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Abstract

People recognize faces of their own race more accurately than faces of other races—a 

phenomenon known as the “Other-Race Effect” (ORE). Previous studies show that training with 

multiple variable images improves face recognition. Building on multi-image training, we take a 

novel approach to improving own- and other-race face recognition by testing the role of learning 

context on accuracy. Learning context was either contiguous, with multiple images of each identity 

seen in sequence, or distributed, with multiple images of an identity randomly interspersed among 

different identities. In two experiments, East Asian and Caucasian participants learned own- and 

other-races faces either in a contiguous or distributed order. In Experiment 1, people learned 

each identity from four highly variable face images. In Experiment 2, identities were learned 

from one image, repeated four times. In both experiments we found a robust other-race effect. 

The effect of learning context, however, differed depending on the variability of the learned 

images. The distributed presentation yielded better recognition when people learned from single 

repeated images (Exp. 1), but not when they learned from multiple variable images (Exp. 2). 

Overall, performance was better with multiple-image training than repeated single image training. 

We conclude that multiple-image training and distributed learning can both improve recognition 

accuracy, but via distinct processes. The former broadens perceptual tolerance for image variation 

from a face, when there are diverse images available to learn. The latter effectively strengthens the 

representation of differences among similar faces, when there is only a single learning image.
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1. Introduction

The other-race effect (ORE) is the tendency for people to recognize faces of their “own” 

race more accurately than faces of “other” races (cf., Meissner & Brigham, 2001). Often 

characterized as an inability to discriminate or individualize other-race faces, the ORE 

suggests that there are clear differences in how own- and other-race faces are processed. The 

ORE has been studied extensively in face perception. Its effects have been examined across 

a variety of racial and ethnic groups, using multiple paradigms, (Meissner & Brigham, 
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2001), and more recently in face recognition algorithms (Phillips, Jiang, Narvekar, Ayyad, 

& O’Toole, 2011). Additionally, the ORE has been found in infants as young as three 

months (Sangrigoli & de Schonen, 2004), in children (Anzures et al., 2014; Pezdek, 

Blandon-Gitlin, & Moore, 2003; Tham, Bremner, & Hay, 2017), and in non-typically 

developing populations, such as individuals with schizophrenia (Pinkham et al., 2008) and 

autism spectrum disorder (Wilson, Palermo, Burton, & Brock, 2011; Yi et al., 2016).

In recent research, there has been new emphasis on ways to improve face recognition 

(Heron-Delaney et al., 2011; Hugenberg, Miller, & Claypool, 2007; Ritchie & Burton, 

2016; Rodríguez, Bortfeld, & Gutiérrez-Osuna, 2008; Tanaka & Pierce, 2009; White, Kemp, 

Jenkins, & Burton, 2014; Xiao et al., 2015). Several of these studies have explored ways 

to reduce the ORE. For example, participant awareness of the ORE (Hugenberg et al., 

2007) and viewing caricatured images of faces (Rodríguez et al., 2008) reduce the ORE. 

Furthermore, developmental studies show that perceptual training in infants can prevent an 

ORE from emerging (Heron-Delaney et al., 2011).

The effects of perceptual training on learning other-race faces have been studied also 

in children (Xiao et al., 2015) and adults (Tanaka & Pierce, 2009). For example, Xiao 

et al. (2015) examined the influence of individuation and categorization training of other-

race faces for preschool children. Recognition performance was measured in the context 

of implicit racial bias. When trained to individuate African American faces, Chinese 

preschoolers demonstrated a reduced implicit bias for other-race faces (they were less 

likely to categorize an angry racially ambiguous face as African American). These results 

suggest that individuation training reduces implicit bias, which is a potential step towards 

reducing the ORE. Tanaka and Pierce (2009) investigated the effect of individuation 

and categorization training of Hispanic and African American faces on Caucasian adults. 

Participants in the individuation condition showed marginally better recognition than those 

in the categorization condition. These results suggest that individuation training may reduce 

the ORE.

In addition to the focus on individuation training, repetitive and variable-image learning 

have been tested as factors that may improve recognition. Repeated exposure to a single 
image has been shown to increase recognition accuracy (cf., for a meta-analysis of these 

effects, Shapiro & Penrod, 1986). Recently, the importance of within-person variability 

has been considered as a factor in face recognition (Dowsett, Sandford, & Burton, 2016; 

Jenkins, White, Van Montfort, & Burton, 2011; Murphy, Ipser, Gaigg, & Cook, 2015). The 

human ability to “see” multiple, variable images of the same person as a single identity has 

been referred to in the literature as the ability to “tell people together” (Andrews, Jenkins, 

Cursiter, & Burton, 2015; Jenkins et al., 2011). This contrasts to the oft-cited human ability 

to “tell faces apart”, which is long thought to be the core of human face expertise for faces. 

It is generally understood now that the former is a characteristic of familiar face perception, 

whereas the latter applies to both familiar and unfamiliar face processing.

For example, Murphy et al. (2015) studied the importance of image variability by training 

participants with repeated or variable face images of each identity. Recognition accuracy for 

participants who trained with unique exemplars was greater than those who simply trained 
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with the same image of each individual, which was repeated multiple times. Dowsett et al. 

