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Abstract

Face recognition is an important component of successful social interactions in humans. A large 

literature in social psychology has focused on the phenomenon termed “the other race” (ORE) 

effect, the tendency to be more proficient with face recognition within one’s own ethnic group, as 

compared to other ethnic groups. Several potential hypotheses have been proposed for this effect 

including perceptual expertise, social grouping, and holistic face processing. Recent work on 

mnemonic discrimination (i.e. the ability to resolve mnemonic interference among similar 

experiences) may provide a mechanistic account for the ORE. In the current study, we examined 

how discrimination and generalization in the presence of mnemonic interference may contribute to 

the ORE. We developed a database of computerized faces divided evenly among ethnic origins 

(Black, Caucasian, East Asian, South Asian), as well as morphed face stimuli that varied in the 

amount of similarity to the original stimuli (30%, 40%, 50%, and 60% morphs). Participants first 

examined the original unmorphed stimuli during study, then during test were asked to judge the 

prior occurrence of repetitions (targets), morphed stimuli (lures), and new stimuli (foils). We 

examined participants’ ability to correctly reject similar morphed lures and found that it increased 

linearly as a function of face dissimilarity. We additionally found that Caucasian participants’ 

mnemonic discrimination/generalization functions were sharply tuned for Caucasian faces but 

considerably less tuned for East Asian and Black faces. These results suggest that expertise plays 

an important role in resolving mnemonic interference, which may offer a mechanistic account for 

the ORE.
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Introduction

Memory for faces is critical to many facets of our daily lives. It allows us to communicate 

effectively in social settings, to understand and recognize emotional states, and to create 

associations (e.g. faces and names). We use faces as perhaps the most prominent and 

effective means of identifying one another and facial features to identify each individual as 

coming from a different culture and ethnic background (Blais et al. 2008). A well 

documented phenomenon in psychology known as the “other race” effect (ORE) is a 

particular example in which the role of cultural influences in face recognition are important. 

This effect has been observed as far back as 100 years ago, and can be characterized as the 

tendency of members of one race to have difficulty remembering faces from other races 

relative to faces from one’s own race (Feingold 1914; Bothwell, Brigham, & Malpass, 

1989). The ORE has prominently been used as a criticism of eyewitness testimony, which 

can rely on perceivers’ attempting to recognize faces of individuals outside of their own race 

group (Behrman & Davey, 2001; Sporer 2001).

The ORE has been studied extensively in the social psychology literature, and several 

mechanisms have been proposed for its mechanisms. Prominent among these mechanisms 

are holistic face processing, social and motivational grouping, and perceptual expertise. 

Given the complex nature of face processing, these mechanisms are not mutually exclusive 

and the ORE may arise from a combination of multiple mechanisms. Nevertheless, each of 

these proposed mechanisms provides valuable insight into the potential contributing 

processes of the ORE.

The holistic processing hypothesis suggests that the human visual system processes faces as 

an accumulation of interactions between multiple parts over the entire region of the face, as 

opposed to a decomposition of separable facial features (Michel et al. 2007; Taubert et al. 

2011). According to this hypothesis, perceivers view same race faces as a unified object, 

while other race faces are processed as sets of features (Michel et al. 2006; Maurer et al., 

2002; Tanaka et al. 2004; Young et al., 2012). Experiments using two paradigms, the 

composite face (Goffaux & Rossion, 2006; Hugenberg & Corneille, 2009; Michel et al. 

2007) and the whole/part paradigms (Tanaka & Farah, 1993; Tanaka et al. 2004), have 

demonstrated evidence for such differential processing for other-race and same-race faces. 

Studies using inverted faces have also shown that face inversion has a significantly larger 

effect on recognition accuracy than object inversion (Yin 1969). When applied to same race 

and other race faces, inverted same race faces dropped to the same recognition levels as 

other race faces (Rhodes et al. 1989), suggesting that inversion removes some of the 

perceptual/mnemonic advantages of same race faces.

The social and motivational grouping hypothesis posits that perceivers categorize individuals 

based on inherent grouping characteristics. Thus, if a person shares a similar grouping 

characteristic (i.e. race, age, sex), the perceiver will process the face on an individual level. 

