 25) who have greater 

overall experience with members of the own-race as well as greater implicit bias favoring 

the own-race and who live in a heterogeneous environment like South Florida. These 

findings might not generalize to their perception of faces from races other than East 

Asian or to individuals from other ethnicities.  

Second, as in most face recognition studies (see Oruc et al., 2019 for a review), 

the present research examined ERP correlates of face processing using highly controlled 

pictures of faces. While this ensures that we are examining face perception per se, this is 

not how face processing occurs in the real world. Therefore, the results reported here 

might not replicate in natural settings; future studies employing more naturalistic stimuli 

and settings can address this. Nevertheless, a strength of the present study is that we used 

color pictures of faces, preserving differences in skin tone among faces from different 

races, which we believe is important in naturalistic face processing.  
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 Third, our sample size was limited and differed among age groups. While equally-

sized groups are ideal to maximize statistical power and preserve the homogeneity of 

variances assumption, it is possible to work with data from unequally sized groups if the 

appropriate tests and adjustments are used. Moreover, it would have been ideal to recruit 

other age groups to gain a more comprehensive understanding of the development of face 

processing. However, our sample was somewhat limited in terms of age diversity (i.e., 

children younger than 5 and adolescents were not included). Thus, while our results 

might point to linear increases/decreases in ERP amplitudes and latencies with age, for 

example, adding data from younger children and adolescents might reveal a different 

developmental trajectory. Ultimately, longitudinal studies would provide the best insight 

into how ERP responses to own- and other-race faces develop.  

 Fourth, we join Singh et al. (2021) in urging researchers in the field to develop a 

valid and reliable scale to operationalize race experience in a consistent way. This will 

help in interpreting and comparing the findings across studies on the effects of race 

experience on the other-race effect and the mechanisms underlying it. In the present 

study, we attempted to create a composite measure that included both social contact and 

individuating experience, but there is a lot of variability in the measures used to assess 

individuals’ race experience.  

 Lastly, the hemispheric effects discussed above should be interpreted with caution 

as we are not certain that the EEG activity recorded from electrodes on the right and left 

sides of the scalp is actually being generated solely from the right and left hemispheres, 

respectively. fMRI studies could provide more insight into these lateralization findings.  
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In conclusion, the present findings illustrate that face perception can be modulated 

by social factors such as race experience and implicit racial bias beginning in childhood. 

Previous research has provided evidence that face perception is also affected by 

perceivers’ goals or task demands (Senholzi & Ito, 2013) and other-race face recognition 

proficiency (Anzures & Mildort, 2021). With this in mind, it is easier to make sense of 

the seemingly mixed findings in the literature: whether we see differences in ERP 

responses to own- and other-race faces depends on individual differences in the 

aforementioned factors. Thus, participant samples will likely vary on whether they 

display differential ERP responses towards own- and other-race faces at the group level.  
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Table 1 

P100 Amplitudes and Latencies to Own- and Other-Race Faces over the Right and Left 

Hemispheres 

Adults 18-25 Children 8-10 Children 5-7 

M SD M SD M SD 

Amplitude 

(µV) 

Own-

race 

RH 10.32 4.96 32.69 8.10 39.44 7.68 

LH 8.05 3.28 28.77 9.21 36.99 10.11 

Other-

race 

RH 10.33 4.48 33.65 9.67 39.53 7.38 

LH 8.44 2.93 29.97 9.34 38.46 10.27 

Latency 

(ms) 

Own-

race 

RH 94.73 10.83 113.91 15.37 116.56 17.20 

LH 95.94 11.2 116.86 17.27 118.89 15.91 

Other-

race 

RH 97.70 12.78 110.48 10.20 112.56 10.71 

LH 95.45 11.42 109.14 11.91 116 15.09 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively. 
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Table 2 

N170 Peak-to-Peak Amplitudes and Latencies to Own- and Other-Race Faces over the 

Right and Left Hemispheres 

Adults 18-25 Children 8-10 Children 5-7 

M SD M SD M SD 

Amplitude 

(µV) 

Own-

race 

RH 19.08 6.72 47.90 9.79 57.48 15.67 

LH 15.93 5.56 41.53 10.27 60.03 39.69 

Other-

race 

RH 19.81 6.29 48.22 11.39 58.31 14.72 

LH 16.57 5.37 42.46 11.23 51.51 10.60 

Latency  

(ms) 

Own-

race 

RH 144.06 27.32 211.24 37.90 216.67 29.92 

LH 150.06 28.53 213.33 44.24 202.78 48.02 

Other-

race 

RH 147.52 10.21 208.57 47.64 223.56 28.32 

LH 153.21 20.49 191.33 48.85 222.67 50.60 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively.  
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Table 3 