(2016) also found that learning multiple, variable images increased recognition accuracy. 

Using a card-sorting task, participants were asked to identify a target identity from a 

comparison set of 30 images. Performance increased with the number of distinct target 

images seen. Additionally, Ritchie and Burton (2016) examined face recognition accuracy 

using low and high image variability. Participants who learned names of unfamiliar, 

Australian celebrities in the high variability condition (different images taken from a 

Google search) performed more accurately than those who learned names in the low 

variability condition (multiple still images extracted from within the same video). Ritchie 

and Burton (2016) found similar results using a same/different face matching task, such that 

participants who learned faces from multiple variable images performed more accurately. 

In combination, the results indicate that multiple images provide examples of within-person 

variations that benefit recognition generalization to novel images.

Only three studies have used own-and other-race faces to examine the impact of multiple 

images on recognition (Hayward, Favelle, Oxner, & Chu, 2016; Laurence, Zhou, & 

Mondloch, 2016; Matthews & Mondloch, 2017). Laurence et al. (2016) used multiple 

images of own- and other-race faces for a sorting task. Participants sorted photographs of 

four East Asian and four Caucasian celebrities and non-celebrities based on identity. The 

results showed that photographs of other-race faces (for both celebrities and non-celebrities) 

were grouped into more identities than own-race faces. These results suggest that part of the 

ORE may be due to poor tolerance of image variation in perceiving a unitary identity in an 

other-race face.

Hayward et al. (2016) used a novel name-learning paradigm with multiple images to 

examine the ORE. Participants learned the names of own-race and other-race faces in 

two learning sessions. In each learning session, Caucasian and Chinese participants learned 

names for eight own- and other-race faces using two distinct images for each identity. In 

the testing phase, participants determined whether names and faces matched. Importantly, 

different images appeared for both training sessions and at test. Throughout the three phases, 

participants viewed a total of five diverse images of each identity (two in the first learning, 

two in the second learning, and one at test). Hayward and colleagues found that own-race 

faces were learned more rapidly than other-race faces and that the final identification task 

resulted in a robust ORE.

Matthews and Mondloch (2017) also examined the effect of multi-image training for 

Caucasian participants learning other-race faces (Black individuals). Using a novel, five-day 

training paradigm, participants learned: a) six different identities using multiple varying 

images, or b) 12 different identities using a single image presented repeatedly. Participants 

also completed a same/different pre- and post-test to measure recognition accuracy. The 

results indicated that this training paradigm improved recognition accuracy for participants 

trained using the multiple varying images, but not for participants who learned from 

single repeated images. These findings provide further support for the benefits of multiple-

image training in improving recognition accuracy, even for other-race faces. Additionally, 

Matthews and Mondloch (2017) found that recognition accuracy improved for learned 

identities, but not for novel, untrained identities. These results suggest that training benefits 
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are identity-specific. That is, that training benefits for a previously learned identity do not 

transfer to improvements in general face recognition accuracy for all (learned and unlearned) 

faces.

Here, we consider a qualitatively different approach to improving recognition via 

manipulating the “learning context.” Previous work by Roark (2007) with same-race faces 

examined the effects of two learning conditions: contiguous learning (seeing varying images 

of the same identity in sequence) and distributed learning (seeing varying images and 

identities randomly interspersed). Roark (2007) used an old/new face recognition task, in 

which participants learned multiple images that varied in viewing angle. These images were 

high quality photographs taken under constant illumination. Participants saw four images 

per identity in either a low (the same images repeated four times), medium (two identical 

images repeated twice) or high (four different images repeated once) image-variability 

condition. The distributed condition resulted in substantially more accurate recognition 

than the contiguous condition, and performance increased with increasing image diversity. 

Therefore, recognition benefited from learning interperson variability (via presentation 

order) and intra-person variability (via the use of multiple images). As noted by Roark, 

the effects of distributed learning mirror benefits seen in the word processing literature for 

“spaced learning,” which are consistent with the “multiple trace theory” (Crowder, 1976). 

This theory posits that distributed learning results in numerous and distinct memory traces, 

whereas contiguous learning yields a single memory trace.

Our purpose was to determine whether learning context (distributed versus contiguous) 

and image variability at learning (multiple variable images versus a single repeated image) 

affect recognition accuracy for own- and other-race faces. In Experiment 1, East Asian and 

Caucasian participants learned own- and other-race faces from multiple images presented 

either contiguously or in a distributed presentation order. In Experiment 2, we assessed the 

influence of learning context for a single repeated learning image. We examined the effects 

of these variables on recognition accuracy and on response bias. We considered the latter 

variable as a potentially interesting moderator of how people report recognition decisions for 

own- and other-race faces.

2. Experiment 1

In Experiment 1, we examined the influence of contiguous and distributed learning contexts 

on the recognition of own- and-other race faces learned from multiple, variable images. 

We expected to find a strong ORE. Additionally, we hypothesized that overall recognition 

accuracy would be greater in the distributed condition as compared to those in the 

contiguous condition.