If the person does not share the grouping characteristic (out-group), then the perceiver will 

process this face on a categorical level (Sporer 2001; Hugenberg & Sacco, 2008; Hugenberg 

et al., 2010). Studies in social categorization theory have shown that merely labeling or 

categorizing faces as belonging to an in-group can cause significant differences in 
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recognition rates between in-group and out-group faces, even when race and perceptual 

expertise are held constant and counterbalanced (Hugenberg et al. 2007).

The amount of experience and interaction that individuals have with other-race and same-

race faces has also been theorized to modify the ORE (Walker & Tanaka 2003; Meissner & 

Brigham, 2001). This notion, known as Perceptual Expertise Theory, is based upon the idea 

that humans interact with faces so often that they become experts at identifying faces, much 

like a car enthusiast is an expert at identifying the makes of models of various automobiles 

(Tanaka & Gauthier, 1997; Tanaka, 2001). The Perceptual Expertise Theory has been 

supported by studies in which the ORE was observed in adolescents (Kelly et al. 2007; 

Walker & Hewstone, 2006), adults (O’toole, Valentin, & Abdi, 1994), and adolescents who 

had been adopted at a young age and developed face expertise among the race that they grew 

up with (Sangrigoli et al. 2005).

We sought to examine the effect of perceptual expertise on mnemonic discrimination of 

same- and other-race faces using a novel interference paradigm. We propose that 

interference among similar experiences may mechanistically contribute to this phenomenon. 

This “mnemonic” interference has been studied frequently in recent literature in the context 

of hippocampal learning (Yassa and Stark, 2011; Reagh et al. 2013; Roberts et al. 2014). The 

hippocampus is well known for playing a critical role in the encoding and storage of 

episodic memories (Squire, 1992). One mechanism by which the hippocampus is thought to 

encode unique episodic memories is by reducing interference among similar inputs (i.e. 

pattern separation). This computation is thought to underlie our ability to discriminate 

among similar experiences. The hippocampus is also implicated in pattern completion, the 

process of re-instantiating a pre-existing representation when presented with a partial or 

degraded input. This computation is thought to underlie our ability to generalize or perform 

recognition in the face of noise. These computational processes have been long hypothesized 

(Marr, 1971; McClelland et al. 1995; O’Reilly & Norman, 2002; Shapiro & Olton, 1994; 

Treves & Rolls, 1994) and examined in the hippocampus empirically over the past ten years 

(cf. review by Yassa & Stark, 2011).

We suggest that it is the delicate balance among these computational processes in our 

memory system that leads to finely tuned discrimination/generalization abilities in same-race 

faces relative to other-race faces. We hypothesize that perceptual expertise when viewing 

same-race faces would allow for more efficient resolution of interference, manifesting in 

sharper representations of same-race faces and should be able to discriminate and generalize 

more effectively. In other words, we predict that for stimuli that have more precise 

representations, mnemonic discrimination functions should be more finely tuned (i.e. 

“sigmoidal” or “S-shaped”) with respect to stimulus similarity. This would have the 

consequence that there would be a sharp transition at a distinct level of similarity where 

observers would switch from generalization to discrimination. For other-race faces (i.e. no 

expertise), we propose that mnemonic representations are less precise leading to a 

discrimination/generalization function that is less tuned (i.e. more linear).

It is important to note that the sigmoidal function implies that effective generalization is just 

as important as effective discrimination. Thus, having a neural system that only 
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discriminates would not be optimal. Take for example, a situation in which the same person 

changes his or her appearance slightly. It is important to generalize across such a minor 

perturbation, but be able to discriminate effectively when change surpasses a specific 

threshold that is crossed when the person has changed identity and not just appearance. 

Thus, having efficient generalization as well as discrimination is an important hallmark of a 

sharpened or tuned representation. Our predictions were also informed by work in 

categorical perception of face identities. Behavioral studies using classification identity tasks 

have shown that large changes in discrimination occur in the 40–60% morph range for 

participants familiar with task faces, while little to no change occurs in low percentage 

morphs (Angeli et al. 2008; Jacques & Rossion, 2006; Campanella et al. 2000; Rotshtein et 

al. 2005).

We specifically used computer generated faces to parametrically manipulate interference. 

While synthetic faces may be less ecologically valid than naturalistic faces, they allow us to 

quantitatively manipulate various facial features and incrementally change the similarity of 

their appearance to make recognition and discrimination parametrically challenging. This 

parametric manipulation of interference is necessary to test our proposal that discrimination/

generalization functions are differentially tuned based on expertise.