Results from ANOVA on Face Race, Age, and Hemisphere on P100 Responses to Own- 

and Other-Race Faces with Outliers Excluded 

P100 

Measure 

Main Effect/Interaction Results 

Amplitude 

Age Group F(2, 66) = 217.64, p < .001, !2p = .87 

Hemisphere F(1, 66) = 12.26, p < .001, !2p = .16 

Face Race F(1, 66) = 2.77, p = .10, !2p = .04 

Age Group x Hemisphere F(2, 66) = 0.88, p = .42, !2p = .03 

Age Group x Face Race F(2, 66) = 0.37, p = .69, !2p = .01 

Face Race x Hemisphere F(1, 66) = 1.18, p = .28, !2p = .02 

Age Group x Hemisphere x Face 

Race 

F(2, 66) = 0.47, p = .63, !2p = .01 

Age Group F(2, 65) = 30.04, p < .001, !2p = .48 

Latency 

Hemisphere F(1, 65) = 0.23, p = .63, !2p = .00 

Face Race F(1, 66) = 0.88, p = .35, !2p = .01 

Age Group x Hemisphere F(2, 65) = 0.29, p = .75, !2p = .01 

Age Group x Face Race  F(2, 65) = 3.38, p = .04, !2p = .09 

Face Race x Hemisphere F(1, 65) = 3.21, p = .08, !2p = .05 

Age Group x Hemisphere x Face 

Race 

F(2, 65) = 2.14, p = .13, !2p = .06 

Note. Outliers refer to amplitudes or latencies greater than 2.5 SD from the mean of each 

age group.  
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Table 4 

Results from ANOVA on Face Race, Hemisphere, and Age on N170 Responses to Own- 

And Other-Race Faces with Outliers Excluded 

N170 

Measure 

Main Effect/Interaction Results 

Amplitude 

Age Group F(2, 65) = 150.06, p < .001, !2p = .82 

Hemisphere F(1, 65) = 30.40, p < .001, !2p = .32 

Face Race F(1, 65) = 3.41, p = .07, !2p = .05 

Age Group x Hemisphere F(2, 65) = 1.09, p = .34, !2p = .03 

Age Group x Face Race F(2, 65) = 0.13, p = .88, !2p = .00 

Face Race x Hemisphere F(1, 65) = 0.06, p = .80, !2p = .00 

Age Group x Hemisphere x Face 

Race 

F(2, 65) = 0.55, p = .58, !2p = .02 

Age Group F(2, 64) = 67.68, p < .001, !2p = .68 

Latency 

Hemisphere F(1, 64) = 1.33, p = .25, !2p = .02 

Face Race F(1, 64) = 0.37, p = .55, !2p = .01 

Age Group x Hemisphere F(2, 64) = 1.27, p = .29, !2p = .04 

Age Group x Face Race  F(2, 64) = 4.19, p = .02, !2p = .12 

Face Race x Hemisphere F(1, 64) = 0.31, p = .58, !2p = .01 

Age Group x Hemisphere x Face 

Race 

F(2, 64) = 3.64, p = .03, !2p = .10 

Note. Outliers refer to amplitudes or latencies greater than 2.5 SD from the mean of each 

age group.  
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Table 5 

Children’s and Adults’ Race Experience 

 

 

Contact with 

White people 

Contact with 

Asian people 

Number of White 

friends 

Number of Asian 

friends 

M SD M SD M SD M SD 

 Adults 18-25 5.91 1.21 3.33 0.96 4.70 3.31 1.10 1.23 

Children 8-10 6.00 1.67 1.91 1.38 4.91 3.18 0.62 1.17 

Children 5-7 6.22 1.35 2.06 1.39 5.33 3.41 0.33 0.69 

Note. Contact with White and Asian people was measured on a scale of 1 “very little” to 

7 “very extensive.”  
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Table 6 

Correlations Between Race Experience Difference Scores and P100 Difference Scores 

with Outliers Included 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively.  

*p < .07. **p < .05. ***p < .01

Adults 18-25 Children 8-10 Children 5-7 

Amplitude 
(µV) 

RH .04 .27 -.09 

LH .13 .19 -.01 

Latency 
(ms) 

RH -.12 .10 -.15 

LH .01 -.33 -.29 
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Table 7 

Correlations Between Race Experience Difference Scores and P100 Difference Scores 

with Outliers Excluded 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively. Bolded correlations denote results that changed after excluding outliers. 