2.1. Methods

2.1.1. Participants—One hundred and fifty-four students from the University of Texas 

at Dallas (UTD) were recruited for this study from the UTD SONA Psychology Research 

participant pool. Participants provided written informed consent prior to beginning the study 

and were compensated with a one-hour course credit. Eligible participants had normal or 

corrected-to-normal vision and self-identified as East Asian or Caucasian. Participant race 
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was determined through an online demographic survey. Four participants were excluded 

due to a programming error and one participant due to poor overall accuracy (less than 2.5 

standard deviations below the mean). Finally, as determined by the demographic survey, 

16 individuals did not self-identify as East Asian or Caucasian and thus were excluded. 

Therefore, a total of 133 (59 East Asian, 85 Female) participants were included in the 

analysis. This study was conducted in accordance with the Code of Ethics of the World 

Medical Association (Declaration of Helsinki).

2.1.2. Design—In the learning phase, participants (East Asian or Caucasian) viewed a 

series of faces (East Asian and Caucasian) and were assigned randomly to one of two 

learning contexts (contiguous or distributed). In the contiguous condition, images were 

presented consecutively. In the distributed condition, images were presented randomly. The 

testing phase was an old/new recognition test with images not seen in the training. The 

dependent variable was the signal detection measure, d′. We also considered the effects of 

the independent variables on criterion, C. In addition to the recognition task, a survey was 

used to gather information about participants’ demographics (i.e. gender, age, education) and 

experience with other-race faces (adapted from Young, 2016) (see Appendix).

2.1.3. Stimuli—All images were from the Notre Dame Database (Phillips et al., 2007). 

All face stimuli were cropped to include the person from the neck up and were placed on a 

2100 × 1500-pixel black background.

2.1.3.1. Learning phase.: The learning phase stimuli consisted of 144 images; four 

diverse images of 36 identities (18 East Asian, 18 Caucasian). The learning phase was 

also divided into four race-constant blocks, with each block containing all four images 

of nine identities. All images in the learning phase had an uncontrolled background and 

illumination. Images depicted identities posed with a neutral expression (see Fig. 1a/b).

2.1.3.2. Testing phase.: The testing phase stimuli consisted of 72 identities. Of these 

72 identities, 36 were “old” (from the learning phase), and 36 were “new” (novel to the 

participant). For this phase, images pictured the person in front of a gray background with 

controlled illumination. The images pictured the person smiling (see Fig. 1c).

2.1.4. Apparatus—All experimental events were controlled with a 21.5-inch iMac, and 

programmed with PsychoPy (Peirce, 2007). The demographic survey was administered 

using Qualtrics survey software (Qualtrics, Provo, UT).

2.2. Procedure

Participants were assigned randomly to either the contiguous or distributed learning 

context. Written and verbal instructions informed participants that the experiment was 

designed to test their face recognition abilities. Participants were instructed to pay careful 

attention to the images in the learning phase, because they would be asked to recall these 

identities subsequently. No mention of image diversity or different test image was made to 

participants. In the learning phase, each image appeared for two seconds, followed by a one 

second interstimulus-interval. In the contiguous context, all four images of each individual 
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appeared consecutively. In the distributed context, images of individuals were randomly 

interspersed within the block. In the testing phase, participants responded “old” or “new” 

using labeled keys on their keyboard. Images in the testing phase remained on the screen 

until a response was made. A demographic survey was administered at the end of the test 

phase. Participants who did not identity as East Asian or Caucasian were automatically 

redirected to the end of the survey and their data were excluded from the analysis.

2.3. Results

2.3.1. Demographic survey—Although most Caucasians reported the United States as 

their birthplace, only about half of East Asian participants were born in the United States 

(see Table 1). The majority of participants (irrespective of race) attended high school in the 

United States (see Table 2). Most Caucasian participants identified English as their native 

language. However, most East Asian participants reported their native language as either 

“English and another East Asian language” or only an “East Asian language” (see Table 3). 

Although, most Caucasian participants reported that both of their parents were born in the 

United States, most East Asian participants reported that neither of their parents were born 

in the United States (see Table 4). The same pattern was observed for grandparents.

2.3.2. Accuracy—The data were submitted to a 2 (participant race: East Asian and 

Caucasian) × 2 (learning context: distributed and contiguous) × 2 (face stimulus race: East 

Asian and Caucasian) mixed-design analysis of variance with participant race and learning 

context as between-subjects variables, face stimulus race as a within-subjects variable, and 

recognition accuracy (d′) as the dependent variable.

Contrary to our learning context hypothesis, there was no main effect of learning context, 

such that recognition accuracy did not differ between contiguous (M = 1.21, SD = 0.53) and 

distributed (M = 1.21, SD = 0.45) learning contexts, F(1,129) = .14, MSE = 0.49, p = .71, 

ηp2 = . 00001 (Fig. 2a).