In the current study, we used face morphs with varying levels of similarity that were 

distributed equally among three ethnic groups (Black, Caucasian, and East Asian) and tested 

a sample of Caucasian participants’ ability to mnemonically discriminate Caucasian vs. 

Black and East Asian faces. We find evidence for a tuned (i.e. sigmoidal) discrimination/

generalization curve in Caucasian faces and an “un-tuned” (i.e. linear) curve for Black and 

East Asian faces, consistent with our hypothesis. These results suggest that expertise in 

resolving mnemonic interference may be a core mechanism for the ORE.

Materials and Methods

Participants

Sixty young adults (mean age = 19.86 yr SD = 1.39) participated in the subsequent memory 

experiment. All participants were recruited from Johns Hopkins University and received 

course credit for their participation for the experiment. All participants were cognitively 

intact and did not suffer from major neurological, psychiatric, or health conditions. Before 

testing, all participants provided written informed consent and at the conclusion of the 

experiment, participants were debriefed. Data from three subjects were excluded due to 

chance performance or technical problems. The remaining 57 subjects were divided into 

four groups according to ethnicity: Black (n=9), Caucasian (n=29), East Asian (n=12) and 

South Asian (n=7).

Interference task

The stimuli were images of novel faces that were created using commercially available 

software (FaceGen Modeller 3.1). An initial 104 faces were generated evenly across gender 

and 4 ethnic origins that the FaceGen program provided; Black, Caucasian, East Asian, and 

South Asian. Each of the initial generated faces were then morphed by a specific percentage 
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that we designated a priori using a similarity function within FaceGen. The function 

modified characteristics of the face by a specific percentage that we chose and generated a 

set of 9 morphed faces per percentage, from which we chose our stimuli. These “morphs” 

created similar, but not identical faces from the original image. We created morphs of 30, 40, 

50 and 60%, with the 30% morph being highly similar to the original face, and the 60% 

being more dissimilar.

During the experiment, participants saw a total of 104 face stimuli during the encoding 

phase, and 200 stimuli during the retrieval phase. The retrieval phase consisted of a mixture 

of faces that participants saw during study (targets), the similar looking morphed faces 

(lures), and completely novel face stimuli that had never been seen before (foils). 

Participants were shown 52 target faces, 96 lure faces evenly split between similarity, and 52 

foil faces. Lures were 4 bins of 24 stimuli. Within those 24 stimuli, 6 stimuli were 30% 

morphs, 6 stimuli were 40% morphs, 6 stimuli were 50% morphs, and 6 stimuli were 60% 

morphs (Fig 1).”

All experiments were programmed in Psychtoolbox 3.0 (Brainard, 1997; Pelli, 1997) 

running under MATLAB (Natick, MA) release R2010a. Each trial consisted of 2 displays: 

an image display and a fixation display. During both encoding and retrieval phases, images 

were presented on the center of the screen with a black background for 3000 ms. The 

fixation display consisted of a white fixation cross on the center of the screen with a black 

background for 1000 ms.

Participants underwent an incidental encoding phase where they were shown the initial, non-

morphed face stimuli in randomized order, and were asked to rate the pleasantness of each 

face using a 1–9 scale (1 being most positive, 9 being most negative). Participants were told 

to spread their responses across the scale. This was only intended to be an incidental 

judgment such that we can ascertain that participants paid attention to our stimuli and had no 

bearing on the subsequent mnemonic judgment. Participants were given a surprise 

subsequent memory test immediately after encoding. Participants were told they would once 

again see faces appear one at a time on the screen and were asked to indicate whether the 

faces on the screen had been seen during the previous phase by pressing button responses on 

the keyboard corresponding to “old” or “new”. Participants were explicitly told that in order 

for a face image to be called “old,” it had to be the same exact image they saw before. 

However, we did not alert participants to the possibility that there would be similar looking 

faces presented in the task.