*p < .07. **p < .05. ***p < .01

Adults 18-25 Children 8-10 Children 5-7 

Amplitude 
(µV) 

RH -.17 .27 -.09 

LH .13 .19 -.01 

Latency 
(ms) 

RH -.12 -.10 -.42 

LH -.08 -.44* .01 
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Table 8 

Correlations Between Race Experience Difference Scores And N170 Difference Scores 

With Outliers Included 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively.  

*p < .07. **p < .05. ***p < .01

Adults 18-25 Children 8-10 Children 5-7 

Amplitude 
(µV) 

RH .28 .20 .15 

LH .14 .30 .03 

Latency 
(ms) 

RH -.26 .10 .02 

LH .08 -.22 .08 



80 

Table 9 

Correlations Between Race Experience Difference Scores and N170 Difference Scores 

With Outliers Excluded 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively. Bolded correlations denote results that changed after excluding outliers. 

*p < .07. **p < .05. ***p < .01

Adults 18-25 Children 8-10 Children 5-7 

Amplitude 
(µV) 

RH .23 .20 .15 

LH   .33* .30 .23 

Latency 
(ms) 

RH -.05 .01 -.44 

LH   .38** -.01 .11 
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Table 10 

Child and Adult Implicit Association Task Scores 

M SD p 

Adults 18-25 .37 .40 < .001 

Children 8-10 .11 .50 .31 

Children 5-7 .10 .45 .38 

Note. p values indicate whether IAT scores differ significantly from zero. 
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Table 11 

Correlations Between IAT Scores and P100 Difference Scores With Outliers Included 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively.  

*p < .07. **p < .05. ***p < .01 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

  Adults 18-25 Children 8-10 Children 5-7 

Amplitude 
(µV) 

RH .29 -.14 .15 

 LH 
 

.05 -.39 .22 

Latency  
(ms) 

RH -.16 -.23 -.34 

LH .09 .03 .30 
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Table 12 

Correlations Between IAT Scores and P100 Difference Scores With Outliers Excluded 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively. Bolded correlations denote results that changed after excluding outliers. 

*p < .07. **p < .05. ***p < .01 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

  Adults 18-25 Children 8-10 Children 5-7 

Amplitude 
(µV) 

RH .27 -.14 .15 

 LH 
 

.05 -.39 .22 

Latency  
(ms) 

RH -.16 .08 -.53** 

LH .03 .08 .19 
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Table 13 

Correlations Between IAT Scores and N170 Difference Scores with Outliers Included 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively.  

*p < .07. **p < .05. ***p < .01 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

  Adults 18-25 Children 8-10 Children 5-7 

Amplitude 
(µV) 

RH .24 -.18 .06 

 LH 
 

.04    -.51** -.45* 

Latency  
(ms) 

RH -.03  -.13 -.09 

LH .18   .21 -.39 
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Table 14 

Correlations Between IAT Scores and N170 Difference Scores With Outliers Excluded 

Note. RH and LH indicate measures from electrodes over the right and left hemispheres, 

respectively. Bolded correlations denote results that changed after excluding outliers. 

*p < .07. **p < .05. ***p < .01  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Adults 18-25 Children 8-10 Children 5-7 

Amplitude 
(µV) 

RH .27 -.18 .06 

 LH 
 

.13    -.51** .12 

Latency  
(ms) 

RH -.22  -.19 .12 

LH .22   .11 -.12 
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Figure 1 

Average P100 Amplitude to Faces over the Right and Left Hemispheres 

 

Note. *p < .05. **p < .01. ***p < .001 
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Figure 2 

Average P100 Amplitude to Faces in Children and Adults 

 

Note. *p < .05. **p < .01. ***p < .001 
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Figure 3 

Average P100 Latency to Faces in Children and Adults 

Note. n.s. denotes nonsignificant differences. 

*p < .05. **p < .01. ***p < .001
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Figure 4 

Average P100 Latency to Asian and White Faces in Children Ages 8 to 10  

 

Note. *p < .05. **p < .01. ***p < .001 
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Figure 5 

Average P100 to N170 Peak-to-Peak Amplitude to Faces Over the Right and Left 

Hemispheres  

 

Note. *p < .05. **p < .01. ***p < .001 
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Figure 6 

Average P100 to N170 Peak-to-Peak Amplitude to Faces in Children and Adults  

 

Note. *p < .05. **p < .01. ***p < .001 
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Figure 7 

Average N170 Latency to Faces in Children and Adults  

 

Note. n.s. denotes nonsignificant differences.  

*p < .05. **p < .01. ***p < .001 

 

 

 

 

 

 

 

 