There was no main effect of participant race—recognition accuracy was similar for East 

Asian participants (M = 1.27, SD = 0.52) and Caucasian participants (M = 1.16, SD = 0.47), 

F(1,129) = 1.41, MSE = 0.49, p = .24, ηp2 = . 01 (Fig. 2b). There was no main effect for race 

of stimulus, (East Asian faces, M = 1.24, SD = 0.61, Caucasian faces, M = 1.18, SD = 0.62), 

F(1,129) = 1.42, MSE = 0.26, p = .24, ηp2 = . 01 (Fig. 2c).

As expected, participants were better at recognizing own-race faces compared to other-race 

faces, as indicated by the interaction between participant race and stimulus race, F(1,129) = 

9.74, MSE = 0.26, p = .002, ηp2 = . 07 (see Fig. 2d). Notably, the difference in accuracy was 

most evident for Caucasian and East Asian participants recognizing Caucasian faces.

2.3.3. Criterion—The criterion data were submitted to an ANOVA with the same design. 

As a standard measure of response bias, this analysis shows how liberal or conservative 

participants were when making old/new recognition decisions. A liberal response bias 

indicates a tendency to respond “old”, whereas a conservative response bias indicates a 

tendency to respond “new”.
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There was a significant effect of learning context, whereby participants in the contiguous 

learning context (M = 0.17, SD = 0.37) were more conservative than those in the distributed 

learning context (M = −0.06, SD = 0.34), F(1,129) = 12.91, MSE = 0.26, p < .0001, ηp2 = . 09
(Fig. 3a).

Response bias did not differ for East Asian (M = −0.04, SD = 0.38) and Caucasian 

participants (M = −.07, SD = 0.38), F(1,129) = .45, MSE = 0.26, p = .51, ηp2 = . 003 (see 

Fig. 3b). There was a main effect of stimulus race (see Fig. 3c). Participants were more 

conservative when recognizing Caucasian faces (M = 0.18, SD = 0.45) than East Asian 

faces (M = −0.07, SD = 0.40), F(1,129) = 45.23, MSE = 0.09, p < .0001, ηp2 = . 26. There 

was a marginally significant interaction between participant race and face race F(1,129) = 

2.96, MSE = 0.09, p = .09, ηp2 = . 02 (see Fig. 3d). This interaction suggests that although 

all participants were conservative recognizing Caucasian faces—this effect was especially 

strong for Caucasian observers. No other interactions were significant.

In a more applied context, these results might suggest a lower tendency to falsely identify 

Caucasian faces. As we will see, this result was replicated in Experiment 2. We will consider 

the effects of learning context on response bias in the Discussion.

3. Interim Discussion

In Experiment 1, we examined the effect of two learning contexts (contiguous and 

distributed) on recognition accuracy for own- and other-race faces. In this experiment, 

participants learned identities from multiple, highly variable images. As expected, we 

found a strong ORE. Contrary to our hypothesis, however, distributed learning did not 

result in higher recognition accuracy than contiguous learning. These results are not 

entirely consistent with Roark’s (2007) finding for a distributed learning context advantage. 

However, there are two central differences between the two studies. First, our study used 

own- and other-race faces, whereas Roark (2007) examined own-race recognition. Second, 

although Roark (2007) used diverse training stimuli, the stimuli varied only in viewpoint, 

with no difference in illumination or background, even in the high diversity condition (see 

Fig. 4). In contrast, participants in Experiment 1 viewed multiple, highly variable images 

to learn identities (see Fig. 1a/b). These images were taken weeks apart and varied in 

illumination, camera distance, and appearance (e.g., hair style and clothing)—though they 

did not vary in viewpoint. The additional variability in the present experiment may have 

resulted in participants experiencing difficulty in spontaneously seeing the different images 

as the same person (cf. Fig. 1a/b). This might have been the case especially when the images 

were spaced out in the learning sequence. In other words, participants in Experiment 1, may 

have struggled at the outset to “tell faces together” (Jenkins et al., 2011) given the image 

variation. This is unlikely to have occurred with the highly controlled images used by Roark 

(2007). Therefore, in Experiment 2, we examined learning context using single, repeated 

images. We hypothesized that when identity equivalence is seen easily (i.e., in the controlled 

images used by Roark, 2007, or in the identical, repeated images used in Exp. 2), learning 

context will affect recognition. Experiment 2 also enabled a between-experiment comparison 

between learning multiple, variable images (Exp. 1) and the same image repeated multiple 
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times (Exp. 2). This can answer the question of whether the multiple image effects seen in 

own-race face recognition studies (Dowsett et al., 2016; Jenkins et al., 2011; Longmore, Liu, 

& Young, 2008; Murphy et al., 2015; Ritchie & Burton, 2016) generalize also to other-race 

faces in a completely crossed, ORE design.

4. Experiment 2

In Experiment 2, we examined the influence of contiguous and distributed learning context 

on recognition of own- and-other race faces learned from single repeated images. Again, we 

expected to find a strong ORE and greater recognition accuracy for the distributed learning 

context.