Our two key outcomes measures of interest were target recognition and lure discrimination 

index (LDI). Target recognition was measured by a discriminability index (d′), which was 

calculated as z(Hits) - z(False Alarms). Hits and false alarms refer to correct recognition of 

old items and false recognition of new items, respectively. d′ is calculated as the difference 

of z-transformed values. In order to measure how well participants discriminated similar 

items (lures), we examined performance using a bias-corrected LDI operationalized as 

p(New|Lure) - p(New|Target). This corrected for the general tendency to reject (i.e. call an 

item ‘New’) and is similar to other metrics we used in prior work (Yassa, Mattfeld, Stark, & 

Stark, 2011; Yassa et al., 2011).
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Results

Raw performance data are shown in Table 1. First, we examined the role of interference in 

mnemonic discrimination of face stimuli by running a repeated measures ANOVA across the 

entire sample (with four interference levels: 30, 40, 50, and 60% morphs). We observed a 

significant main effect of interference [F(3,168) = 91.86, P < .0001]. A post hoc trend 

analysis revealed a significant linear [F(1,56) = 202.19, P <.0001] trend. Significant 

quadratic [F(1,56) = 13.99, P<.0001] and cubic [F(1,56) = 12.63, P<.001] trends were also 

identified (Fig 2).

We then examined the possibility that performance would be modulated by the ethnic origin 

of the face stimuli by conducting a three-way repeated measures ANOVA with interference 

level and stimulus ethnicity as within subject factors, and participant ethnicity as a between 

subject factor. We observed a significant main effect of interference as before [(F(3,477) = 

72.1, P<.0001] as well as a significant interference by stimulus ethnicity interaction 

[F(9,477) = 2.715, P<.05]. The three-way interaction was not significant (P=.28).

After receiving feedback from participants, we identified a potential pitfall in one of our 

stimulus categories. During testing, many of our participants of Middle Eastern and Indian 

descent felt that they did not identify with any of the categories and that while the South 

Asian category was close, did not fully reflect their background. Due to the ambiguity of this 

particular stimulus set, we chose to limit our remaining analysis to the more robust stimulus 

sets (Black, Caucasian, and East Asian).

In order to query the ORE in sufficient detail, we decided to limit our analyses to the race 

group with the highest sample size, as the number of subjects in other race groups was not 

comparable. Thus, for the remaining analyses, we only used Caucasian individuals (n=29).

We subsequently conducted a repeated measures ANOVA with interference (four levels) and 

face stimulus ethnicity (three levels) only in Caucasian subjects and observed a main effect 

of interference level [F(3,84) = 4.54, P<.05] and ethnicity [F(2,56) = 4.0, P<.05] as well as a 

significant interference by ethnicity interaction [F(6,168) = 24.77, P<.0001] (Fig 3a). The 

effect size of this interaction was moderate (ηp
2 = .47).

In order to examine the tuning curves for each stimulus ethnicity we attempted to fit both a 

linear curve and a sigmoidal curve with variable slope to each of the stimulus categories 

using ordinary least squares (OLS). The procedure used nonlinear regression which aimed to 

find the values of the parameters that make the curve come as close as possible to the data 

via minimizing the sum of the squares of the vertical distances of the points from the curve.

For Black faces, only the linear fit was possible, which yielded an R2 of .26. For East Asian 

faces, only the linear fit was possible, which yielded an R2 of .17. For the Caucasian faces, 

the linear fit had an R2 of .287 whereas the sigmoidal had an R2 of .336. We compared the 

two fits using the Extra sum-of-squares F-test. The null hypothesis was that the linear fit was 

correct. The improvement of the sigmoidal model was quantified as the difference in sum-

of-squares. The difference in fit was significant (F(2,112) = 4.09, P=.019), suggesting that 
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performance on Caucasian faces were better fit with a sigmoidal S-shaped function, as we 

predicted (Fig 3b).

Discussion

This study sought to examine how perceptual expertise may influence mnemonic 

discrimination of same- and other-race faces. Results during a face discrimination task 

suggest that when subjects are shown face lures from within their own race, their ability to 

discriminate these faces from previously viewed faces increases sharply at a threshold 

between 40 and 50% dissimilarity. In contrast, when viewing other-race faces, the same 

subjects’ ability to perform this discrimination process increases linearly as a function of 

dissimilarity. These distinct “tuning curves” suggest that judgments are not simply a 

function of interference but also vary as a function of expertise.

While our results suggest that mnemonic discrimination/generalization and the ability to 

reduce interference may mechanistically contribute to the ORE, it is a complex phenomenon 

that may also be driven by perceptual, motivational, social, and cultural factors (see Young et 

al. 2012 for a recent review). Based on our study, it is possible to see that some of these 

factors may have strong effects on mnemonic processes. We have only touched upon the 

effects of one proposed model on mnemonic discrimination. It is our hope that more studies 

will examine the effects of holistic processing and social categorization on mnemonic 

discrimination both behaviorally and neurally.