4.1. Methods

4.1.1. Participants—Following the same compensation and restrictions in Experiment 1, 

155 students from the University of Texas at Dallas (UTD) were recruited using the UTD 

SONA Psychology Research participant pool. Three participants were excluded due to a 

programming error and two participants were excluded from the analysis due to poor overall 

accuracy (less than 2.5 standard deviations below the mean). Finally, ten individuals did not 

meet the race requirements and thus were also removed from the analysis. Therefore, a total 

of 140 (65 East Asian, 110 Female) participants were included in the final analysis.

4.1.2. Design—Experiment 2 was identical to Experiment 1, with the exception of the 

learning stimuli, which were chosen here by randomly selecting one image for each identity 

(from the four diverse images used in Experiment 1). This image was repeated four times 

(see Fig. 5). Learning images were counterbalanced across participants to assure that equal 

numbers of participants learned each identity from each of the available images.

4.2. Results

4.2.1. Demographic survey—Participant demographics in Experiment 1 and 2 were 

comparable (Tables 1–4) with the exception that in this study, more than half of the East 

Asian participants were born in the United States.

4.2.2. Accuracy—The data were submitted to a 2 (participant race: East Asian and 

Caucasian) × 2 (learning context: distributed and contiguous) × 2 (face stimulus race: 

East Asian and Caucasian) mixed-design analysis of variance. Consistent with our main 

prediction, recognition accuracy was greater for participants in the distributed context (M = 

1.12, SD = 0.62) compared to those in contiguous context (M = 0.90, SD = 0.45), F(1,136) = 

5.63, MSE = 0.60, p = .02, ηp2 = . 04 (see Fig. 6a).

There was no main effect of participant race, such that recognition accuracy did not differ 

for East Asian (M = 0.99, SD = 0.49) and Caucasian (M = 1.03, SD = 0.61) participants, 

F(1,136) = .24, MSE = 0.60, p = .63, ηp2 = . 002 (Fig. 6b). There was also no main effect of 

face stimuli (East Asian, M = 1.05, SD = 0.62 and Caucasian, M = .96, SD = 0.66), although 

a marginally significant trend showed greater accuracy for East Asian faces F(1,136) = 3.25, 

MSE = 0.18, p = .07, ηp2 = . 02 (see Fig. 6c).
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As in Experiment 1, a significant interaction between participant race and stimuli race 

indicated that recognition accuracy was greater for own-race faces than other-race faces, 

F(1,136) = 17.10, MSE = 0.18, p < .0001, ηp2 = . 11 (see Fig. 6d). Notably, the difference in 

accuracy was most evident for Caucasian and East Asian participants recognizing Caucasian 

faces. No other interactions approached significance.

In summary, we found that the distributed learning context improved recognition accuracy 

as it did in Roark (2007). It is likely that the lower image diversity in Roark (2007), as 

compared to Experiment 1, accounts for the difference in learning context effects. When 

image diversity was eliminated in Experiment 2, we replicated the advantage of distributed 

over contiguous learning seen in Roark (2007).

4.2.3. Criterion—There was no main effect of learning context such that response 

bias was similar for contiguous learning (M = 0.21, SD = 0.38) and distributed learning 

conditions (M = 0.13, SD = 0.33), F(1,136) = 1.44, MSE = 0.26, p = .23, ηp2 = . 01 (see Fig. 

7a).

There was no main effect of participant race, such that response bias was similar for East 

Asian (M = 0.20, SD = 0.43) and Caucasian participants (M = .14, SD = 0.28), F(1,136) = 

1.18, MSE = 0.26, p = .28, ηp2 = . 01 (see Fig. 7b). A main effect of race of stimulus indicated 

that participants were more conservative in their response to Caucasian faces ( M = 0.31, SD 

= 0.40) than for East Asian faces (M = 0.04, SD = 0.43), F(1,136) = 59.40, MSE = 0.08, 

p < .0001, ηp2 = . 30 (Fig. 7c). Again, there was a marginally significant interaction between 

participant race and face race, F(1,135) = 3.34, MSE = 0.26, p = .07, ηp2 = . 02, that again 

suggested that Caucasian participants were particularly conservative when recognizing faces 

of their own race (Fig. 7d). No other interactions were significant.

5. Cross experiment analysis

Although not initially designed as a single experiment, we compared recognition accuracy 

across experiments between training with multiple varying images (Experiment 1) and 

single repeated images (Experiment 2). Two goals motivated this analysis. First, we wanted 

to probe for recognition accuracy differences based on image variability (Dowsett et al., 

2016; Jenkins et al., 2011). Second, given the influence of learning condition and image 

variability as seen independently in Exp. 1 and 2, we wanted to examine if learning context 

and image variation interact to influence face recognition accuracy. The data were analyzed 

using a 2 (participant race: East Asian and Caucasian) × 2 (learning context: distributed 

and contiguous) × 2 (face stimulus race: East Asian and Caucasian) × 2 (image variability: 

multiple varying and single repeated) mixed-design.