A potential concern is whether our results could be influenced by the amount of cultural 

exposure to other races during childhood and adolescent years. After the test session, all 

subjects completed self-report questionnaires that extensively assessed their experience with 

other races. Participants also indicated which racial category (based on the FaceGen 

categories) they most identified with. Despite the heterogeneity of modern societies and the 

prevalence of cross-cultural expertise, all subjects demonstrated more prevalent interactions 

and experiences within race than outside of race. Thus, we feel confident that our results are 

not confounded by inconsistent racial expertise.

These results raise a major question: what are the neural mechanisms that may underlie such 

mnemonic expertise with face stimuli? There are likely multiple mechanisms that span 

across sensory and perceptual processing, memory processing, as well as executive function. 

We propose that the hippocampus plays an important role in this ability, given its role in 

resolving mnemonic interference through pattern separation and pattern completion 

(potential neural substrates for discrimination and generalization behavior). However, the 

hippocampus by itself cannot give rise to such a complex phenomenon. Contributions of 

visual, attentional, and perceptual factors are necessary, as well as prior knowledge that 

accumulates over time building up such expertise. These effects are particularly important 

when considering proposed mechanisms such as holistic processing, social and motivational 

grouping, and perceptual expertise, all of which would have a potential influence on the 

quality and strength of information flow in and out of the hippocampus. For example, there 

is a large body of literature that has implicated the fusiform gyrus in facial recognition 

(Haxby et al. 1995; Sergent et al. 1992; Puce et al. 1995; Kanwisher et al. 1997; Golby et al. 
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2001; Rotshtein et al. 2005). More recent work has explored the contributions of a much 

more diverse set of regions involved in perceptual processing. Notably, an fMRI study by 

Bavel and colleagues (2008) showed that intergroup perception yielded greater activity in 

the amygdala, fusiform gyri, orbitofrontal cortex, and dorsal striatum. Future studies 

examining the neural basis of the ORE will need to bridge between perceptual and 

mnemonic processing networks.

One of the most important questions prompted by this work is whether a linear un-tuned 

discrimination/generalization function can be converted to a tuned s-shaped function with 

enough practice and exposure. Because our study was cross-sectional and not longitudinal 

we are unable to answer this question directly, but we believe that future studies should 

examine this possibility in detail. The idea of “expertise training” is not new by any means. 

This idea has been shown to be successful in the laboratory across multiple instances and 

racial groups (Elliot, Wills, & Goldstein, 1973). Training techniques have been used in the 

past to enhance face recognition expertise. For example, participants have been trained to 

individuate faces (Lebrecht et al. 2009). Other work has shown that perceivers can be trained 

to individuate rather than categorize faces (Hugenberg et al. 2007). Finally, other work has 

also shown that one can familiarize perceivers with other race faces through fostering 

holistic face processing practices (McKone et al. 2007). However, these studies did not 

specifically target mnemonic interference, and using an interference paradigm similar to 

ours may provide a more targeted alternative than simple exposure training. These questions 

will be very important to address in future work.
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Fig 1. Mnemonic discrimination of similar face stimuli task schematic
All faces were presented for 2.5s, with a 0.5s inter-stimulus interval. Study phase consisted 

of 104 trials. Judgments were incidental (“How pleasant is this face on a scale from 1–9?”), 

and subjects were unaware of a subsequent memory test. (B) Test phase consisted of 200 

trials (52 repeated Targets, 96 similar Lures divided equally among 30%, 40%, 50%, and 

60% morphs, and 52 novel Foils). Judgments were overtly mnemonic (“Old/New?”).
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Fig 2. Results from the Test phase across all participants
Lure correct rejection Tbias-corrected Lure Discrimination IndexT improved as face morphs 

got increasingly dissimilar.
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Fig 3. 
(a) Results for Caucasian participants categorized by race of face stimuli. Black and East 

Asian faces were better fit with linear functions, while Caucasian faces were significantly 

better fit with a sigmoid than linear. (b) A conceptual model of the effects of expertise on 

discrimination performance. For faces with which perceivers have expertise, discrimination 

and generalization performance should be more tuned, thus yielding a sigmoidal pattern. For 

faces with which perceives do not have expertise, discrimination performance should 

increase linearly with decreasing interference.
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