5.1. Accuracy

As expected, and evident by a main effect of image variability, recognition accuracy was 

greater for participants who learned from multiple variable images M = 1.22, SD = 0.49) 

than for participants who learned from single repeated images (M = 1.01, SD = 0.56), 

F(1,265) = 10.71, MSE = 0.55, p = .001, ηp2 = . 04 (see Fig. 8a). Consistent with trace theory, 
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there was a weak, but non-significant interaction between image variability and learning 

condition, F(1,265) = 2.93, MSE = 0.55, p = .09, ηp2 = . 01 (see Fig. 8b). However, given that 

this four-way comparison was not incorporated in the design of the study, it is possible that 

this analysis lacked sufficient power to detect an effect.

Additionally, there was a main effect of stimulus race such that recognition accuracy for 

East Asian faces (M = 1.16, SD = 0.62) was greater than Caucasian faces (M = 1.07, SD 

= 0.65), F(1,265) = 4.729, MSE = 0.22, p = .02, ηp2 = . 02 (see Fig. 8c). Furthermore, as 

expected there was a significant interaction between participant race and face race such that 

recognition accuracy was greater for own compared to other-race faces, F(1,265) = 25.54, 

MSE = 0.22, p = .09, ηp2 = . 01 (Fig. 8d). We will speculate on these results in the Discussion. 

No other results were significant.

5.2. Criterion

Participants, responded more conservatively in the multiple variable (M = 0.17, SD = 0.37) 

versus the single repeated image condition (M = 0.05, SD = 0.36), F(1,265) = 7.17, MSE = 

0.26, p = .008, ηp2 = . 03 as indicated by a main effect of image variability. There was also 

no significant interaction between learning condition and image variability, F(1,265) = 3.01, 

MSE = 0.26, p = .08, ηp2 = . 01 for criterion bias.

A main effect of stimulus race indicated that participants responded more conservatively 

to Caucasian faces (M = 0.24, SD = 0.43) compared to East Asian faces (M = −0.16, SD 

= 0.41), F(1,265) = 104, MSE = 0.09, p < .0001, ηp2 = . 28. A main effect of condition 

demonstrated that response bias was more conservative for contiguous (M = 0.19, SD = 

0.38) compared to distributed learning (M = 0.04, SD = 0.35), F(1,265) = 11.623, MSE = 

0.26, p = .001, ηp2 = . 04.

There was also a significant interaction between participant race and race of face such that 

Caucasian participants responded particularly conservative to their own-race compared to 

Asian faces, F(1,265) = 6.38, MSE = 0.09, p =.01, ηp2 = . 02.

6. Discussion

The primary, novel finding of this study was that learning context (contiguous and 

distributed) affected recognition accuracy for both own- and other-race faces. Notably, 

distributed learning yielded greater recognition accuracy, but only when the same learning 

image was repeated. There was no effect of presentation type when the learning images 

were highly diverse. Combined with Roark (2007), we conclude that a pre-requisite factor 

in the utility of distributed learning is the ability of participants to perceive that the images 

that are repeated in a distributed sequence picture the same person (i.e., limited variability). 

In other words, the benefits of distributed learning may apply only when the associated 

images (identical or moderately diverse) are easily “seen together” as a unique identity. As 

suggested by Roark (2007), one possible explanation of the distributed advantage is the 

multiple trace theory (Crowder, 1976). This theory suggests that the formation of multiple 
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memory traces benefits recognition. By this account, distributed presentation provides 

multiple traces of the experience of seeing a face, whereas contiguous presentation creates a 

single episodic memory trace for an identity.

The second novel finding was that multi-image learning also benefits recognition accuracy 

for other-race faces. This complements the benefits of multi-image learning for own-race 

faces (Dowsett & Burton, 2015; Jenkins et al., 2011; Longmore et al., 2008; Murphy et 

al., 2015; Ritchie & Burton, 2016), which we replicate here as well. Thus, our findings 

show that multi-image learning is a promising tool for improving other-race recognition. 

Data consistent with the utility of multi-image learning for other-race faces were reported 

in Matthews and Mondloch (2017), but in a design that tested participants of one race, 

with face stimuli of another race. Results from our cross-experimental analysis demonstrate 

that this effect applies generally as a cross-race effect. Notably, we found no interaction 

effects with face and participant race across experiments. This suggests that the benefits of 

multi-image learning apply equally to faces of own- and other-races, with no indication of 

qualitatively different effects.

In one sense, it may seem paradoxical to suggest that people struggled at the outset to see 

the variable images as the same person, and yet they ultimately performed more accurately 

when the learning images varied than when they learned the same image multiple times. 

However, the recognition test involved a generalization to a new, quite different image 

of the face. Thus, learning multiple variable images in the contiguous context may have 

offset difficulties with the identity grouping, thus allowing for an overall multiple image 

advantage. These results suggest that learning context may moderate multi-image learning. 

A more directed test that pits the ability to group identities together and learning context is 

needed to make stronger conclusions on this point.

Combined, the results of this study elucidate two distinct ways to improve face recognition. 

These methods apply both to own- and other-race faces. First, image variability improves 

recognition accuracy by promoting a representation that supports generalization to new 

images of the same identity. This is a hallmark of familiar face processing that is 

characterized by a nearly limitless capacity to “tell images of a face together.” Second, 

learning context may promote learning that reinforces memory for identity, presuming 

enough perceptual support to reinforce the correct memory trace. A more direct test of 

this latter interpretation would be to vary either the familiarity of a participant with the 

identities to be learned, or to vary image diversity. We predict that a major constraint on 

the utility of learning context would be the degree to which participants can group images 

of identities together at the outset of the learning process. However, it is worth noting 

that this interpretation is based on a cross-experiment analysis, and should be interpreted 

with caution. The present study examined the influence of multi-image learning using two 

independent experiments. Future studies could examine ways to exploit the benefits of 

both learning context and multi-image learning in a single setting. For example, providing 

participants with an identity cue (e.g. name) might facilitate learning from multi-image sets 

to more easily group unique identities together in a distributed learning context.
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In both experiments, the ORE was most evident for Caucasian faces. One possibility is 

that reduced experience with Caucasian individuals might have led East Asian participants 

to find Caucasian faces more difficult to recognize. Although, previous research has 

demonstrated that individuating experience can influence the ORE (Bukach, Cottle, Ubiwa, 

& Miller, 2012; Rhodes et al., 2009), we did not directly control for experience in 

the present study. Results from response biases could provide additional support for the 

differences found for Caucasian images.

In addition to the effects on recognition accuracy, we also uncovered intriguing response 

bias differences in these experiments. In both experiments, we found that both East Asian 

and Caucasian participants showed a strong conservative response bias for Caucasian over 

East Asian faces. A marginally significant interaction suggested that Caucasian participants 

were particularly conservative for their own-race in both Experiment 1 and 2. This 

interaction was significant in the cross-experiment analysis. Taken together, these results 

suggest that Caucasian faces may be responded to more cautiously. This cautious response 

bias may have also attributed to the differences in the ORE. A conservative bias might 

imply that in a judicial setting, individuals would identify Caucasians more cautiously than 

non-Caucasians. Previous literature has produced inconclusive findings on criterion response 

bias. Although the majority of studies have found a conservative bi as for own-race faces 

(Evans, Marcon, & Meissner, 2009; Meissner & Brigham, 2001), others studies have found 

this bias specifically for Caucasian faces (Jackiw, Arbuthnott, Pfeifer, Marcon, & Meissner, 

2008). No study has directly probed criterion bias differences for own- and other-race 

faces. Moreover, some studies lack a full cross-race design, making it difficult to interpret 

such biases. Due to the fact that we had no specific hypotheses about criterion, along 

with the inconsistent findings in the literature, our conclusions here are more speculative. 

Nonetheless, the results are worth noting, given the effect sizes and their consistency across 

both experiments and the cross-experiment analysis.

In summary, both learning context and image variability influence face recognition accuracy, 

but via distinct mechanisms. Each can be used to improve recognition accuracy, but the 

utility of learning context depends on the ability to “see faces together” at the outset 

of learning. The results of these experiments have implications for the development of 

face recognition training programs, especially in applied settings. Importantly, the training 

mechanisms we studied here are effective for both own- and other-race faces.
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Appendix

Demographic Survey

Q1 Participant ID

Q2 Please specify your gender
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❍ Male

❍ Female

Q3 What is your age in years?

Q4 What is the highest degree you have obtained?

❍ High school or GED

❍ Associates

❍ Bachelors

❍ Masters

❍ PhD, MD or other professional degree

Q5 In what country were you born?

❍ United States

❍ Other

Q6 In what country were you born?

Q7 Have you lived in the United States your entire life?

❍ Yes

❍ No

Q8 How long have you lived in the United States? (in years)

Q9 In what country did you attend high school?

❍ United States

❍ Other

Q10 Where did you attend high school?

Q11 Number of parents born in the United States?

❍ 0

❍ 1

❍ 2

❍ 3

❍ 4

Q12 Number of grandparents born in the United States?

❍ 0

❍ 1

❍ 2
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❍ 3

❍ 4

❍ 5

❍ 6

Q13 What is your native language/s? (i.e. the language/s you speak at home)

Q14 Are you an international student, or from a country other than the United States?

❍ Yes

❍ No

Q15 What is your primary racial/ethnic background?

❑ White/Caucasian

❑ African American

❑ East Asian (Thai, Korean, Vietnamese, Chinese, Japanese heritage) American

❑ Other Asian

❑ Hispanic/Latino

❑ Native American

❑ Other

Q16 For international students: What is your primary racial/ethnic background? If you 

identify with more than one ethnic group, please write all that apply.

❑ White/Caucasian

❑ East Asian (Thai, Vietnamese, Korean, Japanese, Chinese)

❑ Other Asian

❑ Hispanic/Latino

❑ Other

Q17 For East Asian participants: On a scale from 1 (know a little) to 6 (very fluent)

—— Rate your overall English language Ability

—— Rate your overall fluency in an East Asian language?

Q18 On a scale from 1 (Never) to 6 (Always)

—— How often do you watch English language films and TV?

—— How often do you watch Asian language films and TV?

—— How often do you socialize with Caucasians/White people

Q19 Are any of your close friends Caucasian/White?

❍ Yes
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❍ No

Q20 How many close friends are Caucasian/White?

Q21 Are any of your immediate family members Caucasian/White?

❍ Yes

❍ No

Q22 How many of your immediate family members are Caucasian/White?

Q23 Are any of your extended family members Caucasian/White?

❍ Yes

❍ No

Q24 How many of your extended family members are Caucasian/White?

Q25 Do you speak any East Asian language?

❍ Yes

❍ No

Q26 Which ones? How fluent are you in each, on a scale from 1 (know a little) to 6 (very 

fluent)?

Q27 Have you visited any East Asian countries?

❍ Yes

❍ No

Q28 Which ones and for how long?

Q29 Regarding social interactions:

—— How often do you socialize with East Asians? On a scale from 1 (Never) to 6 

(Always)

Q30 Are any of your close friends East Asians?

❍ Yes

❍ No

Q31 How many of your close friends are East Asian?

Q32 Are any of your immediate family members East Asians?

❍ Yes

❍ No

Q33 How many of your immediate family members are East Asian?

Q34 Are any of your extended family members East Asians?
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❍ Yes

❍ No

Q35 How many of your extended family members are East Asians?
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Fig. 1. 
Experiment 1 stimuli examples. East Asian (a) and Caucasian (b) learning images. East 

Asian (left) and Caucasian (right) testing images (c).
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Fig. 2. 
No effect of learning context on face recognition accuracy using multiple varying images. 

Results show that there was no difference in accuracy for learning context (a), participant 

race (b), or race of face stimuli (c). However, we found a robust other-race effect (d). Error 

bars show 95% CI.
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Fig. 3. 
Effect of learning context on face recognition criterion bias using multiple varying images. 

Contiguous learning yielded more conservative responses than distributed learning (a). East 

Asians and Caucasians did not differ in response bias (b), however participants responded 

more conservatively to Caucasian faces (c). There was a trend indicating that Caucasians 

responded more conservatively to Caucasian faces (d). Error bars show 95% CI.
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Fig. 4. 
Example of diverse learning images in Roark (2007).
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Fig. 5. 
Experiment 2 stimuli examples. East Asian (a) and Caucasian (b) learning images.
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Fig. 6. 
Effect of learning context on face recognition accuracy using single repeated images. 

Recognition accuracy was greater for contiguous learning than distributed learning (a). 

East Asians and Caucasians participants did not differ in recognition accuracy (b), however 

participants responded more conservatively to Caucasian faces (c). There was robust other-

race effect (d). Error bars show 95% CI.
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Fig. 7. 
No effect of learning context on criterion bias using single repeated images. Results revealed 

no difference in response bias for learning context (a) or participant race (b). However, there 

was a greater conservative response bias for Caucasian faces (c) and a trend indicating that 

Caucasians responded more conservatively to Caucasian faces (d). Error bars show 95% CI.
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Fig. 8. 
Effect of image variability on face recognition accuracy. Results demonstrate greater 

recognition accuracy for multiple varying images compared to single repeated images (a), 

but no interaction between learning context and image variability (b). Recognition accuracy 

was greater for East Asian faces compared to Caucasian faces (c). A robust other-race effect 

was found (d). Error bars show 95% CI.

Cavazos et al. Page 25

Vision Res. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cavazos et al. Page 26

Table 1

Participant birth nation for Caucasian and East Asian participants.

Experiment 1 Experiment 2†

Demographics Caucasian East Asian Caucasian East Asian

Participant Race 74 59 74 64

Born in the USA 62 30 67 44

Born in another country 12 29 7 20

 European Nation 8 0 4 0

 East Asian Nation 0 28 0 19

 Other 4 1 4 1

Note.

†
One East Asian and one Caucasian participant did not complete the survey.
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Table 2

Country of high school education for Caucasian and East Asian participants.

Experiment 1 Experiment 2†

Demographics Caucasian East Asian Caucasian East Asian

United States 71 55* 71 61

Other country 3 5 3 3

Note.

*
One participant attended high school in the United States and Vietnam.

†
One East Asian and one Caucasian participant did not complete the survey.
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Table 3

Native language for Caucasian and Asian participants.

Experiment 1 Experiment 2†

Demographics Caucasian East Asian Caucasian East Asian

English 60 8 67 8

English and another European language 2 0 4 0

English and another East Asian language 0 24 0 14

European language 9 0 4 0

East Asian Language 0 26 0 36

Note.

†
One East Asian and one Caucasian participant did not complete the survey.
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Table 4

Generational information for Caucasian and East Asian participants.

Demographics
Experiment 1 Experiment 2†

Caucasian East Asian Caucasian East Asian

Number of parents born in the United States

 Zero 12 54* 5 62

 One 8 3 13 0

 Two 53 1 53 2

Number of grandparents born in the United States

 Zero 14 56 7 63

 One 1 0 2 0

 Two 10 3 17 0

 Three 9 0 1 0

 Four 36 0 47 1

 Five/Six 1/1 0 0 0

Note.

*
One East Asian participant did not reply to this question.

†
One East Asian and one Caucasian participant did not complete the survey.
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